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1. PUBLIC HEALTH STATEMENT

This public health statement tells you about chloroform and the effects of exposure.

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites

in the nation. These sites make up the National Priorities List (NPL) and the sites are

targeted for long-term federal cleanup. Chloroform has been found in at least 717 of the

1,430 current or former NPL sites, including 6 in Puerto Rico and 1 in the Virgin Islands.

However, it’s unknown how many NPL sites have been evaluated for this substance. As

more sites are evaluated, the sites with chloroform may increase. This is important because

exposure to this substance may harm you and because these sites may be sources of exposure.

When a substance is released from a large area, such as an industrial plant, or from a

container, such as a drum or bottle, it enters the environment. This release does not always

lead to exposure. You are exposed to a substance only when you come in contact with it.

You may be exposed by breathing, eating, or drinking the substance, or by skin contact.

If you are exposed to chloroform, many factors determine whether you’ll be harmed. These

factors include the dose (how much), the duration (how long), and how you come in contact

with it. You must also consider the other chemicals you’re exposed to and your age, sex,

diet, family traits, lifestyle, and state of health.

1.1 WHAT IS CHLOROFORM?

Chloroform is also known as trichloromethane or methyltrichloride. It is a colorless liquid

with a pleasant, nonirritating odor and a slightly sweet taste. Most of the chloroform found in

the environment comes from industry. It will only burn when it reaches very high

temperatures. Chloroform was one of the first inhaled anesthetics to be used during surgery,

but it is not used for anesthesia today. Nearly all the chloroform made in the United States
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today is used to make other chemicals, but some is sold or traded to other countries. We also

import chloroform.

Chloroform enters the environment from chemical companies and paper mills, It is also

found in waste water from sewage treatment plants and drinking water to which chlorine has

been added. Chlorine is added to most drinking water and many waste waters to destroy

bacteria. Small amounts of chloroform are formed as an unwanted product during the process

of adding chlorine to water. Chloroform can enter the air directly from factories that make or

use it and by evaporating from water and soil that contain it. It can enter water and soil when

waste water that contains chlorine is released into water or soil. It may enter water and soil

from spills and by leaks from storage and waste sites. There are many ways for chloroform

to enter the environment, so small amounts of it are likely to be found almost everywhere.

You will find more information about what chloroform is, how it is used, and where it comes

from in Chapters 3 and 4.

1.2 WHAT HAPPENS TO CHLOROFORM WHEN IT ENTERS THE

ENVIRONMENT?

Chloroform evaporates very quickly when exposed to air. Chloroform also dissolves easily in

water, but does not stick to the soil very well. This means that it can travel down through

soil to groundwater where it can enter a water supply. Chloroform lasts for a long time in

both the air and in groundwater. Most chloroform in the air eventually breaks down, but this

process is slow. The breakdown products in air include phosgene, which is more toxic than

chloroform, and hydrogen chloride, which is also toxic. Some chloroform may break down in

soil. Chloroform does not appear to build up in great amounts in plants and animals, but we

may find some small amounts of chloroform in foods. You will find more information about

where chloroform comes from, how it behaves, and how long it remains in the environment in

Chapter 5.
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1.3 HOW MIGHT I BE EXPOSED TO CHLOROFORM?

You are probably exposed to small amounts of chloroform in your drinking water and in

beverages (such as soft drinks) made using water that contains chloroform. You can also get

chloroform in your body by eating food, by breathing air, and by skin contact with water that

contains it. You are most likely to be exposed to chloroform by drinking water and breathing

indoor or outdoor air containing it. The amount of chloroform normally expected to be in the

air ranges from 0.02 to 0.05 parts of chloroform per billion parts (ppb) of air and from 2 to

44 ppb in treated drinking water. However, in some places, chloroform concentrations may

be higher than 44 ppb. It is estimated that the concentration of chloroform in surface water is

0.1 ppb, the concentration in untreated groundwater is 0.1 ppb, and the amount in soil is

0.1 ppb. As much as 610 ppb was found in air at a municipal landfill and up to 88 ppb was

found in treated municipal drinking water. Drinking water derived from well water near a

hazardous waste site contained 1,900 ppb, and groundwater taken near a hazardous waste site

also contained 1,900 ppb. Surface water containing 394 ppb has also been found near a

hazardous waste site; however, no more than 0.13 ppb has been found in soil at hazardous

waste sites. Chloroform has been found in the air from all areas of the United States and in

nearly all of the public drinking water supplies. We do not know how many areas have

surface water, groundwater, or soil that contains chloroform.

The average amount of chloroform that you might be exposed to on a typical day by

breathing air in various places ranges from 2 to 5 micrograms per day g/day) in rural areas,

6 to 200 g/day in cities, and 80 to 2,200 g/day in areas near major sources of the chemical.

The estimated amount of chloroform you probably are exposed to in drinking water ranges

from 4 to 88 g/day. We cannot estimate the amounts that you may be exposed to by eating

food and by coming into contact with water that has chloroform in it. People who swim in

swimming pools absorbed chloroform through their skin. People who work at or near

chemical plants and factories that make or use chloroform can be exposed to higher-thannormal

amounts of chloroform. Higher exposures might occur in workers at drinking-water

treatment plants, waste water treatment plants, and paper and pulp mills. People who operate

waste-burning equipment may also be exposed to higher than normal levels. The National
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Institute for Occupational Safety and Health (NIOSH) estimated that 95,778 persons in the

United States have occupational exposure to chloroform. You will find more information

about how you can be exposed to chloroform in Chapter 5.

1.4  HOW CAN CHLOROFORM ENTER AND LEAVE MY BODY?

Chloroform can enter your body if you breathe air, eat food, or drink water that contains

chloroform. Chloroform easily enters your body through the skin. Therefore, chloroform

may also enter your body if you take a bath or shower in water containing chloroform. In

addition, you can breathe in chloroform if the shower water is hot enough for chloroform to

evaporate. Studies in people and in animals show that after you breathe air or eat food that

has chloroform in it, the chloroform can quickly enter your bloodstream from your lungs or

intestines. Inside your body, chloroform is carried by the blood to all parts of your body,

such as the fat, liver, and kidneys. Chloroform usually collects in body fat; however, its

volatility ensures that it will eventually be removed once the exposure has been removed.

Some of the chloroform that enters your body leaves unchanged in the air that you breathe

out, and some chloroform in your body is broken down into other chemicals. These

chemicals are known as breakdown products or metabolites, and some of them can attach to

other chemicals inside the cells of your body and may cause ha.rmful effects if they collect in

high enough amounts in your body. Some of the metabolites also leave the body in the air

you breathe out. Only a small amount of the breakdown products leaves the body in the urine

and stool.

You can find more information about the behavior of chloroform in the body in Chapter 2.

1.5 HOW CAN CHLOROFORM AFFECT MY HEALTH?

To protect the public from the harmful effects of toxic chemicals and to find ways to treat

people who have been harmed, scientists use many tests.
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One way to see if a chemical will hurt people is to learn how the chemical is absorbed, used,

and released by the body; for some chemicals, animal testing may be necessary. Animal

testing may also be used to identify health effects such as cancer or birth defects. Without

laboratory animals, scientists would lose a basic method to get information needed to make

wise decisions to protect public health. Scientists have the responsibility to treat research

animals with care and compassion. Laws today protect the welfare of research animals, and

scientists must comply with strict animal care guidelines.

In humans, chloroform affects the central nervous system (brain), liver, and kidneys after a

person breathes air or drinks liquids that contain large amounts of chloroform. Chloroform

was used as an anesthetic during surgery for many years before its harmful effects on the liver

and kidneys were recognized. Breathing about 900 parts of chloroform in a million parts of

air (900 ppm or 900,000 ppb) for a short time causes fatigue, dizziness, and headache. If you

breathe air, eat food, or drink water containing elevated levels of chloroform, over a long

period, the chloroform may damage your liver and kidneys. Large amounts of chloroform

can cause sores when the chloroform touches your skin.

We do not know whether chloroform causes harmful reproductive effects or birth defects in

people. Miscarriages occurred in rats and mice that breathed air containing elevated levels

(30 to 300 ppm) of chloroform during pregnancy and in rats that ate chloroform during

pregnancy. Abnormal sperm were found in mice that breathed air containing elevated levels

(400 ppm) of chloroform for a few days. Offspring of rats and mice that breathed chloroform

during pregnancy had birth defects.

Results of studies of people who drank chlorinated water showed a possible link between the

chloroform in chlorinated water and the occurrence of cancer of the colon and urinary

bladder. Cancer of the liver and kidneys developed in rats and mice that ate food or drank

water that had large amounts of chloroform in it for a long time. We do not know whether

liver and kidney cancer would develop in people after long-term exposure to chloroform in

drinking water. Based on animal studies, the Department of Health and Human Services

(DHHS) has determined that chloroform may reasonably be anticipated to be a carcinogen (a



CHLOROFORM 6

1. PUBLIC HEALTH STATEMENT

substance that causes cancer). The International Agency for Research on Cancer (IARC) has

determined that chloroform is possibly carcinogenic to humans (2B). The EPA has

determined that chloroform is a probable human carcinogen.

You can find a more complete discussion about how chloroform affects your health in

Chapter 2.

1.6  IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN

EXPOSED TO CHLOROFORM?

Although we can measure the amount of chloroform in the air that you breathe out, and in

blood, urine, and body tissues, we have no reliable test to determine how much chloroform

you have been exposed to or whether you will experience any harmful health effects. The

measurement of chloroform in body fluids and tissues may help to determine if you have

come into contact with large amounts of chloroform. However, these tests are useful only a

short time after you are exposed to chloroform because it leaves the body quickly. Because it

is a breakdown product of other chemicals (chlorinated hydrocarbons), chloroform in your

body might also indicate that you have come into contact with those other chemicals.

Therefore, small amounts of chloroform in the body may indicate exposure to these other

chemicals and may not indicate low chloroform levels in the environment. From blood tests

to determine the amount of liver enzymes, we can tell whether the liver has been damaged,

but we cannot tell whether the liver damage was caused by chloroform.

1.7  WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO

PROTECT HUMAN HEALTH?

The federal government develops regulations and recommendations to protect public health.

Regulations can be enforced by law. Federal agencies that develop regulations for toxic

substances include EPA, the Occupational Safety and Health Administration (OSHA), and the

Food and Drug Administration (FDA). Recommendations provide valuable guidelines to

protect public health but cannot be enforced by law.  Federal organizations that develop
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recommendations for toxic substances include the Agency for Toxic Substances and Disease

Registry (ATSDR) and the National Institute for Occupational Safety and Health (NIOSH).

Regulations and recommendations can be expressed in not-to-exceed levels in air, water, soil,

or food that are usually based on levels that affect animals; then they are adjusted to help

protect people. Sometimes these not-to-exceed levels differ among federal organizations

because of different exposure times (an 8-hour workday or a 24-hour day), the use of

different animal studies, or other factors.

Recommendations and regulations are also periodically updated as more information becomes

available. For the most current information, check with the federal agency or organization

that provides it. Some regulations and recommendations for chloroform include the

following:

The EPA sets rules for the amount of chloroform allowed in water. The EPA limit for total

trihalomethanes, a class of chemicals that includes chloroform, in drinking water is

100 micrograms per liter ( g/L, 1 g/L = 1 ppb in water). Furthermore, EPA requires that

spills of 10 pounds or more of chloroform into the environment be reported to the National

Response Center.

OSHA sets the levels of chloroform allowed in workplace air in the United States. A

permissible occupational exposure limit is 50 ppm or 240 mg/m
3
 (ceiling value) in air during

an 8-hour workday, 40-hour workweek.
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1.8 WHERE CAN I GET MORE INFORMATION?

If you have any more questions or concerns, please contact your community or state health or

environmental quality department or:

Agency for Toxic Substances and Disease Registry

Division of Toxicology

1600 Clifton Road NE, Mailstop E-29

Atlanta, GA 30333

* Information line and technical assistance

Phone: (404) 639-6000

Fax: (404) 639-6315 or 6324

ATSDR can also tell you the location of occupational and environmental health clinics.

These clinics specialize in recognizing, evaluating, and treating illnesses resulting from

exposure to hazardous substances.

* To order toxicological profiles, contact:

National Technical Information Service

5285 Port Royal Road

Springfield, VA 22161

Phone: (800) 553-6847 or (703) 487-4650
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2.1  INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and

other interested individuals and groups with an overall perspective of the toxicology of chloroform. It

contains descriptions and evaluations of toxicological studies and epidemiological investigations and

provides conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public

health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

2.2  DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near

hazardous waste sites, the information in this section is organized first by route of exposure

--inhalation, oral, and dermal; and then by health effect--death, systemic, immunological,

neurological, reproductive, developmental, genotoxic, and carcinogenic effects. These data are

discussed in terms of three exposure periods--acute (14 days or less), intermediate (15-364 days), and

chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in

figures. The points in the figures showing no-observed-adverse-effect levels (NOAELs) or

lowest-observed-adverse-effect levels (LOAELs) reflect the actual doses (levels of exposure) used in the

studies. LOAELS have been classified into “less serious” or “serious” effects. “Serious” effects are

those that evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute

respiratory distress or death). “Less serious” effects are those that are not expected to cause significant,

dysfunction or death, or those whose significance to the organism is not entirely clear. ATSDR

acknowledges that a considerable amount of judgment may be required in establishing whether an end

point should be classified as a NOAEL, “less serious” LOAEL, or “serious” LOAEL, and that in some

cases, there will be insufficient data to decide whether the effect is indicative of significant

dysfunction. However, the Agency has established guidelines and policies that are used to classify

these end points. ATSDR believes that there is sufficient merit in this approach to warrant an attempt
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at distinguishing between “less serious” and “serious” effects. The distinction between “less serious”

effects and “serious” effects is considered to be important because it helps the users of the profiles to

identify levels of exposure at which major health effects start to appear. LOAELs or NOAELs should

also help in determining whether or not the effects vary with dose and/or duration, and place into

perspective the possible significance of these effects to human health.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and

figures may differ depending on the user’s perspective. Public health officials and others concerned

with appropriate actions to take at hazardous waste sites may want information on levels of exposure

associated with more subtle effects in humans or animals (LOAEL) or exposure levels below which no

adverse effects (NOAELs) have been observed. Estimates of levels posing minimal risk to humans

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike.

Levels of exposure associated with the carcinogenic effects (Cancer Effect Levels, CELs) of

chloroform are indicated in Figure 2-2. Because cancer effects could occur at lower exposure levels,

Figures 2-l and 2-2 also show a range for the upper bound of estimated excess risks, ranging from a

risk of 1 in 10,000 to 1 in 10,000,000 (10
-4

 to 10
-7

), as developed by EPA.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have

been made for chloroform. An MRL is defined as an estimate of daily human exposure to a substance

that is likely to be without an appreciable risk of adverse effects (noncarcinogenic) over a specified

duration of exposure. MRLs are derived when reliable and sufficient data exist to identify the target

organ(s) of effect or the most sensitive health effect(s) for a specific duration within a given route of

exposure. MRLs are based on noncancerous health effects only and do not consider carcinogenic

effects. MRLs can be derived for acute-, intermediate-, and chronic-duration exposures for inhalation

and oral routes. Appropriate methodology does not exist to develop MRLs for dermal exposure.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA

1990b), uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges

additional uncertainties inherent in the application of the procedures to derive less than lifetime MRLs.

As an example, acute inhalation MRLs may not be protective for health effects that are delayed in

development or are acquired following repeated acute insults, such as hypersensitivity reactions,
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asthma, or chronic bronchitis. As these kinds of health effects data become available and methods to

assess levels of significant human exposure improve, these MRLs will be revised.

A User’s Guide has been provided at the end of this profile (see Appendix B). This guide should aid

in the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

2.2.1 Inhalation Exposure

Most of the data regarding inhalation exposure to chloroform in humans were obtained from clinical

reports describing health effects in patients under anesthesia. In some instances, the results may have

been confounded by the concurrent administration of other drugs with chloroform or by artificial

respiration of patients under chloroform anesthesia. Furthermore, most of the studies did not provide

any information regarding actual exposure levels for observed effects. Nonetheless, chloroforminduced

effects in humans are supported by those observed in animals under experimental conditions.

The human studies cited in the profile provide qualitative information on chloroform toxicity in

humans.

2.2.1.1 Death

Information on the exposure levels of chloroform leading to death in humans was obtained from

clinical reports of patients exposed to chloroform as a method of anesthesia. It should be noted that

when examining the ability of chloroform to cause death, these clinical reports may be misleading, in

that many of these patients had pre-existing health conditions that may have contributed to the cause

of death and that chloroform toxicity may not have been the only factor involved in the death of the

patient. Older clinical case reports suggested that concentrations of 40,000 ppm, if continued for

several minutes, may be an overdose (Featherstone 1947). When a cohort of 1,502 patients, ranging

in age from 1 to 80 years, exposed under anesthesia to less than 22,500 ppm chloroform was

evaluated, no indication of increased mortality was found (Whitaker and Jones 1965). In most

patients, the anesthesia did not last longer than 30 minutes; however, a few received chloroform for

more than 2 hours. Several studies reported deaths in women after childbirth when chloroform

anesthesia had been used (Royston 1924; Townsend 1939). No levels of actual exposure were

provided in either study. Death was caused by acute hepatotoxicity. Prolonged labor with starvation,

dehydration, and exhaustion contributed to the chloroform-induced hepatotoxicity.
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Levels of acute exposure resulting in animal deaths are generally lower than those reported for human

patients under anesthesia; however, the exposure durations are generally longer in the animal studies.

An inhalation LC50 ( lethal concentration, 50% kill) of 9,770 ppm for a 4-hour exposure was reported

for female rats (Lundberg et al. 1986). One rat died after 6 exposures in one report where groups of

9-12 pregnant female rats exposed to chloroform at doses as high as 4,117 ppm for 1 hour a day for

8 days (Newell and Dilley 1978). However, exposure to 8,000 ppm for 4 hours was lethal to albino

rats (Smyth et al. 1962). Male mice appear to be more sensitive than female mice. Following

exposure to 1,024 ppm for l-3 hours, 15 of 18 male mice died within 11 days; however, most of the

female mice similarly exposed survived for several months (Deringer et al. 1953). Male mice that

died had kidney and liver damage, while females did not. An exposure as low as 692 ppm for

1-3 hours resulted in the death of 3 of 6 male mice within 8 days. When exposed to 4,500 ppm

chloroform for 9 hours, 10 of 20 female mice died (Gehring 1968). Increased mortality was observed

in male rats exposed to 85 ppm chloroform for 6 months (Torkelson et al. 1976). The deaths were

attributed to interstitial pneumonia. Rats of either sex exposed to 50 ppm survived. Exposure to

85 ppm for 6 months did not increase mortality in rabbits and guinea pigs. Similarly, no deaths were

reported in dogs exposed to 25 ppm chloroform for the same time period.

The LC50 and all reliable LOAEL values for death in each species and duration category are recorded

in Table 2-l and plotted in Figure 2-I.

2.2.1.2 Systemic Effects

No studies were located regarding dermal or ocular effects in humans or animals after inhalation

exposure to chloroform.

The highest NOAEL values and all reliable LOAEL values for each systemic effect in each species

and duration category are recorded in Table 2- 1 and plotted in Figure 2-l.

Respiratory Effects. Changes in respiratory rate were observed in patients exposed to chloroform

via anesthesia (exposure less than 22,500 ppm) (Whitaker and Jones 1965). Increased respiratory rates

were observed in 44% of 1,502 patients who were exposed to light chloroform anesthesia. Respiratory

rates were depressed, however, during deep and prolonged anesthesia when chloroform concentrations



Table 2-1. Levels of Significant Exposure to Chloroform - Inhalation 

Exposure/ 
LOAEL 

Key toa Species/ duration/ NOAEL Less serious Serious 
figure (strain) frequency System (ppm) (ppm) (ppm) Reference 

ACUTE EXPOSURE 
Death 

1 Rat 
(Albino) 

2 Rat 
(Sprague- 
Dawley) 

3 Rat 
(Sprague- 
Dawley) 

4 Mouse 
(Swiss- 
Webster) 

5 Mouse 

(C3H) 

Systemic 

6 Human 

4 hr 

4 hr 

8d 

1 hr/d 

9 hr 

Gd 7-14 

1-3 hr 

113 min Cardio 

Gastro 

Hemato 

Hepatic 

8000 (516 died) Srnyth et al. 1962 

9770 F (LC50) Lundberg et al. 
1986 

41 17 F (death; 1 animal on Newell and Dilley 

Gd 12) 1978 

1953 

4500 F (10120 died) Gehring 1968 

692 M (316 died) Deringer et al. 

8000 (arrhythmia) 

8000 (vomiting) 
8000 (increased prothrombin 

time) 
8000 (increased 

sulfobromophthalein 
sodium retention) 

Smith et al. 1973 
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LOAEL 
Key toa Species/ duration/ NOAEL Less serious Serious 

Table 2-1. Levels of Significant Exposure to Chloroform - Inhalation (continued) 

Exposure/ 

Reference (ppm) (ppm) figure (strain) frequency System (ppm) 

7 Human 0.5 -2 hr Resp 

Cardio 

Gastro 

Hepatic 

8 Rat 8d Bd Wt 
(Sprague- Gd 7-1 4 
Dawley) 1 hr/d 

9 Rat 4 hr Hepatic 
(Sprague- 
Dawley) 

10 Rat 10 d Hepatic 

7 hr/d 
(Wistar) Gd 7-1 6 

Renal 

Bd Wt 

11 Rat 8 hr 
(Wistar) 

12 Rat 7d 

(Fischer- 344) 6 hr/d 

Other 

Hepatic 

Resp 

Bd Wt 

22,500 (changes in respiratory 
rate) 

22,500 (vomiting) 

22,500 (transient jaundice in 1 
patient) 

2232 F 

76 F 153 F (SDH -enzyme levels 
increased) 

300 F 

300 F 
30 F (1 8% decreased weight 

gain of dams) 
30 F (decrease in feed 

consumption) 

50 M (elevated liver 
triglycerides and liver 
GSH) 

3.1 M 10.4 M (degeneration of 
Bowman's gland; new 
bone formation; 
increased number of 
S-phase nuclei) 

body weight) 
100 M 271 M (unspecified decrease in 

Whitaker and 
Jones 1965 

22,500 (cardiac arrhythmia, 
bradycardia) 

41 17 F (60% decreased maternal Newell and Dilley 
body weight gain) 1978 

1986 
Lundberg et al. 

Baeder and 
Hofmann 1988 

100 F (24% decreased weight 
gain of dams) 

lkatsu and 
Nakajima 1992 

Mery et al. 1994 
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13 Rat 7 d Resp 3.1 M 10.4 M (epithelial goblet cell Larson et al. 1994c 
(Fischer- 344) 6 hr/d hyperplasia and 

degeneration of 
Bowman's glands in 
olfactory mucosa) 

Hepatic 100 M 271 M (swelling and mild 
centrilobular vacuolation) 

Renal 10.4 M 29.3 M (increased number of 
S-phase nuclei for tubule 
cells in the cortex) 

Bd Wt 3.1 M 10.4 M (decreased weight gain) 

500 M (increased plasma GOT 14 Rat 6 hr Hepatic 100 M 
(Wistar) and GPT; decreased 

hepatic GSH) 

15 Rat 6 hr Hepatic 100 500 (incr. plasma GOT 

16 Mouse 2 hr Hepatic 246 (fatty changes) 

Renal 246 F 

(Wistar) activity) 

(CBA; W.H.) 

17 Mouse 4 hr Hepatic 

18 Mouse 1-3 hr Resp 1106 

(NS) 

(C3H) 

Hepatic 1106 F 

Renal 1106 F 

100 F (fatty changes) 

Wang et al. 1994 

Wang et al. 1995 

Culliford and 
Hewitt 1957 

246 M (tubular necrosis in males) 

Kylin et al. 1963 

Deringer et al. 
1953 

942 M (liver necrosis in males 

692 M (tubular necrosis in males 

that died) 

that died) 

LOAEL 
Key toa Species/ duration/ NOAEL Less serious Serious 

Table 2-1. Levels of Significant Exposure to Chloroform - Inhalation (continued) 

Exposure/ 

Reference (ppm) (ppm) figure (strain) frequency System (ppm) 
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19 Mouse 

20 Mouse 
(Swiss- 
Webster) 

21 Mouse 
(B6C3Fl) 

22 Mouse 
(B6C3F1) 

8d Hepatic 

Gd 6-15, or 

7 hr/d Bd Wt 

Gd 1-7, 

Gd 8-15 

9 hr Hepatic 

7d Resp 3F 
6 hr/d 

Bd Wt 29.5 F 

7d Resp 288 F 
6 hr/d 

Hepatic 3b F 

Renal 

Bd Wt 

101 F 

288 F 

100 F (increased SGPT 
activity; increased 
absolute and relative 
liver weights) 

weight gain in dams) 
100 F (unspecified decreased 

4500 F (increased SGPT activity) 

10 F (increased number of 
S-phase nuclei) 

101 F (unspecified decr. in 
body weight) 

10 F (mild to moderate 
vacuolar changes in 
centrilobular 
hepatocytes) 

288 F (proximal tubules lined 
by regenerating 
epithelium) 

101 F (centrilobular hepatocyte 
necrosis and severe 
diffuse vacuolar 
degeneration of midzonal 
and periportal 
hepatocytes) 

Murray et al. 1979 

Gehring 1968 

Mery et al. 1994 

Larson et al. 1994c 

LOAEL 
Key toa Species/ duration/ NOAEL Less serious Serious 

Table 2-1. Levels of Significant Exposure to Chloroform - Inhalation (continued) 
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23 Mouse 4 d Resp 2F 10 F (mild, transient, Larson et al. 1996 
(B6C3F1) 6 hr/d proliferative responses & 

bone thickening in the 
periosteum and 
posterior ventral areas) 

88 F (increased relative liver 

Musc/s kel 88 F 

Hepatic 30 F 
weights; hepatocyte 
lipid vacuolization & 
scattered individual 
hepatocyte necrosis; 
significant increase in 
hepatic LI) 

Renal 88 F 

Immunological/Lymphoreticular 

24 Rat 10 d 

(Wistar) Gd 7-1 6 
7 hr/d 

25 Mouse 1-3 hr 

(C3H) 

Neurological 

26 Human 3 min 

27 Human 113 min 

28 Human 0.5-2 hr 

29 Mouse 0.5 -2 hr 

(NS) 

30 Cat 5-93 min 

(NS) 

300 F 

1106 

920 (dizziness, vertigo) 

2500 

Baeder and 
Hofmann 1988 

Deringer et al. 
1953 

Lehman and 
Hasegawa 191 0 

8000 (narcosis) Smith et al. 1973 

22,500 (narcosis) Whitaker and 
Jones 1965 

31 00 (slight narcosis) Lehmann and Flury 
1943 

7,200 (disturbed equilibrium) Lehmann and Flury 
1943 

LOAEL 
Key toa Species/ duration/ NOAEL Less serious Serious 

Table 2-1. Levels of Significant Exposure to Chloroform - Inhalation (continued) 

Exposure/ 

Reference (ppm) (ppm) figure (strain) frequency System (ppm) 
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Reproductive 

31 Rat 10 d 100 F 300 F (73%decreased Schwetz et al. 

(Sprague- Gd 6-1 5 conception rate; increased 1974 
Dawley) 7 hrld incidence of fetal 

resorptions) 

32 Rat 10 d 30 F (empty implantations in Baeder and 

(Wistar) Gd 7-16 2/20 dams) Hofmann 1988 

33 Mouse 8d 100 F (increased incidence of Murray et al. 1979 

7 hrld 

Gd 1-7, Gd resorptions; decrease in 
6-15, or % pregnancies) 
Gd 8-15 
7 hr/d 

5 d 400 M (increased percentage of Land et al. 1979 

(CF1) 

34 Mouse 
(C57B1/ 4 hr/d abnormal sperm) 

C3H)F1 

Developmental 

35 Rat 10 d 
(Sprague- Gd 6-1 5 
Dawley) 7 hr/d 

36 Rat 10 d 

37 Mouse 8d 
 Gd 1-7, Gd 

8-15 
6-15, or Gd 

7 hr/d 

(CF1) 

30 (delayed ossification and 100 (missing ribs; acaudate Schwetz et al. 
wavy ribs) fetuses with imperforate 1974 

anus) 

30 (slight growth retardation) Baeder and 
Hofmann 1988 

100 (cleft palate, decreased Murray et al. 1979 
ossification) 

Gd 7-1 6 
7 hr/d 

(Wistar) 

LOAEL 
Key toa Species/ duration/ NOAEL Less serious Serious 

Table 2-1. Levels of Significant Exposure to Chloroform - Inhalation (continued) 
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Reference (ppm) (ppm) figure (strain) frequency System (ppm) 

C
H

LO
R

O
F

O
R

M
	

	
	

	
	

	
	

 
	

 
	

 
	

 
	

 
	

 
	

 
	

 
	

 
	

 
                                            18

	
	

	
              2. H

E
A

LT
H

 E
F

F
E

C
T

S



INTERMEDIATE EXPOSURE 
Death 

38 Rat 

(NS) 

Systemic 

39 Human 

40 Rat 

(NS) 

41 Mouse 

(B6C3F1) 

6 mo 
5 d/wk 
7 hr/d 

1-6 mo 

6 mo 
5 d/wk 
7 hr/d 

3wk 
7  d/wk 
6 hr/d 

Gastro 

Hepatic 

Resp 

Hemato 

Hepatic 

Renal 

Bd Wt 

Resp 

Mu scls kel 

Hepatic 

Renal 

Bd Wt 

50 M 
85 F 

85 

25 M 
85 F 

88 

88 

10 

10 M 
88 F 

88 

14 (nausea; vomiting) 

14c (toxic hepatitis) 

85 M (interstitial pneumonia) 

25 (degenerative changes) 

25 (cloudy swelling) 

50 M (decreased body weight 
in males) 

85 M (increased mortality; 4/1 0 Torkelson et al. 
died) 1976 

Phoon et al. 1983 

Torkelson et al. 
1976 

Larson et al. 1996 

29.6 (hepatocyte vacuolation 
and swelling; variations 
in nuclear size) 

29.6 M (nephropathy of epithelial 
cells of the proximal 
convoluted tubules) 

LOAEL 
Key toa Species/ duration/ NOAEL Less serious Serious 

Table 2-1. Levels of Significant Exposure to Chloroform - Inhalation (continued) 

Exposure/ 

Reference (ppm) (ppm) figure (strain) frequency System (ppm) 
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42 Mouse 6wk Resp 88 
(B6C3F1) 7 d/wk 

6 hrld 
Musclskel 88 
Hepatic 10 F 29.6 F 

Renal 88 
Bd Wt 88 F 

43 Mouse 13 wk Resp 88 

Larson et al. 1996 

(16.1% increase in 
relative liver weights; 
mild degenerative 
changes in hepatocytes; 
increase in liver LI) 

(B6C3F1) 7 d/wk 

Musc/skel 88 
6 hr/d 

Hepatic 10 29.6 (vacuolation and swelling 
of hepatocytes; 
variations in nuclear 
size) 

nuclei of the epithelial 
cells of the proximal 
convoluted tubules; 
mineralization in the 
cortex) 

Renal 1.99 M 10 M (nephropathy & enlarged 

Larson et al. 1996 

Bd Wt 
88 F 
88 

LOAEL 
Key toa Species/ duration/ NOAEL Less serious Serious 

Table 2-1. Levels of Significant Exposure to Chloroform - Inhalation (continued) 

Exposure/ 

Reference (ppm) (ppm) figure (strain) frequency System (ppm) 
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44 Mouse 13 wk Resp 
(B6C3F1) 5 d/wk 

M usc/s kel 

Hepatic 

6 hr/d 

Renal 

88 

88 

29.6 88 

1.99 M 10 M 

88 F 

Bd Wt  29.6 

45 Dog 6 mo Hemato 25 

Hepatic 25 

Renal 25 M 

5 d/wk 
7 

(NS) 

46 Rabbit 6 mo Resp 
5 d/wk 50 M 
7 hr/d 

(NS) 

Hemato 85 

Hepatic 

Renal 

Larson et al. 1996 

(increased relative liver 
weights; vacuolation & 
swelling of hepatocytes 
& enlarged nuclei; 
increased liver LI) 
(nephropathies and 
enlarged nuclei in 
epithelial cells of the 
proximal convoluted 
tubules; mineralization 
within the cortex; 
increased cortical and 
medullary tissue Lls) 

25 F (cloudy swelling of 
tubular epithelium) 

25 F (interstitial pneumonia) 
85 M (pneumonitis) 

25 (centrilobular granular 
degeneration and 
necrosis) 

25 (interstitial nephritis) 

Torkelson et al. 
1976 

Torkelson et al. 
1976 

hr/d 

LOAEL 
Key toa Species/ duration/ NOAEL Less serious Serious 

Table 2-1. Levels of Significant Exposure to Chloroform - Inhalation (continued) 

Exposure/ 

Reference (ppm) (ppm) figure (strain) frequency System (ppm) 
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47 Gn pig 6 mo Hemato 85 
5 d/wk 
7 hr/d 

Hepatic 

(NS) 

Renal 

Immunological/Lymphoreticular 

48 Rat 6 mo 
5 d/wk 
7 hr/d 

(NS) 

Reproductive 

49 Rat 6 mo 
5 d/wk 
7 hr/d 

(NS) 

25 

25 M 

Torkelson et al. 
1976 

25 (centrilobular granular 
degeneration) 

25 (tubular and interstitial 
nephritis) 

Torkelson et al. 
1976 

Torkelson et al. 
1976 

LOAEL 
Key toa Species/ duration/ NOAEL Less serious Serious 

Table 2-1. Levels of Significant Exposure to Chloroform - Inhalation (continued) 

Exposure/ 

Reference (ppm) (ppm) figure (strain) frequency System (ppm) 
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CHRONIC EXPOSURE 
Systemic 

50 Human 10 -24 mo Gastro 

Hepatic 

51 Human 1-4 yr Hepatic 

52 Human 3-10 yr Gastro 

Hepatic 

53 Human 1-15 yr Hepatic 

Renal 

Immunological/Lymphoreticular 

54 Human 1-4 yr 

Neurological 

55 Human 3-10 yr 

56 Human 10-24 mo 

22 F (nausea) 

71 

2
d
 (hepatomegaly) 

77 F (nausea) 

237 F 

29.5 (elevated serum 
prealbumin and 
transferrin) 

13.5 

2 (splenomegaly) 

77 F (exhaustion, irritability, 
depression, lack of 
concentration) 

22 F (exhaustion) 

Challen et al. 1958 

Bomski et al. 1967 

Challen et al. 1958 

Li et al. 1993 

Bomski et al. 1967 

Challen et al. 1958 

Challen et al. 1958 

LOAEL 
Key toa Species/ duration/ NOAEL Less serious Serious 

Table 2-1. Levels of Significant Exposure to Chloroform - Inhalation (continued) 

Exposure/ 

Reference (ppm) (ppm) figure (strain) frequency System (ppm) 
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57 Human 1-15 yr 13.49 (dizziness, fatigue, 
somnolence, insomnia, 
increased dreaming, 
hypomnesia, anorexia, 
and palpitations) 

Li et al. 1993 

a
The number corresponds to entries in Figure 2-1 

b 
Used to derive an acute-duration inhalation minimal risk level (MRL) of 0.1 pprn; concentration is converted to a human equivalent concentration and divided by an uncertainty factor 
of 30 (3 for extrapolation from animals to humans and 10 for human variability). 

c
Used to derive an intermediate-duration inhalation MRL of 0.05 pprn; concentration is divided by an uncertainty factor of 100 (10 tor use of a LOAEL and 10 for human variability). 

d
Used to derive a chronic-duration inhalation MRL of 0.02 ppm; concentration is divided by an uncertainty factor 100 (10 for use of a LOAEL and 10 for human variability). 

Bd Wt = body weight; Cardio = cardiovascular; d = day(s); F = female; Gastro = gastrointestinal; Gd = gestational day; Gn pig = guinea pig; GOT = glutamic oxalotransarninase; 
GPT = glutamic pyruvic transaminase; GSH = glutathione; Hemato = hematological; hr = hour(s); LC

50
 = lethal concentration, 50% kill; LOAEL = lowest-observed-adverse-effect level; 

LI = labeling index; M = male; min = minute(s); mo = month(s);  musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; NS = not specified; Resp = respiratory; 
SDH = sorbitol dehydrogenase; SGPT = serum glutamic pyruvic transaminase; wk = week; yr = year(s). 

LOAEL 
Key toa Species/ duration/ NOAEL Less serious Serious 

Table 2-1. Levels of Significant Exposure to Chloroform - Inhalation (continued) 
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did not exceed 2.25%. No other studies were located regarding respiratory effects in humans after

inhalation exposure to chloroform.

Larson et al. (1996) investigated the ability of acute exposure to chloroform vapors to produce toxicity

and regenerative cell proliferation in the liver, kidneys, and nasal passage of female B6C3F1 mice.

Groups of 5 animals were exposed to 0, 0.3, 2, 10, 30, or 90 ppm chloroform via inhalation for

6 hours a day for 4 consecutive days. Animals were administered bromodeoxyuridine (BrdU) via

implanted osmotic pump for the last 3.5 days. At necropsy, livers and kidneys were removed,

weighed, examined macroscopically, and prepared for microscopic evaluation. The nasal cavities were

also removed and prepared for microscopic evaluation. Cell proliferation was quantitated as the

percentage of cells in S-phase (labeling index = LI) measured by immunohistochemical detection of

BrdU-labeled nuclei. This study found no overt clinical signs of toxicity in female mice exposed to

chloroform for 4 days; however, some mild, transient changes occurred in the posterior ventral areas

of nasal tissue in female mice exposed to the 10, 30, and 90 ppm concentrations of chloroform. The

lesions were characterized by mild proliferative responses in the periosteum consisting of a thickening

of the bone. The adjacent lamina also exhibited loss of acini of Bowman’s glands and vascular

congestion. No microscopic changes were noted in nonnasal bones, nor were nonnasal bone LIs

significantly different from those of controls.

Another similar study by Larson et al. (1994c) using a wider range of inhaled doses investigated the

ability of chloroform vapors to produce toxicity and regenerative cell proliferation in the liver and

kidneys of female B6C3F1, mice and male Fischer 344 rats, respectively. Nasal passages were also

examined for toxic response. Groups of 5 animals were exposed to 0, 1, 3, 10, 30, 100, or 300 ppm

chloroform via inhalation for 6 hours a day for 7 consecutive days. Actual exposure concentrations

measured were 0, 1.2, 3, 10, 29.5, 101, and 288 ppm for mice; and 0, 1.5, 3.1, 10.4, 29.3, 100, and

271 ppm and for rats. Animals were administered BrdU via implanted osmotic pump for the last

3.5 days to quantitate S-phase cell proliferation using an LI method. Necropsies were performed on

day 8. No histopathological lesions were observed in the nasal passages of female mice at any

exposure concentration. In the nasal passages of rats, chloroform concentrations of 10 ppm and above

induced histopathological changes that exhibited a clear concentration-related response. These lesions

consisted of respiratory epithelial goblet cell hyperplasia and degeneration of Bowman’s glands in

olfactory mucosa with an associated osseous hyperplasia. of the endo- and ectoturbinates in the

periphery of the ethmoid region.
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Acute exposure to chloroform clearly can induce site-specific as well as biochemical changes in the

nasal region of female B6C3F1, mice and male Fischer 344 rats (Mery et al. 1994). To demonstrate

the biochemical alterations, mice were exposed to 1.2, 3, 10, 29.5, 101, and 288 ppm chloroform and

rats were exposed to 1.5, 3.1, 10.4, 29.3, 100, and 27 1 ppm for 6 hours a day for 7 days to determine

the nasal cavity site-specific lesions and the occurrence of cell induction/proliferation associated with

these varying concentrations of chloroform. In male rats, the respiratory epithelium of the

nasopharyngeal meatus exhibited an increase in the size of goblet cells at 100 and 271 ppm

chloroform, in addition to an increase in both neutral and acidic mucopolysaccharides. Affected

epithelium was up to twice its normal thickness. New bone formation within the nasal region was

prominently seen at 10.4 ppm and above, and followed a concentration response curve. At 29.3 and

100 ppm, new osseous spicules were present at the beginning of the first endoturbinate, while at

271 ppm, the width of the new bone was almost doubled compared to controls. The Bowman’s glands

were markedly reduced in size. Cytochrome P-450-2El staining was most prominent in the cytoplasm

of olfactory epithelial sustentacular cells and in the acinar cells of Bowman’s glands in control

animals. In general, increasing the chloroform concentration tended to decrease the amount of P-450

staining in exposed animals. Exposure to chloroform resulted in a dramatic increase in the number of

S-phase nuclei, with the proliferative response confined to activated periosteal cells, including both

osteogenic (round) and preosteogenic (spindle) cells. The proximal and central regions of the first

endoturbinate had the highest increase of cell proliferation. Interestingly, the only detectable

treatment-related histologic change observed in female mice was a slight indication of new bone

growth in the proximal part of the first endoturbinate in one mouse exposed to 288 ppm chloroform.

The S-phase response was observed at chloroform concentrations of 10.4 ppm and higher. If similar

nasal cavity changes occur in humans, the sense of smell could potentially be altered.

In some animal species, the lung may be a target organ when inhalation exposure to chloroform is of

intermediate duration. Interstitial pneumonitis was observed in male rats and rabbits exposed to

85 ppm and in female rabbits exposed to 25 ppm chloroform for 6 months (Torkelson et al. 1976).

The NOAEL was 50 ppm for male rats and rabbits. No respiratory changes were reported in guinea

pigs and dogs exposed to 85 and 25 ppm chloroform, respectively.

Larson et al. (1996) investigated the ability of intermediate exposure to chloroform vapors to produce

toxicity and regenerative cell proliferation in the nasal passage of male and female B6C3F1, mice.

Groups of 8 animals of each sex were exposed to 0, 0.3, 2, 10, 30, or 90 ppm chloroform via
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inhalation for 6 hours a day, 7 days a week for 3, 6, or 13 weeks; additional groups of 8 animals of

each sex were exposed for 6 hours a day, 5 days a week for 13 weeks. Animals were administered

BrdU via implanted osmotic pump and cell proliferation was quantitated as the percentage of cells in

S-phase using LI (measuring by immunohistochemical detection of BrdU-labeled nuclei). At

necropsy, the nasal cavities were removed and prepared for microscopic evaluation. No alterations in

nasal tissues were noted at any exposure level in either sex after exposures of 3, 6, or 13 weeks.

Cardiovascular Effects. Epidemiologic studies indicate that chloroform causes cardiac effects in

patients under anesthesia. In a cohort of 1,502 patients (exposure less than 22,500 ppm), dose-related

bradycardia developed in 8% of the cases, and cardiac arrhythmia developed in 1.3% of the cases

(Whitaker and Jones 1965). Hypotension was observed in 27% of the patients and was related to the

duration of the anesthesia and to pretreatment with thiopentone. Chloroform anesthesia (exposure

8,000-10,000 ppm) caused arrhythmia (nodal rhythm, first degree atrio-ventricular block, or complete

heart block) in 50% of the cases from the cohort of 58 patients and hypotension in 12% (Smith et al.

1973). It should be noted that the effects seen may be secondary to surgical stress or the underlying

disease which necessitated the surgical procedure.

No studies were located regarding cardiovascular effects in animals after inhalation exposure to

chloroform.

Gastrointestinal Effects. Nausea and vomiting were frequently observed side effects in humans

exposed to chloroform via anesthesia (exposure 8,000-22,500 ppm) (Royston 1924; Smith et al. 1973;

Townsend 1939; Whitaker and Jones 1965). Nausea and vomiting were observed in male and female

workers exposed solely to 14-400 ppm chloroform for l-6 months (Phoon et al. 1983). Similarly,

gastrointestinal symptoms (nausea, dry mouth, a

workers occupationally exposed to 22-71 ppm chloroform for lo-24 months and 77-237 ppm

nd fullness of the stomach) were reported in female

chloroform for 3-10 years (Challen et al. 1958).

No studies were located regarding gastrointestinal effects in animals after inhalation exposure to

chloroform.

Hematological Effects. The hematological system does not appear to be a significant target after

inhalation exposure to chloroform. Except for increased prothrombin time in some individuals after
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anesthesia exposure to 8,000 ppm, no hematological effects were observed in humans after inhalation

exposure to chloroform (Smith et al. 1973). This effect reflects the hepatotoxicity of chloroform

because prothrombin is formed in the liver.

No hematological effects were observed in rats, rabbits, and guinea pigs exposed to 85 ppm

chloroform or in dogs exposed to 25 ppm chloroform for intermediate durations (Torkelson et al.

1976).

Musculoskeletal Effects.  Few musculoskeletal effects have been reported in the literature after

an acute, intermediate, or chronic exposure to chloroform in humans or in laboratory animals. Larson

et al. (1996) investigated the ability of acute- and intermediate-duration exposure to chloroform vapor

to produce toxicity and regenerative cell proliferation in various tissues of female B6C3F1, mice.

Using the methods described in previous sections of this profile, Larson et al. (1996) found that, after

acute exposure, no microscopic changes were noted in nonnasal bones, nor were non nasal bone LIs

different from those of controls. In the intermediate duration studies, no alterations in nonnasal bone

tissues were noted at any exposure level in either sex after exposures of 3, 6, or 13 weeks.

Hepatic Effects.  Chloroform-induced hepatotoxicity is one of the major toxic effects observed in

both humans and animals after inhalation exposure. Increased sulfobromophthalein retention was

observed in some patients exposed to chloroform via anesthesia (exposure 8,000-10,000 ppm),

indicating impaired liver function (Smith et al. 1973). Serum transaminase, cholesterol, total bilirubin,

and alkaline phosphatase levels were not affected. Transient jaundice has also been reported in one

study (Whitaker and Jones 1965), while several earlier studies report acute hepatic necrosis in women

exposed to chloroform via anesthesia (exact exposure not provided) during childbirth (Lunt 1953;

Royston 1924; Townsend 1939). The effects observed in the women included jaundice, liver

enlargement and tenderness, delirium, coma, and death. Centrilobular necrosis was found at autopsy

in those who died. Workers exposed to 14-400 ppm chloroform for l-6 months developed toxic

hepatitis and other effects including jaundice, nausea, and vomiting, without fever (Phoon et al. 1983).

The workers were originally diagnosed with viral hepatitis; however, in light of epidemiologic data,

the diagnosis was changed to toxic hepatitis. No clinical evidence of liver injury was observed in

workers exposed to as much as 71 and 237 ppm chloroform for intermediate and chronic durations,

respectively; however, liver function was not well characterized (Challen et al. 1958). In contrast,

toxic hepatitis (with hepatomegaly, enhanced serum glutamic pyruvic transaminase [SGPT] and serum
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glutamic oxaloacetic transaminase [SGOT] activities, and hypergammaglobulinemia) was observed in

workers exposed to 2-205 ppm chloroform (Bomski et al. 1967). Co-exposure to trace amounts of

other solvents was also detected, however. Elevated serum prealbumin and transferrin were noted in

another study (Li et al. 1993); however, the data is questionable as the exposed individuals most likely

received exposures to toxic substances other than just chloroform. An intermediate-duration inhalation

MRL of 0.05 ppm was derived from the LOAEL of 14 ppm from the data presented by Phoon et al.

(1983); a chronic-duration inhalation MRL of 0.02 ppm was derived from the LOAEL of 2 ppm from

the data presented by Bomski et al. (1967). More information on these MRLs and how they were

derived is located in the footnote to Table 2-1, Section 2.5 and in Appendix A of this profile.

A study by Aiking et al. (1994) examined the possible hepatotoxicity of chloroform exposure in

competitive swimmers who trained in indoor chlorinated swimming pools (n=l0) compared to those

who trained in outdoor chlorinated swimming pools (n=8). The actual amount of chloroform inhaled

was not determined; however, the mean concentration of chloroform was determined to be 24 g/L in

the indoor pools and 18.4 g/L in the outdoor pools. Mean blood chloroform concentration in the

indoor pool swimmers was found to be 0.89 g/L, while the control group and the outdoor pool

swimmers had blood chloroform concentrations of less than 0.5 g/L, suggesting that the chloroform

could not be removed by environmental air currents (resulting in higher exposure dose) as it did in an

outdoor pool environment. No significant differences in liver enzyme function was seen between any

of the groups.

Chloroform-induced hepatotoxicity in various animal species has been reported in several studies. No

changes in SGPT activity were observed in rats exposed to 300 ppm chloroform during gestation days

(Gd) 6-15 (Schwetz et al. 1974). No changes in liver weights were found in pregnant Wistar rats that

were exposed to 0, 30, 100, or 300 ppm chloroform via inhalation during Gd 7-16, followed by

termination on day 21 (Baeder and Hofmann 1988). In contrast, serum sorbitol dehydrogenase (SDH)

activity was increased in rats exposed to 153 ppm and above for 4 hours (Lundberg et al. 1986) and

SGPT levels were increased in mice exposed to 100 ppm, 7 hours a day for 8 days during various

stages of pregnancy (Murray et al. 1979) and 4,500 ppm for 9 hours (Gehring 1968). These increased

enzyme levels in serum indicate hepatoceliular necrosis. Fatty changes were observed microscopically

in male and female mice after acute exposure to chloroform concentrations 100 ppm (Culliford and

Hewitt 1957; Kylin et al. 1963). Elevated liver triglycerides and liver glutathione (GSH) have also

been reported (Ikatsu and Nakajima 1992). Liver necrosis was observed in female rats exposed to
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4,885 ppm chloroform for 4 hours (Lundberg et al. 1986) and in male mice that died after acute

exposure to 692-1,106 ppm chloroform (Deringer et al. 1953). Centrilobular granular degeneration

was observed in rats, rabbits, and guinea pigs exposed to 25 ppm chloroform for 6 months, but not in

dogs exposed to 25 ppm for the same time period (Torkelson et al. 1976); however, these pathological

findings were not observed in the 50 ppm exposure group of rabbits and guinea pigs, or in the 85 ppm

exposure group of guinea pigs. Although the liver effects in rabbits and guinea pigs were not doserelated,

the small number of surviving animals in the higher exposure group may have biased the results of the

study and may not fully describe the pathological effects of chloroform at the higher dose.

In two separate studies, Wang et al. (1994, 1995) investigated the effect of ethanol consumption or

fasting, respectively, on the metabolism and toxicity of chloroform administered by inhalation of an

acute duration. In the first study, male Wistar rats were pretreated with either ethanol, 2,000 mg/kg,

or water. Eighteen hours later, the animals were exposed to air containing chloroform at

concentrations of 0, 50, 100, or 500 ppm for 6 hours (5 rats a group). At 24 hours postexposure,

animals were anesthetized, blood samples were collected for determination of SGOT and SGPT levels;

livers were harvested and processed for determination of GSH levels. Chloroform produced

dosedependent hepatotoxicity, and ethanol pretreatment enhanced this effect. In rats exposed by

inhalation, hepatotoxicity was only evident at the highest dose (500 ppm); SGOT and SGPT values in

treated rats were 47 and 24 international units per liter (IV/L) versus 30 and 16 IU/L in controls,

respectively. GSH concentrations in rats exposed to chloroform were lowered in a dose-dependent

manner. Significant (p<0.05) reductions were seen at the 500 ppm dose in rats exposed by inhalation. In

the second study, rats were divided in two groups: those fasted over night and those allowed free access to

food. The following day, 5 rats per group were exposed to chloroform once by inhalation at 0, 50,

100, or 500 ppm for 6 hours. Twenty-four hours after exposure, blood samples were collected for

SGOT and SGPT determinations. Chloroform tended to produce hepatotoxicity in a dose-dependent

manner, and fasting tended to potentiate the toxicity. Plasma SGOT activity was significantly elevated

in the fasting group at 100 and 500 ppm and the fed group at 500 ppm as compared to controls.

SGPT levels in the fasting group exposed to 500 ppm chloroform (212 IU/L) significantly exceeded

those of the fasting control group (16 IU/L). GSH levels in the fasting group exposed to 500 ppm

chloroform (2.22 mg/g) were significantly lower than those of the fasted control group (2.51 mg/g).
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Larson et al. (1996) investigated the ability of acute chloroform vapor exposure to produce toxicity

and regenerative cell proliferation in the liver of female B6C3F1 mice. Groups of 5 animals were

exposed to 0, 0.3, 2, 10, 30, or 90 ppm chloroform via inhalation for 6 hours a day for 4 consecutive

days. Animals were administered BrdU via an implanted osmotic pump, and cell proliferation was

quantitated as the percentage of cells in S-phase (LI) measured by immunohistochemical detection of

BrdU-labeled nuclei. At necropsy, livers were removed, weighed, examined macroscopically, and

prepared for microscopic evaluation. Exposure to 90 ppm chloroform resulted in increased relative

liver weights. Female mice exposed to chloroform for 4 days experienced a dose-dependent mild

response of uniform hepatocyte lipid vacuolization. Scattered individual hepatocyte necrosis also

occurred in a dose-dependent manner. Hepatic LI was significantly elevated in female mice in the

90 ppm dose group after 4 days exposure (9-fold; p<0.05).

In an earlier study, Larson et al. (1994c) investigated the ability of chloroform vapors to produce

toxicity and regenerative cell proliferation in the liver and kidneys of female B6C3F1 mice and male

Fischer 344 rats, respectively. Groups of 5 animals were exposed to 0, 1, 3, 10, 30, 100, or 300 ppm

chloroform via inhalation for 6 hours a day for 7 consecutive days. Actual exposure concentrations

measured for mice were 0, 1.2, 3, 10, 29.5, 101, and 288 ppm and for rats were 0, 1.5, 3.1, 10.4,

29.3, 100, and 271 ppm. Necropsies were performed on day 8. Animals were administered BrdU via

implanted osmotic pump for the last 3.5 days in order to measure S-phase cell proliferation using an

LI method. Female mice exposed to 101 or 298 ppm exhibited centrilobular hepatocyte necrosis and

severe diffuse vacuolar degeneration of mid-zonal and periportal hepatocytes, while exposure to 10 or

29.5 ppm resulted in mild-to-moderate vacuolar changes in centrilobular hepatocytes. Specifically,

decreased eosinophilia of the centrilobular and mid-zonal hepatocyte cytoplasm relative to periportal

hepatocytes was observed at 29.5 ppm. Livers of mice in the 1 and 3 ppm groups did not differ from

controls. Slight, dose-related increases in the hepatocyte LIs were observed in the 10 and 30 ppm

dose groups, while the LI was increased more than 30-fold in the 101 and 288 ppm groups. Relative

liver weights were increased in a dose-dependent manner at exposures of 3 ppm and above. Livers

from mice exposed to 101 or 288 ppm were enlarged and pale. In male rats, swelling and mild

centrilobular vacuolation was observed only in the livers of rats exposed to 271 ppm. Necrosis was

minimal and confined to individual hepatocytes immediately adjacent to the central vein; livers were

dark red and congested. The hepatocyte LI in rats were increased only at 101 and 271 ppm, 3- and

7-fold over controls, respectively. An acute-duration inhalation MRL of 0.1 ppm was based on the
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NOAEL of 3 ppm for hepatic effects in mice. More information on this MRL and how it was derived

is located in the footnote to Table 2-1, Section 2.5 in Appendix A this profile.

Larson and coworkers (1996) investigated the ability of intermediate-duration chloroform vapor

exposure to produce toxicity and regenerative cell proliferation in the liver of male and female

B6C3F1 mice. Groups of 8 animals of each sex were exposed to 0, 0.3, 2, 10, 30, or 90 ppm

chloroform via inhalation for 6 hours a day, 7 days a week for 3, 6, or 13 weeks; additional groups of

8 animals of each sex were exposed for 6 hours a day, 5 days a week for 13 weeks. Animals were

administered BrdU via implanted osmotic pump and cell proliferation was quantitated as the

percentage of cells in S-phase. At necropsy, livers were removed, examined macroscopically, and then

prepared for microscopic evaluation. In mice exposed for 3 weeks, no changes in relative liver

weights occurred in males at any dose level, whereas females exposed to 90 ppm chloroform

experienced a significant increase (10.7%; p<0.05) in relative liver weights. Liver lesions were noted

in males and females at exposures of 30 and 90 ppm. Lesions were characterized by vacuolation and

swelling of hepatocytes and variations in nuclear size. Cell proliferation was elevated in the livers of

females and males at 30 and 90 ppm exposures, respectively. In mice exposed for 6 weeks, exposure

to 90 ppm chloroform resulted in a significant increase (16.1%; p<0.05) in relative liver weights.

Liver lesions were noted in females at exposures of 30 and 90 ppm; these lesions were characterized

by mild degenerative changes in hepatocytes. An increase in liver LI was also noted in the females

exposed to 30 and 90 ppm chloroform. In mice exposed 7 days a week for 13 weeks, relative liver

weights increased in males exposed to 30 and 90 ppm chloroform and in females exposed to 90 ppm

chloroform (p<0.05). Liver lesions were elevated above background in males and females at

exposures of 30 and 90 ppm. Lesions were characterized by vacuolation and swelling of hepatocytes

and variations in nuclear size. Cell proliferation was elevated in the livers of females and males at

exposed to 90 ppm chloroform. Hepatic alterations in mice exposed 5 days a week for 13 weeks were

similar to those of mice exposed 7 days a week; however, the severity of the lesions was diminished

with significant effects seen only at the 90 ppm exposure level.

Renal Effects. Several studies regarding kidney toxicity effects in humans after inhalation

exposure to chloroform were found. No biochemical renal anomalies were reported in one study

examining factory workers in China exposed to varying levels of chloroform (Li et al. 1993). One

report was obtained from case reports of death among women exposed to chloroform via anesthesia

during childbirth (Royston 1924). The fatty degeneration of kidneys observed at autopsy indicated
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chloroform-induced damage. A study by Aiking et al. (1994) examined the possible renal toxicity of

chloroform exposure in competitive swimmers who trained in indoor and outdoor chlorinated

swimming pools in the Netherlands. Although no significant differences in liver enzyme function

were seen between any of the groups, the study did determine that -2-microglobulin was elevated in

the indoor pool swimmers (after controlling for possible age bias using multiple regression analysis),

suggesting some degree of renal damage due to higher inhaled air concentrations of chloroform present

in the air of indoor swimming pools.

In animals, the kidney is one of the target organs of inhalation exposure to chloroform. Groups of

20 female Wistar rats were exposed to 0, 30, 100, or 300 ppm chloroform via inhalation during

Gd 7-16 and terminated on day 21 showed no changes in kidney weights compared to control animals

(Baeder and Hofmann 1988). Larson et al. (1996) investigated the ability of acute chloroform vapor

exposure to produce toxicity and regenerative cell proliferation in the kidneys of female B6C3F1 mice.

Groups of 5 animals were exposed to 0, 0.3, 2, 10, 30, or 90 ppm chloroform via inhalation for

6 hours a day for 4 consecutive days. At necropsy, kidneys were removed, weighed, examined

macroscopically, and prepared for microscopic evaluation. Relative kidney weights were similar to

controls at all chloroform exposure levels. Kidneys of female mice exposed to chloroform were not

different from those of controls at any dose. Exposure to chloroform did not significantly affect the

kidney cortex LI in females at any dose.

In an earlier study, Larson et al. (1994~) examined the ability of chloroform vapors to produce toxicity

and regenerative cell proliferation in the liver and kidneys of female B6C3F1 mice and male

Fischer 344 rats, respectively. Groups of 5 animals were exposed to 0, 1, 3, 10, 30, 100, or 300 ppm

chloroform via inhalation for 6 hours a day for 7 consecutive days. Actual exposure concentrations

measured for mice were 0, 1.2, 3, 10, 29.5, 101, and 288 ppm and for rats were 0, 1.5, 3.1, 10.4,

29.3, 100, and 271 ppm. Necropsies were performed on day 8. The kidneys of mice were affected

only at the 300 ppm exposure, with approximately half of the proximal tubules lined by regenerating

epithelium and an increased LI of tubule cells of 8-fold over controls. In the kidneys of male rats

exposed to 300 ppm, about 25-50% of the proximal tubules were lined by regenerating epithelium.

The LI for tubule cells in the cortex was increased at 30 ppm and above.
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Tubular necrosis was observed in male mice after acute exposure to chloroform concentrations

246 ppm (Culliford and Hewitt 1957; Deringer et al. 1953). Tubular calcifications were observed in

mice that survived the exposure and were terminated after a 12-month recovery period.

In a study of intermediate duration, increased kidney weight (both sexes) and cloudy swelling (males)

were observed in rats exposed to chloroform concentrations 25 ppm chloroform (Torkelson et al.

1976). Results were not consistent in rabbits and guinea pigs under the same exposure conditions.

Cloudy swelling, and tubular and interstitial nephritis were observed in groups of rats exposed to

25 ppm chloroform, but not in groups exposed to 50 ppm. The results in rabbits and guinea pigs,

however, may be biased due to the low survival rate at the higher exposure level.

Larson and coworkers (1996) also investigated the ability of intermediate-duration chloroform vapor

exposure to produce toxicity and regenerative cell proliferation in the kidneys of male and female

B6C3F1 mice. Groups of 8 animals of each sex were exposed to 0, 0.3, 2, 10, 30, or 90 ppm

chloroform via inhalation for 6 hours a day, 7 days a week for 3, 6, or 13 weeks; additional groups of

8 animals of each sex were exposed for 6 hours a day, 5 days a week for 13 weeks. At necropsy,

kidneys were removed, examined macroscopically, and prepared for microscopic evaluation. In mice

exposed for 3 weeks, no changes were noted in relative kidney weights in either sex at any exposure

level. While kidneys of female mice did not differ from those of controls at any dose, those of males

were significantly affected by chloroform exposures of 30 ppm or more. Lesions were mainly in the

epithelial cells of the proximal convoluted tubules, with 25 and 50% of cells affected in the 30 and

90 ppm groups, respectively. Cell proliferation was elevated in males at the 30 ppm exposure level,

while female kidney LIs were not affected at any exposure level. In mice exposed for 6 weeks, no

changes were noted in relative kidney weights at any exposure level. Kidneys from exposed females

were not histologically different from controls at any exposure level, and kidney LIs were similar to

control values at all exposure levels. In mice exposed 7 days a week for 13 weeks, no changes were

noted in relative kidney weights in either sex at any exposure level. While kidneys of female mice did

not differ from those of controls at any dose, those of males were significantly affected by chloroform

exposures of 10 ppm or more. Lesions were mainly in the epithelial cells of the proximal convoluted

tubules, with 25 and 50% of cells affected in the 30 and 90 ppm groups, respectively. Mineralization

within the cortex and enlarged nuclei in the epithelial cells were also noted. Cell proliferation was

elevated in the cortical tissues of males at the 30 and 90 ppm exposure level; in contrast, female
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kidney LIs were not affected at any exposure level. In contrast, exposure to chloroform vapors 5 days

a week for 13 weeks produced no adverse renal effects.

Body Weight Effects. No studies were located regarding body weight effects in humans after

inhalation exposure to chloroform.

Larson et al. (1994c) noted that in female B6C3F1 mice and male Fischer 344 rats exposed to 0, 1, 3,

10, 30, 100, or 300 ppm chloroform via inhalation for 6 hours a day for 7 consecutive days that body

weight gains were significantly decreased relative to controls in mice exposed to 101 and 288 ppm

(1% weight loss at 101 and 288 ppm). Body weight gain was significantly decreased in a

concentration-dependent manner in rats exposed to 10 ppm of chloroform and above (2% weight loss

at 271 ppm; weight gains of 9-12% at 10.4-101 ppm, as compared to 18% weight gain by controls).

A dose-dependent reduction in feed consumption, resulting in decreased body weight gain, was

observed in pregnant female rats exposed to 30 ppm chloroform (7 hours a day for 10 days) and above

during gestation (Baeder and Hofmann 1988). Newell and Dilley (1978) report that maternal body

weights decreased in Sprague-Dawley rats when the chloroform concentration reached 4,117 ppm

when exposed for 1 hour a day during Gd 7-14. Similarly, decreased body weight was observed in

pregnant mice exposed to 100 ppm chloroform during gestation (Murray et al. 1979). Decreased body

weight was reported in male rats exposed to chloroform at 271 ppm for 6 hours a day for 7 days;

however, no discernable decrease in body weight was noted at concentrations from 1.5 to 100 ppm.

Decreases in body weight were also noted in female mice exposed to 101 ppm chloroform for the

same duration (Mery et al. 1994). Decreased body weight also occurred in male rats exposed to

50 ppm for 6 months (Torkelson et al. 1976).

Larson and coworkers (1996) also investigated the effect of intermediate exposure to chloroform vapor

on body weight in male and female B6C3F1 mice. Groups of 8 animals of each sex were exposed to

0, 0.3, 2, 10, 30, or 90 ppm chloroform via inhalation for 6 hours a day, 7 days a week for 3, 6, or

13 weeks; additional groups of 8 animals of each sex were exposed for 6 hours a day, 5 days a week

for 13 weeks. In mice exposed 7 days a week for 3 weeks, body weights in females were unaffected,

while those of males exposed to 90 ppm chloroform were significantly lower compared to controls

(2% weight loss versus 6% weight gain). Exposure to chloroform 7 days a week for 6, or 13 weeks

did not affect body weights in males or females; however, when exposed 5 days a week for 13 weeks,
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body weight gains in males and females exposed to 90 ppm chloroform were slightly reduced

compared to their respective controls (93 and 91%, respectively).

Other Systemic Effects. No studies were located regarding other systemic effects in humans

after inhalation exposure to chloroform.

Gearhart et al. (1993) studied the interactions of chloroform exposure with body temperature in mice.

Male mice were exposed to chloroform concentrations up to 5,500 ppm chloroform for 6 hours and

their core body temperature monitored. The largest decrease in core body temperature was observed

in the 5,500 ppm exposure group, followed by the 2,000, 800, and 100 ppm groups. There was no

significant decrease in in vitro cytochrome P-450 activity at any temperature tested. The data

collected were used to develop a PBPK model, which is discussed in more detail in Section 2.3.5.

Decreased feed consumption also been reported at chloroform doses as low as 30 ppm in rats (Baeder

and Hofmann 1988).

2.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding in-depth immunological effects in humans after inhalation exposure

to chloroform. Only one study (Bomski et al. 1967) described the health effects of a group of

68 workers occupationally exposed to chloroform for 1-4 years in a pharmaceutical plant. Chloroform

air concentrations ranged from 0.01 to 1 mg/L, and other solvents were also reported in the air in trace

amounts. Splenomegaly was the only immunologically detected health effect in a small percentage of

these cases.

Chloroform appears to have little effect on the spleen of laboratory animals. No histological changes

were found in the spleen of mice exposed to chloroform concentrations as high as 1,106 ppm for

l-3 hours (Deringer et al. 1953) or in male rats receiving 25 ppm of chloroform for 6 months

(Torkelson et al. 1976). Female Wistar rats exposed to 0, 30, 100, or 300 ppm chloroform for

10 days via inhalation during Gd 7-16 also failed to show a change in maternal spleen organ weights

(Baeder and Hofmann 1988).

Other information on the immunotoxicity of chloroform is limited to one study on effects of

chloroform on host resistance in CD-l mice. A single exposure to 10.6 ppm chloroform for 3 hours
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did not increase the mortality rate after streptococcal challenge and did not alter the ability of alveolar

macrophages to destroy bacteria in these mice (Aranyi et al. 1986). After repeated chloroform

exposure (3 hours a day for 5 days), the mortality rate significantly increased, but the bactericidal

activity of macrophages was not suppressed compared to control animals.

2.2.1.4  Neurological Effects

The central nervous system is a major target for chloroform toxicity in humans and in animals.

Chloroform was once widely used as an anesthetic during surgery in humans, but is not currently used

as a surgical inhalant anesthetic in modern-day medical practice. Levels of 3,000-30,000 ppm were

used to induce anesthesia (Featherstone 1947; Smith et al. 1973; Whitaker and Jones 1965).

Concentrations of 40,000 ppm, if continued for several minutes, could result in death (Featherstone

1947). To induce anesthesia, increasing the concentration of chloroform gradually to 25,000 or

30,000 ppm during the first 2 or 3 minutes with maintenance at much lower levels was recommended.

Concentrations <1,500 ppm are insufficient to induce anesthesia; concentration of 1,500-2,000 ppm

cause light anesthesia (Goodman and Gilman 1980).

Dizziness and vertigo were observed in humans after exposure to 920 ppm chloroform for 3 minutes;

headache and slight intoxication were observed at higher concentrations (Lehmann and Hasegawa

1910). Exhaustion was reported in 10 women exposed to 22 ppm chloroform during intermediateand

chronic-duration occupational exposures (Challen et al. 1958). Chronic exposure to chloroform

concentrations 77 ppm caused exhaustion, lack of concentration, depression, or irritability in 9 of

10 occupationally exposed women. A case report of an individual addicted to chloroform inhalation

for 12 years reported psychotic episodes, hallucinations and delusions, and convulsions (Heilbrunn et

al. 1945). Withdrawal symptoms, consisting of pronounced ataxia and dysarthria, occurred following

an abrupt discontinuation of chloroform use. Moderate, unspecified, degenerative changes were

observed in the ganglion cells in the putamen and the cerebellum at autopsy. Death resulted from an

unrelated disease.

A study of 61 workers exposed for l-l5 years (average 7.8 years) attempted to delineate a possible

exposure-effect relationship and to determine the toxicity of chloroform after long-term exposures at a

low concentrations in factories in China (Li et al. 1993). Concentrations of chloroform ranged from

0.87 to 28.9 ppm. Dizziness, fatigue, somnolence, insomnia, increased dreaming, hypomnesia,
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anorexia, and palpitations were significantly elevated in these individuals. Depression, anger, and

fatigue were also reported to be significantly elevated. Significant changes were found in neurologic

testings of Simple Visual Reaction Time, Digital Symbol Substitution, Digit Span, Benten Retention

and Aim Pursuiting in some workers. A limitation of this study was that the exposed group, based on

information indicating where the exposed groups originated, indicated that these individuals probably

inhaled much more than just chloroform (i.e., other solvents, drugs, pesticides, etc.) and all the effects

attributed to chloroform may be attributable to other chemicals in addition to chloroform.

Evidence of central nervous system toxicity in animals includes disturbed equilibrium in cats exposed

to 7,200 ppm chloroform for 5 minutes, deep narcosis in cats exposed to 21,500 ppm for 13 minutes,

deep narcosis in mice exposed to 4,000 ppm for 30 minutes, slight narcosis in mice exposed to

3,100 ppm for 1 hour, and no obvious effects in mice exposed to 2,500 ppm for 2 hours (Lehmann

and Flury 1943). Memory retrieval was affected in mice exposed to chloroform via anesthesia

(concentration not specified) (Valzelli et al. 1988). The amnesic effect was not long-lasting.

The highest NOAEL value and all reliable LOAEL values for neurological effects in each species and

duration category are recorded in Table 2-1 and plotted in Figure 2-l.

2.2.1.5 Reproductive Effects

No studies were located regarding reproductive effects in humans after inhalation exposure to

chloroform.

Several studies indicate that inhalation exposure to chloroform may cause reproductive effects in

animals. Rats exposed to chloroform during gestation had decreased conception rates after exposure to

300 ppm, but not after exposure to 100 ppm (Schwetz et al. 1974). Studies by Baeder and Hofmann

(1988) indicated that exposure to as little as 30 ppm chloroform resulted in increased fetal resorptions.

Similarly, a decreased ability to maintain pregnancy, characterized by an increased number of fetal

resorptions and decreased conception rates, was observed in mice exposed to 100 ppm chloroform

(Murray et al. 1979). In addition to the reproductive effects described above, a significant increase in

the percentage of abnormal sperm was observed in mice exposed to 400 ppm chloroform for 5 days

(Land et al. 1979).
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In males, groups of 10-12 male rats (strain not reported) were exposed to 0, 25, 50, or 85 ppm

chloroform for 6 months. Adjusted testicular weights in the 50 and 85 ppm groups were greater than

those of their respective controls, but were not different from those of other control groups within the

same colony. Additionally, no histological changes were noted in testicular tissues of treated animals.

The significant increase in testes weights reported in this study was considered to be spurious not

likely a direct effect of chloroform exposure (Torkelson et al. 1976).

The highest NOAEL value and all reliable LOAEL values for reproductive effects in each species in

the acute-duration category are recorded in Table 2-l and plotted in Figure 2-l.

2.2.1.6 Developmental Effects

No studies were located regarding developmental effects in humans after inhalation exposure to

chloroform.

Chloroform-induced fetotoxicity and teratogenicity were observed in experimental animals. The

offspring of rats exposed during gestation had delayed ossification and wavy ribs (30 ppm), acaudate

fetuses with imperforate anus and missing ribs (100 ppm), and decreased fetal body weight and

crownrump length, and increased fetal resorptions (300 ppm) (Schwetz et al. 1974). Slight growth

retardation of live fetuses at 30 ppm was observed in rats exposed during gestation; no major

teratogenic effects were observed (Baeder and Hofmann 1988). The offspring of mice exposed to

100 ppm chloroform during gestation had increased incidences of cleft palate, decreased ossification,

and decreased fetal crown-rump length (Murray et al. 1979). The observed malformations occurred in

the fetuses that were exposed during organogenesis (days 8-15). Increased resorptions were observed

in dams exposed during Gd 1-7.

In another study using relatively higher doses, female Sprague-Dawley rats were exposed to 0, 942,

2,232, or 4,117 ppm chloroform 8 days during Gd 7-14, for 1 hour a day. The number of resorptions

was enhanced (45% resorptions) and average fetal body weights declined in the highest exposure

group only, with no adverse effects noted in the 2,232 ppm and lower doses. The average fetal weight

was decreased at the highest dose. No gross teratologic effects or anomalies in ossification were

observed in the offspring of exposed dams (Newell and Dilley 1978).
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All reliable LOAEL values for developmental effects in each species in the acute-duration category are

recorded in Table 2-l and plotted in Figure 2- 1.

2.2.1.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans after inhalation exposure to chloroform.

Inhalation exposure to 400 ppm chloroform for 5 days increased the percentage of abnormal sperm in

mice (Land et al. 1979). Other genotoxicity studies are discussed in Section 2.5.

2.2.1.8 Cancer

No studies were located regarding cancer in humans or animals after inhalation exposure to

chloroform.

Studies in animals indicate that oral exposure to chloroform causes cancer (see Section 2.2.2.8).

Because chloroform is carcinogenic in animals exposed orally and because chloroform has identical

toxicological end points following oral or inhalation exposure, EPA (1985a) derived a q1* for

inhalation exposure to chloroform based on mouse liver tumor data from a chronic gavage study (NCI

1976). EPA considered the NCI (1976) study to be appropriate to use in the inhalation risk estimate

because there are no inhalation cancer bioassays and no pharmacokinetic data to contraindicate the use

of gavage data (IRIS 1995). The geometric mean of the estimates for male and female mice in the

NCI (1976) study, 8x10
-2

 (mg/kg/day)
-1

, was recommended as the inhalation ql* for chloroform.

EPA (1985a) combined the estimates for both data sets because the data for males includes

observations at a lower dose, which appear to be consistent with the female data. Expressed in terms

of air concentration, the ql* is equal to 2.3x10
-5

 ( g/m
3
)

-1
 or l.lx10

-4
 parts per billion (ppb)

-1

The air concentrations associated with individual, lifetime upper-bound risks of 10
-4

 to 10
-7

 are

4.3x10
-3

 to 4.3x10
-6

 mg/m
3
 (8.8x10

-4
 to 8.8x10

-7
 ppm), assuming that a 70-kg human breathes

20 m
3
 air/day. The 10

-4
 to 10

-7
 levels are indicated in Figure 2- 1.
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2.2.2 Oral Exposure

2.2.2.1 Death

Information regarding mortality in humans after oral exposure to chloroform is limited. In one report,

a man died of severe hepatic injury 9 days after reportedly drinking 6 ounces of chloroform

(3,755 mg/kg) (Piersol et al. 1933). He was admitted to a hospital in a deep coma within 15 minutes

of ingestion. This man was also noted to be a long-time user of chloroform in his occupation and a

heavy drinker, suggesting that damage inflicted by previous use of chloroform and alcohol over a long

period of time may have been contributing factors in his death. In contrast, a patient who ingested

4 ounces ( 2,410 mg/kg) recovered from toxic hepatitis (Schroeder 1965). The recovery may have

been due to better therapeutic handling of the case. Fatal doses have been reported to be as low as

10 mL (14.8 grams) or 212 mg/kg (Schroeder 1965).

Oral LD50, (lethal dose, 50% kill) values in animals vary greatly. No deaths occurred in rats exposed

to once 0.1-0.5 mL/kg chloroform by gavage in oil (Nakajima et al. 1995). Acute LD50 values of

2,000 mg/kg chloroform (Torkelson et al. 1976) and 2,180 mg/kg chloroform (Smyth et al. 1962) were

reported for rats. LD50 values in male rats varied with age: 446 mg/kg for 14-day-olds, 1,337 mg/kg

for young adults, and 1,188 mg/kg for old adults (Kimura et al. 1971). LD50 values were different for

male rats (908 mg/kg/day) and female rats (1,117 mg/kg/day) (Chu et al. 1982b). Similarly, the LD50

for male mice was lower (1,120 mg/kg) than for female mice (1,400 mg/kg) (Bowman et al. 1978). In

general, young adult males had lower survival rates. In another study, an acute oral LD50 value of

1,100 mg/kg/day was reported for male and female mice (Jones et al. 1958). Decreased survival rates

were also observed in male mice exposed to 250 mg/kg/day chloroform for 14 days, but not in mice

exposed to 100 mg/kg/day. Female mice, however, survived 500 mg/kg/day chloroform treatment

(Gulati et al. 1988). Increased mortality was noted in 5 of 12 male mice exposed to 277 mg/kg/day in

corn oil by gavage for 4 days (Larson et al. 1994d). Pregnant animals may be more susceptible to

chloroform lethality. Increased mortality was observed in pregnant rats exposed to 516 mg/kg/day.

Rabbits exposed to 63, 100, 159, 25 1, and 398 mg/kg/day chloroform during Gd 6-l 8 had increasing

rates of mortality as the dose of chloroform increased (Thompson et al. 1974).

There was a high rate of mortality in rats exposed to 142 mg/kg/day chloroform in drinking water for

90 days and during a 90-day observation period. Histopathological examination revealed atrophy of
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the liver and extensive squamous debris in the esophagus and gastric cardia. These changes suggested

to the authors that the rats had died of starvation. Mortality was not increased in the 44 mg/kg/day

group (Chu et al. 1982a). The vehicle and mode of administration may influence the lethality of

chloroform in mice. In 90-day studies in mice, no effect on mortality was observed in groups treated

by gavage with doses up to 250 mg/kg/day chloroform in oil (Munson et al. 1982) or with

435 mg/kg/day in drinking water (Jorgenson and Rushbrook 1980). The maximum tolerated dose of

chloroform in drinking water was calculated as 306 mg/kg/day for mice (Klaunig et al. 1986).

Survival was affected in mice exposed by gavage to 400 mg/kg/day chloroform in oil for 60 days, but

not in those exposed to 100 mg/kg (Balster and Borzelleca 1982). Exposure to 150 mg/kg/day

chloroform in toothpaste by gavage for 6 weeks caused death in 8 of 10 male mice (Roe et al. 1979).

No death occurred in mice exposed to 149 mg/kg/day chloroform in oil for 30 days; there was an

increased incidence of death in males exposed to 297 mg/kg/day (Eschenbrenner and Miller 1945a).

No deaths occurred in dogs exposed to 120 mg/kg/day chloroform in toothpaste capsules for

12-18 weeks (Heywood et al. 1979).

Decreased survival was observed in rats exposed by gavage to concentrations 90 mg/kg/day

chloroform in oil for 78 weeks and in female mice exposed to 477 mg/kg/day, but not in male mice

exposed to 277 mg/kg/day time-weighted average (TWA) during the same time period (NCI 1976). In

addition, no increase in compound-related mortality was observed in mice exposed by gavage to

60 mg/kg/day chloroform in toothpaste (Roe et al. 1979) in rats or mice exposed to 160 mg/kg/day

chloroform in drinking water for chronic durations (Jorgenson et al. 1985; Klaunig et al. 1986).

Similarly, mortality was not affected in dogs exposed to 30 mg/kg/day chloroform in toothpaste

capsules for 7.5 years (Heywood et al. 1979).

The LD50 and all reliable LOAEL values for death in each species and duration category are recorded

in Table 2-2 and plotted in Figure 2-2.

2.2.2.2 Systemic Effects

No credible studies were located regarding ocular effects in humans or animals after oral exposure to

chloroform. The other systemic effects of oral exposure to chloroform are discussed below. The

highest NOAEL values and all reliable LOAEL values for each effect in each species and duration

category are recorded in Table 2-2 and plotted in Figure 2-2.



Table 2-2. Levels of Significant Exposure to Chloroform - Oral 

Exposure/ LOAEL 
duration/ 

Key    toa Species/ frequency NOAEL Less Serious Serious 
(strain) (Specific route) (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference 

ACUTE EXPOSURE 
Death 

1 Rat 
(Sprague- 
Dawley) 

2 Rat 
(Sprague- 
Dawley) 

3 Rat 

4 Rat 

(Wistar) 

(Sprague- 
Dawley) 

5 Rat 

(NS) 

6 Mouse 
(ICR Swiss) 

7 Mouse 
(CD-1) 

8 Mouse 
(Swiss) 

9 Mouse 
(B6C3F 1 ) 

908 M (LD
50

) Chu et al. 1982b 

1117 F (LD
50

) 

1337 M (LD
50

 for young adults) Kimura et al. 1971 

1188 M (LD
50

 for old adults) 

446 M (LD
50

 for 14-day olds) 

2180 F (LD
50

) 

516 F (4/6 died) 

2000 M (LD
50

) 

1120 M (LD
50

) 

1400 F (LD
50

) 

250 M (5/8 died) 

Smyth et al. 1962 

Thompson et al. 
1974 

Torkelson et al. 
1976 

Bowman et al. 
1978 

Gulati et al. 1988 

1100 (LD
50

) Jones et al. 1958 

277 M (Unscheduled deaths; Larson et al. 1994d 
5/12 mice) 

figure System

once
(GO)

once
(G)

once
(G)

once
(GO)

once
(GO)

once
(G)

10 d
Gd 6-15
1-2 x/d
(GO)

14 d
1 x/d
(GO)

4 d
1 x/d
(GO)

C
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Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 

10 Rabbit 13 d 100 F (315 died) Thompson et al. 
(Dutch Belted) Gd 6 -18 1974 

Systemic 

11 Human 

12 Rat 

(Sprague- 
Dawley) 

13 Rat 

once Resp 

(IN) 
Cardio 

Gastro 

Mu sc/s ke I 

Hepatic 

Renal 

once Hemato 

(GO) 

Renal 

once Hepatic 

(Fischer - 344) (GO) 

Renal 

Bd Wt 

14 Rat 4d Hepatic 

(GO) 

(Fischer -344) 1 x/d 

Renal 

Bd Wt 

477 M 

10 M 

10 M 

90 M 

2410 M (respiratory tract 

obstruction) 

2410 M (vomiting) 

2410 M (muscle relaxation) 

546 (reduced hemoglobin and 
hematocrit by 10 -1 2%) 

546 F (increased kidney weight) 

34 M (elevated SDH, ALT and 

AST; scattered necrotic 

foci) 

34 M (slight to mild 
centrilobular sinusoidal 

leukostasis) 

34 M (degeneration of renal 
proximal tubules) 

180 M (decreased body weight 
gain) 

Schroeder 1965 

2410 M (arrhythmia) 

Chu et al. 1982b 

2410 M (jaundice and toxic hepatitis) 

2410 M (oliguria) 

Larson et al. 1993 

34 M (renal proximal tubule 

necrosis) 

Larson et al. 1995a 

(GO) 

2 x/d 
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15 Rat 4 d Hepatic 33.2 M 68.1 M 

(w) Renal 57.5 M 

(Fischer- 344) 1 x/d 

Bd Wt 57.5 M 

16 Rat 4 d Resp 
(Fischer- 344) (GO) 

Hepatic 34 F 

Renal 100 F 

34 F 

(mild hepatocyte 
vacuolation) 

(decreased body weight 
gain) 

(new bone formation; 
periosteal 
hypercellularity; 
degeneration of the 
olfactory epithelium and 
superficial Bowman's 
glands) 

400 F (mild centrolobular 
vacuolization; sinusoidal 

leucostasis; mild to focally 
severe centrilobular 
hepatocyte degeneration 
and necrosis; diffuse 
centrolobular swelling) 

200 F (distal nephrons with 
hyaline casts; proximal 
tubules lined with 
degenerated, necrotic or 
regenerating epithelium) 

Bd Wt 34 F 400 F (weight loss 
approximately 14%) 

17 Rat 10 d Hemato 100 F (decreased hemoglobin 
(Sprague- Gd 6-1 5 and hematocrit) 
Dawley) 1 x/d 

(GO) Hepatic 100 F (increased liver weight) 

Renal 200 F 400 F (increased kidney weight) 
Bd Wt 100 F (32% decreased body 

weight gain) 

Larson et al. 1995a 

Larson et al. 1995b 

Ruddick et al. 1983 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 
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18 Rat 

(Sprague - 
Dawley) 

19 Rat 

(Sprague - 
Dawley) 

20 Rat 

(Wistar) 

21 Rat 

(Wistar) 

22 Mouse 

(CD-1) 

23 Mouse 

(Swiss- 
Webster) 

24 Mouse 

(B6C3F 1 ) 

25 Mouse 

(B6C3F1) 

10 d 
Gd 6 -1 5 

1 -2 x/d 

(GO) 

10 d 

2 x/d 

(GO) 

once 

(GO) 

once 

(GO) 

14 d 
1 x/d 

(GO) 

once 

(GO) 

once 

(GO) 

4d 
1 x/d 

(GO) 

Gd 6 -15 

Gastro 

Hepatic 

Renal 

Bd Wt 

Dermal 

Bd Wt 

Hepatic 

Hepatic 

Dermal 

Bd Wt 

Hepatic 

Hepatic 

Hepatic 

79 F 

50 F 

20 F 

50 

100 M 

34 F 

90 F 

126 F 

126 F 

50 F 

100 M 

100 

100 

250 M 

35 

238 F 

238 F 

(decreased body weight 

gain) 

(alopecia) 

(decreased maternal 

body weight gain) 

(increased plasma GOT 

and GPT) 

(increased plasma GOT 
8. GPT activity ) 

(rough hair coat) 

(12% weight loss) 

(midzonal fatty changes) 

(small randomly 
scattered foci of 

hepatocyte necrosis) 

(centrilobular vacuolar 

degeneration; increased 

hepatic cell proliferation) 

516 F (gastric erosions) Thompson et al. 
1974 

516 F (acute toxic hepatitis) 

516 F (acute toxic nephrosis) 

Thompson et al 
1974 

Wang et al. 1994 

Wang et al. 1995 

Gulati et al. 1988 

500 M (32% weight loss) 

350 (centrilobular necrosis) Jones et al. 1958 

Larson et al. 1993 

Larson et al. 1 994b 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 
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26 Mouse 4 d 

(B6C3F1) (W) 

27 Mouse 4d 
(B6C3F1)  1 x/d 

(GO) 

28 Mouse once 

(CFLP- (G) 
Swiss) 

29 Mouse once 
(CFLP Swiss) (GO) 

30 Mouse 14 d 
(CD -1) 1 x/d 

(GO) 

Hepatic 

Bd Wt 

Hepatic 

Renal 

Bd Wt 

Hepatic 

Renal 

Hepatic 

Renal 

Hemato 

Hepatic 

Bd Wt 

26b F 

277 M 

59.2 M 

59.2 M 

65.6 M 

17.3 M 

250 

125 

125 M 

53 F (pale pink tinctorial 
changes in centrilobular 
hepatocytes) 

81 F (approximately 20% 
decreased body weight) 

34 M (pale livers; mild 
centrilobular hepatocyte 
swelling, pale eosinophilc 
staining; periportal 
hepatocyte vacuolation) 

199 M (increased SGPT) 

273 M (increased thymidine 
uptake, increased 
SGOT) 

Larson et al. 1994b 

138 M (centrilobular hepatocyte Larson et al. 19944 

degeneration; scattered 
necrosis) 

34 M (extensive acute necrosis, 
proximal convoluted tubule) 

Moore et al. 1982 

199 M (tubular necrosis; increased 
thymidine uptake) 

Moore et al. 1982 

65.6 M (tubular necrosis) 

Munson el al. 1982 

250 (increased SGPT and 
SGOT levels) 

250 M (1 6% decreased body 
weight) 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 
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31 Mouse 5 or 12 d Hepatic 

1 x/d 

(GO) 

32 Mouse 5 d Hepatic 

(W) 

(B6C3F1) 5 d/wk 

Bd Wt 263 F 

(B6C3F1) 24 hr/d 

Bd Wt 

Other 

67.1 F 

33 Mouse 12 d Hepatic 
(B6C3F1) 24 hrld 

(W) Bd Wt 625.4 F 

34 Rabbit 13 d Gastro 
(Dutch Belted) Gd 6-18 

1 x/d Bd Wt 35 F 
(GO) 

Immunological/Lymphoreticular 

35 Rat once 
(Sprague - (GO) 
Dawley) 

36 Mouse 14 d 
(CD-1) 1 x/d 

(GO) 

Neurological 

37 Human once 

(IN) 

765 F 

67.1 F (29% decreased relative 
liver weight; smaller 
hepatocytes with dense 
nonvacuolated and 
basophilic cytoplasm) 

67.1 F (decreased water 
consumption) 

625.4 F (vacuolated hepatocytes) 

20 F (diarrhea) 

50 F (decreased maternal 
body weight gain) 

1071 F (reduced lymphocytes) 

50 (suppressed humoral 
immunity) 

263 F (necrotic, hydrotropic, 
swollen and rounded 
hepatocytes; macrophage 
and neutrophil infiltration) 

Pereira 1994 

2410 M (deep coma) 

Pereira 1994 

Thompson et al. 
1974 

Pereira 1994 

Chu el al. 1982b 

Munson et al. 1982 

Schroeder 1965 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 
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38 Mouse 14 d 
(ICR) 1 x/d 

(GO) 

39 Mouse once 

(ICR) (GO) 

40 Mouse once 
(ICR Swiss) (GO) 

41 Mouse 14 d 
(CD-1) 1 x/d 

(GO) 

42 Mouse once 

(Swiss) (GO) 

43 Mouse 10 d 
(CD-1) 1 x/d 

(GO) 

Reproductive 

(Sprague- Gd 6-1 5 
44 Rat 10 d 

Dawley) 1-2 x/d 

(GO) 

45 Rabbit 13 d 

2 xld 

(GO) 

(Dutch Belted) Gd 6-18 

Developmental 

46 Rat 10 d 

(Sprague- Gd 6-1 5 
Dawley) 1 x/d 

(GO) 

31.1 M 

484 M (calculated E
50

 for motor 
performance) 

100 M 250 M (hunched posture, 
inactivity) 

10 M 

300 F 

25 F 

200 

30 M (taste aversion) 

400 (1 9% decreased fetal 

weight) 

Balster and 
Borzelleca 1982 

Balster and 
Borzelleca 1982 

500 (ataxia, incoordination, and Bowman et al 
anesthesia; brain 1978 

hemorrhage) 

Gulati et al. 1988 

350 (calculated ED
50

 for Jones et al. 1958 
narcosis) 

Landauer et al. 
1982 

316 F (increased resorptions) Thompson et al 
1974 

63 F (abortion; no viable Thompson et al. 
concepti) 1974 

Ruddick et al. 1983 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 
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47 Rat 10 d 300 316 (decreased fetal weight) Thompson et al. 
(Sprague- Gd 6 - 1 5 1974 

Dawley) 1 - 2 x/d 

(GO) 

48 Rat 10 d 50 126 (decreased fetal weight) Thompson et al. 
(Sprague- Gd 6-1 5 1974 

Dawley) 2 x/d 

(GO) 

49 Rabbit 13 d 100 Thompson et al. 

(Dutch Belted) Gd 6-1 8 1974 

2 x/d 
(GO) 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 
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INTERMEDIATE EXPOSURE 
Death 

50 Rat 
(Sprague- 
Dawley) 

51 Mouse 
(Schofield) 

Systemic 

(Sprague- 
Dawley) 

52 Rat 

53 Rat 
(Sprague - 
Dawley) 

54 Rat 
(Osborne- 
Mendel) 

90 d 

(W) 

6 wk 
6 d/wk 

(G) 

90 d 

(W) 

28 d 

(W) 

90 d 

(w) 

Hemato 

Bd Wt 

Hemato 

Hepatic 

Renal 

Resp 

Gastro 

Hemato 

Hepatic 

Renal 

Bd Wt 

193M 

193 M 

160 M 

142.2 (high mortality during 
exposure and during 
recovery period) 

150 M 8/10 died) 

149.8 

44 9 142.2 (25% decreased body 

22.8 M 

weight gain) 

193 M (decreased neutrophils) 

160 M 

160 M 

160 M 

160 M 

81 M 160 M (11 -17% decreased body 
weight) 

Chu et al. 1982a 

Roe et al. 1979 

Chu et al. 1982a 

Chu et al. 1982b 

Jorgenson and 
Rushbrook 1980 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 
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55 Rat 3 wk 

1 xld 

(GO) 

(Fischer- 344) 5 d/wk 

56 Rat 3 wk 

1 x/d 

(W) 

(Fischer- 344) 7 d/wk 

Hepatic 90 M 180 M (degeneration of 
centrilobular 
hepatocytes) 

Renal 90 M 180 M (progressive 
degeneration of the 
proximal tubules) 

Bd Wt 180 M 

Hepatic 62.3 M 106 M (mild hepatocyte 

Renal 6.0 M 17.4 M (increased numbers of 

vacuolation) 

focal areas of 
regenerating renal 
proximal tubular 
epithelium and cell 
proliferation) 

106 M (25% decrease in weight 
gain - taken from graph) 

34 F (new bone formation; 
periosteal 
hypercellularity) 

400 F (diffuse vacuolar 
change; focal 
centrilobular 
degeneration) 

100 F (proximal tubule epithelial 
regeneration, dilation and 
mineralized concretions) 

weight gain) 

62.3 M 

100 F (significant decrease in 

Bd Wt 

57 Rat 3 wk Resp 
(Fischer- 344) 5 d/wk 

(GO) 
Hepatic 100 F 

Renal 

Bd Wt 

34 F 

Larson et al. 1995a 

Larson et al. 1995a 

Larson et al. 1995b 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 
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58 Rat 
(Sprague- 
Dawley) 

59 Mouse 

(B6C3F1) 

60 Mouse 
(Strain A) 

61 Mouse 
(CD-1) 

62 Mouse 

(B6C3F1) 

13 wk 
7 d/wk 
1 x/d 

(G) 

90 d 
1 x/d 

(GO) 

30 d 
I x/d 

(GO) 

105 d 
1 x/d 

(GO) 

90 d 

(W) 

Hemato 

Hepatic 

Renal 

Hepatic 

Bd Wt 

Hepatic 

Resp 

Hepatic 

Renal 

Resp 

Gastro 

Hemato 

Hepatic 

Renal 

150 

30 

30 

130M 

297 

41 

16 F 

41 

435 F 

435 F 

435 F 

32 F 

435 F 

410 (increased cellular Palmer et at. 1979 

proliferation in bone 
marrow) 

weight) 

kidney weight) 

150 (increased relative liver 410 (fatty changes, necrosis) 

150 (increased relative 

60 (fatty changes) 270 (cirrhosis) Bull et al. 1986 

270 M (1 5% decreased body 
weight) 

594 (cirrhosis) Eschenbrenner and 
Miller 1945a 

Gulati et at. 1988 

41 F (increased liver weight 
and hepatocellular 
degeneration) 

Jorgenson and 
Rushbrook 1980 

64 F (fatty changes) 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 
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63 Mouse 
(B6C3F 1 ) 

64 Mouse 
(B6C3F1) 

65 Mouse 
(B6C3F1) 

66 Mouse 
(B6C3F 1 ) 

67 Mouse 
(CD-1) 

52 wk 
7 d/wk 

(W) 

3 wk 
5 d/wk 
1 x/d 

(GO) 

3 wk 
7 d/wk 

(W) 

3 wk 
5 d/wk 
1 x/d 

(GO) 

90 d 
1 x/d 

(GO) 

Resp 

Hepatic 

Renal 

Bd Wt 

Hepatic 

Renal 

Hepatic 

Renal 

Hepatic 

Renal 

Bd Wt 

Hepatic 

Renal 

Bd Wt 

257 M Klaunig el al. 1986 

86 M (focal necrosis) 

86 M (15% decreased body 
weight gain) 

34 F (vacuolation of the 
centrilobular and 
midzonal hepatocytes; 
increased ALT and SDH) 

86 M (tubular necrosis) 

477 F 

Larson et al. 1994b 

82 F (increased liver weight) Larson et al. 1994b 

329 F 

34 M 90 M (centrilobular hepatocyte 138 M (centrilobular and periportal Larson el al. 1994d 
swelling; loss of hepatocyte degeneration 
eosinophilia) and necrosis) 

convoluted tubules) the proximal tubules) 

277 M (15-20% decrease in 
body weight) 

34 M (regenerating proximal 277 M (degeneration & necrosis of 

50 (hydropic degeneration) Munson et al. 1982 

138M 

250 

50 (chronic inflammation of 
lymphocytes) 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 
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68 Mouse 33 or Hepatic 263 F (30 1-38 2% increase in Pereira 1994 

(B6C3F1) 159 d relative liver weight. 

5 d/wk focal areas of necrotic, 

1 x/d swollen, rounded, and 
(GO) pale hepatocytes and a 

low number of 
mononuclear cells) 

Bd Wt 263 F 

69 Mouse 33 d Hepatic 438 5 F 

(W) Bd Wt 438 5 F 

(B6C3F1) 24 hr/d 

70 Mouse 159 d Hepatic 363 5 F (31 4% increase in 
(B6C3F1) 24 hr/d relative liver weight) 

71 Dog 6 wk Hepatic 15c 30 (significantly increased 

(W) Bd Wt 386 F 

(Beagle) 6 d/wk SGPT activity) 
1 x/d 

(C) 

Immunological/Lymphoreticular 

72 Mouse 90 d 
(CD-I) 1 x/d 

(GO) 

Neurological 

73 Mouse 90 d 
(ICR) 1 x/d 

(GO) 

74 Mouse 60 d 
(ICR) 1 x/d 

(GO) 

31.1 M 

50 (depressed humoral 
immunity) 

100 M (operant behavior 
affected) 

Pereira 1994 

Pereira 1994 

Heywood et al. 
1979 

Munson et al. 1982 

Balster and 
Borzelleca 1982 

Balster and 
Borzelleca 1982 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 
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75 

76 

77 

78 

79 

80 

81 

Reproductive 

Rat 90 d 
(Osborne - (W) 
Mendel) 

Rat 13 wk 

(Sprague- 7 d/wk 
Dawley) 1 x/d 

Mouse 105 d 

(CD-1) 1 x/d 

(GO) 

Developmental 

(ICR) 1 x/d 

(GO) 

Mouse 105 d 
(CD-1) 1 x/d 

(GO) 

(G) 

Mouse 6 -1 0 wk 

Mouse 105 d 
(CD -1) 1 x/d 

(GO) 

Cancer 

Mouse 30 d 

(Strain A) 1 x/d 

(GO) 

160 M 

150 

41 

31.1 

41 M (increased epididymal 

weights, degeneration of 
epididyrnal epithelium in 

F
1
) 

and hepatocellular 
degeneration in F

1
 

females) 

41 F (increased liver weight 

Jorgenson and 
Rushbrook 1980 

410 (gonadal atrophy) Palmer et al. 1979 

Gulati et al. 1988 

Burkhalter and 
Balster 1979 

Gulati et al. 1988 

Gulati et al. 1988 

594 (CEL: hepatornas) Eschenbrenner and 
Miller 1945a 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 
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CHRONIC EXPOSURE 
Death 

82 Rat 78 wk 
(Osborne- 5 d/wk 
Mendel) 1 x/d 

(GO) 

83 Mouse 78 wk 
(B6C3F1) 5 d/wk 

1 x/d 

(GO) 

Systemic 

84 Human 1-5 yr Hepatic 0.96 

Renal 0.96 

85 Human 10 yr Hemato 

I x/d Hepatic 
(IN) 

21 M (decreased erythrocytes) 

Renal 

86 Rat 104 wk Renal 160 M 
(Osborne- 7 d/wk 
Mendel) (W) 

Bd Wt 38 M 81 M (decreased body weight) 

90 M (decreased survival) NCI 1976 

100 F 

477 F (decreased survival) NCI 1976 

De Salva et al. 

21 M (increased 
sulfobromophthalein sodium 
retention) 

21 M (aibuminuria) 

Jorgenson et al. 
1985 

Wallace 1950

1975 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 
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87 Rat 

(Osborne- 
Mendel) 

88 Rat 

(Wistar) 

89 Mouse 

(B6C3F 1 ) 

90 Mouse 

(B6C3F1) 

78 wk 
5 d/wk 

(GO) 

180 wk 
7 d/wk 

(W) 

104 wk 

7 d/wk 

(W) 

78 wk 
5 d/wk 

1 x/d 

(GO) 

Resp 

Cardio 

Gastro 

Hemato 

Musc/s kel 

Hepatic 

Renal 

Bd Wt 

Hepatic 

Bd Wt 

Bd Wt 

Resp 

Cardio 

Gastro 

Hemato 

Musclskel 

Hepatic 

Renal 

Bd Wt 

200 F 

200 F 

200 F 

200 F 

200 F 

100 F 

180 M 

200 F 

130 F 

477 F 

477 F 

477 F 

477 F 

477 F 

NCI 1976 

200 F (necrosis of hepatic 

parenchyma) 

90 M (15% decreased weight 
gain) 

200 (adenofibrosis) 

200 M (50% decreased body 

weight gain) 

263 F (decreased body weight) 

238 F (pulmonary inflammation) 

238 F (cardiac thrombosis) 

138 M (nodular hyperplasia of the 

238 F 

liver) 

Tumasonis et al. 

1985, 1987 

Jorgenson et al. 
1985 

NCI 1976 

1 x/d 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 
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91 

92 

93 

94 

95 

96 

Roe et al. 1979 Mouse 80 wk Resp 60 

Dog 7.5 yr 
(Beagle) 6 d/wk 

(C) 

Neurological 

Rat 78 wk 
(Osborne- 5 d/wk 
Mendel) 1 x/d 

(GO) 

Mouse 78 wk 
(B6C3F1) 5 d/wk 

1 x/d 

(GO) 

Mouse 80 wk 
(ICI) 6 d/wk 

Reproductive 

Rat 78 wk 
(Osborne- 5 d/wk 
Mendel) 1 x/d 

(GO) 

(G) 

Hepatic 
Renal 
Bd Wt 

Cardio 

Hemato 
Hepatic 

Renal 
Bd Wt 

17 (fatty degeneration) 

60 
60 

30 

30 

15 
30 

200 F 

477 F 

60 

200 F 

180M 

Heywood et al 
1979 

15 d (increased SGPT activity) 

30 (fatty changes) 

NCI 1976 

NCI 1976 

Roe et al. 1979 

NCI 1976 

(ICR) 6 d/wk 
(G) 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 

C
H

LO
R

O
F

O
R

M
	

	
	

	
	

	
	

 
	

 
	

 
	

 
	

 
	

 
	

 
	

 
	

 
	

 
                                            63

	
	

	
              2. H

E
A

LT
H

 E
F

F
E

C
T

S



97 Mouse 
(B6C3F1) 

98 Dog 
(Beagle) 

Cancer 

99 Rat 

(Osborne- 
Mendel) 

100 Rat 
(Osborne- 
Mendel) 

101 Rat 
(Wistar) 

102 Mouse 
(B6C3F 1 ) 

78 wk 
5 d/wk 
1 x/d 

(GO) 

7.5 yr 
6 d/wk 

(C) 

104 wk 
7 d/wk 

(W) 

78 wk 
5 d/wk 
1 x/d 

(GO) 

180 wk 
7 d/wk 

(W) 

78 wk 
5 d/wk 
1 x/d 

(GO) 

477 F 

277 M 

30 

NCI 1976 

Heywood et al. 
1979 

160 M (CEL: tubular cell adenoma) Jorgenson et al. 
1985 

90 M (CEL: tubular cell adenoma NCI 1976; 
and carcinoma; tubular cell Dunnick and 

Melnick 1993 
neoplasms in 4/50) 

200 F (CEL: kidney tubular cell 

200 F (CEL: hepatic neoplastic Tumasonis et al. 

neoplasms in 2/48) 

nodules) 1985, 1987 

138 M (CEL: hepatocellular NCI 1976; 
adenomas or carcinomas Dunnick and 
in 18/50 mice) Melnick 1993 

238 F (CEL: hepatocellular 
adenomas or carcinomas 
in 36/45 mice) 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 
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60 M (CEL: epithelial tumors of Roe et al 1979 103 Mouse 80 wk 
(ICI) 6 d/wk the kidney) 

(G) 

a
The number corresponds to entries in Figure 2-2 

b
Usedto derive an acute oral minimal risk level (MRL) of 0 3 mg/kg/day, dose divided by an uncertainty factor of 100 (10 for extrapolation from animals to humans, and 10 for 

human variabilitv) 
c
Used to derive an intermediate oral MRL of 0 1 mg/kg/day; dose adjusted for intermittent exposure and divided by an uncertainty factor of 100 (10 for extrapolation from animals to 

humans, and 10 for human variability) 
d
Used to derive an chronic oral MRL of 0.01 mg/kg/day, dose adjusted for intermittent exposure and divided by an uncertainty factor of 1000 (10 for use of a LOAEL, 10 for 

extrapolation from animals to humans, and 10 for human variability) 

ALT = alanine amino transferase; ST = aspartate amino transferase, Bd Wt = body weight, (C) = capsule; Cardio = cardiovascular, CEL = cancer effect level; d = day(s), ED
50

 = 

effective dose for a given effect in 50% of animals; F = female; F1 = first filial generation; (G) = gavage, Gastro = gastrointestinal, Gd = gestational day; (GO) = gavage in oil; GOT = 
glutamic oxaloacetic transaminase; GPT = glutamic pyruvic transaminase; Hemato = hematological; hr = hour(s); (IN) = ingestion; LD

50
 = lethal dose, 50% kill; LOAEL = 

lowest-observed-adverse-effect level; M = 'male; Musc/skel = musculoskeletal, NOAEL= no-observed-adverse-effect level, NS = not specified, Resp = respiratory; SDH = sorbitol 
dehydrogenase; SGOT = serum glutamic oxaloacetic transaminase; SGPT = serum glutamic pyruvic transaminase; (W) = drinking water; wk = week; x = time(s); yr = year(s) 

Table 2-2. Levels of Significant Exposure to Chloroform - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa  Species/ frequency NOAEL Less Serious Serious 
Reference figure (strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 
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Figure 2-2. Levels of Significant Exposure to Chloroform - Oral 
Acute (514 days) 
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Figure 2-2. Levels of Significant Exposure to Chloroform - Oral (cont.) 
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Figure 2-2. Levels of Significant Exposure to Chloroform - Oral (cont.) 
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CHLOROFORM 71

2. HEALTH EFFECTS

Respiratory Effects. Information regarding respiratory effects in humans after oral exposure to

chloroform is limited. Upper respiratory tract obstruction due to muscular relaxation was observed in

a patient who accidentally ingested 2,410 mg/kg chloroform (Schroeder 1965). Congested lungs and

scattered patches of pneumonic consolidation were found at autopsy in a man who committed suicide

by drinking 6 ounces (3,755 mg/kg) of chloroform (Piersol et al. 1933). In both of these case

studies, very large doses of chloroform were consumed. Thus, the respiratory effects noted may not

be characteristic of those seen after ingestion of more moderate doses.

The majority of animal data suggest that the respiratory system is not a target of chloroform-induced

toxicity after oral exposure. However, in one study, female Fisher 344 rats administered chloroform

by gavage in corn oil at doses of 34, 100, 200, or 400 mg/kg/day for 4 days or 3 weeks did exhibit

dose-dependent nasal lesions consisting of early phases of new bone formation, periosteal

hypercellularity, and degeneration of the olfactory epithelium and superficial Bowman’s glands (Larson

et al. 1995b). In other studies, no treatment-related histopathological changes were found in the lungs

of rats exposed to 160 mg/kg/day or mice exposed to 435 mg/kg/day chloroform in drinking water in a

90-day study (Jorgenson and Rushbrook 1980), in mice exposed by gavage to 41 mg/kg/day

chloroform in oil for 105 days (Gulati et al. 1988), or in mice exposed to 257 mg/kg/day in drinking

water for 1 year (Klaunig et al. 1986).

Following chronic exposure, no histopathological changes were observed in rats exposed by gavage to

200 mg/kg/day TWA chloroform in oil (NCI 1976). Respiratory disease was observed in all

chloroform-exposed groups of rats ( 15 mg/kg/day); however, no histopathological changes were

observed in a 60 mg/kg/day exposure group during another experiment by the same investigators

(Palmer et al. 1979). No histopathological changes were observed in the lungs of male mice exposed

by gavage to 277 mg/kg/day TWA chloroform in oil for 78 weeks (NCI 1976) or to 60 mg/kg/day in

toothpaste for 80 weeks (Roe et al. 1979).

Cardiovascular Effects. Information regarding cardiovascular effects after oral exposure to

chloroform is limited to case report studies. On admission to the hospital, the blood pressure was

140/90 mm Hg and pulse was 70 beats per minute (bpm) in a patient who accidentally ingested

2,410 mg/kg chloroform (Schroeder 1965). Electrocardiography showed occasional extra systoles

and a slight S-T segment depression. The patient recovered with no persistent cardiovascular change,

In another individual, blood pressure was 100/40 mm Hg and pulse was 108 bpm after ingestion of an
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unknown quantity of chloroform and alcohol (Storms 1973). In both of these case studies, other

factors (e.g., age, consumption of alcohol, suicidal/agitated state) may have contributed to the

cardiovascular effects seen. Thus, it would appear that no studies exist which reliably indicate the

presence of cardiovascular effects after oral chloroform exposure in humans.

Information regarding cardiovascular effects in animals after oral exposure to chloroform is limited;

the data suggest that, at the doses utilized, the cardiovascular system was not a target for chloroform

toxicity. No histopathological changes were observed in rats and mice chronically exposed by gavage

to 200 and 477 mg/kg/day TWA chloroform, respectively, for 78 weeks (NCI 1976). In this study,

cardiac thrombosis was observed in low-dose female mice, but was not seen in high-dose female or

male mice or either sex of rat at any dose. Similarly, no cardiovascular changes were observed in

dogs exposed to 30 mg/kg/day chloroform in toothpaste capsules for 7.5 years (Heywood et al. 1979).

Gastrointestinal Effects.  Retrostemal soreness, pain on swallowing, and gastric distress with

vomiting were reported in cases of intentional and accidental ingestion of chloroform (Piersol et al.

1933; Schroeder 1965). At autopsy, congestion with patchy necrosis of the mucosa was observed in

the stomach and duodenum of a man who died after drinking 3,755 mg/kg chloroform (Piersol et al.

1933). The colonic mucosa was edematous, and the rectosigmoid junction was hemorrhagic. A

16-year-old female who ingested an unknown of amount of chloroform arrived at a hospital

semiconscious and with repeated vomiting. She was treated with gastric lavage, antacids, intravenous

glucose, and antiemetics. She had apparently recovered and was released. Seven days later, she

presented with hepatomegaly, slightly depressed hemoglobin, and an abnormal liver sonogram, but no

gastric side-effects (Hakim et al. 1992).

The effects of chronic oral exposure to chloroform, as a by-product of the chlorination of drinking

water, were evaluated in four epidemiology studies (Alavanja et al. 1978; Cantor et al. 1978; Saurez-

Varela et al. 1994; Young et al. 1981). The association between the incidence of gastrointestinal

cancer in humans and the chlorination of drinking water is discussed in Section 2.2.2.8. The data

from these studies should be viewed with caution as many other known or suspected carcinogens are

known to exist in chlorinated drinking water.

Gastrointestinal irritation has been observed in some animals after oral exposure to chloroform.

Gastric erosions were observed in pregnant rats gavaged with 516 mg/kg chloroform in oil during
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gestation (Thompson et al. 1974). Rabbits exposed by gavage to 20 mg/kg/day chloroform in oil

during gestation had diarrhea; no histological results were provided. In a 90-day drinking-water study,

no histopathological changes were observed in rats and mice exposed to 160 and 435 mg/kg/day

chloroform, respectively (Jorgenson and Rushbrook 1980). Vomiting was observed in dogs exposed to

30 mg/kg/day chloroform in toothpaste capsules for 12-18 weeks (Heywood et al. 1979). In a chronic

exposure study, no histopathological changes in gastrointestinal tissue were observed in rats and mice

exposed by gavage to 200 and 477 mg/kg/day TWA chloroform, respectively (NCI 1976).

Hematological Effects.  The only information regarding hematological effects in humans after

chronic oral exposure to chloroform was reported in a case study. Decreased erythrocytes and

hemoglobin were observed in a subject who ingested 21 mg/kg/day chloroform in a cough medicine

for 10 years (Wallace 1950). The lack of detail and the potential for confounding factors in this study

does not allow a firm conclusion regarding the hematological effects of oral exposure to chloroform in

humans.

Hematological effects have been observed in some animals after oral exposure to chloroform.

Hemoglobin and hematocrit decreased in male and female rats after a single oral dose of 546 mg/kg

chloroform in oil (Chu et al. 1982b) and in female rats exposed to 100 mg/kg/day chloroform during

gestation (Ruddick et al. 1983). However, no hematological changes were observed in mice exposed

to 250 mg/kg/day for 14 days (Munson et al. 1982). In an intermediate-duration study, decreased

neutrophils were observed in rats exposed to 192.98 mg/kg/day in drinking water (Chu et al. 1982b);

however, no hematological changes were observed in rats and mice exposed to 160 and 435 mg/kg/day

chloroform, respectively, for 90 days in drinking water (Chu et al. 1982a; Jorgenson and Rushbrook

1980). Increased cellular proliferation in the bone marrow was observed in rats exposed by gavage for

13 weeks to 410 mg/kg chloroform in toothpaste (Palmer et al. 1979). No hematological changes

were observed, however, in rats similarly exposed to 165 and 60 mg/kg/day chloroform by gavage for

52 and 80 weeks, respectively. Moreover, no histopathological changes in hematopoietic tissues were

observed in rats and mice after chronic exposure to 200 and 477 mg/kg/day TWA chloroform in oil,

respectively (NCI 1976). No hematological effects were observed in dogs exposed to 30 mg/kg/day

chloroform in toothpaste in capsules for 7.5 years (Heywood et al. 1979). In conclusion, no consistent

hematological effects were noted in human or animal studies of oral exposure to chloroform.
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Musculoskeletal Effects.  The only information regarding musculoskeletal effects in humans after

oral exposure to chloroform was reported in a case study. Muscular relaxation of the jaw caused

upper respiratory obstruction in a man who accidentally ingested approximately 2,410 mg/kg

chloroform (Schroeder 1965), reflecting the neurological effects of chloroform exposure.

Only one report detailing musculoskeletal effects in animals after oral exposure to chloroform was

located. In that study, no histopathological changes were observed in the musculoskeletal system of

rats and mice after chronic gavage exposure to 200 and 477 mg/kg/day TWA chloroform in oil,

respectively (NCI 1976).

Hepatic Effects.  The liver is a primary target of chloroform toxicity in humans, with some

evidence that suggests that the damage may be reversible (Wallace 1950). Hepatic injury occurred in

patients within 1-3 days following chloroform ingestion (Piersol et al. 1933; Schroeder 1965; Storms

1973). Jaundice and liver enlargement and tenderness developed in all patients. The clinical

observations were supported by blood biochemistry results with increased SGOT, SGPT, and lactate

dehydrogenase (LDH) activities and increased bilirubin levels. At autopsy, fatty degeneration and

extensive centrilobular necrosis were observed in one fatal case (Piersol et al. 1933).

A 16-year-old female who ingested an unknown of amount of chloroform and arrived at a hospital

semiconscious and with repeated vomiting was reported by Hakim et al. (1992). She was treated with

gastric lavage, antacids, intravenous glucose, and antiemetics. She had apparently recovered and was

released. Seven days later, she presented with hepatomegaly, slightly depressed hemoglobin, and an

abnormal liver sonogram, suggesting toxic hepatic disease due to chloroform toxicosis. A 33-year-old

female had injected herself intravenously with 0.5 mL of chloroform and then became unconscious.

When she awoke approximately 12 hours later, she then drank another 120 mL of chloroform. She

was treated with hyperbaric oxygen, cimetidine (to inhibit cytochrome P-450 and formation of

phosgene), and N-acetylcystine (to replenish GSH stores). Liver serum enzymes alkaline phosphatase

(ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), and LDH were elevated in a

pattern that suggested liver cell necrosis. Generally, these enzymes were noted to peak by day 4 and

decrease by day 11. Total bilirubin and direct bilirubin did not change appreciably. GGT (gamma

glutamyltransferase, also known as gamma glutamyl transpeptidase), alpha-feto protein and retinol

binding protein showed increases between 6 and 8 days after ingestion, but still within normal ranges

for humans (Rao et al. 1993).
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Increased sulfobromophthalein retention indicated impaired liver function in an individual who

ingested 21 mg/kg/day chloroform in a cough medicine for 10 years (Wallace 1950). The changes

reversed to normal after exposure was discontinued. Biochemical tests indicate that liver function in

male and female humans was not affected by the use of mouthwash providing 0.96 mg/kg/day

chloroform for 5 years (De Salva et al. 1975).

The liver is also a target organ for chloroform toxicity in animals. In acute studies, hepatitis was

observed in pregnant rats exposed by gavage to 516 mg/kg/day chloroform in oil (Thompson et al.

1974), while increased maternal liver weight without any histopathological changes was observed in

pregnant rats similarly exposed to 100 mg/kg/day chloroform (Ruddick et al. 1983). Increased serum

levels of transaminases, indicative of liver necrosis, were observed in mice treated with a single

gavage dose of 199 mg/kg chloroform in toothpaste, 273 mg/kg in oil (Moore et al. 1982), or

250 mg/kg/day in oil for 14 days (Munson et al. 1982). Similar results were reported for rats treated

with a single gavage dose of 100 mg/kg (Wang et al. 1994, 1995) or 0.1 mL/kg (Nakajima et al. 1995)

Centrilobular necrosis of the liver with massive fatty changes was also observed in mice after a single

dose of 350 mg/kg chloroform in oil (Jones et al. 1958). At a dose of 35 mg/kg, minimal lesions

consisting of mid-zonal fatty changes were observed in mice.

Similar results were reported by Larson et al. (1993) in male rats in order to identify target tissues for

the acute effects of chloroform in rats and mice and to establish the time-course of chloroform-induced

histopathologic and proliferative responses. Rats were given 34, 180, or 477 mg/kg once in corn oil

by gavage and sacrificed 24 hours after administration (acute-duration study). In a related time-course

study (which focused on histologic changes in tissues over time), rats received 180 mg/kg chloroform

in corn oil by gavage and were sacrificed at 0.5, 1, 2, 4, and 8 days after treatment, or received

477 mg/kg in corn oil by gavage and were sacrificed either 1 or 2 days after administration. In the

acute study, gross liver to body weight ratios were unaffected at all doses. Histologically, chloroform

caused hepatic injury, in a dose-related manner, producing morphologic changes generally limited to

the centrilobular hepatocytes. Liver enzymes (SDH, ALT, and AST) were slightly elevated above

controls in the 34 and 180 mg/kg group, but were significantly higher in the 477 mg/kg group for all

three enzymes. In the time-course study, 1 day after dosing, about 50% of the hepatocytes adjacent to

the central veins were degenerated or necrotic in the 180 mg/kg treatment group. Larger vessels had

perivascular edema, influx of neutrophils and eosinophils. Only scattered hepatocyte necrosis was seen
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by day 2 after treatment. By eight days however, the livers were not histologically different from

controls.

In a similar study, mice were administered 34, 238, or 477 mg/kg once in corn oil by gavage and

sacrificed 24 hours after administration (acute study) or 350 mg/kg chloroform in corn oil by gavage

and sacrificed at 0.5, 1, 2, 4, and 8 days after treatment (time-course study). Livers of female mice

were much more sensitive than the kidneys to the toxic effects of chloroform. In the acute study,

livers of mice receiving 34 mg/kg chloroform were not histologically different from controls; however,

those treated with 238 mg/kg had few small randomly scattered foci of hepatocyte necrosis. Livers

from the 477 mg/kg group had centrilobular coagulative necrosis of 50% of the lobule. In the timecourse

study, a significant increase in liver weights and liver to body-weight ratios was observed in

mice at 2 and 4 days after treatment with the 350 mg/kg dose of chloroform. At 12 hours after

treatment, mice had marked swelling of the centrilobular hepatocytes, affecting about 50% of the

lobule. One day after treatment, the hepatocytes adjacent to the central vein were necrotic. Two days

after chloroform treatment, centrilobular sinusoids were dilated with inflammatory cells associated with

centrilobular necrosis. At eight days after treatment, the livers from the treated mice were not

histologically different from those of control animals. Serum liver enzymes (SDH and ALT) were

elevated in the groups sacrificed at 0.5, 1, 2, and 4 days after treatment, but not in controls or in those

animals sacrificed 8 days after treatment.

Another study by Larson et al. (1994d) identified the relationships among chloroform-induced

cytolethality, regenerative cell proliferation, and tumor induction in male B6C3F1 mice dosed with 0,

34, 90, 138, or 277 mg/kg/day chloroform by gavage in corn oil. Mice exposed to 90 mg/kg/day

experienced prominent centrilobular hepatocyte swelling with loss of cytoplasmic eosinophilia. Mice

exposed to 138 and 277 mg/kg/day experienced increasing levels of centrilobular hepatocyte swelling

and degeneration, as well as scattered necrosis and inflammatory cell accumulation. Dose-dependent

increases in hepatocyte proliferation were seen in all dose groups after exposure to chloroform for

4 days.

Differences in chloroform toxicity have been noted in female mice when chloroform was administered

in different vehicles and by different dosing regimes (Larson et al. 1994b). Mice were treated orally

with 3, 10, 34, 90, 238, or 477 mg/kg/day of chloroform in corn oil, or with 16, 26, 53, 81, or

105 mg/kg/day in the drinking water, for 4 days. Chloroform treatment resulted in significant
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increases in liver weights of mice at the 238 and 477 mg/kg/day dose levels. Mice treated with

238 mg/kg chloroform had moderate centrilobular vacuolar degeneration of hepatocytes and scattered

centrilobular and subcapsular hepatocyte necrosis. At the 477 mg/kg dose, severe centrilobular

coagulative necrosis with small number of inflammatory cells in the necrotic areas was also observed.

Dose-dependent increases in both ALT and SDH were also observed. At daily doses of 90 mg/kg or

less, no increase in hepatic cell proliferation was noted. Dose-dependent increases in hepatic cell

proliferation and cells observed to be in S-phase occurred in the 238 and 477 mg/kg/day doses. For

mice dosed with 16, 26, 53, 81, or 105 mg/kg/day in the drinking water, serum ALT or SDH were not

different from controls at any dose. In the 53, 81, and 105 mg/kg/day treatment groups, the livers had

changes that were characterized by pale cytoplasmic eosinophilic staining of centrilobular hepatocytes

compared to the periportal hepatocytes and controls. Livers from mice treated with 26 mg/kg/day

chloroform or less failed to showed significant histologic changes when compared to controls. Cell

proliferations in the liver were not found at any dose or duration. An acute oral MRL of

0.3 mg/kg/day was calculated using the 26.4 mg/kg/day NOAEL based on the hepatic effects in these

animals from this study. More information on this MRL and how it was derived is located in the

footnote to Table 2-2, Section 2.5, and in Appendix A of this profile.

Larson et al. (1995a) examined the dose-response relationships for the induction of cytolethality and

regenerative cell proliferation in the livers of male Fischer 344 rats given chloroform by gavage.

Groups of 12 rats were administered oral doses of 0, 3, 10, 34, 90, and 180 mg/kg/day chloroform in

corn oil by gavage for 4 days. BrdU was administered via an implanted osmotic pump to label cells

in S-phase. Cells having incorporated BrdU were visualized in tissue sections immunohistochemically

and the LI evaluated as the percentage of S-phase cells. Necropsies and histopathological

examinations were performed at death. The relative liver weights were increased at doses of

10 mg/kg/day and above at 4 days posttreatment. Rats treated with 34, 90, or 180 mg/kg/day by

gavage for 4 days had mild-to-moderate degeneration of centrilobular hepatocytes. The livers of rats

given 90 mg/kg/day for 4 days had a slight increase in centrilobular pallor and necrosis of hepatocytes

surrounding the central vein; the remaining central and some mid-zonal hepatocytes were swollen and

displayed a cytoplasmic granularity. In the 180 mg/kg/day dose group, the livers had scattered

individual cell necrosis throughout the central and mid-zonal regions. The cytoplasm of the

centrilobular hepatocytes were pale, eosinophilic and mildly vacuolated. Dose-dependent increases in

both ALT and SDH were observed at 4 days in the 90 and 180 mg/kg/day dose groups and at 3 weeks
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in the 180 mg/kg/day dose group only. A dose-dependent increase in LI was seen in rat liver after

4 days of treatment with 90 and 180 mg/kg/day by gavage.

Larson et al. (1995a) also examined the toxicological effects of chloroform administered in the

drinking water in rats. Groups of 12 rats were administered chloroform ad libitum in drinking water at

concentrations of 0, 60, 200, 400, 900, and 1,800 ppm for 4 days. BrdU was administered via an

implanted osmotic pump to label cells in S-phase. Cells having incorporated BrdU were visualized in

tissue sections immunohistochemically and the LI evaluated as the percentage of S-phase cells.

Necropsies and histopathological examinations were performed at death. Average daily doses of

chloroform ingested from drinking water were: 0, 6.6, 19.3, 33.2, 68.1, and 57.5 mg/kg/day for 0, 60,

200, 400, 900, and 1,800 ppm concentration levels, respectively. Only mild hepatocyte vacuolation

was observed in rats given 900 or 1,800 ppm in water for 4 days; no increase in the hepatic LI was

observed at any time point.

In another study by Larson et al. (1995b), female Fisher 344 rats administered 400 mg/kg chloroform

by gavage in corn oil for 4 days exhibited hepatic lesions consisting of mild centrolobular

vacuolization, scattered necrotic hepatocytes, sinusoidal leucostasis, mild-to-focally severe centrilobular

hepatocyte degeneration and necrosis, and diffuse centrolobular swelling. Rats in the 100 and

200 mg/kg groups had only slight centrolobular changes, while those in the 34 mg/kg group did not

differ from controls.

Pereira (1994) investigated the effects of chloroform exposure in different vehicles and by different

dosing regimes on hepatic cell proliferation in female B6C3F1 mice. Animals received either

263 mg/kg/day chloroform by gavage in corn oil or 1,800 ppm chloroform in drinking water, 24 hours

a day and were sacrificed at 5 or 12 days. When administered by gavage, chloroform exposure

resulted in significantly increased relative liver weights at 5 days (53%; p<0.05), but not at 12 days.

The livers of mice exposed to chloroform for 5 days exhibited toxicity consisting of necrotic

hepatocytes, infiltration of macrophages and neutrophils in the central zone, and hydrotropic, swollen,

and rounded hepatocytes of a pale ground glass appearance in the midzone. Hepatotoxicity was less

severe at 12 days. Cell proliferation was significantly increased at both 5 and 12 days. In contrast,

chloroform administered in drinking water for 5 days reduced absolute and relative liver weight while

exposure for 12 days had no effect on relative liver weights. The livers of mice exposed to

chloroform in drinking water exhibited limited toxicity after 5 days consisting of smaller hepatocytes
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with dense nonvacuolated and basophilic cytoplasm; hepatotoxicity after 12 days was limited to

vacuolated hepatocytes. Cell proliferation, was significantly reduced (p<0.05) at 5 and 12 days as

compared to controls.

Liver effects in animals have been reported in numerous oral studies of intermediate duration (Chu et

al. 1982b; Eschenbrenner and Miller 1945a; Larson et al. 1995b). Larson et al. (1994b) exposed

female mice to 3, 10, 34, 90, 238, and 477 mg/kg/day of chloroform in corn oil via gavage 5 days a

week for 3 weeks. Chloroform treatment resulted in significant increases in liver weights of mice at

the 90, 238, and 477 mg/kg/day doses. Doses of 34 mg/kg/day resulted in pale cytoplasmic

eosinophilia of the centrilobular hepatocytes and mild vacuolation of the centrilobular and mid-zonal

hepatocytes relative the periportal hepatocytes and livers from control mice. At the 238 mg/kg/day

dose, the livers were characterized by a severe centrilobular hepatocyte necrosis. At 477 mg/kg/day,

the central zone of the liver was populated by degenerate vacuolated hepatocytes and regenerating

hepatocytes with markedly basophilic cytoplasm and,small round nuclei with clumped chromatin and

prominent nucleoli. Significant dose-dependent increases in ALT and SDH were observed at doses of

34 mg/kg/day and greater. Cell proliferation was markedly increased in the liver at the 238 and

477 mg/kg/day doses. Mice dosed with 16, 43, 82, 184, or 329 mg/kg/day of chloroform in the

drinking water for 7 days a week for 3 weeks resulted in no histological changes in livers at all doses

studied. Liver weights were significantly increased at 82, 184, and 329 mg/kg/day.

Larson et al. (1995a) examined the dose-response relationships for the induction of cytolethality and

regenerative cell proliferation in the livers of male Fischer 344 rats given chloroform by gavage.

Groups of 12 rats were administered oral doses of 0, 3, 10, 34, 90, and 180 mg/kg/day chloroform in

corn oil by gavage for 5 days a week for 3 weeks. BrdU was administered via an implanted osmotic

pump to label cells in S-phase. Cells having incorporated BrdU were visualized in tissue sections

immunohistochemically and the LI evaluated as the percentage of S-phase cells. Necropsies and

histopathological examinations were performed at death. The relative liver weights were increased at

doses of 90 mg/kg/day and greater at 3 weeks. After 3 weeks of exposure, livers of rats in the 34 or

90 mg/kg/day dose groups did not differ from controls. In the 180 mg/kg/day dose group, effects

were similar to those seen at 4 days after exposure. Dose-dependent increases in both ALT and SDH

were observed after 3 weeks in the 180 mg/kg/day dose group only.
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Larson et al. (1995a) also examined the toxicological effects of chloroform administered in the

drinking water in rats. Groups of 12 rats were administered chloroform ad libitum in drinking water at

concentrations of 0, 60, 200, 400, 900, and 1,800 ppm for 7 days a week for 3 weeks. BrdU was

administered via an implanted osmotic pump to label cells in S-phase. Cells having incorporated

BrdU were visualized in tissue sections immunohistochemically and the LI evaluated as the percentage

of S-phase cells. Necropsies and histopathological examinations were performed at death. Average

daily doses of chloroform ingested from drinking water were: 0, 6, 17.4, 32, 62.3, and 106 mg/kg/day

for 3 weeks exposure for 0, 60, 200, 400, 900, and 1,800 ppm concentration levels, respectively. Only

mild hepatocyte vacuolation was observed in rats given 1,800 ppm in water for 3 weeks. No increase

in the hepatic LI was observed at any time point.

Larson et al. (1995b) further examined the dose-response relationship for chloroform-induced

cytotoxicity and cell proliferation in the liver of female Fisher 344 rats via gavage. Animals received

chloroform in corn oil at doses of 0, 34, 100, 200, or 400 mg/kg/day for 3 weeks (5 days a week). At

completion of dosing, animals were sacrificed, the livers were evaluated microscopically and cell

proliferation was quantitated. Exposure to 400 mg/kg chloroform resulted in hepatic lesions consisting

of slight to mild diffuse vacuolar change and focal centrilobular degeneration. Rats in the 200 mg/kg

groups had only slight centrilobular vacuolation, while those in the 100 and 34 mg/kg dose groups did

not differ from controls.

Pereira (1994) provided further evidence of the effect of dosing method (gavage versus drinking water)

and vehicle (corn oil versus water) on hepatic cell proliferation in female B6C3Fl mice. Animals

received either 263 mg/kg/day chloroform by gavage in corn oil or 1,800 ppm chloroform in drinking

water, 24 hours a day and were sacrificed at 33 or 159 days. When administered by corn oil gavage,

chloroform exposure resulted in increased relative liver weights at 33 and 159 days (30.1 and 38.2%

increases, respectively). The livers of mice exposed to chloroform for 33 or 159 days exhibited

limited toxicity consisting of focal areas of necrotic hepatocytes and a limited number of mononuclear

cells and swollen, rounded, pale hepatocytes. Cell proliferation was significantly increased at both

33 and 159 days as compared to controls. In contrast, administration of chloroform in drinking water

had no effect on absolute or relative liver weights after 33 days, while exposure for 159 days resulted

in significantly increased relative liver weights (3 1.4%; p<0.05). However, the livers of mice exposed

for either 33 or 159 days exhibited no signs of toxicity. In addition, cell proliferation was not

significantly affected by exposure to chloroform in drinking water for either 33 or 159 days.
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Fatty changes, necrosis, increased liver weight, and hyperplasia have been observed in rats exposed to

150 mg/kg/day chloroform in a toothpaste vehicle via gavage for 13 weeks (Palmer et al. 1979). An

increased incidence of sporadic, mild, reversible, liver changes occurred in rats exposed to chloroform

in the drinking water at doses of 0.64-150 mg/kg/day for 90 days, but the incidences were not

significantly higher than the incidences in controls (Chu et al. 1982a). The effect- and no-effect-levels

in the study are clearly defined. Fatty and hydropic changes, necrosis, and cirrhosis were observed in

mice treated by gavage with 50 mg/kg/day chloroform in oil for 90 days (Bull et al. 1986; Munson et

al. 1982) or 86 mg/kg/day in drinking water for 1 year (Klaunig et al. 1986). In contrast, centrilobular

fatty changes observed in mice at 64 mg/kg/day chloroform in drinking water for 90 days appeared to

be reversible (Jorgenson and Rushbrook 1980), and no liver effects were found in mice treated with

50 mg/kg/day chloroform in aqueous vehicles (Bull et al. 1986). In addition, hepatocellular

degeneration was induced in F1 females in a 2-generation study in which mice were treated by gavage

with 41 mg/kg/day chloroform in oil (Gulati et al. 1988). Significantly increased (p<0.05) SGPT

activity occurred in dogs beginning at 6 weeks of exposure to chloroform in toothpaste in capsules at a

dose of 30 mg/kg/day in a 7.5-year study (Heywood et al. 1979). SGPT activity was not increased at

15 mg/kg/day until week 130. Therefore, 15 mg/kg/day was the NOAEL for intermediate-duration

exposure. This NOAEL was used to derive an intermediate-duration oral MRL of 0.1 mg/kg/day.

More information on this MRL and how it was derived is located in the footnote to Table 2-2, Section

2.5, and in Appendix A of this profile.

The relationships among chloroform-induced cytolethality, regenerative cell proliferation, and tumor

induction in male B6C3F1 mice dosed with chloroform by gavage in corn oil has also been studied.

Mice received chloroform at doses of 0, 34, 90, 138, or 277 mg/kg for 4 consecutive days or 5 days a

week for 3 weeks. To monitor cell proliferation, mice were administered BrU via implanted osmotic

pump for the last 3.5 days. Chloroform treatment for 3 weeks also resulted in a small (<10%) but

significant increase in relative liver weight of mice at the highest dose level. Macroscopically, pale

livers and kidneys were noted at all dose levels after 3 weeks of chloroform exposure; treatment with

138 or 277 mg/kg for 3 weeks resulted in the formation of white subcapsular foci. After 3 weeks of

chloroform exposure, the livers of all mice in the 34 mg/kg/day group and 3 of 5 mice in the

90 mg/kg/day group were histologically similar to those of controls. Livers of 2 mice in the

90 mg/kg/day group exhibited centrilobular hepatocyte swelling with loss of eosinophilia. Mice dosed

with 138 mg/kg/day experienced marked centrilobular hepatocyte swelling, mild to moderate periportal

vacuolation, and scattered centrilobular and periportal degeneration and necrosis. Mice dosed with
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277 mg/kg/day experienced marked centrilobular hepatocyte degeneration and necrosis. Cell

proliferation was significantly elevated in the 138 and 277 mg/kg dose groups only.

In chronic-duration exposure studies, liver effects have been observed in rats, mice, and dogs after oral

exposure to chloroform. Male and female ICI mice were exposed to 17 or 60 mg/kg/day chloroform

by gavage using toothpaste as a vehicle for 80 weeks followed by 13-24-week observation period. No

significant histopathological findings (noncancerous) were recorded in the kidneys or lung tissues.

Moderate or severe fatty degeneration of the liver was slightly more prevalent among treated animals

than controls (statistical significance not provided) beginning at the 17 mg/kg/day. Necrosis was

observed in female rats treated by gavage with 200 mg/kg/day chloroform in oil for 78 weeks (NCI

1976). Nodular hyperplasia occurred in all groups of male and female mice similarly treated at

138 and 238 mg/kg/day, respectively. Fibrosis of the liver was observed in both sexes of rats exposed

to 200 mg/kg/day chloroform in the drinking water for 180 weeks (Tumasonis et al. 1985, 1987).

Increased SGPT was observed in dogs given chloroform in toothpaste capsules for 7.5 years (Heywood

et al. 1979). The lowest oral dose administered to animals in chronic studies was 15 mg/kg/day,

which increased SGPT in dogs. This LOAEL was used to derive a chronic oral MRL of

0.01 mg/kg/day. More information on this MRL and how it was derived is located in the footnote to

Table 2.2, Section 2.5, and in Appendix A of this profile.

Renal Effects. The kidney is also a major target of chloroform-induced toxicity in humans.

Oliguria was observed 1 day after the ingestion of 3,755 or 2,410 mg/kg chloroform (Piersol et al.

1933; Schroeder 1965). Increased blood urea nitrogen (BUN) and creatinine levels also indicated renal

injury. Albuminuria and casts were detected in the urine. Histopathological examination at autopsy

revealed epithelial swelling and hyaline and fatty degeneration in the convoluted tubules of kidneys in

one fatal case of oral exposure to chloroform (Piersol et al. 1933). Numerous hyaline and granular

casts and the presence of albumin were observed in the urine of one subject who ingested

21 mg/kg/day chloroform in cough medicine for 10 years (Wallace 1950). The urinalysis results

reversed to normal after discontinuation of chloroform exposure. No indications of renal effects were

observed in humans who ingested estimated doses of 0.34-0.96 mg/kg/day chloroform in mouthwash

for 5 years (De Salva et al. 1975).

The renal toxicity of chloroform in animals has been reported in many studies of acute duration.

Larson et al. (1993) studied the effects of dose and time after chloroform administration on the renal
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toxicology of chloroform in male rats. Rats were given 34, 180, or 477 mg/kg once in corn oil by

gavage and sacrificed 24 hours after administration. In a related time-course study (which focused on

histologic changes in tissues over time), rats received 180 mg/kg chloroform in corn oil by gavage and

were sacrificed at 0.5, 1, 2, 4, and 8 days after treatment; others received 477 mg/kg in corn oil by

gavage and were sacrificed either 1 or 2 days after administration. Histologically, chloroform caused

extensive renal damage and, to a much lesser extent, hepatic injury, in a dose-related manner. One

day after treatment with a single dose of chloroform of 34 mg/kg or greater, the kidneys of male rats

developed tubular necrosis that was restricted to the proximal convoluted tubules. The severity of

these lesions occurred in a dose-dependent manner. Rats given 34 mg/kg had scattered necrotic

tubules affecting less than 10% of the midcortical nephrons. In the 180 mg/kg group, 25% of the

proximal convoluted tubules were necrotic. Nearly all segments of the proximal tubules had necrosis

in the rats receiving 477 mg/kg chloroform. Despite extensive renal injury, increases in BUN or in

urinary protein or glucose were not observed. In the time-course study, the kidneys, after 12 hours of

treatment, had a diffuse granularity of cytoplasm of the epithelium lining of the proximal convoluted

tubules in the 180 mg/kg group. Damage was severe after 1 day, and after 2 days, 100% of the

proximal tubules were lined by necrotic epithelium. After 8 days, the kidneys had returned to normal

appearance. No increases in BUN or urinary protein or glucose were noted at any time after

treatment.

Larson et al. (1995a) also examined the toxicological effects of chloroform administered in the

drinking water in rats. Groups of 12 rats were administered chloroform ad libitum in drinking water at

concentrations of 0, 60, 200, 400, 900, and 1,800 ppm for 4 days. BrdU was administered via an

implanted osmotic pump to label cells in S-phase. Cells having incorporated BrdU were visualized in

tissue sections immunohistochemically and the LI evaluated as the percentage of S-phase cells.

Necropsies and histopathological examinations were performed at death. Average daily doses of

chloroform ingested from drinking water were: 0, 6.6, 19.3, 33.2, 68.1, and 57.5 mg/kg/day for 4 days

exposure for the 0, 60, 200, 400, 900, and 1,800 ppm concentration levels, respectively. When

chloroform was administered in the drinking water, no microscopic alterations were seen in the

kidneys after 4 days of treatment. The overall renal LI was not increased at any dose.

The same study (Larson et al. 1995a) examined the dose-response relationships for the induction of

cytolethality and regenerative cell proliferation in the kidneys of male Fischer 344 rats given

chloroform by gavage. Groups of 12 rats were administered oral doses of 0, 3, 10, 34, 90, and
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180 mg/kg/day chloroform in corn oil by gavage for 4 days. BrdU was administered via an implanted

osmotic pump to label cells in S-phase. Cells having incorporated BrdU were visualized in tissue

sections immunohistochemically and the LI evaluated as the percentage of S-phase cells. Necropsies

and histopathological examinations were performed at death. Rats treated with 34, 90, or

180 mg/kg/day by gavage for 4 days had mild-to-moderate degeneration of renal proximal tubules.

After 4 days of dosing with 34 mg/kg/day, the proximal convoluted tubule epithelial cells had

increased numbers and prominence of apical cytoplasmic vacuoles. Likewise, rats given 90 mglkglday

for 4 days displayed swelling and vacuolation of 25-50% of the proximal tubules. Progressive

degeneration of the proximal tubules was observed in rats exposed to 180 mg/kg/day. At 4 days,

swollen and vacuolated cytoplasm in approximately 10-20% of proximal tubule epithelium was

observed. LI were increased in the kidney cortex only in the rats treated with 180 mg/kg/day for

4 days.

The dose-response relationship for chloroform-induced cytotoxicity and cell proliferation in the

kidneys of female Fisher 344 rats has also been elucidated. Animals received 34, 100, 200, or

400 mg/kg chloroform by gavage in corn oil for 4 days. At completion of dosing, kidneys were

prepared for microscopic evaluation, and cell proliferation was quantitated. Rats in the high dose

group had 50-75% of proximal tubules lined with necrotic or attenuated regenerating epithelium, as

well as distal nephrons containing hyaline casts. Rats in the 200 mg/kg group had kidneys with

25-50% of proximal tubules lined with degenerated, necrotic or regenerating epithelium. Kidneys

from rats in the 2 lowest dose groups were similar to those of controls (Larson et al. 1995b).

Acute toxic nephrosis was observed in female rats exposed to 516 mg/kg/day chloroform by gavage in

oil during Gd 6-15, with maternal lesions characterized by tubular swelling, hydropic or fatty

degeneration and necrosis (Thompson et al. 1974). Increased kidney weight was observed in female

rats after a single gavage dose of 546 mg/kg chloroform (Chu et al. 1982b). Similarly, rats exposed to

400 mg/kg/day by gavage during gestation had increased kidney weight (Ruddick et al. 1983). No

increase in kidney weight was found in the rats treated with 200 mg/kg/day during gestation. Renal

necrosis in convoluted tubules was observed in male mice after a single dose of 199 mg/kg chloroform

in toothpaste or 65.6 mg/kg chloroform in oil (Moore et al. 1982).

The relationships among chloroform-induced cytolethality, regenerative cell proliferation, and tumor

induction in male B6C3Fl mice dosed with chloroform by gavage in corn oil of acute duration has
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also been reported. Mice received chloroform at doses of 0, 34, 90, 138, or 277 mg/kg/day by gavage

for 4 consecutive days. To monitor cell proliferation, mice were administered BrdU via implanted

osmotic pump for the last 3.5 days. After four days of exposure, 2 of 4 mice dosed with

34 mg/kg/day and all mice dosed with 90 mg/kg/day or more experienced extensive (>75% of tissue)

acute necrosis of the proximal convoluted tubule, characterized by a thin layer of eosinophilic necrotic

cellular debris lining the tubular basement membrane. Distal tubules and collecting ducts were filled

with hyaline casts. The remaining 2 mice in the 34 mg/kg/day dose group experienced scattered

necrosis in proximal convoluted tubules. In the kidneys, significant increases in cell proliferation were

noted in all dose groups given chloroform for 4 days. The authors concluded that the results of this

study confirmed the sensitivity of the male mouse, relative to the female mouse, to the nephrotoxic

effects of chloroform (Larson et al. 1994d).

In intermediate-duration exposures, several studies suggest that mice appeared to be more sensitive

than rats to the nephrotoxic effects of chloroform. Rats exposed to 193 mg/kg/day for 28 days (Chu et

al. 1982b) or to 160 mg/kg/day chloroform for 90 days (Jorgenson and Rushbrook 1980) in drinking

water had no kidney effects. Increased relative kidney weight was observed in rats exposed by gavage

to 150 mg/kg/day for 13 weeks, but not in rats exposed to 30 mg/kg/day (Palmer et al. 1979).

Chronic inflammatory changes were observed in the kidneys of mice exposed to 50 mg/kg/day

chlorofoorm (dissolved in an emulsion prepared with emulphor in water) by gavage (Munson et al.

1982); however, no changes were observed in mice exposed to 41 mg/kg/day by gavage (Gulati et al.

1988) or in mice exposed to 435 mg/kg/day chloroform in drinking water (Jorgenson and Rushbrook

1980). Nonetheless, exposure to 86 mg/kg/day in drinking water for 1 year caused tubular necrosis in

mice (Klaunig et al. 1986).

Larson et al. (1995b) examined the dose-response relationship for chloroform-induced cytotoxicity and

cell proliferation in the kidneys of female Fisher 344 rats using a wide range of doses. Animals

received 34, 100, 200, or 400 mg/kg chloroform by gavage in corn oil for 3 weeks (5 days a week).

At completion of dosing, the kidneys were prepared for microscopic evaluation, and cell proliferation

was quantitated. Rats in the 100, 200, and 400 mg/kg dose groups had 50-75% of proximal tubules

lined with regenerating epithelium; many of the tubules were dilated and contained mineralized

concretions. Kidneys from rats in the lowest dose group were similar to those of controls.
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Lipsky et al. (1993) studied groups of male Fischer 344 rats gavaged with either 90 or 180 mg/kg/day

of chloroform in corn oil or water for 5 days a week for 4 weeks. Rats exposed to chloroform by

gavage in corn oil displayed acute cell injury and necrosis, primarily in the epithelial cells lining the

S2 segment of the proximal tubule, with some apparent damage/necrosis occurring in the Sl segment

as well. This injury was present in all rats exposed to the 180 mg/kg/day dose and in less than half of

the animals exposed to the 90 mg/kg/day dose. There was also a dose-dependent increase in the total

BrdU labeling of nuclei in renal cells of the chloroform-treated oil-gavaged animals compared to

controls. The largest increase in DNA BrdU labeling was in the cells of the S2 segment. The

90 mg/kg/day dose of chloroform also produced increase in DNA labeling in the S3 segment, but not

for the 180 mg/kg/day dose of chloroform. Animals exposed to chloroform in water showed minimal

histopathologic alterations in the kidneys. Mild injury and necrosis was seen in cells of the S2

segment in 1 of 6 animals in the 180 mg/kg/day group, while none were seen in the 90 mg/kg/day

dose group. Little to no change in DNA labeling of renal cells was seen in the water-gavaged rats.

Larson et al. (1995a) examined the dose-response relationships for the induction of cytolethality and

regenerative cell proliferation in the kidneys of male Fischer 344 rats given chloroform by gavage.

Groups of 12 rats were administered oral doses of 0, 3, 10, 34, 90, and 180 mg/kg/day chloroform for

5 days a week for 3 weeks. BrdU was administered via an implanted osmotic pump to label cells in

S-phase. Cells having incorporated BrdU were visualized in tissue sections immunohistochemically

and the LI evaluated as the percentage of S-phase cells. Necropsies and histopathological

examinations were performed at death. Relative kidney weights were increased after 3 weeks in the

180 mg/kg/day dose group only. Rats treated with 34, 90, or 180 mg/kg/day by gavage for 4 days had

mild-to-moderate degeneration of renal proximal tubules. These alterations were absent or slight after

3 weeks of treatment, except at the highest dose level. After 4 days of dosing with 34 mg/kg/day, the

proximal convoluted tubule epithelial cells had increased numbers and prominence of apical

cytoplasmic vacuoles, but these changes were not observed at 3 weeks. Likewise, rats given

90 mg/kg/day for 4 days displayed swelling and vacuolation of 25-50% of the proximal tubules, at

3 weeks only 1 of 3 rats had vacuolated and degenerated epithelium. Progressive degeneration of the

proximal tubules was observed in rats exposed to 180 mg/kg/day. At 4 days, swollen and vacuolated

cytoplasm in approximately 10-20% of proximal tubule epithelium was observed, while at 3 weeks the

percentage was 25-50%. At 3 weeks, scattered tubules also had mineral concretions that appeared

subepithelial. LI was increased in the kidney cortex only in the rats treated with 180 mg/kg/day for

4 days.
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Larson et al. (1995a) also examined the toxicological effects of chloroform administered in the

drinking water in rats. Groups of 12 rats were administered chloroform ad libitum in drinking water at

concentrations of 0, 60, 200, 400, 900, and 1,800 ppm for 7 days a week for 3 weeks. BrdU was

administered via an implanted osmotic pump to label cells in S-phase. Cells having incorporated

BrdU were visualized in tissue sections immunohistochemically and the LI evaluated as the percentage

of S-phase cells. Necropsies and histopathological examinations were performed at death. Average

daily doses of chloroform ingested via drinking water were 0, 6, 17.4, 32, 62.3, and 106 mg/kg/day for

3 weeks exposure for 0, 60, 200, 400, 900, and 1,800 ppm concentration levels, respectively. As a

general observation, rats treated for 3 weeks with 200 ppm chloroform and greater had slightly

increased numbers of focal areas of regenerating renal proximal tubular epithelium and cell

proliferation than were noted in controls, but no clear dose-response relationship was evident. The

overall renal LI was not increased at any dose or time point.

Larson et al. (1994b) exposed female mice to 3, 10, 34, 90, 238, and 477 mg/kg/day of chloroform in

corn oil via gavage for 5 days a week for 3 weeks. Mice were also dosed with 16, 43, 82, 184, or

329 mg/kg/day of chloroform in the drinking water for 7 day a week for 3 weeks. In both studies, no

increases in cell proliferation were noted and no significant changes in renal histopathology were

reported.

In another study by Larson et al. (1994d) the possible relationships among chloroform-induced

cytolethality, regenerative cell proliferation, and tumor induction were identified in male B6C3F1 mice

dosed with chloroform by gavage in corn oil. Mice received chloroform at doses of 0, 34, 90, 138, or

277 mg/kg/day for 5 days a week for 3 weeks. To monitor cell proliferation, mice were administered

BrdU via implanted osmotic pump for the last 3.5 days. Renal lesions were similar to, but less severe

than, lesions seen in mice exposed for 4 days and were characterized by extensive tubular

regeneration. The kidneys of mice dosed with 34-138 mg/kg/day chloroform exhibited dose-dependent

increases in regenerating proximal convoluted tubules. The kidneys of mice dosed with

277 mg/kg/day chloroform exhibited severe nephropathy characterized by degeneration, necrosis, and

regeneration of the proximal tubules. The renal interstitium was swollen due to fibroplasia, edema,

and inflammatory cell infiltration. After 3 weeks of exposure, renal cell proliferation was still elevated

relative to controls at doses of 90 mg/kg/day, but LI values declined from levels seen after 4 days of

exposure.



CHLOROFORM 88

2. HEALTH EFFECTS

In chronic oral studies, no definite renal effects were observed in rats exposed to 200 mg/kg/day or

mice exposed to <477 mg/kg/day TWA (Heindel et al. 1995; Jorgenson et al. 1985; NCI 1976; Roe et

al. 1979). In dogs, however, fat deposition in renal glomeruli was observed at a dose of 30 mg/kg!day

chloroform for 7.5 years, but not at 15 mg/kg/day (Heywood et al. 1979).

Dermal Effects. No studies were located regarding dermal effects in humans after oral exposure to

chloroform.

Alopecia was observed in pregnant rats exposed to 126 mg/kg/day chloroform in oil (Thompson et al.

1974). Rough coats were observed in mice exposed to 100 mg/kg/day chloroform in oil for 14 days

(Gulati et al. 1988).

Ocular Effects.  Only one reference was located that discussed the ocular effects of chloroform

after oral ingestion. Li et al. (1994) examined the effects of chloroform administered in drinking water

to guinea pigs with cedar pollen-induced allergic conjunctivitis, prepared by passive cutaneous

anaphylaxis. Groups of 5 male Hartley guinea pigs were given drinking water with chloroform

concentrations of 0.01, 0.1, 1, 10, 100, or 1,000 ppm 48 hours before applying an antigen eye drop

(starting on the 8th day after antiserum administration). One control group was not administered

chloroform and another control group was not administered the antiserum (chloroform alone) for every

dose level. The light absorption rate of Evans blue extracted from conjunctiva was used as an index

of the relative intensity of allergic conjunctivitis. In a separate experiment, using the dose level which

caused the most intense aggravating effect in the above testing, groups of 3 male guinea pigs were

given 1 ppm chloroform in drinking water for 48 hours and the residual effect on the allergic

conjunctivitis was examined. Animals were examined immediately after, and 1, 2, 4, 7, and 14 days

after exposure; antigen eye drops were applied 10 days after the antiserum administration. Water

intake was monitored and blood chloroform concentrations were measured. At 0.1 ppm chloroform,

significant aggravation of allergic conjunctivitis was observed. Allergic conjunctivitis was most

intensely aggravated at I ppm chloroform. At higher doses (10 and 100 ppm) the aggravation was

still noticeable, yet less significant. At 1,000 ppm chloroform, the aggravating effect was not present.

Rlood chloroform concentrations increased as the concentration in drinking water increased from

0.01 to 1,000 ppm.
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Body Weight Effects. No studies were located regarding body weight effects in humans after oral

exposure to chloroform.

Several studies were located regarding body weight changes in animals after oral exposure to

chloroform; however, the effect of chloroform on body weight is variable and depends somewhat on

the dose and dosing method. Body weight was unaffected in male Wistar rats receiving single doses

of chloroform ranging from 0.1 to 0.5 mL/kg (Nakajima et al. 1995), in female B6C3Fl mice exposed

to 263 mg/kg/day chloroform by gavage in corn oil for 5 or 12 days (Pereira 1994), and in male rats

exposed once to 477 mg/kg day of chloroform (Larson et al. 1993), or for 4 days in male mice dosed

at 277 mg/kg/day by gavage (Larson et al. 1994d). When female mice were exposed to 1,800 ppm

chloroform in drinking water (24 hours a day) for 5 or 12 days, body weight initially declined;

however, this was attributed to decreased water consumption (Pereira 1994). A dose-related decrease

in body weight gain was observed in rats exposed to 100 mg/kg/day and in rabbits exposed to

50 mg/kg/day chloroform by gavage in oil during gestation (Ruddick et al. 1983; Thompson et al.

1974). In addition, decreased body weight was observed in male mice after acute exposure to

250 mg/kg/day chloroform by gavage in oil (Gulati et al. 1988; Munson et al. 1982). Others have

reported similar reductions in body weight after oral dosing with chloroform (Davis and Berndt 1992,

1994b, 1995a, 1995b; Reddy et al. 1992).

In studies of intermediate duration, dose-related decreases in body weight or body weight gain were

observed in rats exposed to 81 mg/kg/day in water (Jorgenson and Rushbrook 1980) or in oil (Larson

et al. 1994b, 1995b; NCI 1976) and in mice (Bull et al. 1986; Klaunig et al. 1986; Roe et al. 1979).

Similar effects were found in rats exposed to 60 mg/kg/day regardless of the vehicle (Jorgenson et al.

1985; Larson 1995a; NCI 1976; Palmer et al. 1979; Tumasonis et al. 1985) and mice exposed to

263 mg/kg/day in water (Jorgenson et al. 1985) in studies of chronic exposure; taste aversion may

have been a complicating factor in these studies. In contrast, no effect on body weight was observed

in mice treated with 477 mg/kg/day by gavage in oil (NCI 1976) or dogs treated with 30 mg/kg/day

chloroform (Heywood et al. 1979) in studies of chronic duration. Food and/or water consumption

were decreased in chloroform-exposed animals in some studies (Chu et al. 1982a; Jorgenson and

Rushbrook 1980), but others reported fluctuating food intake unrelated to chloroform exposure (Palmer

et al. 1979) or no significantly depressed food consumption at the lowest LOAEL level for body

weight effects (Thompson et al. 1974). The effects chloroform has on changes in body weight and

water consumption when administered orally in different vehicles and varying doses have also been
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reported in female mice (Pereira 1994). In this study, female B6C3Fl  mice received 263 mg/kg/day

chloroform by gavage in corn oil or 1,800 ppm/day chloroform in their drinking water, and animals

were sacrificed at 5, 12, 33, or 159 days. Chloroform administered by gavage did not affect body

weight; however, when administered in drinking water, body weights in exposed animals initially

declined, but increased by day 33 to control levels. This was attributed to changes in drinking-water

consumption, which was suppressed during the first 5 days but was greater than that of controls from

days 6-12.

2.2.2.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological effects in humans after oral exposure to chloroform.

Information regarding immunological effects in animals after oral exposure to chloroform is limited to

three studies. Reduced lymphocyte counts were observed in female rats after a single gavage dose of

1,071 mg/kg chloroform (Chu et al. 1982b); no effects were observed in the 765 mg/kg group.

Humoral immunity, defined as antibody-forming cells (AFC)/spleen x 100,000, was depressed in both

sexes of mice after oral dosing with 50 mg/kg/day chloroform for 14 days (Munson et al. 1982). In

contrast, hemagglutination titer was not significantly influenced, and no changes in cell-mediated

immunity were recorded. Similar results were obtained in a 90-day experiment (Munson et al. 1982).

Depressed humoral immunity was observed in mice exposed to 50 mg/kg/day chloroform. Cellmediated

immunity (delayed-type hypersensitivity) was affected in the high-dose (250 mg/kg/day)

group of females. The chloroform-induced changes were more marked in the 14-day study than in the

90-day study. Although the data are limited, there are indications that the immune system is a target

of chloroform-induced toxicity after oral exposure. The data also indicate that humoral immunity may

be more severely affected than cell-mediated immunity. These conclusions, however, should be

viewed with caution due to the small number of studies.

Li et al. (1994) examined the effects of chloroform administered in drinking water to guinea pigs with

cedar pollen-induced allergic conjunctivitis, prepared by passive cutaneous anaphylaxis. Groups of

5 male Hartley guinea pigs were given drinking water with chloroform concentrations of 0.01, 0.1, 1,

10, 100, or 1,000 ppm 48 hours before applying an antigen eye drop (starting on the 8th day after

antiserum administration). At 0.1 ppm chloroform, significant aggravation of allergic conjunctivitis

was observed. Allergic conjunctivitis was most intensely aggravated at 1 ppm chloroform. At higher
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doses (10 and 100 ppm) the aggravation was still noticeable, yet less significant. At 1,000 ppm

chloroform, the aggravating effect was not present.

The highest NOAEL value and all reliable LOAEL values for immunological effects in each species

and duration category are recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.4 Neurological Effects

The data regarding neurological effects in humans after oral exposure to chloroform were obtained

from clinical case reports. Deep coma occurred immediately after exposure to 2,410 or 3,755 mg/kg

in all cases of intentional or accidental ingestion of chloroform (Piersol et al. 1933; Schroeder 1965;

Storms 1973). All reflexes were abolished, and pupil size varied. All patients survived the first coma

and became fully conscious; however, one patient died in coma several days later due to extensive

liver necrosis (Piersol et al. 1933). Mild cerebellar damage (instability of gait, intentional tremor) was

observed in one patient, but reversed to normal in two weeks (Storms 1973).

The central nervous system in animals is a target of chloroform toxicity after oral exposure to

chloroform. High single doses of chloroform caused ataxia, incoordination, and anesthesia in mice

(Balster and Borzelleca 1982; Bowman et al. 1978). Sprague-Dawley rats administered a single

200 mg/kg dose of chloroform gavage experienced significant decreases in midbrain 5-

hydroxyindolacetic acid (5-HIAA) levels and significant increases in hypothalamic dopamine

concentrations 2 hours after dosing (p<0.05) (Kanada et al. 1994). The calculated ED50 (dose is effective

on 50% of animals) for motor performance was 484 mg/kg chloroform (Balster and Borzelleca 1982). The

effects disappeared within 90 minutes postexposure. A minimal narcotic dose for 50% of the treated mice

was calculated to be 350 mg/kg (Jones et al. 1958). Hunched posture and inactivity were observed in

male mice exposed by gavage to 250 mg/kg chloroform in oil for 14 days (Gulati et al. 1988). No

effects were observed after exposure to 100 mg/kg day. Hemorrhaging in the brain was observed

during gross pathological examinations of mice that died under chloroform anesthesia following doses

500 mg/kg/day (Bowman et al. 1978). Lower concentrations of chloroform-induced taste aversion to

a saccharin solution in mice exposed by gavage for 10 days to 30 mg/kg/day in oil, but not in mice

exposed to 10 mg/kg/day (Landauer et al. 1982). No signs of behavioral toxicity were observed in

mice exposed to 31.l mg/kg/day chloroform for 14, 60, or 90 days, or in mice exposed to 100 mg/kg

for 30 days (Balster and Borzelleca 1982). Operant behavior in mice was affected after exposure to
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100 mg/kg/day for 60 days (Balster and Borzelleca 1982). The most severe effects were observed

early in the experiment; partial tolerance was observed later. No histopathological changes were

observed in the brains of rats after chronic exposure to 200 mg/kg/day, in the brains of mice after

chronic exposure to 477 mg/kg/day (NCI 1976) or in the brains of mice after chronic exposure to

60 mg/kg/day (Roe et al. 1979).

The highest NOAEL values and all reliable LOAEL values for neurological effects in each species and

duration category are recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.5 Reproductive Effects

No definitive studies were located regarding reproductive effects in humans after oral exposure to

chloroform. However, in a study by Bove et al. (1995), the effects of drinking-water consumption on

birth outcomes were evaluated in women giving birth in northern New Jersey during the period of Jan

1, 1985 to Dec 31, 1988. A total of 80,938 live births and 594 fetal deaths were studied. Exposure to

total trihalomethane (TTHM) levels >0.l ppm resulted in a 70.4 g reduction in mean birth weight

among term babies, increased odds ratio (OR) for low birth weight among term births (1.42), an

increased OR for reduced size at gestational age birth (1.50) and an increased OR for oral cleft

defects (3.17). In addition, exposure to TTHM of >0.08 ppm resulted in an increased OR for central

nervous system defects (2.59) and neural tube defects (2.96). The results of this study should be

viewed with caution since the outcomes data were not correlated directly with chloroform

concentrations, but rather with TTHM concentrations; hence, the effects observed may be due to

exposure to other THMs. The authors of this study also acknowledged the presence of other

non-THM contaminants, and that some or all of these contaminants may have contributed to the

observed effects as well.

In rats, increased resorptions were observed at a dose of 316 mg/kg/day chloroform during gestation

but not at 300 mg/kg/day; increased resorptions were also observed in rabbits exposed to

100 mg/kg/day during gestation (Thompson et al. 1974). Furthermore, abortions (not otherwise

specified) were observed in rabbits exposed to 63 mg/kg/day chloroform during gestation (Thompson

et al. 1974). No histopathological changes were observed in the testes of rats exposed to

160 mg/kg/day chloroform in drinking water for intermediate durations (Jorgenson and Rushbrook

1980). Gonadal atrophy was observed in both sexes of rats treated by gavage with 410 mg/kg/day
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chloroform in toothpaste (but not with 150 mg/kg/day) (Palmer et al. 1979). In a 2-generation

reproductive study in mice, exposure to 41 mg/kg/day of chloroform by gavage in oil did not affect

the fertility in either generation (Gulati et al. 1988). No remarkable histopathological differences

regarding the reproductive system were observed in dogs receiving up to 30 mg/kg/day of chloroform

delivered in toothpaste capsules for 7.5 years (Heywood et al. 1979). No histopathological changes

were observed in the reproductive organs of male and female rats and mice chronically exposed to

200 and 477 mg/kg/day chloroform via gavage (NCI 1976).

The highest NOAEL values and all reliable LOAEL values for reproductive effects in each species and

duration category are recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.6 Developmental Effects

One study (Kramer et al. 1992) was located regarding developmental effects in humans after oral

exposure to chloroform via the drinking water. The study was conducted to determine whether water

supplies containing relatively high levels of chloroform and other THMs within the state of Iowa are

associated with low birth weight, prematurity, or intrauterine growth retardation (the most sensitive end

point). Subjects selected include 159 low-birth-weight infants, 342 premature infants, and 187

grow-thretarded infants; however, case definitions were not mutually exclusive. Infants studied were

divided into three groups: those who lived in areas where the water supply had undetectable amounts of

chloroform, those who lived in areas where the water supply had l-9 g/L chloroform, and those who

lived in areas where the water supply had more than 10 g/L. The estimated relative risk of low birth

weight associated with drinking-water sources having chloroform levels of greater than or equal to

10 g/L was 30% higher than the risk for sources with undetectable levels of chloroform. Prematurity

was not associated with chloroform/THM exposure. The estimated relative risk of intrauterine growth

retardation associated with drinking-water supplies with chloroform concentration of >10 g/L was

80% more than the risk for those sources with undetectable levels of chloroform. Sources with

intermediate chloroform levels (l-9 g/L) had an elevated risk of 30%. The authors concluded that

there is an increased risk of intrauterine growth retardation associated with higher concentrations of

waterborne chloroform and dichlorobromomethane; however, it also should be noted that other organic

halides that can co-occur in chlorinated drinking water (haloacetic acids and haloacetonitriles) produce

developmental effects in animals.
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No teratological effects or skeletal anomalies in rats or rabbits after oral exposure to chloroform were

reported in developmental studies (Ruddick et al. 1983; Thompson et al. 1974). Decreased fetal

weight was observed in the offspring of rats exposed by gavage to 400 mg/kg/day chloroform during

gestation, but not in those exposed to 200 mg/kg/day (Ruddick et al. 1983). In a preliminary dosefinding

study, decreased fetal weight and increased resorptions were observed in rats exposed to

316 mg/kg/day chloroform during gestation (Thompson et al. 1974). In the principal study, reduced

birth weight of the offspring was reported in the 126 mg/kg/day group; no effects were observed in the

50 mg/kg/day exposure group. No behavioral effects were observed in the offspring of the

F0 generation mice treated for 6-10 weeks with 31.l mg/kg chloroform (Burkhalter and Balster 1979).

In a 2-generation reproductive study, increased epididymal weights and degeneration of epididymal

ductal epithelium were observed in mice in the F1 generation dosed with 41 mg/kg/day in oil (Gulati

et al. 1988). The production and viability of sperm was not affected, however. Swiss mice given

drinking water containing a mixture of contaminants including 7 ppm chloroform experienced no

significant developmental effects. In the same study, Sprague-Dawley rat pups of the Fl generation

had lower body weights from birth through mating; however, this was likely an artifact of decreased

water intake. No other developmental effects were noted (Heindel et al. 1995). These data are limited

by the possible interactions caused by the concurrent exposure to other water contaminants.

The highest NOAEL values and all reliable LOAEL values for developmental effects in each species

and duration category are recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans after oral exposure to chloroform.

Unscheduled DNA synthesis (UDS) in hepatocytes was not increased in rats exposed to chloroform at

gavage doses 400 mg/kg in oil (Mirsalis et al. 1982). Exposure to 200 mg/kg/day chloroform in oil

by gavage for 4 days increased sister chromatid exchange frequency in bone marrow cells of mice

(Morimoto and Koizumi 1983). Other genotoxicity studies are discussed in Section 2.5.
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2.2.2.8 Cancer

Epidemiology studies suggest an association between cancer in humans and the consumption of

chlorinated drinking water, but the results are not conclusive at this time (Alavanja et al. 1978; Cantor

et al. 1978; Ijsselmuiden et al. 1992; McGeehin et al. 1993; Young et al. 1981; Zierler et al. 1988).

Such an association implicates chloroform because chloroform is a known animal carcinogen (see

below) and is the predominant THM in chlorinated drinking water (see Chapter 5); however, it is

important to note that some of the many chemicals produced in the process of water chlorination are

highly mutagenic and/or carcinogenic. Although attempts were made to control for various

demographic variables in all of these studies (e.g., social class, ethnic group, marital status,

occupation, urban or rural, etc.), many confounding effects remained unaccounted for, most notably

the likelihood that numerous chemicals other than chloroform were present in the drinking water, as

stated above. Furthermore, the studies differed regarding the type of cancer associated with

consumption of chlorinated water. Bladder cancer was reported to have the strongest association with

chlorinated water in several studies (Cantor et al. 1978; McGeehin et al. 1993; Zierler et al. 1988), but

only colon cancer had an elevated OR (3.6) in another study (Young et al. 1981). In addition,

Ijsselmuiden et al. (1992) found the use of municipal water to be associated with pancreatic cancer.

All these studies superficially suggest that low-level oral chloroform consumption may increase the

risk of some cancers in humans; however, it is equally important to note that most of these studies had

confounding factors that make it difficult to definitively state that chloroform is the chemical chiefly

responsible for the induction of these specific types of cancer. Confounding factors, such as the

presence of other THMs (i.e., brominated THMs), haloacetic acids, haloacetonitriles, halogenated

aldehydes, ketones and furanones, and chlorine content (both free and total), all of which may vary

widely from one chlorinated drinking-water source to another, may have a large influence on the

incidence of these cancers. In addition, many of these studies did not account for migration and

historical exposures to any THMs, the wide ranges of potential exposure doses, occupational exposures

to other chemicals, and the lack of a direct measurement of chloroform (or other THM) consumption

in the drinking-water source (Cantor et al. 1978; Ijsselmuiden et al. 1992; Young et al. 1981; Zierler et

al. 1988). Overall, the human data are insufficient to support any conclusion regarding the

carcinogenic potential of orally consumed chloroform in humans.

Differing results on the carcinogenic capabilities of chloroform have been demonstrated in laboratory

animals. Chloroform is carcinogenic in laboratory animals after oral exposure in some studies of
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intermediate durations. An increased incidence of hepatomas was observed in mice exposed by

gavage for 30 days to 594 mg/kg/day chloroform in oil, but not in mice exposed to 297 mg/kg/day

(Eschenbrenner and Miller 1945a). An 8-week exposure to 1,800 mg/kg/day chloroform in oil by

gavage did not induce lung tumors in mice (Stoner et al. 1986). Chloroform in corn oil acted as a

promoter rather than an initiator of preneoplastic foci in a rat liver bioassay (Deml and Oesterle 1985).

In addition, no increase in tumors was found in mice exposed to 257 mg/kg/day chloroform in

drinking water for 52 weeks (Klaunig et al. 1986). Interestingly, Reddy et al. (1992) dosed male rats

with 14, 25, 52, and 98 mg/kg/day of chloroform in the drinking water for 12 weeks. The study

conclusively showed that chloroform, at the doses administered and routes studied in the rat, reduced

the number of preneoplastic enzyme-altered foci (gamma-glutamyltranspeptidase-positive and GSH

S-transferase-positive) in the liver of male rats after induction of foci with diethylnitrosamine in a

dose-related fashion. The exact mechanism behind this effect was not determined.

Chloroform was found to be carcinogenic in several chronic animal studies of oral exposure. Renal

tumors (tubular cell adenoma and carcinoma) were observed in male Osborne-Mendel rats after a

78-week exposure to 90 mg/kg/day chloroform by gavage in corn oil (NCI 1976). Dunnick and

Melnick (1993) demonstrated the incidence of liver and kidney tumors in rats and mice dosed by

gavage in corn oil for 5 days a week for 78 weeks. In rats, kidney tubular cell neoplasms did not

occur in controls but were observed at 90 mg/kg/day (4 of 50) and at 180 mg/kg/day (12 of 50) in

males, and at 200 mg/kg/day (2 of 48) in females. In male mice, hepatocellular neoplasms were rarely

seen in controls (1 of 18), but were frequently observed in the 138 mg/kg group (18 of 50) and

277 mg/kg group (44 of 45). In female mice, no hepatocellular neoplasms were recorded in controls

but were observed in the 238 mg/kg group (36 of 45) and 477 mg/kg group (39 of 41). The incidence

of hepatic neoplastic nodules was increased in female Wistar rats chronically exposed to

200 mg/kg/day chloroform in drinking water (Tumasonis et al. 1987). An increased incidence of

tubular cell adenoma and carcinoma was observed in the kidneys of Osborne-Mendel rats chronically

exposed to 160 mg/kg/day chloroform in drinking water but not in those exposed to 81 mg/kg/day

(Jorgenson et al. 1985). The 160 mg/kg/day dose in this study also resulted in decreased water

consumption (taste aversion). In contrast, no increase in the incidence of tumors was observed in

Sprague-Dawley rats exposed by gavage to 60 and 165 mg/kg/day chloroform in toothpaste for 80 and

52 weeks, respectively (Palmer et al. 1979). Hepatocellular carcinoma was observed in all groups of

male B6C3F1 mice exposed to gavage doses 138 mg/kg/day chloroform in oil for 78 weeks (NCI

1976). An increased incidence of kidney tumors was observed in ICI mice chronically exposed to
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60 mg/kg/day chloroform by gavage, but not in those exposed to 17 mg/kg/day (Roe et al. 1979).

Under the same experimental conditions, chloroform exposure had no effect on the frequency of

tumors in C57BL, CBA, and CF-1 mice. Moreover, no increase in tumor incidence was observed in

B6C3Fl mice exposed to 263 mg/kg/day chloroform in drinking water for 2 years (Jorgenson et al.

1985). Cancer was not observed in dogs exposed to 30 mg/kg/day chloroform in toothpaste capsules

for 7.5 years (Heywood et al. 1979). From these data it would appear that the method of dosing (e.g.,

gavage versus drinking water) and the vehicle utilized may influence outcomes in chronic trials. The

CELs (cancer effect levels) are recorded in Table 2-2 and plotted in Figure 2-2. EPA (IRIS 1995)

selected the study by Jorgenson et al. (1985) as the basis for the ql* for oral exposure to chloroform

because administration via drinking water better approximates oral exposure in humans than does

administration in corn oil by gavage as used in the NCI (1976) study. Based on the incidence of renal

tumors in male Osborne-Mendel rats, the q1 * was calculated to be 6.1x10
-3

(mg/kg/day)
-1

. The oral

doses associated with individual lifetime upper-bound risks of 10
-4

 to 10
-7

 are 1.6x10
-2

 to

1.6x10
-5

 mg/kg/day, respectively, and are plotted in Figure 2-2.

2.2.3 Dermal Exposure

2.2.3.1 Death

No studies were located regarding death in humans after dermal exposure to chloroform.

No deaths resulted from dermal exposure of rabbits exposed to doses of up to 3,980 mg/kg chloroform

for 24 hours (Torkelson et al. 1976).

2.2.3.2 Systemic Effects

No studies were located regarding respiratory, cardiovascular, gastrointestinal, hematological,

musculoskeletal, or ocular effects in humans or animals after dermal exposure to chloroform.

Hepatic Effects.  No studies were located regarding hepatic effects in humans after dermal

exposure to chloroform.
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No hepatic effects were observed in rabbits when 3,980 mg/kg chloroform was applied to the

abdominal skin for 24 hours (Torkelson et al. 1976). The NOAEL for hepatic effects is recorded in

Table 2-3.

Renal Effects. No studies were located regarding renal effects in humans after dermal exposure to

chloroform.

Renal degenerative tubular changes were observed in rabbits when 1,000 mg/kg chloroform was

applied to the abdominal skin for 24 hours (Table 2-3) (Torkelson et al. 1976).

Dermal Effects. Completely destroyed stratum corneum was observed in the skin of 2 young

volunteers exposed to chloroform for 15 minutes on 6 consecutive days (Malten et al. 1968). Milder

changes were observed in two older individuals. Chloroform was applied in a glass cylinder (exact

exposure was not specified).

A clinical study of 21 females and 21 males used to determine the efficacy of using aspirin dissolved

in chloroform which was then applied topically to patients infected with herpes zoster and post--

therapeutic neuralgia with painful skin lesions has been reported. When an aspirin/chloroform

combination (approximately 43.3 mg/mL) was applied, the only reported side-effect was an occasional

burning sensation on the skin as the chloroform evaporated from the skin surface; however, the

possible impact on other major body organs (liver, kidney, etc.) was not investigated (King 1993).

Application of 0.01 mL chloroform for 24 hours to the skin of rabbits caused only slight irritation

(Smyth et al. 1962). Skin necrosis was observed in rabbits dermally exposed to 1,000 mg/kg

chloroform for 24 hours (Torkelson et al. 1976). These LOAEL values are recorded in Table 2-3.

Body Weight Effects. No studies were located regarding body weight effects in humans after

dermal exposure to chloroform.

Dermal exposure to 1,000 mg/kg chloroform for 24 hours caused weight loss in rabbits (Table 2-3)

(Torkelson et al. 1976).



Table 2-3. Levels of Significant Exposure to Chloroform - Dermal 

LOAEL 
Exposure/ 

Species/ duration/ System NOAEL Less Serious 
(strain) frequency 

Serious Reference 

ACUTE EXPOSURE 
Systemic 
Rabbit 24 hr 
(New 
Zealand) 

Rabbit 24 hr 
(NS) 

Dermal 

Hepatic 3980 

Renal 
mg/kg 

Dermal 

Bd Wt 

0.01 mL M (slight skin irritation) Smyth et al. 1962 

Torkelson et al. 
1976 

1000 (degenerative tubular 
mg/kg changes) 

1000 (necrosis) 
mg/kg 

1000 (unspecified weight loss) 

mg/kg 

Bd wt = body weight; hr = hour(s); LOAEL = lowest-observed-adverse-effect-level; M = male; NOAEL = no-observed-adverse-effect-level; NS = not specified 
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No credible studies were located regarding the following health effects in humans or animals after

dermal exposure to chloroform:

2.2.3.3 Immunological and Lymphoreticular Effects

2.2.3.4 Neurological Effects

2.2.3.5 Reproductive Effects

2.2.3.6 Developmental Effects

2.2.3.7 Genatoxic Effects

Genotoxicity studies are discussed in Section 2.5.

2.2.3.8 Cancer

No studies were located regarding cancer in humans or animals after dermal exposure to chloroform.

2.3 TOXICOKINETICS

Overview.  Sufficient information exists on the absorption, distribution, metabolism, and excretion

of chloroform, with most information on the pharmacokinetics being derived from animal data.

Generally, chloroform is absorbed easily into the blood from the lungs after inhalation exposures.

Following oral exposure, peak blood levels are achieved within 5-6 minutes, depending on the dosing

vehicle and dosing frequency used. The chemical properties of chloroform also permit percutaneous

absorption without difficulty. After absorption, chloroform has been reported to distribute to adipose

tissues, brain, liver, kidneys, blood, adrenals, and embryonic neural tissues. Higher levels of

chloroform can be found in the renal cortex of male animals than in female animals, a finding

apparently mediated by the presence of testosterone. Approximately 50% of a dose of chloroform is

eventually metabolized to carbon dioxide in humans; however, an intermediate toxic metabolite,

phosgene, is formed in the process in the liver. Chloroform undergoes metabolism primarily in the

liver and may undergo covalent binding to both lipid and microsomal protein. Chloroform is excreted

from the body either unchanged by pulmonary desorption or in the form of carbon dioxide, with small

amounts of either detectable in the urine and feces.
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2.3.1 Absorption

2.3.1.1 Inhalation Exposure

Chloroform absorption depends on the concentration in inhaled air, the duration of exposure, the

blood/air partition coefficient, the solubility in various tissues, and the state of physical activity which

influences the ventilation rate and cardiac output. Pulmonary absorption of chloroform is also

influenced by total body weight and total fat content, with uptake and storage in adipose tissue

increasing with excess body weight and obesity.

In inhalation exposures, the arterial blood concentration of chloroform is directly proportional to the

concentration in inhaled air. At anesthetic concentrations (8,000-10,000 ppm), steady-state arterial

blood concentrations of chloroform were 7-16.2 mg/mL (Smith et al. 1973). Total body equilibrium

with inspired chloroform concentration required at least two hours in normal humans at resting

ventilation and cardiac output (Smith et al. 1973).

The amount of chloroform absorbed and exhaled from the body in alveolar air from male and female

swimmers in indoor swimming pools in Italy was measured by Aggazzotti et al. (1993). Alveolar air

samples were collected from both swimmers and observers present in indoor chlorinated swimming

pools. Of all the nonexposed subjects, 47% had chloroform concentrations below the detection limit

of the assay, and the remainder of this control group had low concentrations (75.39 nmol/m
3
) of

chloroform present in their alveolar air. Median alveolar chloroform concentrations for persons

exposed to the indoor swimming pools (swimmers and observers), were significantly higher than those

of nonexposed subjects (median=695.02 nmol/m
3
). No differences were found between males and

females in any exposure group.

Cammann and Huebner (1995) attempted to correlate chloroform exposure with blood and urine

chloroform concentrations in persons using indoor swimming pools. Water and air samples were

collected from three swimming pools in Germany, with blood and urine samples collected from

attendants, normal swimmers, and agonistic swimmers before and after environmental exposure. Pool

water chloroform levels ranged from 3.04 to 27.8 g/L, while air concentrations ranged from 7.77 to

191 ug/m3. In general, blood chloroform levels increased with exposure. Blood levels were lowest in

attendants (0.13-2.45 g/L), followed by normal swimmers (0.56-l.65 g/L) and agonistic swimmers
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(1.14-5.23 g/L). Based upon the differences seen in the two swimming groups, the authors

concluded that increased physical activity leads to increased absorption and/or ingestion of chloroform.

In a similar study, Levesque et al. (1994) attempted to quantitate the body burden of chloroform

following exposure in an indoor pool. Scuba divers were exposed to chloroform-laden water and air

on each of seven days. On each exposure day, the subjects exercised for a 55-minute period; alveolar

air samples were collected before exercise and after 35 or 55 minutes of exercise. Pre-exercise

alveolar levels of chloroform averaged 52.6 ppb; this was attributed to air contamination in the locker

room. Alveolar air concentrations of chloroform after 35 and 55 minutes of exercise increased steadily

through day 5, averaging 100-950 and 104-1,093 ppb, respectively. On day 6, when scuba gear was

worn by the subjects, alveolar air concentrations after 35 and 55 minutes of exercise were 196 and

209 ppb, respectively. The authors concluded from this data that the average proportion of body

burden due to inhalation after 35 and 55 minutes exercise was 76 and 78%, respectively.

Nashelsky et al. (1995) described one non-fatal assault and three deaths-in which chloroform was

utilized. Blood and/or tissue concentrations of chloroform were determined in the assault victim and

one decedent within 24 hours, within 10 days in another decedent who was frozen for the majority of

that period, and after 5 months without preservation in the last decedent. Blood concentrations in

2 decedents were 2 and 3 g/mL; fat concentrations were 10 and 42 g/mL; brain concentrations were

3 and 46 g/mL; and the liver concentration in one decedent was 24 g/mL. Due to the nature of the

tissues analyzed, these data should be regarded as qualitative indicators of chloroform absorption only.

No studies were located regarding absorption in animals after inhalation exposure to chloroform.

Evidence that chloroform is absorbed after inhalation exposure is provided in toxicity studies (see

Section 2.2.1), but the rate and extent cannot be determined from the toxicity data.

2.3.1.2 Oral Exposure

In one case report, a 33-year-old female (weight not reported) injected herself intravenously with

0.5 mL of chloroform and became unconscious. She awoke approximately 12 hours later and drank

another 120 mL of chloroform. Plasma chloroform levels were determined 18 hours after ingestion by

gas chromatography (GC) and showed a blood chloroform level of 0.66 mg/dL. Subsequent serum
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samples were analyzed for chloroform content and were reported to have been less than this level,

steadily declining over time (Rao et al. 1993).

Absorption of an oral dose of 
13

C-labeled chloroform (0.5 grams in a gelatin capsule) was rapid in

volunteers, reaching peak blood levels in 1 hour (Fry et al. 1972). Almost 100% of the dose was

absorbed from the gastrointestinal tract.

Experiments in mice, rats, and monkeys indicate that oral doses (60 mg/kg) of 
14

C-labeled chloroform

in olive oil were almost completely absorbed as indicated by a 80-96% recovery of radioactivity in

expired air, urine, and carcass (Brown et al. 1974a; Taylor et al. 1974). Absorption in mice and

monkeys was rapid; the peak blood levels were reached 1 hour after oral administration of 60 mg/kg

chloroform in olive oil.

Intestinal absorption of chloroform in either water or corn oil administered intragastrically to rats was

rapid with both vehicles, but the rate and extent of absorption varied greatly (Withey et al. 1983). The

peak concentration of chloroform in blood was 39.3 g/mL when administered in water and 5.9 g/mL

when administered in corn oil. The greater degree of absorption following administration in water can

be explained by the faster partitioning of a lipophilic compound such as chloroform with mucosal

lipids from an aqueous vehicle. Peak blood concentrations were reached somewhat more rapidly with

the water vehicle (5.6 minutes as opposed to 6 minutes for corn oil). The uptake from a corn oil

solution was more complex (pulsed) than from aqueous solution. A possible explanation for this

behavior is that the chloroform in corn oil was broken up into immiscible globules, some of which did

not come into contact with the gastric mucosa. Another possible explanation was that intragastric

motility may have separated the doses into aliquots that were differentially absorbed from the

gastrointestinal tract. In a similar study, Pereira (1994) investigated the uptake and protein binding of

chloroform in the liver and kidney in female B6C3F1 mice. Animals received single doses of

chloroform by gavage in either water or corn oil. Uptake of chloroform from water into the liver

peaked in 1.5 minutes, and hepatic uptake during the first 20 minutes exceeded that of chloroform

delivered in oil. During the first 20 minutes after dosing, binding of chloroform to macromolecules in

the liver was greater when water vehicle was utilized; beyond 20 minutes, the amount of binding was

equivalent between the 2 vehicle groups. Renal uptake of chloroform from water exceeded uptake of

chloroform from oil over the entire 4-hour period. The extent of binding to macromolecules in
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kidneys was consistently greater in the group given chloroform in water. Differences in chloroform

toxicity based on the vehicle have also been recently reported elsewhere (Larson et al. 1994b, 1995a)

2.3.1.3 Dermal Exposure

A limited number of experimental studies were located regarding dermal absorption of chloroform in

humans. Levesque et al. (1994) attempted to quantitate the body burden of chloroform following

dermal and inhalation exposure in an indoor swimming pool. Male scuba divers were exposed to

chloroform-laden water and air on each of seven days. On each exposure day the subjects exercised

for a 55-minute period. On day 6 of the experiment, subjects wore scuba gear so as to determine the

percentage body burden due to dermal exposure. On day 6, when scuba gear was worn by the

subjects, alveolar air concentrations after 35 and 55 minutes of exercise were 196 and 209 ppb,

respectively. From this data it would appear that the average proportion of body burden due to dermal

exposure after 35 and 55 minutes exercise was 24 and 22%, respectively.

Cammann and Huebner (1995) attempted to correlate chloroform exposure with blood and urine

chloroform concentrations in persons using indoor swimming pools. Water and air samples were

collected from three pools in Germany, and blood and urine samples were collected from attendants,

normal swimmers and agonistic swimmers before and after exposure. Pool water chloroform levels

ranged from 3.04 to 27.8 g/L, while air concentrations ranged from 7.77 to 191 g/m
3
. Blood

chloroform levels generally increased with higher chloroform exposure levels. Blood levels were

lowest in attendants (0.13-2.45 g/L), followed by normal swimmers (0.56-1.65 g/L) and agonistic

swimmers (1.14-5.23 g/L). Based upon the differences seen in the two swimming groups, the

authors concluded that increased physical activity leads to increased absorption and/or ingestion. With

the exception of the inclusion of attendants, the authors did not attempt to differentiate between

inhalation and dermal absorption of chloroform. However, the increased blood concentrations seen in

the swimmers seems to indicate that dermal absorption did indeed occur

Dick et al. (1995) examined the absorption of chloroform through human skin in vivo using volunteers

and in vitro using fresh, excised abdominal skin. In the in vivo study, the ventral forearm skin of four

male volunteers was dosed with a solution of chloroform in either water or ethanol. The solution

remained on the skin for eight hours. When administered in water, the total absorbed dose was 8.2%.

In contrast, the total absorbed dose was only 1.68% when chloroform was administered in ethanol. In
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the in vitro study, two doses were applied to the skin and remained there for four hours. At study

termination, the percentages of the low and high doses of chloroform absorbed were 5.6 and 7.1%,

respectively.

According to dermal absorption studies with solvents other than chloroform, the absorption of such

solvents in guinea pigs is more rapid than the metabolism or pulmonary excretion (Jakobson et al.

1982). A dermal absorption rate of 329 nmol/minute/cm
2
( 60 nmol/minute/cm

2
) was calculated for

the shaved abdominal skin of mice (Tsuruta 1975). This is equivalent to a human absorption rate of

29.7 mg/minute, assuming that a pair of hands are immersed in liquid chloroform (Tsuruta 1975).

However, this calculation was based on the assumptions that the rate of chloroform penetration is

uniform for all kinds of skin and that the total surface area of a pair of human hands is 800 cm
2
; the

former assumption is especially dubious. Islam et al. (1995) investigated the fate of topically applied

chloroform in male hairless rats. For exposures under 4 minutes, chloroform-laden water was applied

to shaved back skin; for exposures of 4-30 minutes, rats were submerged in baths containing

chloroform-laden water. Selected skin areas were tape-stripped a various number of times after

various delay periods. It appeared that there was an incremental build-up of chloroform in the skin

over the first four minutes. When compared to uptake measured by bath concentration differences,

approximately 88% of lost chloroform was not accounted for in the stratum corneum and was assumed

to be systemically absorbed.

2.3.2 Distribution

2.3.2.1 Inhalation Exposure

Chloroform is lipid soluble and readily passes through cell membranes, causing narcosis at high

concentrations. Blood chloroform concentrations during anesthesia (presumed concentrations

8,000-10,000 ppm) were 7-16.2 mg/mL in 10 patients (Smith et al. 1973). An arterial chloroform

concentration of 0.24 mg/mL during anesthesia corresponded to the following partition coefficients:

blood/gas, 8; blood/vessel rich compartment, 1.9; blood/muscle compartment, 1.9; blood/fat

compartment, 31; blood/vessel poor compartment, 1; and blood/liver, 2 (Feingold and Holaday 1977).

Recently, partition coefficients were calculated for humans based on results in mice and rats, and in

human tissues in vitro: blood/air, 7.4; liver/air, 17; kidney/air, 11; and fat/air, 280 (Corley et al.

1990).
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The chloroform levels in 7 patients who died after excessive administration during anesthesia were:

brain, 372-480 mg/kg; lungs, 355-485 mg/kg; and liver, 190-275 mg/kg (Gettler and Blume 1931).

The chloroform levels in patients under anesthesia who died from other causes were: brain,

120-182 mg/kg; lungs, 92-145 mg/kg; and liver, 65-88 mg/kg tissue wet weight. Nashelsky et al.

(1995) describe one nonfatal assault and three deaths in which chloroform was utilized. Blood and/or

tissue concentrations of chloroform were determined in the assault victim and one decedent within

24 hours, within 10 days in another decedent who was frozen for the majority of that period, and after

5 months without preservation in the last decedent. Blood concentrations in 2 decedents were 2 and

3 g/mL; fat concentrations were 10 and 42 g/mL; brain concentrations were 3 and 46 g/mL; and

the liver concentration in one decedent was 24 g/mL.

After whole-body autoradiography to study the distribution of 
14

C-labeled chloroform in mice, most of

the radioactivity was found in fat immediately after exposure, while the concentration of radioactivity

in the liver increased during the postanesthetic period, most likely due to covalent binding to lipid and

protein in the liver (Cohen and Hood 1969). Partition coefficients (tissue/air) for mice and rats were

21.3 and 20.8 for blood; 19.1 and 21.1 for liver; 11 and 11 for kidney; and 242 and 203 for fat,

respectively (Corley et al. 1990). Arterial levels of chloroform in mongrel dogs reached

0.35-0.40 mg/mL by the time animals were in deep anesthesia (Chenoweth et al. 1962). Chloroform

concentrations in the inhaled stream were not measured, however. After 2.5 hours of deep anesthesia,

there were 392 mg/kg chloroform in brain tissue, 1,305 mg/kg in adrenals, 2,820 mg/kg in omental fat,

and 290 mg/kg in the liver.

Radioactivity from 
14

C-labeled chloroform was detected in the placenta and fetuses of mice shortly

after inhalation exposure (Danielsson et al. 1986). In early gestation, accumulation of radioactivity

was observed in the embryonic neural tissues, while the respiratory epithelium was more involved in

chloroform metabolism in the late fetal period.

Due to its lipophilic character, chloroform accumulates to a greater extent in tissues of high lipid

content. As shown by the results presented above, the relative concentrations of chloroform in various

tissues decreased as follows: adipose tissue > brain > liver > kidney > blood.
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2.3.2.2 Oral Exposure

No studies were located regarding distribution in humans after oral exposure to chloroform.

High concentrations of radioactivity were observed in body fat and livers of rats, mice, and squirrel

monkeys given oral doses of 60 mg/kg 
14

C-labeled chloroform (Brown et al. 1974a). The maximum

levels of radioactivity in the blood appeared within 1 hour and were 3 g equivalents chloroform/ml

for mice and 10 g equivalents chloroform/ml for monkeys, which represented 0.35 and l%,

respectively, of the total radioactivity. In monkeys, bile concentrations peaked within 6 hours. The

distribution of radioactively labeled chloroform was studied in three strains of mice (Taylor et al.

1974). No strain-related differences were observed; however, higher levels of radioactivity were found

in the renal cortex of males and in the liver of females. The renal binding of radioactive metabolites

may have been altered by variations in the testosterone levels as a result of hormonal pretreatment in

females or castration in males. Sex-linked differences in chloroform distribution were not observed in

rats or monkeys (Brown et al. 1974a). Chloroform accumulates in the adipose tissue of rats after oral

exposure of intermediate duration (Pfaffenberger et al. 1980).

2.3.2.3 Dermal Exposure

A limited number of studies were located regarding distribution in humans or animals after dermal

exposure to chloroform.

Dick et al. (1995) examined the absorption of chloroform through human skin in vivo using volunteers

and in vitro using fresh, excised abdominal skin. In the in vivo study, the ventral forearm skin of four

male volunteers was dosed with a solution of chloroform in either water or ethanol. The solution

remained on the skin for eight hours. When administered in water, urinary excretion was 0.42%,

while excretion from the lungs over the first 48 hours postexposure averaged 7.8%. Tape-stripping

data indicated that only 0.01% of the dose remained in the skin after 3 days. When chloroform was

administered in ethanol, urinary excretion was 0.07% while excretion from the lungs over the first

48 hours postexposure averaged 0.83%. Tape-stripping data indicated that the percentage of the dose

remaining in the skin after three days was non detectable. In the in vitro study, two doses were

applied to the skin and remained there for four hours. At study termination, the majority of the
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absorbed dose was found in the perfusate (7.0%), with only minor amounts remaining in the skin

(0.14%).

Islam et al. (1995) investigated the fate of topically applied chloroform in male hairless rats. For

exposures under 4 minutes, chloroform-laden water was applied to shaved back skin; for exposures of

4-30 minutes, rats were submerged in baths containing chloroform-laden water. Selected skin areas

were tape-stripped a various number of times after various delay periods. The authors found that the

accumulated amount of chloroform declined rapidly with depth of stratum corneum. As the time of

exposure decreased, smaller amounts of chloroform were found in the deeper layers of stratum

comeum; by five minutes postexposure, the amount of chloroform at the first tape strip (skin surface)

dropped to negligible levels. It appeared that there was an incremental build-up of chloroform in the

skin over the first four minutes. When compared to uptake measured by bath concentration

differences, approximately 88% of the chloroform dose was not accounted for in the stratum comeum

and was assumed to be systemically absorbed.

2.3.3 Metabolism

The metabolism of chloroform is well understood. Approximately 50% of an oral dose of 0.5 grams

of chloroform was metabolized to carbon dioxide in humans (Fry et al. 1972). Metabolism was dose-

dependent, decreasing with higher exposure. A first-pass effect was observed after oral exposure

(Chiou 1975). Approximately 38% of the dose was converted in the liver, and 17% was exhaled

unchanged from the lungs before reaching the systemic circulation. On the basis of pharmacokinetic

results obtained in rats and mice exposed to chloroform by inhalation, and of enzymatic studies in

human tissues in vitro, in vivo metabolic rate constants (VmaxC = 15.7 mg/hour/kg, Km =

0.448 mg/L) were defined for humans (Corley et al. 1990). The metabolic activation of chloroform to

its toxic intermediate, phosgene, was slower in humans than in rodents.

Metabolic pathways of chloroform biotransformation are shown in Figure 2-3. Metabolism studies

indicated that chloroform was, in part, exhaled from the lungs or was converted by oxidative

dehydrochlorination of its carbon-hydrogen bond to form phosgene (Pohl et al. 1981; Stevens and

Anders 1981). This reaction was mediated by cytochrome P-450 and was observed in the liver and

kidneys (Ade et al. 1994; Branchflower et al. 1984; Smith et al. 1984). In renal cortex microsomes of
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DBA/2J mice, the majority of chloroform metabolism was oxidative under ambient oxygen conditions,

while anoxic conditions resulted in reductive metabolism (Ade et al. 1994). Phosgene may react with

two molecules of GSH to form diglutathionyl dithiocarbonate, which is further metabolized in the

kidneys, or it may react with other cellular elements and induce cytotoxicity (Pohl and Gillette 1984).

In vitro studies indicate that phosgene and other reactive chloroform metabolites bind to lipids and

proteins of the endoplasmic reticulum proximate to the cytochrome P-450 (Sipes et al. 1977; Wolf et

al. 1977). The metabolism of chloroform to reactive metabolites occurs not only in microsomes but

also in nuclear preparations (Gomez and Castro 1980). Covalent binding of chloroform to lipids can

occur under anaerobic and aerobic conditions, while binding to the protein occurs only under aerobic

conditions (Testai et al. 1987). It was further demonstrated that chloroform can induce lipid

peroxidation and inactivation of cytochrome P-450 in rat liver microsomes under anaerobic conditions

(De Groot and No11 1989). Covalent binding of chloroform metabolites to microsomal protein in vitro

was intensified by microsomal enzyme inducers and prevented by GSH (Brown et al. 1974b). It was

proposed that the reaction of chloroform metabolites with GSH may act as a detoxifying mechanism.

When GSH is depleted, however, the metabolites react with microsomal protein, and may cause

necrosis. This is supported by observations that chloroform doses that caused liver GSH depletion

produced liver necrosis (Docks and Krishna 1976). In fasted animals, chloroform has been found to

be more hepatotoxic (Brown et al. 1974b; Docks and Krishna 1976) even though animals were found

to have lower blood chloroform concentrations (Wang et al. 1995); this phenomenon would apparently

be explained by a decreased GSH content and resultant inability to bind toxic metabolites. This may

explain the clinical finding of severe acute hepatotoxicity in women exposed to chloroform via

anesthesia during prolonged parturition. Evidence that chloroform is metabolized at its carbonhydrogen

bond is provided by experiments using the deuterated derivative of chloroform

(Branchflower et al. 1984; McCarty et al. 1979; Pohl et al. 1980a). Deuterated chloroform was onehalf

to one-third as cytotoxic as chloroform, and its conversion to phosgene was much slower. The

results confirmed that the toxicity of chloroform is primarily due to its metabolites.

A recent in vitro study of mice hepatic microsomes indicated that a reductive pathway may also play

an important role in chloroform hepatotoxicity (Testai et al. 1990). It was demonstrated that radical

chloroform metabolites bind to macromolecules (proteins, lipids) and the process can be inhibited by

reduced GSH.
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The final product of the aerobic metabolic pathway of chloroform is carbon dioxide (Brown et al.

1974a; Fry et al. 1972). This carbon dioxide is mostly eliminated through the lungs, but some is

incorporated into endogenous metabolites and excreted as bicarbonate, urea, methionine, and other

amino acids (Brown et al. 1974a). Chloride ions are an end product of chloroform metabolism found

in the urine (Van Dyke et al. 1964). Carbon monoxide was a minor product of the anaerobic

metabolism of chloroform in vitro (Ahmed et al. 1977) and in vivo in rats (Anders et al. 1978).

A sex-related difference in chloroform metabolism was observed in mice (Taylor et al. 1974).

Chloroform accumulated and metabolized in the renal cortex of males to a greater extent than in

females, while liver chloroform concentrations were greater in females than in males; the results may

have been influenced by testosterone levels. This effect was not observed in any other species and

may explain why male mice were more susceptible to the lethal and renal effects of chloroform than

were females (Deringer et al. 1953).

Wang et al. (1994) found that, in male Wistar rats, pretreatment with ethanol increased chloroform

metabolism about I S-fold but did not affect hepatic microsomal protein of cytochrome P-450 content.

In addition, intraperitoneal administration of chloroform resulted in greater blood concentrations, peak

values, and area of the curves (AUCs), as compared to oral administration. AUCs in rats administered

chloroform orally ranged from 0.34 to 6.45 versus 0.58 to 8.78 in rats administered chloroform

intraperitoneally. The authors concluded that differences between route groups in hepatotoxicity were

due to differences in the proportion of dose exposed to first-pass metabolism. Since oral dosing

results in the greatest first-pass exposure, this route resulted in the greatest hepatotoxicity. The degree

of hepatic exposure also influenced the enhancing effect of ethanol; the group receiving chloroform

orally was affected the most by ethanol pretreatment. The authors also concluded that intraperitoneal

exposure produced data which most like that of inhalation exposure, presumably due to the smaller

proportion of dose going through first-pass metabolism.

Interspecies differences in the rate of chloroform conversion were observed in mice, rats, and squirrel

monkeys, with species differences in metabolism being highly dose-dependant. The conversion of

chloroform to carbon dioxide was highest in mice (80%) and lowest in squirrel monkeys (18%)

(Brown et al. 1974a). Similarly, chloroform metabolism was calculated to be slower in humans than

in rodents. Therefore, it was estimated that the exposure to equivalent concentrations of chloroform

would lead to a much lower delivered dose in humans (Corley et al. 1990).
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A study by Gearhart et al. (1993) was conducted to determine the interactions of chloroform exposure

with body temperature, gas uptake, and tissue solubility in mice as possible explanations for the

difficulty in fitting a physiologically based pharmacokinetic/pharmacodynamic (PBPK) model to

chloroform gas-uptake data to derive in vivo metabolic constants. Male mice were exposed to air

concentrations of 100, 800, 2,000, or 5,500 ppm chloroform for 6 hours and their core body

temperatures monitored frequently over the exposure period. After exposure, blood, liver, thigh

muscle, and fat tissues were removed for tissue/air and tissue/blood partition coefficient analysis at

3 temperatures (25, 31, and 37 °C). For all tissues, tissue/air partition coefficients exhibited

temperature-dependent decreases with increasing temperature. The rate of decrease was greatest for

the blood/air partition coefficient. Average body temperatures for each exposure group decreased as

the exposure concentrations increased. Temperature dependent decreases in core body temperature

were hypothesized to decrease overall metabolism of chloroform in mice. The data collected were also

used to develop a PBPK model for chloroform disposition.

2.3.4 Elimination and Excretion

2.3.4.1 Inhalation Exposure

Chloroform was detected in the exhaled air of volunteers exposed to a normal environment, to heavy

automobile traffic, or to air in a dry cleaning establishment (Gordon et al. 1988). Higher chloroform

levels in the breath corresponded to higher exposure levels. The calculated biological half-time for

chloroform was 7.9 hours.

Excretion of radioactivity in mice and rats was monitored for 48 hours following exposure to

14
C-labeled chloroform (Corley et al. 1990). In general, 92-99% of the total radioactivity was

recovered in mice, and 58-98% was recovered in rats; percentage of recovery decreased with

increasing exposure. With increasing concentration, mice exhaled 80-85% of the total radioactivity

recovered as 
l4

C-labeled carbon dioxide, 0.4-8% as
14

C-labeled chloroform, and 8-l1 and 0.6-1.4%

as urinary and fecal metabolites, respectively. Rats exhaled 48-85% of the total radioactivity as

14
C-labeled carbon dioxide, 2-42% as 

14
C-labeled chloroform, and 8-l 1 and 0.1-0.6% in the urine

and feces, respectively. A 4-fold increase in exposure concentration was followed by a 50- and

20-fold increase in the amount of exhaled, unmetabolized chloroform in mice and rats, respectively.
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2.3.4.2 Oral Exposure

Following a single, oral exposure, most of the 0.5 grams of radioactively labeled chloroform

administered to volunteers was exhaled during the first 8 hours after exposure (Fry et al. 1972). A

slower rate of pulmonary excretion was observed during the first eight hours in volunteers who had

more adipose tissue than the other volunteers. Up to 68.3% of the dose was excreted unchanged, and

up to 50.6% was excreted as carbon dioxide. A positive correlation was made between pulmonary

excretion and blood concentration. Less than 1% of the radioactivity was detected in the urine.

Approximately 80% of a single dose of 60 mg/kg 
14

C-labeled chloroform was converted within

24 hours to 
l4

C-labeled carbon dioxide in mice (Brown et al. 1974a; Taylor et al. 1974), while only

66% of the dose was converted to 
14

C-labeled carbon dioxide in rats (Brown et al. 1974a).

Eight hours after administration of 100-150 mg/kg of 
14

C-labeled chloroform, 49.6 and 6.5% of

radioactivity was converted to carbon dioxide, 26.1 and 64.8% was expired as unmetabolized parent

compound, and 4.9 and 3.6% was detected in the urine in mice and rats, respectively (Mink et al.

1986). These results indicate that mice metabolize high doses of chloroform to a greater degree than

rats do. Only 18% of a chloroform dose was metabolized to 
14

C-labeled carbon dioxide in monkeys,

and 79% was detected as unchanged parent compound or toluene soluble metabolites (Brown et al.

1974a). Within 48 hours after exposure, 2, 8, and 3% of the administered radioactivity was detected

in the urine and feces of monkeys, rats, and mice, respectively.

2.3.4.3 Dermal Exposure

One study was located regarding excretion in humans after dermal exposure to chloroform. Dick et al.

(1995) examined the fate of chloroform applied to human skin in vivo using volunteers and in vitro

using fresh, excised abdominal skin. In the in vivo study, the ventral forearm skin of four male

volunteers was dosed with a solution of chloroform in either water or ethanol. The solution remained

on the skin for eight hours. When administered in water, urinary excretion was 0.42%, while

excretion from the lungs over the first 48 hours postexposure averaged 7.8%. Tape-stripping data

indicated that only 0.01% of the dose remained in the skin after three days. When chloroform was

administered in ethanol, urinary excretion was 0.07% while excretion from the lungs over the first

48 hours postexposure averaged 0.83%. Tape-stripping data indicated that the percentage of the dose

remaining in the skin after three days was non detectable. In the in vitro study, two doses were
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applied to the skin and remained there for four hours. At study termination, the majority of the

absorbed dose was found in the perfusate (7%), with only minor amounts remaining in the skin

(0.14%).

No animal studies were located regarding the excretion of chloroform after dermal exposure to

chloroform.

2.3.5 Physiologically Based Pharmacokinetic (PBPK)/Pharmacodynamic (PD) Models

Physiologically based pharmacokinetic (PBPK) models use mathematical descriptions of the uptake

and disposition of chemical substances to quantitatively describe the relationships among critical

biological processes (Krishnan et al. 1994). PBPK models are also called biologically based tissue

dosimetry models. PBPK models are increasingly used in risk assessments, primarily to predict the

concentration of potentially toxic moieties of a chemical that will be delivered to any given target

tissue following various combinations of route, dose level, and test species (Clewell and Andersen

1985). Physiologically based pharmacodynamic (PBPD) models use mathematical descriptions of the

dose-response function to quantitatively describe the relationship between target tissue dose and toxic

end points.

PBPK/PD models refine our understanding of complex quantitative dose behaviors by helping to

delineate and characterize the relationships between: (1) the external/exposure concentration and target

tissue dose of the toxic moiety, and (2) the target tissue dose and observed responses (Andersen et al.

1987; Andersen and Krishnan 1994). These models are biologically and mechanistically based and

can be used to extrapolate the pharmacokinetic behavior of chemical substances from high to low

dose, from route to route, between species, and between subpopulations within a species. The

biological basis of PBPK models results in more meaningful extrapolations than those generated with

the more conventional use of uncertainty factors.

The PBPK model for a chemical substance is developed in four interconnected steps: model

representation, model parameterization, model simulation, and (4) model validation (Krishnan and

Andersen 1994). In the early 1990s, validated PBPK models were developed for a number of

toxicologically important chemical substances, both volatile and nonvolatile (Krishnan and Andersen

1994; Leung 1993). PBPK models for a particular chemical substance require estimates of the
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chemical substance-specific physicochemical parameters, and species-specific physiological and

biological parameters. The numerical estimates of these model parameters are incorporated within a

set of differential and algebraic equations that describe the pharmacokinetic processes. Solving these

differential and algebraic equations provides the predictions of tissue dose. Computers then provide

process simulations based on these solutions.

The structure and mathematical expressions used in PBPK models significantly simplify the true.

complexities of biological systems. This simplification, however, is desirable if the uptake and

disposition of the chemical substance(s) is adequately described because data are often unavailable for

many biological processes and using a simplified scheme reduces the magnitude of cumulative

uncertainty. The adequacy of the model is therefore of great importance and thus model validation

must be critically considered.

PBPK models improve the pharmacokinetic extrapolation aspects of the risk assessment process, which

seeks to identify the maximal (i.e., safe) levels for human exposure to chemical substances (Andersen

and Krishnan 1994). PBPK models provide a scientifically sound means to predict the target tissue

dose of chemicals in humans who are exposed to environmental levels (for example, levels that might

occur at hazardous waste sites) based upon the results of studies where doses were higher or were

administered in different species. Figure 2-4 shows a conceptualized representation of a PBPK model.

If  PBPK models for chloroform exist, the overall results and individual models are discussed in this

section in terms of their use in risk assessment, tissue dosimetry, and dose, route, and species

extrapolations.

2.3.5.1 Summary of PBPK/PD Models

Several rodent and human models have been used to predict the absorption (oral, inhalation, and

dermal) from water and air, distribution, metabolism, and excretion of chloroform.

In a PBPK model that used simulations with mice, rats, and humans (Corley et al. 1990), the tissue

delivered dose from equivalent concentrations of chloroform was highest in the mouse, followed by

rats and then humans. The authors suggest that this behavior is predicted by the model because of the

lower relative rates of metabolism, ventilation, and cardiac output (per kg of body weight) in the
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larger species. Assuming that equivalent target doses produce equivalent toxicities in target tissues,

the relative sensitivities of the three species used in the study (mouse > rat > human) predicted by the

model under identical exposure conditions are quite different from the relative sensitivity to

chloroform assumed by the “uncertainty factor.”

In a PBPK/PD model based closely on the Corley model, Reitz et al. (1990) described a

pharmacodynamic end point (cytotoxicity) in the livers of chloroform-exposed animals produced by

phosgene, the reactive metabolite of chloroform.

In gas-uptake experiments, Gearhart et al. (1993) demonstrated a dose-dependent decrease in core body

temperature with increased inhaled concentrations of chloroform. The decrease in body temperature

could account for decreased in vivo chloroform metabolism, partition coefficients, pulmonary

ventilation, and cardiac output rates in mice.

Chinery and Gleason (1993) used a shower model for chloroform-contaminated water to predict breath

concentration (as a quantifiable function of tissue dose) and actual absorbed dose from a measured

water supply concentration following exposure while showering. The model ’ s predictions

demonstrated that dose information based only on dermal absorption (without considering an inhalation

component) may underestimate actual dose to target organs in dosimetric assessment for chloroform in

water supplies during shower. The model also predicted a steady-state stratum corneum permeability

of chloroform in human skin in the range of 0.16-3.6 cm/hour with the most likely value being

0.2 cm/hour. The authors suggest that the results predicted by this model could be used to estimate

household exposures to chloroform or other exposures which include dermal absorption.

McKone (1993) demonstrated that chloroform in shower water had an average effective dermal

permeability between 0.16 and 0.42 cm/hour for a 10-minute shower. The model predicted that the

ratio of chloroform dermally absorbed in the shower (relative to chloroform-contaminated water

concentration) ranged between 0.25 and 0.66 mg per mg/L. In addition, the McKone model

demonstrated that chloroform metabolism by the liver was not linear across all dermal/inhalation

exposure concentrations and became nonlinear at higher (60-100 mg/L) dose concentrations.
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2.3.5.2 Chloroform PBPK Model Comparison

Five chloroform PBPK models that describe the disposition of chloroform in animals and humans have

been identified from the recent open literature (early 1980s-1994). Based on the information

presented in these five models, there appears to be sufficient evidence to suggest that PBPK models

for chloroform are fairly refined and have a strong potential for use in human risk assessments. The

PBPK model developed by Corley et al. (1990) has provided a basic model for the fate of chloroform

in humans and laboratory animals. Using this model as a template, other more sophisticated and

refined models have been developed that can be used in human risk assessment work. The models of

Corley et al. (1990) and Reitz et al. (1990) have described several aspects of chloroform metabolism

and disposition in laboratory animals and humans; however, they do not address the dermal routes of

exposure. The models of McKone (1993) and Chinery and Gleason (1993) address both the inhalation

and dermal exposure routes in humans the Chinery and Gleason model uses a 3-compartment skin

component which may more accurately reflect the flux of chloroform through the skin after dermal

only or dermal plus inhalation exposure scenarios, while the McKone model uses a single

compartment within the skin to describe chloroform flux. Further discussion of each model and its

application in human risk assessments is presented below.

2.3.5.3 Discussion of Chloroform Models

The Corley Model

The Corley model (Corley et al. 1990) was the first chloroform PBPK model to describe and

ultimately predict the fate of chloroform in several species (including humans) under a variety of

exposure conditions. Many subsequent PBPK models for chloroform (Chinery and Gleason 1993;

McKone 1993) are based on the Corley model. The Corley model has been used for cancer risk

assessment (Reitz et al. 1990).

Risk Assessment. This model successfully described the disposition of chloroform in rats, mice

and humans following various exposure scenarios and developed dose surrogates more closely related

to toxicity response. With regard to target tissue dosimetry, the Corley model predicts the relative

order of susceptibility to chloroform toxicity consequent to binding to macromolecules (MMB) to be

mouse > rat > human. Linking the pharmacokinetic parameters of this model to the pharmacodynamic
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cancer model of Reitz et al. (1990) provides a biologically based risk assessment model for

chloroform.

Description of the Model. The Corley chloroform PBPK model was based on an earlier PBPK

model developed by Ramsey and Andersen (1984) to describe the disposition of styrene exposure in

rats, mice, and humans. A schematic representation of the Corley model (taken from Corley et al.

1990) is shown in Figure 2-5 with oral, inhalation, and intraperitoneal routes represented. The dermal

route of exposure is not represented in this model; however, others have modified the Corley model to

include this route of exposure (see below). Liver and kidney are represented as separate compartments

since both are target organs for chloroform.

The physiologic, biochemical constants and partition coefficients required for the model are shown in

Table 2-4. Physiologic constants (organ weight, blood flows, etc) were similar to those used by

Andersen et al. (1987) or were taken from other literature sources. Tissue and blood partition

coefficients were determined in tissues by vial equilibration techniques in the rat and human, with

extrapolated values used for the mouse. All metabolism of chloroform was assumed to occur only in

the liver and kidneys through a single metabolic pathway (mixed function oxidase) that followed

simple Michaelis-Menten kinetic parameters. Metabolic rate constants were obtained from the gasuptake

experiments. Human metabolic rate constants were obtained from in vitro human microsomal

fractions of liver and kidney samples using 
14C

CHCL3  as the substrate. Binding of chloroform

metabolites (phosgene) to MMBs was assumed to occur in bioactivating tissues (liver and kidney) in a

non-enzymatic, nonspecific, and dose-independent fashion. Macromolecular binding constants for the

liver and kidney were estimated from in vivo MMB data obtained from rats and mice exposed to

14C
CHCL3  via inhalation.

The gas-uptake data for rats were well described using a single Michaelis-Menten equation to describe

metabolism. For the mouse inhalation studies, a simple Michaelis-Menten equation failed to

adequately describe the chloroform-metabolizing capacity based on the data collected and model

constants. The authors suspected that, following the administration of chloroform (particularly at

higher concentrations), destruction of microsomal enzymes and subsequent resynthesis of microsomal

enzymes was important in the mouse. This phenomenon has been documented in phenobarbitalinduced

but not naive rats. To account for this phenomenon, a first-order rate constant for the loss

and subsequent regeneration of metabolic capacity was incorporated into the model for mice only.
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The model also provided a good description of the in vivo levels of MMB in both rats and mice, with

good agreement between observed and predicted values.

Validation of the Model.  The Corley model was validated using chloroform data sets from oral

(Brown et al. 1974a) and intraperitoneal (Ilett et al. 1973) routes of administration and from human

pharmacokinetic studies (Fry et al. 1972). Metabolic rate constants obtained from the gas-uptake

experiments were validated by modeling the disposition of radiolabeled chloroform in mice and rats

following inhalation of chloroform at much lower doses. For the oral data set, the model accurately

predicted the total amounts of chloroform metabolized for both rats and mice.

Target Tissues. The model provided excellent predictions of MMB in both the target tissues of

chloroform (liver and kidney) after intraperitoneal administration in mice (rat data was not generated).

The model adequately predicted the amount of unchanged material exhaled at infinite time and the

total amount metabolized by groups of male and female humans of widely varying age and weight.

Species Extrapolation. The Corley model used species-specific information to outline the model

parameters; little extrapolation of information among mice, rats and humans was required. Certain

parameters previously reported in the scientific literature were assumed, however, such as body weight,

percentage of body weight, and percentage of blood from the heart (i.e., percentage of cardiac output

of body organs, see Table 2-4).

High-low Dose Extrapolation.  The Corley model was designed to facilitate extrapolations from

high doses (similar to those used for chronic rodent studies) to low doses that humans may potentially

be exposed to at home or in the workplace.

Interroute Extrapolation. The Corley model used three routes of administration, intraperitoneal,

oral and inhalation, in rats and mice to describe the disposition of chloroform. This data was validated

for humans by comparing the model output using the animal data with actual human data from human

oral chloroform pharmacokinetic studies. Using the human pharmacokinetic constants from the

in vitro studies conducted by Corley, the model made adequate predictions of the amount of

chloroform metabolized and exhaled in both males and females.
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The Reitz Model

Risk Assessment. The Reitz model is based on the assumption that cytotoxicity and reparative

hyperplasia are responsible for liver neoplasia. Dose-surrogates, a more sophisticated and more

accurate measure of target tissue dose derived from measuring a pharmacodynamic effect, were used.

Description of the Model.  The Reitz PBPK model was largely based on the Corley et al. (1990)

model, but differed in the use of a pharmacodynamic end point, cytotoxicity in the livers of

chloroform-exposed animals (mice) produced by phosgene (the reactive metabolite of chloroform).

The Reitz model focused on the liver as the target organ for chloroform, hence the kidney

compartment toxicity was not addressed. The kidney compartment was combined with the rapidly

perfused tissue group. The Reitz model used two types of dose measurement, referred to as dose

surrogates. One type of dose surrogate used was covalent binding to MMBs (average daily

macromolecular binding, AVEMMB), a rate independent parameter. The second type of dose

surrogate was cytotoxicity (PTDEAD), a rate dependent parameter that measured cell death (by

histopathological analysis and 
3H

thymidine uptake) due to the formation of reactive chloroform

metabolites (i.e., phosgene). Model calculations of PTDEAD were based on several assumptions: that

liver cells have a finite capability for repairing damage caused by CHCl3 metabolites; that liver cells

differ from cell to cell in their capabilities to repair this damage; and that induction of cytotoxicity in

liver cells does not occur instantaneously.

Validation of the Model.  The model simulations of PTDEAD were compared with two

experimental measures of cytotoxicity: the percentage of nonviable cells observed microscopically in

mice gavaged with solutions of chloroform in corn oil, and the rate of incorporation of 
3H

thymidine

into normal DNA during compensatory cell replication (CCR). CCR was measured following

exposure of mice to chloroform vapor for 5-6 hours. Model predictions were in good agreement

(within 10%) with observed percentages of dead liver cells evaluated microscopically. Agreement

between predicted and observed values of cell killing based on CCR was less satisfactory.

Target Tissues. The Reitz model only applies to the metabolism of chloroform and the induction

of cytotoxicity in liver tissue following exposure by inhalation, drinking water, and gavage routes

using rat and mouse data.



CHLOROFORM 124

2. HEALTH EFFECTS

Species Extrapolation. The Reitz model used the same species and physiologic parameters that

the Corley model utilized (average body weights, organ percentage of body weight, blood flow, etc.)

for model predictions. See Table 2-4 for these parameters. However, the model assumed equivalent

intrinsic sensitivity of mouse and human hepatocytes.

High-low Dose Extrapolation.  The Reitz model was designed to facilitate extrapolations from

high doses (similar to those used for chronic rodent studies) to low doses that humans may potentially

be exposed to at home or in the workplace.

Interroute Extrapolation. Inhalation and oral routes of administration were examined in the Reitz

model; however, interroute extrapolations were not specifically addressed in the Reitz model.

The Gearhart Model

Risk Assessment. The Gearhart model provided strong evidence that temperature changes play an

important role in predicting chloroform metabolism in mice and also provided a testable hypothesis for

the lack of fit of the Corley model prediction with respect to the mouse data. These data strengthen

the Corley model and its implications for human risk assessment (see the Corley model description

above).

Description of the Model. Gearhart et al. (1993) developed a PBPK model that described the

effects of decreased core body temperature on the analysis of chloroform metabolic data.

Experimental data showed that when male B6C3F1 mice were exposed for 6 hours to chloroform

vapor concentrations of  l00-5,500 ppm, a dose-dependent drop in core body temperature occurred,

with the least amount of temperature drop occurring at the 100 ppm concentration and the most

dramatic drop in temperature occurring at the 5,500 ppm level. The Gearhart model incorporated a

model previously used by Ramsey and Andersen (1984) (the same model and parameters the Corley

model was based on) in conjunction with a separate model reflecting changes in body core temperature

to drive equations accounting for changes in partition coefficients, cardiac output, minute ventilation

volumes, and rate of chloroform metabolism.

The model predicted that the Vmax for chloroform metabolism without correcting for core temperature

effects was 14.2 mg/hour/kg (2/3 of that reported in the Corley model) and the Km was 0.25 mg/L.
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Without body temperature corrections, the model underpredicted the rate of metabolism at the

5,500 ppm vapor concentration. Addition of a first-order kinetic rate constant (kf=l.86 hour
-1

) to

account for liver metabolism of chloroform at high doses of chloroform did provide a small

improvement in model predictions at 5,500 ppm, but was still considered inadequate for predicting

metabolism at high concentrations.

Validation of the Model.  The Gearhart model was not validated against a comparable data set.

Corrections for the temperature effects (Vmax increased to 15.1 mg/hour/kg) and inclusion of a firstorder

metabolism correction equation provided an accurate prediction of chloroform metabolism across

all concentrations tested.

Target Tissues. The liver was the target tissue for this model.

Species Extrapolation. No species extrapolation was specifically addressed by the Gearhart

model.

High-low Dose Extrapolation.  No high-low dose extrapolation was specifically addressed by the

Gearhart model.

Interroute Extrapolation. No interroute extrapolation was specifically addressed by the Gearhart

model.

The Chinery-Gleason Model

Risk Assessment. The Chinery-Gleason model has the greatest potential for use in estimating

exposures to chloroform in a household environment as well as for occupational exposures that result

from dermal exposure.

Description of the Model. The Chinery and Gleason (1993) PBPK model is a combination of the

Corley et al. (1990) model and other existing models that includes a multicompartment skin

component similar to that of Shatkin and Szejnwald-Brown (1991). This compartment is used to

simulate penetration of chloroform into the skin while showering for 10 minutes with water containing

chloroform. The skin module for this new model assumed a physiologic skin compartment consisting
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of three linear compartments: the dilute aqueous solution compartment; the stratum corneum (the

primary barrier to the absorption of most chemicals, including chloroform); and the viable epidermis.

Validation of the Model. The model was validated using published data an experimentally derived

exhaled breath concentrations of chloroform following exposure in a shower stall (Jo et al. 1990a).

Target Tissues. Based on the data set of Jo et al. (1990a), the Chinery-Gleason model predicted

the stratum comeum permeability coefficient for chloroform to be 0.2 cm/hour (range, 0.6 and 2.2)

and the estimated ratio of the dermally and inhaled absorbed doses to be 0.75 (range, 0.6 and 2.2)

cm/hour. This new model showed that a simple steady-state model can be used to predict the degree

of dermal absorption for chloroform. It was also shown that the model would be useful in predicting

the concentrations of chloroform in shower air and in the exhaled breath of individuals exposed both

dermally and by inhalation routes while showering with water containing low amounts (20 g/L) of

chloroform. At this concentration, the model predicted a dermal absorption dose of 0.0047 mg and

inhalation of 0.0062 mg. In addition, the model also demonstrated that as the concentration of

chloroform rises due to increases in chloroform vapor, the absorbed inhalation dose increases faster

and becomes larger than the absorbed dermal dose.

Species Extrapolation. No species extrapolation was specifically addressed by the this model.

High-low Dose Extrapolation. No high-low dose extrapolation was specifically addressed by this

model.

Interroute Extrapolation. The Chinery-Gleason model examined two routes of exposure,

inhalation-only exposure and inhalation/dermal exposure. The model was useful in predicting the

concentration of chloroform in shower air and in the exhaled breath of individuals exposed by the

dermal and inhalation routes.

The McKone Model

Risk Assessment. The McKone model has some use in human chloroform risk assessments, in

that the model defined the relationship between the dermal and inhalation exposure to measures of

dose and the amounts that can be metabolized by the liver by each route. The model also provided
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information about the inhalation and dermal exposure concentrations at which chloroform metabolism

becomes nonlinear in humans.

Description of the Model. The McKone (1993) PBPK model addressed potential exposure to

chloroform by the inhalation and dermal routes. McKone revised existing shower-compartment,

dermal uptake and PBPK models to produce a revised PBPK model for simulating chloroform breath

levels in persons exposed in showers by the inhalation route only and by the inhalation and dermal

routes combined. Parameters used by this model were taken primarily from two main sources, Jo et

al. (1990a) and Corley et al. (1990).

The model was also used to assess the relationship of dermal and inhalation exposure to metabolized

dose in the liver, as well as to determine the tap-water concentrations at which hepatic metabolism of

dermal and inhalation doses of chloroform become nonlinear. This information is especially useful for

risk assessment on persons exposed to a wide range of chloroform concentrations. Experimentally

measured ratios of chloroform concentrations in air and breath to tap water concentration (Jo et al.

1990a) were compared with the model predictions.

Validation of the Model. The McKone model used one data set to evaluate the model results (Jo

et al. 1990a). The McKone model results were also compared to other existing chloroform models,

with an in-depth discussion of similarities an differences between those models.

Target Tissues. The skin and lung were the target tissues studied in this model. Based on the

information presented, the McKone model is appropriate for simulating chloroform breath levels in

persons exposed in showers by both exposure routes. A major difference between the McKone model

and the Chinery-Gleason model is that the McKone model assumes the skin to be a one compartment

organ, whereas the Chinery-Gleason model assumed three compartments within the skin. The McKone

model indicated that the ratio of chloroform dermally absorbed in the shower to the concentration in

tap water ranges from 0.25 to 0.66 mg/L, and that chloroform can effectively permeate through the

skin at a rate of 0.16-0.42 cm/hour during a 10-minute shower.

Species Extrapolation. The human was the only species addressed by the McKone model. No

extrapolation between species was addressed in this model.
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High-low Dose Extrapolation. For tap-water concentrations below 100 mg/L, the model

predicted a linear relationship between potential dose (i.e., amounts present in the drinking water,

inhaled in a shower, or skin surface contact) and the cumulative metabolized dose. At tap-water

concentrations greater than 100 mg/dL for inhalation-only showers and 60 mg/L or normal showers,

however, the relationship was no longer linear and modifications to this model may be required.

Interroute Extrapolation. The dermal and inhalation routes were addressed in this model. The

McKone model did not specifically address interroute extrapolations for chloroform.

2.4 MECHANISMS OF ACTION

2.4.1 Pharmacokinetic Mechanisms

Absorption. In humans and laboratory animals, chloroform is generally absorbed quickly.

Primarily because of its high blood/air partition coefficient, it passes with some ease through most

tissue and cellular barriers in the body. Chloroform can be absorbed by inhalation and ingestion, and

by dermal routes of exposure. Inhalation studies were performed by Corley et al. (1990) on groups of

mice exposed to various concentrations of chloroform for 6 hours and sacrificed 48 hours after the last

exposure. Chloroform absorption by the lungs varied by concentration and was generally 34-46%.

An earlier study by Von Oettingen (1964) found that when dogs were exposed to 15,000 ppm

chloroform, the concentration of chloroform in the blood rose quickly and leveled off, apparently

establishing a steady-state concentration in the blood at 80-100 minutes after inhalation exposures

began. The average steady-state concentration in the blood was 0.4 mg/mL. Less information is

available on the absorption of chloroform by inhalation in humans. Humans exposed to 10,000 ppm

of chloroform during surgical anesthesia showed a rapid absorption of chloroform detected in arterial

blood samples, with peak concentrations occurring within 2 hours after initiation of anesthesia. The

average arterial blood concentration of chloroform was reported to be about 0.1 mg/mL (Smith et al.

1973). Dick et al. (1995) examined the absorption of chloroform through human skin in vivo using

volunteers and in vitro using fresh, excised abdominal skin. In the in vivo study, the ventral forearm

skin of four male volunteers was dosed with a solution of chloroform in either water or ethanol. The

solution remained on the skin for eight hours. When administered in water, the total absorbed dose

was 8.2%. In contrast, the total absorbed dose was only 1.68% when chloroform was administered in

ethanol. In the in vitro study, two doses were applied to the skin and remained there for four hours.
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At study termination, the percentages of the low and high doses of chloroform absorbed were 5.6 and

7.1%, respectively.

Rats and mice exposed to 60 mg/kg 
14

C-chloroform orally demonstrated that absorption was

practically complete within 48 hours for mice and within 96 hours in rats. Peak blood levels occurred

within 1 hour after the oral dose (Brown et al. 1974a). Humans dosed orally with 0.5 grams of

13
C-chloroform delivered as a capsule containing olive oil showed near complete absorption of

chloroform within 8 hours after administration. Peak blood levels generally occurred at approximately

1 hour after dosing, with 
13

C-chloroform concentrations in blood ranging from 1 to 5 g/mL (Fry et

al. 1972).

Chloroform can also permeate the stratum corneum of rabbit skin (Torkelson et al. 1976) and mouse

skin (Tsuruta 1975). Percutaneous absorption of chloroform across mouse skin was calculated to be

approximately 38 g/min/cm
2
, indicating that the dermal absorption of chloroform occurs fairly rapidly

in mice. No reliable studies report the percutaneous absorption of chloroform in humans; however, a

few clinical reports indicate that chloroform is used as a vehicle for drug delivery (King 1993). Islam

et al. (1995) investigated the fate of topically applied chloroform in male hairless rats. For exposures

under 4 minutes, chloroform-laden water was applied to shaved back skin; for exposures of

4-30 minutes, rats were submerged in baths containing chloroform-laden water. Selected skin areas

were tape-stripped a various number of times after various delay periods. It appeared that there was

an incremental build-up of chloroform in the skin over the first four minutes. When compared to

uptake measured by bath concentration differences, approximately 88% of lost chloroform was not

accounted for in the stratum corneum and was assumed to be systemically absorbed.

Distribution. Radiolabeled chloroform in mice, once absorbed, is widely distributed to most organs

and tissues, specifically the liver, kidney, lungs, spleen, body fat, muscle, and nervous tissue, as

reported by Cohen and Hood (1969) and Bergman (1979). Significant accumulations were noted

48 hours after inhalation exposure in the central nervous system, particularly in the cerebellar cortex,

spinal nerves, and meninges. When administered orally (Brown et al. 1974a), rats and squirrel

monkeys showed significant accumulations of 
14

C-chloroform in the brain, lung, muscle, and kidney

in both species, with an unusual accumulation of chloroform in the gall bladder of the monkey. When

administered orally to mice, similar accumulations of chloroform occurred in the liver, kidney, lung,
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muscle, blood, intestines, and gall bladder (Taylor et al. 1974). Little current information on the

distribution of chloroform in humans was available for review.

Chloroform (or phosgene) tends to accumulate to a significantly higher degree in the kidneys of male

mice than in those of female mice given equivalent doses, which leads to a higher degree of

chloroform nephrotoxicity in male mice. The sex differences seen with the renal cortical accumulation

of chloroform or phosgene can be halted if chloroform is administered to castrated males; the sex

difference can be reversed if chloroform is administered to females pretreated with testosterone prior to

dosing with chloroform. This difference in chloroform accumulation is obviously dependent on the

presence of testosterone and is very consistent with a body of evidence that indicates chloroform is

more nephrotoxic to male mice than to female mice (Ilett et al. 1973; Pohl et al. 1984; Smith et al.

1973). Although this sex-related toxic effect is known to occur in mice, it is not known at present if a

similar effect occurs in humans.

Excretion. Chloroform is largely excreted either in the parent form or as the end metabolite

(carbon dioxide, CO2) in the bodies of both laboratory animals and humans. Corley et al. (1990)

demonstrated that mice exposed to 10 or 89 ppm of chloroform by inhalation excreted 99% of the

chloroform body burden as CO2 in exhaled air. As the chloroform concentrations in the air rose

however, the amount of chloroform metabolized to CO2 decreased and the amount of unchanged

chloroform rose in the exhaled air, indicating that chloroform metabolism in mice is a saturable

process. Rats exposed in a similar manner to 93, 356, and 1,041 ppm chloroform excreted 2, 20, and

42.5%, respectively, of the total body burden of chloroform as unchanged parent compound, indicating

that chloroform is metabolized to CO2 in rats but to a lesser degree than in mice.

In humans, Fry et al. (1972) administered 500 mg of chloroform orally in olive oil in capsular form

and found that 17-67% of the total dose of chloroform was exhaled as unchanged parent compound,

and that the extent of pulmonary elimination of chloroform was governed inversely by the amount of

adipose tissue on the individual ingesting the chloroform. The study also found that most of the

chloroform tended to be exhaled between 40 minutes and 2 hours after dosing, which coincided with

peak blood levels of chloroform produced at approximately 1 hour after dosing.
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Chloroform in humans tends to be eliminated in a biphasic manner. After ingesting 500 mg of

chloroform orally, an initial (a) half-life in the blood of 9-21 minutes was reported, with the second

(p) half-life ranging from 86 to 96 hours.

2.4.2 Mechanisms of Toxicity

Chloroform is widely distributed to many tissues of the body in laboratory animals and, presumably, in

humans; however, many studies have demonstrated that chloroform does not tend to accumulate in the

body for extended periods. Chloroform may accumulate to some degree in the body fat stores;

however, it quickly partitions out the fat and is excreted by the normal routes and mechanisms. The

liver (primary) and kidneys (secondary) are considered to be the target organs for chloroform toxicity

in both humans and laboratory animals. Thus, humans (and animals) with existing hepatic or renal

disease who are exposed to chloroform, particularly by the oral or inhalation routes, are more likely to

be at risk to the toxic effects of chloroform. Reproductive/developmental effects due to chloroform’s

presence in the drinking water of both humans and laboratory animals has been reported, thereby

placing women of childbearing age at a potentially higher risk of reproductive organ anomalies than

those women past menopausal age.

Chloroform is largely metabolized in many tissues (particularly the liver and kidney) to CO2, in

humans and animals (Brown et al. 1974a; Corley et al. 1990; Fry et al. 1972). Chloroform

metabolism is catalyzed by cytochrome P-450, initiating an oxidative cleavage of the C-H bond

producing trichloromethanol. Trichloromethanol is unstable and is rapidly transformed to phosgene

(COCl2). Phosgene may react with water to form CO2, which can be exhaled by the lung or excreted

in the urine as carbonate or bicarbonate, and hydrochloric acid. Phosgene can also react with other

molecules such as cysteine, deplete hepatic GSH (Docks and Krishna 1976; Pohl et al. 1981) and form

adducts with microsomal proteins (Corley et al. 1990).

Chloroform toxicity can be attributed to the presence of both the parent compound and the formation

of phosgene in most instances of toxicosis. High doses of inhaled chloroform have been reported to

cause death (due to respiratory depression), ataxia, narcosis, and central nervous system depression,

and are due to the direct effects of the parent compound. Lower doses of chloroform in the air, feed,

or water, or administered by gavage, with variable exposure times, may induce toxicity due to the

presence of the parent compound or to production of phosgene during metabolism. It appears that the
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metabolite is responsible for hepatocellular damage, resulting in the ultimate elevation of hepatic

enzymes (SGPT, SGOT, GGT, etc.) and cell damage/necrosis. The accumulation of chloroform in the

renal cortex of mice with the subsequent metabolism to phosgene most likely contributes to the renal

toxicity of chloroform seen in male mice. Tubular necrosis, calcification, nephritis, increased kidney

weight, alterations in Na/K excretion, and other cellular anomalies were observed in response to one or

both of these toxicants. Although the sex-related nephrotoxic effect is known to occur in mice, it is

not known at present if a similar effect occurs in humans or other laboratory animals.

2.4.3 Animal-to-Human Extrapolations

Many laboratory animal models have been used to describe the toxicity and pharmacology of

chloroform. By far, the most commonly used laboratory animal species are the rat and mouse models.

Generally, the pharmacokinetic and toxicokinetic data gathered from rats and mice compare favorably

with the limited information available from human studies. PBPK models have been developed using

pharmacokinetic and toxicokinetic data for use in risk assessment work for the human. The models

are discussed in depth in Section 2.3.5. As mentioned previously, male mice have a sex-related

tendency to develop severe renal disease when exposed to chloroform, particularly by the inhalation

and oral exposure routes. This effect appears to be species-related as well, since experiments in

rabbits and guinea pigs found no sex-related differences in renal toxicity.

2.5 RELEVANCE TO PUBLIC HEALTH

Overview.  Data are available regarding health effects in humans and animals after inhalation, oral,

and dermal exposure to chloroform; however, data regarding dermal exposure are quite limited.

Chloroform was used as a general anesthetic, pain reliever, and antispasmodic for more than a century

before its toxic effects were fully recognized. High levels of chloroform (23-400 ppm) (Challen et al.

1958; Phoon et al. 1983) in the air are found specifically in highly industrialized areas. Exposure of

the general population to chloroform can also occur via the drinking water as a result of the

chlorination process. Occupational exposure is another source of inhalation and/or dermal exposure

for humans.

Most of the presented information regarding chloroform toxicity following inhalation exposure in

humans was obtained from clinical case reports of patients undergoing anesthesia. In some instances,
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the results in these studies may have been confounded by unreported data, such as the intake of other

drugs or the use of artificial respiration during anesthesia.

The target organs of chloroform toxicity in humans and animals are the central nervous system, liver,

and kidneys. There is a great deal of similarity between chloroform-induced effects following

inhalation and oral exposure. No studies were located regarding reproductive effects in humans after

exposure to chloroform alone; however, Bove et al. (1995) studied the effects of drinking-water

consumption on birth outcomes and found that exposure to TTHM at levels >0.l ppm resulted in

reduced birth weight and size as well as an increased risk of oral cleft, central nervous system, and

neural tube defects. Since the authors did not specifically monitor chloroform levels, the effects seen

may be due to exposure to other THMs. In addition, non-THM contaminants in the drinking water

may have contributed to the observed effects as well. Only one study was located regarding the

developmental effects of chloroform in humans. Animal studies indicate that chloroform can cross the

placenta and cause fetotoxic and teratogenic effects. Chloroform exposure has also caused increased

resorptions in animals. Epidemiology studies suggest a possible risk of colon and bladder cancer in

humans that is associated with chloroform in drinking water. In animals, chloroform was carcinogenic

after oral exposure.

Minimal Risk Levels for Chloroform.

Inhalation MRLs.

An MRL of 0.1 ppm has been derived for acute-duration inhalation exposure (14 days or

less) to chloroform.

The MRL was based on a hepatic NOAEL of 3 ppm chloroform administered for 6 hours a day for

7 consecutive days to mice (Larson et al. 1994c). Female mice exposed to 100 or 300 ppm exhibited

centrilobular hepatocyte necrosis and severe diffuse vacuolar degeneration of midzonal and periportal

hepatocytes, while exposure to 10 or 30 ppm resulted in mild-to-moderate vacuolar changes in

centrilobular hepatocytes. Decreased eosinophilia of the centrilobular and midzonal hepatocyte

cytoplasm relative to periportal hepatocytes was observed at 30 ppm. Livers of mice in the 1 and

3 ppm groups did not differ significantly from control animals and were considered to be NOAELs for

liver effects. The NOAEL of 3 ppm was converted to the Human Equivalent Concentration (HEC) as

described in Equation 4-10 in Interim Methods for Development of Inhalation Reference
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Concentrations (EPA 1990b). This calculation resulted in a NOAEL[HEC] , of 3 ppm. An uncertainty

factor of 30 (3 for extrapolation from animals to humans and 10 for human variability) was applied to

the NOAEL[HEC] , value, which resulted in an MRL of 0.1 ppm.

Reports regarding chloroform hepatotoxicity in animals are numerous (Larson et al. 1993, 1994a,

1994b, 1994c). Liver damage has been reported in several other studies, and was usually indicated by

liver biochemical/enzyme alterations in rats (Lundberg et al. 1986) and mice (Gehring 1968; Murray et

al. 1979) after acute inhalation exposure. Fatty changes (Culliford and Hewitt 1957; Kylin et al. 1963)

and liver necrosis (Deringer et al. 1953) were observed histologically in mice after acute inhalation

exposure. Histological findings indicative of liver toxicity were also observed in other laboratory

animals following inhalation exposure of intermediate duration, but the findings were not dose-related

(Torkelson et al. 1976). The 17.3 mg/kg dose was also a NOAEL for kidney effects, but tubular

necrosis occurred at 65.6 mg/kg/day.

An MRL of 0.05 ppm has been derived for intermediate-duration inhalation exposure

(15 days to 364 days) to chloroform.

The MRL was based on a LOAEL of 14 ppm in workers exposed to concentrations of chloroform of

up to 400 ppm for less than 6 months (Phoon et al. 1983). Vomiting and toxic hepatitis were noted to

occur at an inhaled chloroform concentration of 14 ppm. The LOAEL of 14 ppm was divided by an

uncertainty factor of 100 (10 for the use of a LOAEL and 10 for human variability) and a modifying

factor of 3 (insufficient diagnostic data to determine the seriousness of hepatotoxic effects) to arrive at

the MRL of 0.05 ppm. Alterations in liver functions have been reported in several studies in both

humans and animals, and is discussed in more detail in the chronic-duration inhalation MRL section

immediately below.

An MRL of 0.02 ppm has been derived for chronic-duration inhalation exposure (365 days

or more) to chloroform.

The MRL was based on a LOAEL of 2 ppm in workers exposed to concentrations of chloroform

ranging from 2 to 205 ppm for l-4 years (Bomski et al. 1967). The LOAEL of 2 ppm was divided

by an uncertainty factor of 100 (10 for use of a LOAEL and 10 for human variability) to arrive at the

MRL of 0.02 ppm. Hepatomegaly was found in 25% of chloroform-exposed workers. Toxic hepatitis

was found in 5.6% of the liver enlargement cases. Hepatosteatosis (fatty liver) was detected in 20.6%



CHLOROFORM 135

2. HEALTH EFFECTS

of liver-enlargement cases. Chloroform-exposed workers had a higher frequency of jaundice over the

years than the control group. Alterations in liver functions have been reported in several studies in

both humans and animals. In humans, impaired liver function was indicated by increased

sulfobromophthalein retention in some patients exposed to chloroform via anesthesia (Smith et al. 1973),

in addition to acute toxic hepatitis developing after childbirth in several women exposed to chloroform

via anesthesia (Lunt 1953; Royston 1924; Townsend 1939). In contrast, no clinical evidence of liver

toxicity was found in another study among chloroform workers exposed to 237 ppm (Challen et al.

1958).

Oral MRLs.

An MRL of 0.3 mg/kg/day has been derived for acute-duration oral exposure (14 days or

less) to chloroform.

The MRL was based on a NOAEL of 26 mg/kg/day in the drinking water for 4 days for hepatic

effects in mice (Larson et al. 1994b). The NOAEL of 26.4 mg/kg/day was divided by an uncertainty

factor of 100 (10 for extrapolation from animals to humans and 10 for human variability) to arrive at

the MRL of 0.3 mg/kg/day. A study performed by Moore et al. (1982) found renal effects in CFLP

Swiss mice dosed at 65.5 mg/kg/day by gavage in oil. Another study by Larson et al. (1993) found

both hepatic (elevated SDH, ALT and AST, hepatocyte necrosis) and renal (proximal tubule necrosis)

lesions in Fischer 344 rats and hepatic lesions only in B6C3F1 mice induced by chloroform

administered at 34 mg/kg/day once by gavage in oil. Lesions in the Larson et al. (1993) study were

ranked as less serious LOAELs.

An MRL of 0.1 mg/kg/day has been derived for intermediate-duration oral exposure

(15-364 days) to chloroform.

This MRL is based on a NOAEL of 15 mg/kg/day for hepatic effects in dogs dosed with chloroform

in a capsule 1 time a day, 6 days a week for 6 weeks (Heywood et al. 1979). The NOAEL of

15 mg/kg/day was divided by an uncertainty factor of 100 (10 for extrapolation from animals to

humans and 10 for human variability) to arrive at the MRL of 0.1 mg/kg/day. Clinical chemistry

parameters showed significantly increase SGPT in the 30 mg/kg/day group beginning at 6 weeks.

SGPT activity was not increased in the 15 mg/kg/day group until week 130. Liver effects in animals

have been reported in numerous oral studies of intermediate duration. Fatty changes, necrosis,
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increased liver weight, and hyperplasia have been observed in rats exposed to 150 mg/kg/day

chloroform in drinking water for 90 days (Palmer et al. 1979). An increased incidence of sporadic,

mild, reversible liver changes occurred in mice exposed to chloroform in drinking water at doses of

0.3-l14 mg/kg/day for 90 days, but the incidences were not significantly higher than the incidences in

controls (Chu et al. 1982a). Fatty and hydropic changes, necrosis, and cirrhosis were observed in mice

treated by gavage with 50 mg/kg/day chloroform in oil for 90 days (Bull et al. 1986; Munson et al.

1982) or at 86 mg/kg/day in drinking water for 1 year (Klaunig et al. 1986). In contrast, centrilobular

fatty changes observed in mice at 64 mg/kg/day chloroform in drinking water for 90 days appeared to

be reversible (Jorgenson and Rushbrook 1980), and no liver effects were found in mice treated with

50 mg/kg/day in aqueous vehicles (Bull et al. 1986). In addition, hepatocellular degeneration was

induced in F1 females in a 2-generation study in which mice were treated by gavage with

41 mg/kg/day chloroform in oil (Gulati et al. 1988).

An MRL of 0.01 mg/kg/day has been derived for chronic-duration oral exposure (365 days

or more) to chloroform.

This MRL is based on a LOAEL of 15 mg/kg/day for hepatic effects in dogs dosed with chloroform

6 days a week for 7.5 years (Heywood et al. 1979). The LOAEL of 15 mg/kg/day was divided by an

uncertainty factor of 1,000 (10 for use of a LOAEL, 10 for extrapolation from animals to humans and

10 for human variability) to arrive at the MRL of 0.01 mg/kg/day. SGPT activity was not increased in

the 15 mg/kg/day group until week 130, providing the LOAEL on which this MRL was based.

Numerous chronic oral studies examined hepatic and renal end points as well as neurological and

cancer effects. Serious effects occurred at higher doses; 15 mg/kg/day was the lowest dose used in

available animals studies. A NOAEL of 2.46 mg/kg/day for liver and kidney effects (SGPT, SGOT,

BUN and SAP) was found in humans who used a dentifrice containing 0.34% or a mouthwash

containing 0.43% chloroform for l-5 years (DeSalva et al. 1975).

The reader is advised to exercise caution in the extrapolation of toxicity data from animals to humans.

Species-related differences in sensitivity must be accounted for. Some studies utilized to derive MRLs

or otherwise extrapolate data, is dated; however, they do represent the body of knowledge regarding

chloroform toxicity. In addition, many of the human studies quoted involved clinical case reports in

which chloroform was utilized either as an anesthetic or as an agent of suicide. Such doses are clearly
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excessive and would not be encountered by the general population. These and other issues are

addressed in Section 2.10.

Death. Chloroform levels of 40,000 ppm cause death in patients under chloroform anesthesia

(Featherstone 1947; Whitaker and Jones 1965). Death is usually due to severe respiratory depression/

failure or disturbances in cardiac rhythm. Accidental or intentional ingestion of large doses of

chloroform may lead to death (Piersol et al. 1933). Death in humans after oral exposure to chloroform

is usually caused by respiratory obstruction by the tongue due to jaw relaxation, central respiratory

paralysis, acute cardiac failure, or severe hepatic injury (Piersol et al. 1933; Schroeder 1965).

The levels of chloroform exposure that cause death in animals are usually lower than those

administered to patients to induce anesthesia; however, the duration of exposure in animals is generally

longer. Following acute exposure to high concentrations of chloroform, all male mice died; however,

most females survived the exposure for several months (Deringer et al. 1953). Survival was associated

with lower testosterone levels, as suggested by the higher mortality rate in noncastrated adult males.

This conclusion is supported by similar observations of higher survival rates in female rats, compared

to male rats, after intermediate-duration exposure to chloroform (Torkelson et al. 1976). In regard to

LC50 values in rats, survival rates were highest among females and lowest among young adult males.

The correlation between mortality rates and male hormone levels is evident. Deaths were apparently

potentiated by starvation, dehydration, and exhaustion (Ekstrom et al. 1986, 1988; Royston 1924;

Townsend 1939). Increased mortality was also observed in rats and mice after oral exposure of

intermediate and chronic duration (Balster and Borzelleca 1982; Chu et al. 1982a; Jorgenson et al.

1985; Klaunig et al. 1986; NCI 1976; Palmer et al. 1979; Roe et al. 1979). Deaths were caused by

toxic liver and kidney effects, and tumors. Deaths after dermal exposures in either humans or

laboratory animals have not been reported.

Chloroform concentrations in air and drinking water in the general environment or near hazardous

waste sites are not likely to be high enough to cause death in humans after acute exposure. Whether

chronic exposure to low levels of chloroform in the environment, drinking water, or hazardous wastes

could shorten the life span of humans is not currently known. Currently available epidemiologic

findings about the chronic exposure to chloroform are inconsistent at best which, in large part, may be

due to study design issues.
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Systemic Effects.

Respiratory Effects. The respiratory failure observed in patients under chloroform anesthesia was

probably due to a direct effect of chloroform on the respiratory center of the central nervous system.

A decline of the systolic pressure in the cerebral vessels may also contribute to respiratory failure, as

demonstrated in animals: when respiration had stopped under chloroform anesthesia, the animals

(species not specified) breathed again if positioned head down (Featherstone 1947). Upper respiratory

tract obstruction can occur in patients after inhalation exposure to chloroform via anesthesia

(Featherstone 1947) and after chloroform ingestion (Schroeder 1965). Few autopsy reports were

located in the literature. Hemorrhage into the lungs, without any signs of consolidation, was reported

in a case study involving death after inhalation exposure (Royston 1924); however, congested lungs

with pneumonic consolidation were observed in a man who died after drinking chloroform (Piersol et

al. 1933).

In addition to lower respiratory tract effects, chloroform has been demonstrated to induce changes in

the nasal region of rats and mice after inhalation and oral exposure. Increased sizes of goblet cells and

nasal epithelium, degeneration of the nasal epithelium and Bowman’s glands, changes in the

proliferation rates of cells, new bone formation, and changes in biochemical parameters (especially

cytochrome P-450-2El) have been reported (Larson et al. 1995b, 1996; Mery et al. 1994), indicating

that chloroform can adversely affect the upper as well as the lower respiratory tract at low

concentrations. The incidence of respiratory lesions after oral (gavage) administration also indicates a

systemic mechanism of action for chloroform-induced toxicity.

Interstitial pneumonitis was observed in male rats and rabbits after inhalation exposure to 85 or

50 ppm chloroform, respectively, for 6 months (Torkelson et al. 1976). In most oral studies, no

exposure-related histopathological changes were observed in the lungs of exposed animals (Gulati et

al. 1988; Jorgenson and Rushbrook 1980; NCI 1976; Palmer et al. 1979; Roe et al. 1979).

Respiratory effects are more likely to occur after inhalation exposure to high concentrations of

chloroform. It has been demonstrated that chloroform has a destructive influence on the pulmonary

surfactant (Enhorning et al. 1986). This effect is probably due to the solubility of phospholipids in the

surfactant monolayer and can cause collapse of the respiratory bronchiole due to the sudden increase in

inhalation tension. Immediate death after chloroform inhalation may be due principally to this effect
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in the lungs (Fagan et al. 1977). It is unlikely that exposure levels of chloroform in the general

environment or at hazardous waste sites would be high enough to cause these severe respiratory

effects.

Cardiovascular Effects. Chloroform induces cardiac arrhythmia in patients exposed to chloroform via

anesthesia (Smith et al. 1973; Whitaker and Jones 1965). Similarly, heart effects were observed upon

electrocardiography of an individual who accidentally ingested chloroform (Schroeder 1965).

Hypotension was observed in 12-27% of patients exposed to chloroform via anesthesia (Smith et al.

1973; Whitaker and Jones 1965) and also was observed in a patient who ingested chloroform (Storms

1973).

No studies were located regarding cardiovascular effects in animals after inhalation exposure to

chloroform. No histopathological changes were observed in the heart of rats, mice (NCI 1976), or

dogs (Heywood et al. 1979) chronically exposed to chloroform; however, cardiovascular function was

not assessed in these studies. It has been demonstrated in an in vitro study on heart-lung preparations

of guinea pigs that chloroform may cause a permanent contractile failure of the heart (Doring 1975).

The effect is due to structural damage of the transverse tubular system and is accompanied by

increased storage of adenosine triphosphate (ATP) and phosphocreatine. The in vitro induction of

changes showed that contractile failure is a direct effect on the cardiovascular system rather than an

indirect cardiovascular effect on the central nervous system. This mechanism may operate in humans

exposed to high vapor concentrations such as those used in anesthesia or in humans exposed to high

oral doses from accidental or intentional ingestion. It is unlikely, however, that concentrations of

chloroform in the environment would be high enough to cause overt cardiovascular effects.

Cytotoxicity of chloroform (1,000 ppm) in male Sprague-Dawley rat cardiac myocytes has been

examined in vitro. Cell viability was measured using the criterion of Trypan blue exclusion as well as

counting the number of rod and spherical cells in the media. Creatinine phosphokinase (CPK) leakage

was measured as an indirect measurement of heart cell function. Myocytes treated with chloroform

showed statistically significant decreases in cell viability and significant decreases in rod-shaped cells

compared to controls. Significant increases in enzyme leakage of CPK from myocytes were noted

(El-Shenawy and Abdel-Rahman 1993b). The effects of various concentrations of chloroform on the

in vitro transfer of dyes between cardiac myocytes from Sprague-Dawley rats has also been examined

(Toraason et al. 1992). The cells were exposed to one of 11 concentrations of chloroform in dimethyl
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sulfoxide (DMSO), and Lucifer yellow CH dye injected the cells, and the rate of transfer of dye from

the injected myocyte to the non-injected myocyte recorded. As the cells were exposed to increasing

concentrations of chloroform, the number of cells that transferred the dye decreased to zero. Heart

cells also tended to beat slower or stop beating completely when exposed to chloroform but resumed

normal spontaneous beating when chloroform was washed out. This in vitro data suggest that

incorporation of halocarbons in the membrane may block intercellular communication through

modification of the immediate environment of gap junctions. The data from these two studies indicate

that chloroform exposure may induce reversible toxicity in the heart.

Gastrointestinal Effects. Nausea and vomiting were not only frequently observed side effects in

patients exposed to chloroform via anesthesia (Hakim et al. 1992; Royston 1924; Smith et al. 1973;

Townsend 1939; Whitaker and Jones 1965), but also occurred in humans exposed to lower chloroform

concentrations (22-237 ppm) in occupational settings (Challen et al. 1958; Phoon et al. 1983).

Vomiting, gastric distress, and pain were observed in individuals who intentionally or accidentally

ingested high doses of chloroform (Piersol et al. 1933; Schroeder 1965; Storms 1973).

No studies were located regarding gastrointestinal effects in animals after inhalation exposure to

chloroform. Vomiting in dogs (Heywood et al. 1979) and gastric erosions in rats (Thompson et al.

1974) were observed in oral studies of intermediate duration. These results suggest that severe

gastrointestinal irritation in humans and animals is due to direct damage of the gastrointestinal mucosa

caused by ingesting high concentrations of chloroform (Piersol et al. 1933; Schroeder 1965; Thompson

et al. 1974). Nausea and vomiting experienced by occupationally exposed individuals is likely due to

neurotoxicity. Since toxic hepatitis may occur at occupational levels as low as 2 ppm (Bomski et al.

1967), it is possible that levels of chloroform in the air at hazardous waste sites may be high enough

to cause some liver effects with secondary gastrointestinal effects, if exposure is prolonged.

Hematological Effects. Information regarding hematological effects in humans exposed to chloroform

is limited. Increased prothrombin time was observed in some patients, following exposure to

chloroform via anesthesia (Smith et al. 1973). This effect, however, reflects chloroform hepatotoxicity,

because prothrombin is formed in the liver. Decreased erythrocytes and hemoglobin were

observed in a patient who was chronically exposed to chloroform in a cough medicine (Wallace 1950).
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No hematological effects were observed in rats, rabbits, guinea pigs, or dogs after inhalation exposure

to chloroform for intermediate durations (Torkelson et al. 1976). Studies report conflicting results

regarding hematological effects in animals after oral exposure to chloroform.

No conclusion about hematological effects in humans after exposure to chloroform can be made on the

basis of one case study in humans. From the experimental data in animals, it is evident that all

hematological effects observed in rats were due to oral exposure of acute, intermediate, or chronic

duration. It is possible that the hematological effects observed in rats are transient. Human exposure

to chloroform in the environment, drinking water, or at hazardous waste sites is likely to cause few or

no hematological effects.

Musculoskeletal Effects. Little data is available that examines the effects of chloroform toxicity on

the musculoskeletal system; however, it appears that chloroform has few significant toxic effects on

this system.

Hepatic Effects. The liver is a primary target organ of chloroform toxicity in humans and animals

after inhalation and oral exposure, with some evidence that suggests that the damage may be reversible

(Wallace 1950). Impaired liver function was indicated by increased sulfobromophthalein retention in

some patients exposed to chloroform via anesthesia (Smith et al. 1973). Acute toxic hepatitis

developed after childbirth in several women exposed to chloroform via anesthesia (Lunt 1953; Royston

1924; Townsend 1939). Upon autopsy, centrilobular necrosis was observed in the women who died;

however, the hepatotoxicity was associated with exhaustion from prolonged delivery, starvation, and

dehydration, indicating improper handling of the delivery procedure by an obstetrician. Toxic hepatic

disease, characterized by hepatomegaly and abnormal liver sonograms as late as seven days after an

unknown amount of oral chloroform, has been reported (Hakim et al. 1992). Elevated liver enzymes

and changes in GGT, alpha-feto protein and retinol binding protein were reported in a female who

injected herself intravenously and also consumed chloroform orally during a 12-hour period (Rao et al.

1993). During occupational exposure to concentrations ranging from 14 to 400 ppm, chloroform

hepatotoxicity was characterized by jaundice (Phoon et al. 1983), hepatomegaly, enhanced SGPT and

SGOT activities, and hypergammaglobulinemia following exposure to concentrations ranging from

2 to 205 ppm (Bomski et al. 1967). In contrast, no clinical evidence of liver toxicity was found in

another study among chloroform workers exposed to 237 ppm (Challen et al. 1958). Case reports of

intentional and accidental ingestion of high doses ( 2,410 mg/kg) of chloroform indicate severe liver
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injury (Piersol et al. 1933; Schroeder 1965; Storms 1973). The diagnosis was supported by clinical

and biochemical results: fatty degeneration and extensive centrilobular necrosis were observed in one

patient who died (Piersol et al. 1933). Liver damage was induced by chronic use of a cough medicine

containing chloroform (Wallace 1950), but not by chronic exposure to chloroform in mouthwash (De

Salva et al. 1975). An intermediate-duration inhalation MRL of 0.05 ppm was derived from the

LOAEL of 14 ppm from the data presented by Phoon et al. (1983); a chronic-duration inhalation MRL

of 0.02 ppm was derived from the LOAEL of 2 ppm from the data presented by Bomski et al. (1967).

Reports regarding chloroform hepatotoxicity in animals are numerous (Larson et al. 1993, 1994a, 1994b,

1994c, 1995b, 1996; Nakajima et al. 1995; Pereira 1994; Wang et al. 1994, 1995). An acute-duration

inhalation MRL of 0.1 ppm was based on a NOAEL for hepatic effects in mice exposed to 3 ppm

chloroform for 6 hours a day for 7 days (Larson et al. 1994c).

Liver damage was indicated by biochemical changes in rats (Lundberg et al. 1986; Nakajima et al.

1995; Wang et al. 1994, 1995) and mice (Gehring 1968; Murray et al. 1979) after acute inhalation

exposure. Fatty changes (Culliford and Hewitt 1957; Kylin et al. 1963) and liver necrosis (Deringer et

al. 1953; Larson et al. 1995b, 1996; Pereira 1994) were observed histologically in mice and rats after

acute inhalation exposure. Histological findings indicative of liver toxicity were also observed in

rabbits and guinea pigs following inhalation exposure of intermediate duration, but the findings were

not dose-related (Torkelson et al. 1976). Liver effects have been observed in many species (rats, mice,

and dogs) that were tested by the oral route by various methods of administration (gavage or drinking

water) and durations (acute, intermediate, or chronic). Observed effects include increased liver weight,

increased serum levels of transaminases indicative of liver necrosis, and histological evidence of

swelling, fatty changes, hydropic changes, vacuolation, necrosis, hyperplasia, cirrhosis, macrophage

and neutrophil infiltration, and toxic hepatitis (Bull et al. 1986; Chu et al. 1982b; Heindel et al. 1995;

Heywood et al. 1979; Jones et al. 1958; Jorgenson and Rushbrook 1980; Klaunig et al. 1986; Larson

et al. 1993, 1994b, 1995b, 1996; Nakajima et al. 1995; NCI 1976; Pereira 1994; Tumasonis 1985,

1987). Two acute oral studies define a LOAEL and a NOAEL for liver effects in mice. Fatty

infiltration was observed in mice given a single gavage dose of 35 mg/kg/day chloroform in oil (Jones

et al. 1958). No toxic effects on the livers of mice occurred after a single dose of 17.3 or 59.2 mg/kg

chloroform in oil, but increased SGPT occurred at 199 mg/kg (Moore et al. 1982). The 17.3 mg/kg

dose was also a NOAEL for kidney effects, but tubular necrosis occurred at 65.6 mg/kg/day. In a

7.5-year study in which dogs were administered chloroform in toothpaste, SGPT activity was
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significantly increased at 30 mg/kg/day beginning at 6 weeks (Heywood et al. 1979). SGPT activity

was not increased at 15 mg/kg/day until 130 weeks. Therefore, 15 mg/kg/day was a NOAEL for

intermediate-duration exposure and a LOAEL for chronic-duration exposure. The 15 mg/kg/day dose

was used to derive MRL values of 0.1 and 0.01 mg/kg/day for intermediate- and chronic-duration oral

exposure, respectively.

Data regarding chloroform-induced hepatotoxicity were also supported by results obtained after acute

intraperitoneal exposure in rats (Bai et al. 1992; Ebel et al. 1987; El-Shenawy and Abdel-Rahman

1993a; Lundberg et al. 1986; Wang et al. 1994), mice (Klaassen and Plaa 1966), dogs (Klaassen and

Plaa 1967), and gerbils (Ebel et al. 1987). No hepatic effects were observed in rabbits when

chloroform was applied to their skin for 24 hours (Torkelson et al. 1976). The toxicity of chloroform

on laboratory animal hepatocytes in vitro has been reported (Azri-Meehan et al. 1992, 1994; Bai and

Stacey 1993; El-Shenawy and Abdel-Rahman 1993a; Suzuki et al. 1994).

As discussed in Section 2.3.3, the mechanism of chloroform-induced liver toxicity may involve

metabolism to the reactive intermediate, phosgene, which binds to lipids and proteins of the

endoplasmic reticulum, lipid peroxidation, or depletion of GSH by reactive intermediates. Because

liver toxicity has been observed in humans exposed to chloroform levels as low as 2 ppm in the

workplace and in several animal species after inhalation and oral exposure, it is possible that liver

effects could occur in humans exposed to environmental levels, to levels in drinking water, or to levels

found at hazardous waste sites.

Endocrine Effects. No reports of chloroform toxicity to endocrine organs have been reported.

Renal Effects. Clinical reports indicate that the renal damage observed in women exposed to

chloroform via anesthesia during prolonged parturition most likely occurs when chloroform anesthesia

is associated with anoxia. Competitive swimmers who swim in indoor pools have been reported to

have elevated -2microglobin, suggesting some degree of renal damage (Aiking et al. 1994). Case

studies of individuals who intentionally or accidentally ingested high doses of chloroform report

biochemical changes indicative of kidney damage, as well as fatty degeneration at autopsy (Piersol et

al. 1933; Schroeder 1965). Albuminuria and casts were also reported in a case of chronic use of a

cough medicine containing chloroform (Wallace 1950); however, no renal effects were observed in

individuals chronically exposed to chloroform in a mouthwash (De Salva et al. 1975).
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Renal effects of chloroform after inhalation have also been examined in animals (Larson et al. 1994b,

1994c, 1996). Kidney effects in animals after inhalation exposure to chloroform include tubular

necrosis, tubular calcification, increased kidney weight, cloudy swelling, mineralization of the cortex,

and interstitial nephritis. Animal studies regarding renal toxicity after oral exposure are numerous.

Effects include acute toxic nephrosis, tubular dilation, necrosis and regeneration, chronic inflammation,

mineralized concretions, hyaline cast formation, and fatty degeneration. The effects of dose and

vehicle have been examined (Heindel et al. 1995; Larson et al. 1993, 1995b; Lipsky et al. 1993).

Mice seem to be more sensitive to chloroform-induced renal toxicity than other experimental animals.

Certain strains of male mice are susceptible to chloroform-induced nephrotoxicity, while female mice

appear to be somewhat resistant (Culliford and Hewitt 1957; Eschenbrenner and Miller 1945b; Larson

et al. 1996). Castrated mice were no longer susceptible to the effect, and testosterone treatment

increased the severity of kidney damage in females, suggesting the role of hormones in

chloroforminduced nephrotoxicity. It has been demonstrated that sensitivity to kidney damage is related to

the capacity of the kidney to metabolize chloroform to phosgene (Pohl et al. 1984). The activation of

chloroform to its reactive metabolites appeared to be cytochrome P-450-dependent: the covalent

binding to microsomal protein required nicotinamide adenine dinucleotide phosphate (NADPH) and

oxygen, and could be inhibited by carbon monoxide (Hook and Smith 1985; Smith and Hook 1983,

1984; Smith et al. 1984). Furthermore, administration of chloroform to male mice caused a depletion

of renal GSH, indicating that GSH can react with reactive intermediates, thereby reducing the extent of

the reaction with tissue MMBs and kidney damage.

The renal toxicity of chloroform in rats after intraperitoneal dosing has also been reported (Kroll et al.

1994a, 1994b).

It is likely that kidney effects may occur in humans after inhalation or oral exposure to high levels of

chloroform; however, it is not known whether such effects would occur at the levels of chloroform

found in the environment, in drinking water, or at hazardous waste sites.

Dermal Effects. No reports are available on the toxicity of chloroform to skin after inhalation and

oral exposures in humans. Stratum comeum damage was reported after a topical exposure of

chloroform of 15 minutes duration for 6 consecutive days (Malten et al. 1968). Chloroform was used

as a vehicle for the topical application of aspirin for the treatment of painful herpes zoster lesions in
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male and female humans. The only reported side-effect was an occasional burning sensation to the

skin as the chloroform evaporated after application (King 1993).

Few reports exist on the dermal effects of chloroform in animals after inhalation or oral exposures.

Alopecia has been observed in pregnant rats (Thompson et al. 1974) and in mice (Gulati et al. 1988).

Skin irritation and necrosis and been reported in rabbits after topical application of chloroform (Smyth

et al. 1962; Torkelson et al. 1976).

Ocular Effects. No studies were located regarding the ocular effects of chloroform in humans or

animals.

Body Weight Effects. Decreased body weight has been observed frequently in animals after inhalation

or oral exposure to chloroform, although the degree of body weight changes are somewhat variable

and may be linked to taste aversion (in oral studies) (Chu et al. 1982b; Larson et al. 1995b, 1996;

Munson et al. 1982; Newell and Dilley 1978; Torkelson et al. 1976; Tumasonis et al. 1985, 1987).

The degree of decreased weight gain was often dose-related and was caused by chloroform toxicity.

Decreased weight gain generally occurred at exposure levels similar to or lower than those that

induced liver and kidney effects in animals. The possibility of effects on body weight in humans

exposed to ambient or elevated levels of chloroform cannot be dismissed.

Immunological and Lymphoreticular Effects. No studies were located regarding

immunological effects in humans after inhalation, oral, or dermal exposure to chloroform.

Information about immunological effects in animals is limited. After repeated inhalation exposure to

chloroform, mortality was increased in mice challenged with streptococcus infection, suggesting

increased susceptibility (Aranyi et al. 1986). However, the bacterial activity of alveolar macrophages

was not suppressed in this study. After acute oral exposure, reduced lymphocyte counts were

observed in rats (Chu et al. 1982b). Furthermore, humoral immunity was depressed in mice exposed

to 50 mg/kg/day chloroform for acute or intermediate durations (Munson et al. 1982). In contrast,

cell-mediated immunity was influenced only at high chloroform concentrations administered orally for

intermediate durations; however, the chloroform-induced immunological changes appeared to be more

severe following acute exposure. In vitro treatment of serum with chloroform resulted in a loss of

complement activity (Stefanovic et al. 1987). Immunological effects may result from the ability of
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chloroform to dissociate antigen-antibody complexes, since it can cause dissociation of certain

enzymeinhibitor complexes (Berger et al. 1983). Every day, humans are exposed to very low levels of

chloroform in the environment, mainly via inhalation and oral exposure (Hajimiragha et al. 1986;

Peoples et al. 1979; Wallace et al. 1987a, 1989). There is a risk of chloroform exposure at or near

hazardous waste sites. Although no evidence that chloroform can cause immunological effects in

humans was located in the literature, the possibility remains that these effects may result from

exposure to chloroform.

Neurological Effects. Neurological effects in humans after acute inhalation exposure to

chloroform are well documented because chloroform has been used as an anesthetic for surgery.

Inhaled chloroform acts as a depressant on the central nervous system. Chronic inhalation exposure to

chloroform resulted in exhaustion, lack of concentration, depression, and irritability in occupationally

exposed people (Challen et al. 1958). In a case study, chloroform inhalation for 12 years resulted in

psychotic episodes, hallucinations, and convulsions (Heilbrunn et al. 1945). Central nervous system

toxicity was observed in humans after oral exposure to chloroform, which suggests that the effects of

inhalation and oral exposure are similar. In case reports of patients who intentionally or accidentally

ingested several ounces of chloroform, deep coma with abolished reflexes occurred within a few

minutes (Piersol et al. 1933; Schroeder 1965; Storms 1973).

Inhalation exposure to high chloroform concentrations induced narcosis (Lehmann and Flury 1943;

Sax 1979) and reversible impairment of memory retrieval in animals. High, single, oral doses of

chloroform caused ataxia, incoordination, anesthesia, and brain hemorrhage in mice (Balster and

Borzelleca 1982; Bowman et al. 1978). Behavioral effects were observed at lower oral doses.

Chloroform concentrations from 1.5 to 6 mmol chloroform were used to determine how chloroform

may modify glutamate receptor agonist responses in mouse brain cortical wedges. The two agonists

examined were N-methyl-D-aspartate (NMDA) and alpha-amino-3-hydroxy-5-methyl-4-isoxazole

propionate (AMPA). Responses were determined by measuring electrical responses within the cortical

slices. Three mmol of chloroform selectively inhibited AMPA but did not affect NMDA responses.

Higher concentrations of chloroform failed to inhibit the AMPA or NMDA content in the wedges

(Carla and Moroni 1992). Male Sprague-Dawley rats administered a single 200 mg/kg dose of

chloroform experienced a significant decrease in midbrain 5-HIAA levels and a significant increase in

hypothalamic dopamine concentrations (Kanada et al. 1994).
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The clinical effects of chloroform toxicity on the central nervous system are well documented.

However, the molecular mechanism of action is not well understood. It has been postulated that

anesthetics induce their action at a cell-membrane level due to lipid solubility. The lipid-disordering

effect of chloroform and other anesthetics on membrane lipids was increased by gangliosides (Harris

and Groh 1985), which may explain why the outer leaflet of the lipid bilayer of neuronal membranes,

which has a large ganglioside content, is unusually sensitive to anesthetic agents. Anesthetics may

affect calcium-dependent potassium conductance in the central nervous system (Caldwell and Harris

1985). The blockage of potassium conductance by chloroform and other anesthetics resulted in

depolarization of squid axon (Haydon et al. 1988).

Based upon existing data, the potential for neurological and behavioral effects in humans exposed to

chloroform at levels found in the environment, in drinking water, or at hazardous waste sites is very

minimal.

Reproductive Effects. It has not been definitively determined whether chloroform exposure

induces reproductive effects in humans. No studies were located regarding reproductive effects in

humans after inhalation or dermal exposure to chloroform. Only one study was located regarding

reproductive effects in humans after oral exposure to chloroform. Bove et al. (1995) studied the

effects of drinking-water consumption on birth outcomes and found that exposure to TTHM at levels

>0.l ppm resulted in reduced birth weight and size as well as an increased risk of oral cleft, central

nervous system, and neural tube defects. These results should be viewed with caution since the

authors did not specifically monitor chloroform levels. The effects seen may be due to exposure to

other THMs or non-THM contaminants in the drinking water.

Studies indicate that exposure to chloroform causes reproductive effects in animals. Dose-related

increases of embryonal resorptions were observed in rats and mice after inhalation or oral exposure to

chloroform during gestation. A significant increase in the incidence of abnormal sperm was observed

in mice after acute inhalation exposure (Land et al. 1979, 1981). Gonadal atrophy was observed in

male and female rats treated by gavage (Palmer et al. 1979). Fertility was not affected in either

generation of mice exposed orally to chloroform in a 2-generation study (Gulati et al. 1988). In

contrast, a 2-generation study in Sprague-Dawley rats and Swiss mice demonstrated significant

decreases in combined live pup weights and in the proportion of male pups born live (rats), a

significant reduction in sperm concentrations and sperm head counts, and increased numbers of unclear
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or no estrous cycles (mice). However, the animals in this study were administered drinking water

containing a mixture of 25 contaminants; thus, other toxicants may have elicited these effects. Oral

exposure to chloroform did not induce histopathological changes in the reproductive organs of rats

exposed for intermediate durations (Jorgenson and Rushbrook 1980) or in rats and mice (NCI 1976)

and dogs (Heywood et al. 1979) exposed for chronic durations.

Developmental Effects. One study regarding developmental effects in humans after oral

exposure to chloroform has been reported (Kramer et al. 1992). The estimated relative risk of low

birth weight associated with drinking-water sources having chloroform levels of 10 g/L was 30%

higher than sources with undetectable levels of chloroform. Prematurity was not associated with

chloroform/THM exposure. The estimated relative risk of intrauterine growth retardation associated

with drinking-water supplies with chloroform concentrations of >l0 g/L was 80% higher than the

risk for sources with undetectable levels of chloroform. Sources with intermediate chloroform levels

(l-9 g/L) had an elevated risk of 30%. There seems to be reasonable evidence to suggest that some

correlation with an increased risk of intrauterine growth retardation associated with higher

concentrations of waterborne chloroform and dichlorobromomethane does exist.

Inhalation exposure to chloroform during gestation induced fetotoxicity and teratogenicity in rats

(Schwetz et al. 1974) and mice (Murray et al. 1979). Decreased fetal crown-rump length, decreased

ossifications, imperforate anus (rats), and cleft palate (mice) were observed in the offspring of exposed

dams. In contrast, fetotoxicity (decreased fetal weight), but not teratogenicity, was observed in rats

after oral exposure to chloroform (Ruddick et al. 1983; Thompson et al. 1974). Increased resorptions

were observed in rats and rabbits (Thompson et al. 1974). In a 2-generation oral study, degeneration

of the epididymal ductal epithelium was observed in mice of the F1 generation (Gulati et al. 1988).

Due to its chemical nature, chloroform can cross the placenta easily, as demonstrated by its detection

in the placenta and fetuses of mice a short time after inhalation exposure (Danielsson et al. 1986).

Chloroform may accumulate in the amniotic fluid and fetal tissues. Various developmental effects

may result from exposure, depending on the period of in utero exposure. Although no studies have

conclusively reported developmental effects in humans, chloroform (or in tandem with other organic

halomethanes) may have the potential to cause developmental effects in humans. Whether such effects

could occur from exposure to levels in the environment, in drinking water, or at hazardous waste sites

is not known.
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Genotoxic Effects. In vivo and in vitro studies of the genotoxic effects of chloroform are

summarized in Tables 2-5 and 2-6. Information regarding genotoxic effects after in vivo exposure to

chloroform is limited. Mice exposed to chloroform by gavage had an increase in sister chromatid

exchange frequency in bone marrow cells (Morimoto and Koizumi 1983). No sperm-head

abnormalities were noted in mice after receiving 5 daily intraperitoneal injections of chloroform in

concentrations up to 0.25 mg/kg/day in corn oil (Topham 1980). Oral exposure to chloroform did not

increase UDS in rat hepatocytes (Mirsalis et al. 1982). Chloroform exposure caused mitotic arrest in

grasshopper embryos (Liang et al. 1983) and a nonsignificant increase in the recessive lethals in

Drosophila melanoguster (Gocke et al. 1981). In general, most of the assays for chloroform

genotoxicity are negative. Therefore, it seems that chloroform is a weak mutagen and that its potential

to interact with DNA is low.

In in vitro experiments, chloroform did not cause reverse mutations in Salmonella typhimurium (Gocke

et al. 1981; San Augustin and Lim-Sylianco 1978; Simmon et al. 1977; Uehleke et al. 1977; Van

Abbe et al. 1982; Varma et al. 1988) or in Escherichia coli (Kirkland et al. 1981) with or without

metabolic activation. Inconclusive results were obtained in Saccharomyces cerevisiae and

Schistozosaccharomyces pombe (Callen et al. 1980; De Serres et al. 1981). Chloroform, however, induced

Aneuploidia in Aspergillus niduluns (Crebelli et al. 1988). Chloroform caused forward mutations in

L5 178Y mouse lymphoma cells after metabolic activation (Mitchell et al. 1988), but did not cause

mutations at 8-azaguanine locus in Chinese hamster lung fibroblasts (Sturrock 1977) or sister

chromatid exchange in Chinese hamster ovary cells (White et al. 1979). A study performed in mice

examined the ability of chloroform to induce UDS in hepatocytes in vitro from 15-week-old female

B6C3F1 mice. Chloroform concentrations ranged from 0.01 to 10 mmol. Mice were sacrificed at

2 and 12 hours postdosing to determine if and when UDS began to occur. Dimethylnitrosamine, a

known inducer of UDS, was used as a positive control and did induce UDS in these hepatic cells. No

induction of DNA repair was observed at any concentration of chloroform at either the 2-hour or

12-hour posttreatment groups. All concentrations of chloroform added to the cell cultures of mouse

hepatocytes proved to be toxic. The study showed that chloroform is not directly genotoxic in

hepatocytes of female mice, either in vivo or in vitro, despite the fact that it is the target organ of

chloroform carcinogenesis (Larson et al. 1994a). In human lymphocytes, chloroform did not induce

UDS (Peroccio and Prodi 1981) and did not increase the frequency of sister chromatid exchange and

chromosome aberrations (Kirkland et al. 1981). In contrast, increases in sister chromatid exchange

were reported after metabolic activation in another study (Morimoto and Koizumi 1983).









CHLOROFORM 153

2. HEALTH EFFECTS

Cancer. No studies were available regarding cancer in humans or animals after inhalation exposure

to chloroform. Epidemiology studies suggest an association between chronic exposure to chlorinated

drinking-water sources and increased incidences of colon cancer (Young et al. 1981), pancreatic cancer

(Ijsselmuiden et al. 1982) and bladder cancer (Cantor et al. 1978; McGeehin et al. 1993; Zierler et al.

1988). However, numerous other potential toxicants known to exist in chlorinated drinking water may

easily account for these effects.

The carcinogenic potential of chloroform has been tested in animal studies. A dose-related increase in

the incidence of hepatomas was observed in mice exposed to chloroform for intermediate durations

(Eschenbrenner and Miller 1945a). Chronic-duration exposure induced an increased incidence of renal

adenoma and carcinoma in rats exposed to chloroform in drinking water (Jorgenson et al. 1985).

Increased incidence of neoplastic nodules in the liver was observed in female Wistar rats ingesting

chloroform in drinking water (Tumasonis et al. 1987). In addition, hepatocellular carcinoma was

observed in B6C3F1 mice given chloroform in oil by gavage (NCI 1976), and kidney tumors were

observed in male ICI mice exposed by gavage to chloroform in toothpaste (Roe et al. 1979). The

incidence of liver and kidney tumors in male and female rats given chloroform in a chronic-duration

study has been reported (Dunnick and Melnick 1993; NCI 1976). While no hepatocellular or large

intestine neoplasms were noted in either sex of rat, kidney tubular cell neoplasms were observed at

90 mg/kg/day and 180 mg/kg/day in male rats and at 200 mg/kg/day in female rats. In a another

study by the same authors, using male and female mice dosed with similar amounts of chloroform, no

kidney tubular cell neoplasms or large intestine neoplasms were reported in either sex of mice, while

hepatocellular neoplasms were recorded in both sexes. In a similar study, Jorgenson et al. (1985)

examined the carcinogenic effects of chloroform administered chronically (104 weeks) in drinking

water to male Osborne-Mendel rats and female B6C3Fl mice. While no treatment related

enhancement of tumor formation was observed in mice, kidney tubular cell neoplasms were observed

in male rats exposed to 160 mg/kg/day chloroform.

The data concerning mouse liver tumors are conflicting. In contrast to the increased incidence of liver

tumors observed in B6C3Fl mice exposed by gavage to chloroform in oil (NCI 1976), no increased

incidence of liver tumors was observed in female B6C3F1 mice exposed to chloroform in drinking

water (Jorgenson et al. 1985). This result is consistent with the absence of liver tumor effects in four

other strains of mice exposed by gavage to chloroform in toothpaste (Roe et al. 1979). In a

pharmacokinetic study, chloroform was absorbed more slowly and to a lesser extent from corn oil than
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water (Withey et al. 1983), suggesting that pharmacokinetic effects are not responsible for the differences

in liver tumor responses. Nevertheless, data from historical controls indicate that corn oil

alone is not responsible for the increased incidence of liver tumors (Jorgenson et al. 1985).

The corn oil vehicle effect on the induction of mouse liver neoplasms may be due to an interaction

between the vehicle and chloroform (Bull et al. 1986; Jorgenson et al. 1985), possibly resulting in

altered pharmacokinetics. Larson et al. (1994b) demonstrated that female B6C3F1 mice developed

increased hepatocyte toxicity after gavage dosing in oil with chloroform concentrations of 238 and

477 mg/kg/day for 4 days or 3 weeks (as determined by BrdU-labelling of hepatocytes). However,

there was no increase in LI in the liver of the same strain of female mice administered up to

1,800 ppm in the drinking water for 4 days or 3 weeks. The actual doses for the mice administered at

1,800 ppm were 105 and 329 mg/kg/day, respectively. Other studies have shown similar intake dose

difference due to vehicle effect (Jorgenson et al. 1985; NCI 1976). The difference in results are most

likely due to the method of dosing and the vehicle used, both having effects on the pharmacokinetics

of chloroform and hence the degree of hepatotoxicity (and perhaps the renal toxicity in males) that

chloroform may induce in these mice. Gavaged animals typically receive a large dose of chloroform

all at one time over a period of several days, while the animals in the drinking-water studies consume

somewhat equal amounts of chloroform; however, it is consumed in small sips (Larson et al. 1994b).

It seems clear that the design of the gavage studies inherently results in repeated and relatively

massive doses of chloroform to the liver (and other susceptible cells) over a short period of time that

likely overwhelm the liver defense mechanisms for chloroform detoxification, resulting in hepatotoxicity,

cell death, or both. Conversely, drinking-water studies expose the liver to continuous, low

doses of chloroform, resulting in detoxification, elimination, and few apparent signs of hepatocellular

damage. Clearly, further studies that describe the differences in pharmacokinetics between dosing

method (gavage as opposed to drinking water) and vehicle effects (oil as opposed to water) need to be

performed to correctly estimate human risk to orally consumed chloroform.

The possible association between cell proliferation as a result of cytotoxicity and chemical

carcinogenesis has been the subject of considerable debate (Melnick et al. 1996). Chemically induced

cell proliferation does play an important role in the carcinogenic process; however, the relationship

between induced cell proliferation and tumorigenesis is not a direct cause-and-effect relationship

(Farber 1995). Based on short-term exposures studies (4, 7, or 21 days), Larson et al. (1994b) suggest

that chloroform causes cancer by inducing cytotoxicity, followed by cell regeneration. However, a
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review by Chiu et al. (1996), correlating chloroform-induced short-term and long-term cytotoxicity

studies with cancer in target tissues, suggests that the mode of action of chloroform carcinogenesis can

not be concluded with the currently available data.

There is a qualitative correlation between short-term toxicological end points of cytotoxicity and the

occurrence of neoplasia in the liver of B6C3Fl mice exposed to chloroform either by corn oil gavage

or in the drinking water. However, the association between cytotoxicity and cancer is lacking in other

test systems. For example, short-term cytotoxicity (4 days) was observed in the kidneys of B6C3Fl

mice (Larson et al. 1994d) without an observable increase in neoplasia in male B6C3Fl mice exposed

to chloroform in corn oil by gavage for 78 weeks at similar doses (NCI 1976). These data indicate

that increased cell proliferation may not always be sufficient to cause increased tumor incidence.

Some studies suggest that the carcinogenic response in male rat kidneys (Jorgensen and Rushbrook

1980; Jorgensen et al. 1985) may not be mediated by a mechanism involving necrosis and regenerative

cell proliferation. This observation is supported by the fact that chloroform exposure, by either

drinking water or corn oil gavage, induced kidney neoplasia in male Osborne-Mendel rats without any

reported short-term and long-term cytotoxicity. There was no treatment-reIated biochemical and

microscopic/gross histopathological changes in the kidneys of the rats at 30, 60, or 90 days after

receiving chloroform in the drinking water (Jorgensen and Rushbrook 1980). Neither necrosis nor

tubular cell hyperplasia was found in the kidneys of male Osborne-Mendel rats treated with chloroform

by gavage or drinking water in the 2-year bioassays (Jorgensen et al. 198.5; NCI 1986).

In the liver bioassay for GGTase positive foci, chloroform had neither an initiating effect nor a

promoting effect when administered in drinking water (Herren-Freund and Pereira 1987), but had a

promoting effect of these loci initiated by diethylnitrosamine if given in a corn oil vehicle (Deml and

Oesterle 1985); both studies were performed in rats. Moreover, chloroform enhanced the growth of

experimentally inoculated tumors in mice (Cape1 et al. 1979). In contrast, chloroform had an

inhibiting effect on the growth of tumors induced by known carcinogens (1,2-dimethylhydrazine and

ethylnitrosurea) in rats (Daniel et al. 1989; Herren-Freund and Pereira 1987).

In epidemiologic studies, chloroform is not identified as the sole or primary cause of excess cancer

rates, but it is one of many organic contaminants found in chlorinated drinking water, many of which

are considered to have carcinogenic potential. These studies are often flawed by a lack of measured
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chloroform concentrations in drinking water; lack of data concerning concentrations of other organics,

limited information concerning personal drinking-water consumption, long latency periods, and effects

of migration, making it difficult to quantify exposure. Although human data suggest a possible

increased risk of cancer from exposure to chloroform in chlorinated drinking water, the data are too

weak to draw a conclusion about the carcinogenic potential of chloroform in humans. Based on

animal studies, chloroform has been classified as a probable human carcinogen by EPA (IRIS 1995),

as a possible human carcinogen by IARC (1987), and as a substance that may reasonably be

anticipated to be carcinogenic in humans (NTP 1989).

2.6 BIOMARKERS OF EXPOSURE AND EFFECT

Biomarkers are broadly defined as indicators signaling events in biologic systems or samples. They

have been classified as markers of exposure, markers of effect, and markers of susceptibility

(NAS/NRC 1989).

Due to a nascent understanding of the use and interpretation of biomarkers, implementation of

biomarkers as tools of exposure in the general population is very limited. A biomarker of exposure is

a xenobiotic substance or its metabolite(s), or the product of an interaction between a xenobiotic agent

and some target molecule(s) or cell(s) that is measured within a compartment of an organism

(NAS/NRC 1989). The preferred biomarkers of exposure are generally the substance itself or

substance-specific metabolites in readily obtainable body fluid(s) or excreta. However, several factors

can confound the use and interpretation of biomarkers of exposure. The body burden of a substance

may be the result of exposures from more than one source. The substance being measured may be a

metabolite of another xenobiotic substance (e.g., high urinary levels of phenol can result from

exposure to several different aromatic compounds). Depending on the properties of the substance

(e.g., biologic half-life) and environmental conditions (e.g., duration and route of exposure), the

substance and all of its metabolites may have left the body by the time samples can be taken. It may

be difficult to identify individuals exposed to hazardous substances that are commonly found in body

tissues and fluids (e.g., essential mineral nutrients such as copper, zinc, and selenium). Biomarkers of

exposure to chloroform are discussed in Section 2.6.1.

Biomarkers of effect are defined as any measurable biochemical, physiologic, or other alteration within

an organism that, depending on magnitude, can be recognized as an established or potential health
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impairment or disease (NAS/NRC 1989). This definition encompasses biochemical or cellular signals

of tissue dysfunction (e.g., increased liver enzyme activity or pathologic changes in female genital

epithelial cells), as well as physiologic signs of dysfunction such as increased blood pressure or

decreased lung capacity. Note that these markers are often not substance specific. They also may not

be directly adverse, but can indicate potential health impairment (e.g., DNA adducts). Biomarkers of

effects caused by chloroform are discussed in Section 2.6.2.

A biomarker of susceptibility is an indicator of an inherent or acquired limitation of an organism’s

ability to respond to the challenge of exposure to a specific xenobiotic substance. It can be an

intrinsic genetic or other characteristic or a pre-existing disease that results in an increase in absorbed

dose, biologically effective dose, or target tissue response. If biomarkers of susceptibility exist, they

are discussed in Section 2.7, Populations That Are Unusually Susceptible.

2.6.1 Biomarkers Used to Identify or Quantify Exposure to Chloroform

Chloroform concentrations measured in tissue and/or air samples can not be currently be used as

specific biomarkers for chloroform exposure; however, they may indicate exposure to chloroform or

other halogenated compounds that have undergone metabolism to chloroform. Methods for measuring

chloroform in biological fluids, tissues, and exhaled breath are available; however, there is relatively

little quantitative information relating monitored chloroform levels in tissues or fluids to exposure.

The presence of chloroform or its metabolites in biological fluids and tissues may result from the

metabolism of other chlorinated hydrocarbons; thus, elevated tissue levels of chloroform or its

metabolites may reflect exposure to other compounds. The relationship between chloroform

concentration in inspired air and resulting blood chloroform levels is the most well defined measure of

exposure due to the extensive use of chloroform as a surgical anesthetic. A mean arterial blood

concentration of 9.8 mg/dL (range 7-16.6 mg/dL) was observed among 10 patients receiving

chloroform anesthesia at an inspired air concentration of 8,000-10,000 ppm (Smith et al. 1973).

Monitoring of blood levels in workers experiencing toxic jaundice due to chloroform exposure

revealed that when workroom air concentrations were estimated to be >400 ppm, the blood samples of

13 workers with jaundice were 0.10-0.3 g/l00 mL blood (Phoon et al. 1983). In another group of

18 workers with toxic hepatitis, blood samples revealed chloroform in some but not all workers, and

workroom air contained 14.4-50.4 ppm on various days. These data suggest an association between
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increased blood concentrations and increased exposure concentrations, but the blood levels varied too

greatly to establish a direct quantitative relationship.

Environmental exposure to chloroform in humans probably represents a combination of inhalation

exposure (from the air polluted with volatile halogenated hydrocarbons) and oral exposure (from

chlorinated water sources), in addition to a dermal absorption route for chloroform from contaminated

water sources (from showering, bathing, or swimming). The chloroform levels detected in human

blood varied according to geographical areas. Chloroform levels ranged from 13 to 49 g/L in serum

samples taken from 10 individuals in Florida (Peoples et al. 1979). The level of environmental

exposure was not reported. The mean blood chloroform concentration was 1.5 g/L in blood samples

taken from 250 individuals in Louisiana; exposure levels were not reported (Antoine et al. 1986).

Chloroform was found in breath samples from large cohorts of people from New Jersey, North

Carolina, and North Dakota (Wallace et al. 1987a). The levels of chloroform in breathing zone

(personal) air were consistently higher than outdoor concentrations and correlated with chloroform

concentrations in the exhaled breath samples. Some activities such as visiting the dry cleaners (an

industry associated with high chloroform levels) or showering were associated with increased

chloroform breath levels (Jo et al. 1990a, 1990b; Wallace et al. 1989). Chloroform was detected in

7 of 42 samples of human milk collected in 4 geographical areas in the United States (Pellizzari et al.

1982).

Tissue levels of chloroform obtained at autopsy reflected environmental exposure levels in other

studies. The levels ranged from 20 to 49 g/kg of chloroform from adipose tissue extracted into

hexane from samples taken from 10 individuals in Florida (Peoples et al. 1979). In 30 autopsy cases

in Germany, the adipose tissue contained a mean of 23.4 g/kg wet tissue; 24.8 g/kg perinephric fat;

10.8 g/kg liver tissue; 9.9 g/kg lung tissue; and 10 g/kg muscle tissue (Alles et al. 1988). The

maximum chloroform content increased with age and was not dependent on the volume of fat in the

tissues.

No correlation has been made between the exact environmental levels of chloroform and the amount of

chloroform in the exhaled breath or in the blood. Furthermore, chloroform also can be detected in the

breath after exposure to carbon tetrachloride and other chlorinated hydrocarbons (Butler 1961).

Therefore, chloroform levels cannot be used as reliable biomarkers of exposure to this chemical.
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2.6.2 Biomarkers Used to Characterize Effects Caused by Chloroform

The primary targets of chloroform toxicity are the central nervous system, liver, and kidney. The

signs and symptoms of central nervous system effects (e.g., dizziness, fatigue, headache) are easily

recognized. Monitoring liver and kidney effects induced by exposure to low levels of chloroform

requires the testing of organ functions. Liver effects are commonly detected by monitoring for

elevated levels of liver enzymes in the serum or testing for sulfobromophthalein retention. Urinalysis

and measurements of BUN and -2-microglobin are used to detect abnormalities in kidney function.

Because many toxic chemicals can cause adverse liver and kidney effects, these tests are not specific

for chloroform. No specific biomarkers used to characterize effects caused specifically by chloroform

were located.

For more information on biomarkers for renal and hepatic effects of chemicals see ATSDR/CDC

Subcommittee Report on Biological Indicators of Organ Damage (1990) and for information on

biomarkers for neurological effects see OTA (1990).

2.7 INTERACTIONS WITH OTHER CHEMICALS

The interactions of chloroform with other chemicals are an issue of great importance; as with many

chemicals, exposure to chloroform alone seldom occurs. This is especially true when considering

exposure to chlorinated water, which usually contains other trihalomethanes and may contain other

potential toxicants.

Clinical reports of patients who underwent chloroform anesthesia indicated that premeditation with

morphine caused serious respiratory depression when chloroform was co-administered. Thiopentone

(thiopental Na, an ultra-short-acting barbiturate anesthetic) was associated with increased incidences of

hypotension in chloroform-anesthetized patients (Whitaker and Jones 1965).

Several animal studies indicate that chloroform interacts with other chemicals within the organism.

The lethal and hepatotoxic effects of chloroform were increased by dicophane (DDT) (McLean 1970)

and phenobarbital (a long-acting barbiturate) in rats (Ekstrom et al. 1988; McLean 1970; Scholler

1970). Increased hepatotoxic and nephrotoxic effects were observed after interaction with ketonic

solvents and ketonic chemicals in rats (Hewitt and Brown 1984; Hewitt et al. 1990) and in mice
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(Cianflone et al. 1980; Hewitt et al. 1979). The hepatotoxicity of chloroform was also enhanced by

co-exposure to carbon tetrachloride in rats (Harris et al. 1982) and by co-exposure to ethanol in mice

(Kutob and Plaa 1962). Furthermore, ethanol pretreatment in rats enhanced chloroform-induced

hepatotoxicity (Wang et al. 1994) and increased the in vitro metabolism of chloroform (Sato et al.

1981).

A mixture of cadmium and chloroform potentiated the cytotoxicity of each in in vitro experiments in

rat hepatocytes (Stacey 1987a, 1987b). In contrast, mirex did not increase chloroform toxicity in mice

(Hewitt et al. 1979). Disulfiram, an inhibitor of microsomal enzymes, decreases the hepatotoxicity of

chloroform (Masuda and Nakayama 1982; Scholler 1970). Diethyldithiocarbamate and carbon

disulfide pretreatment also protect against chloroform hepatotoxicity (Gopinath and Ford 1975; Masuda

and Nakayama 1982, 1983), presumably by inhibiting microsomal enzymes. In general, chloroform

toxicity can be influenced by chemicals that alter microsomal enzyme activity or hepatic GSH levels.

The role that dichloroacetate (DCA) and trichloroacetate (TCA) play in chloroform toxicity was

studied in rats (Davis 1992). TCA and DCA are formed in conjunction with chloroform during the

chlorination of drinking water; therefore, animals drinking chlorinated water may be exposed to all

three compounds simultaneously. It was found that DCA increases the hepatotoxicity and

nephrotoxicity of chloroform in rats, that TCA increases the nephrotoxicity of chloroform, and that

these effects were gender-specific, occurring mainly in females. The effects of monochloroacetate

(MCA) on chloroform toxicity has also been investigated, with the combination (MCA + chloroform)

shown to have toxic effects on the liver and kidneys of rats (Davis and Bemdt 1992). The effect of

chloroform and other organic halides (i.e., dichlorobromomethane) on intrauterine growth retardation

has also been explored (Kramer et al. 1992).

Ikatsu and Nakajima (1992) studied the effect of low-dose inhalation of chloroform with or without

co-exposure to carbon tetrachloride on hepatotoxicity when rats were or were not previously exposed

to ethanol. Groups of control or ethanol-pretreated rats inhaled 0, 50, or 100 ppm chloroform alone;

0, 25, or 50 ppm chloroform with 5 ppm carbon tetrachloride; or 0, 10, 25, or 50 ppm chloroform

with 10 ppm carbon tetrachloride. Exposures to either 50 or 100 ppm of chloroform alone did not

significantly change SGOT, SGPT, liver, or serum malondialdehyde (MDA) concentrations. In the rats

pretreated with ethanol, SGOT and SGPT levels were significantly elevated above control animals at

100 ppm chloroform and SGOT levels were increased at 50 ppm chloroform as well. There was no
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change in either serum or liver concentrations of MDA in either exposure group. Liver triglycerides

and GSH levels were significantly elevated above those of control animals for both exposure levels for

animals not pretreated with ethanol; however, overall liver weights were elevated at only 100 ppm

chloroform. In rats pretreated with ethanol, there was no significant change in liver triglyceride

concentrations at either dose; however, liver GSH and liver weights were significantly elevated above

control at both exposure concentrations. In chloroform and carbon tetrachloride treated rats not

pretreated with ethanol, elevations in SGOT (10 ppm CC14 plus 10 and 50 ppm CHC13), SGPT

(5 ppm CC14  plus 50 ppm CHC13, 10 ppm CC14  plus 25 ppm CHC13, and plasma MDA (10 ppm

CC14  plus 10, 25, and 50 ppm CHC13 were observed. In chloroform and carbon tetrachloride-treated

rats pretreated with ethanol, elevations in SGOT (all doses), SGPT (all doses except 5 ppm

CC14 + 25 ppm CHCl3), liver MDA (all doses), and plasma MDA (5 and 10 ppm CC14 + 50 ppm

CHC13, 10 ppm CC14 + 25 ppm CHC13,) were observed. In chloroform and carbon tetrachloride

treated rats not pretreated with ethanol, elevations in liver triglyceride (all doses) and GSH (5 ppm

CC14 + 50 ppm CHC13, 10 ppm CC14 + 10 and 50 ppm CHC13) were observed. In chloroform and

carbon tetrachloride treated rats pretreated with ethanol, elevations in liver triglyceride (all chloroform

doses at 10 ppm CCl4) and GSH (all doses except 5 ppm CC14 + 25 ppm CHC13 were observed. The

results suggest that chloroform enhances carbon tetrachloride-induced hepatotoxicity.

2.8 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE

A susceptible population will exhibit a different or enhanced response to chloroform than will most

persons exposed to the same level of chloroform in the environment. Reasons may include genetic

makeup, age, health and nutritional status, and exposure to other toxic substances (e.g., cigarette

smoke). These parameters may result in reduced detoxification or excretion of chloroform, or

compromised function of target organs affected by chloroform. Populations who are at greater risk

due to their unusually high exposure to chloroform are discussed in Section 5.6, Populations With

Potentially High Exposure.

Since the liver and kidney are the two main organs responsible for chloroform metabolism, individuals

who have hepatic or renal impairment may be more susceptible to chloroform toxicity; one such

population would be those who abuse alcohol (Wang et al. 1994; Kutob and Plaa 1962). Also,

exhaustion and starvation may potentiate chloroform hepatotoxicity, as indicated in some human

clinical reports (Royston 1924; Townsend 1939) and in animal studies (Ekstrom et al. 1988; McMartin
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et al. 1981). Animal studies indicate that male mice and rats may be more susceptible to the lethal

and renal effects of chloroform than female mice and rats (Deringer et al. 19.53; Torkelson et al.

1976). The greater susceptibility of adult male animals is associated with testosterone levels in the

animals (Deringer et al. 1953). Evidence also exists for age-related effects; young male mice were

less susceptible to the lethal effects of chloroform compared to adult males (Deringer et al. 1953).

Kimura et al. (1971) noted similar differences between young and old adult rats, but also found that

chloroform was significantly more toxic in 14-day-old rats than in adult rats. Whether or not these

subpopulations in humans would be more susceptible than their respective counterparts is not presently

known.

2.9. METHODS FOR REDUCING TOXIC EFFECTS

This section will describe clinical practice and research concerning methods for reducing toxic effects

of exposure to chloroform. However, because some of the treatments discussed may be experimental

and unproven, this section should not be used as a guide for treatment of exposures to chloroform.

When specific exposures have occurred, poison control centers and medical toxicologists should be

consulted for medical advice. The following texts provide specific information about treatment

following exposures to chloroform:

Ellenhom, MJ and Barceloux, DG, (eds.) (1988). Medical Toxicology: Diagnosis and

Treatment of Human Poisoning. Elsevier Publishing, New York, NY., pp. 972-974.

Dreisback, RH, (ed.) (1987). Handbook of Poisoning. Appleton and Lange, Norwalk, CT.

Haddad, LM and Winchester, JF, teds.) (1990). Clinical Management of Poisoning and Drug

Overdose. 2nd edition, WB Saunders, Philadelphia, PA.

Aaron, CK and Howland, MA (eds.) (1994). Goldfrank’s Toxicologic Emergencies. Appleton

and Lange, Norwalk, CT.

2.9.1 Reducing Peak Absorption Following Exposure

Human exposure to chloroform may occur by inhalation, ingestion, or by dermal contact. General

recommendations for reducing absorption of chloroform include removing the exposed individual from

the contaminated area and removing the contaminated clothing. If the eyes and skin were exposed,

they should be flushed with water. In order to reduce absorption of ingested chloroform, emesis may
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be considered unless the patient is comatose, is convulsing, or has lost the gag reflex. Controversy

exists concerning use of emesis because of the rapid onset of central nervous system depression, the

risk of aspiration of stomach contents into the lungs, and the relative ineffectiveness of this method.

In comatose patients with absent gag reflexes, an endotracheal intubation may be performed in

advance to reduce the risk of aspiration pneumonia. Gastric lavage may also be used.

2.9.2 Reducing Body Burden

Chloroform is not stored to any appreciable extent in the human body and is mostly metabolized to

phosgene and eventually CO2 (see Section 2.3); however, some chloroform may be stored in fat

depots in the body. The half-life of chloroform in humans has been calculated to be 7.9 hours

following inhalation exposure (Gordon et al. 1988). Furthermore, an oral-exposure study found most

of the chloroform dose being eliminated within 8 hours postexposure (Fry et al. 1972). Hepatic and

pulmonary first-pass effect was reported in humans (Chiou 1975).

Despite a relatively fast clearance of chloroform from the body, toxic effects may develop in exposed

individuals. No method is commonly practiced to enhance the elimination of the absorbed dose of

chloroform. Although there is evidence that ethanol pretreatment of rats can increase the in vitro

metabolism of chloroform (Sato et al. 1981), such treatment would not be recommended (Kutob and

Plaa 1962) because it would increase the toxicity of chloroform and it is a very poor practice

generally.

2.9.3 Interfering with the Mechanism of Action for Toxic Effects

Target organs of chloroform toxicity are the central nervous system, liver, and kidneys (see

Section 2.2). Respiratory, cardiovascular, and gastrointestinal toxic effects have also been reported.

Studies in animals also indicated that chloroform exposure may induce reproductive and developmental

effects and cause cancer. Several studies investigated the possible mechanism for chloroform-induced

toxicity (see Section 2.5). Proposed mechanisms of chloroform toxicity and potential mitigations

based on these mechanisms are discussed below. The potential mitigation techniques mentioned are

all experimental.
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One of the possible mechanisms of chloroform toxicity is thought to be linked to its high lipid

solubility and its ability to bind covalently to lipids (Testai et al. 1987). For example, neurotoxic and

respiratory effects of chloroform may be due to the interaction of chloroform with gangliosides in

neuronal membranes (Harris and Groh 1985) and phospholipids in the surfactant monolayer of the

lower respiratory tract (Enhorning et al. 1986), respectively. Another proposed reaction of chloroform

and lipids would result in the formation of conjugated dienes which are indicative of lipid peroxidation

(De Groot and Noll 1989). Some authors reported that conjugated dienes may play a key role in the

hepatotoxicity induced by haloalkanes (Comporti 1985; Recknagel et al. 1982). Others, however,

argue that lipid peroxidation alone is not responsible for all changes found in the liver following

chloroform exposure (Brown et al. 1974b; Lavigne and Marchand 1974). Instead, it was proposed that

the mechanism of chloroform-induced liver and kidney toxicity involved metabolism to the reactive

intermediate, phosgene, which binds to proteins of the endoplasmatic reticulum (Pohl et al. 1980a,

1980b). While this is true in the rat, it has not been established in other species, including humans.

The toxicity of chloroform is increased by inducers of cytochrome P-450 such as phenobarbital

(Scholler 1970). The involvement of cytochrome P-450 is further supported by the finding that

disulfiram (Scholler 1970) and methoxsalen (Letteron et al. 1987), both inhibitors of microsomal

enzymes, decreased the liver injury caused by chloroform in rats and mice, respectively. In addition,

pretreatment with diethyldithiocarbamate and carbon disulfide protected mice against chloroform

hepatotoxicity as indicated by biochemical and histopathological results (Gopinath and Ford 1975;

Masuda and Nakayama 1982, 1983). Similarly, pretreatment of mice with methoxsalen (Letteron et al.

1987) and piperonyl butoxide (Kluwe and Hook 1981) reduced the chloroform-induced nephrotoxicity.

Further research to determine which isozymes of P-450 are involved in metabolism to the more

harmful metabolite, phosgene, as well as which isozymes are involved in enhancing the elimination of

chloroform, could lead to the development of strategies designed to selectively inhibit specific P-450

isozymes, and thus reduce the toxic effects of chloroform.

Administration of chloroform to laboratory animals resulted in the depletion of renal GSH, indicating

that GSH reacts with reactive intermediates, thus reducing the kidney damage otherwise caused by the

reaction of these intermediates with tissue MMBs (Hook and Smith 1985; Smith and Hook 1983,

1984; Smith et al. 1984). Similarly, chloroform treatment resulted in the depletion of hepatic GSH

and alkylation of MMBs (Docks and Krishna 1976). Other studies demonstrated that sulfhydryl

compounds such as L-cysteine (Bailie et al. 1984) and reduced GSH (Kluwe and Hook 1981) may
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provide protection against nephrotoxicity induced by chloroform. The sulfhydryl compound N-

acetylcysteine is an effective antidote for poisoning by acetaminophen, which, like chloroform, depletes

GSH and produces toxicity by reactive intermediates.

All mitigations of the chloroform-induced toxicity cited above are experimental. Further studies would

be needed for implications of any of these methods to humans.

2.10 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA directs the Administrator of ATSDR (in consultation with the

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether

adequate information on the health effects of chloroform is available. Where adequate information is

not available, ATSDR, in conjunction with the National Toxicology Program (NTP), is required to

assure the initiation of a program of research designed to determine the health effects (and techniques

for developing methods to determine such health effects) of chloroform.

The following categories of possible data needs have been identified by a joint team of scientists from

ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would

reduce or eliminate the uncertainties of human health assessment. This definition should not be

interpreted to mean that all data needs discussed in this section must be filled. In the future, the

identified data needs will be evaluated and prioritized, and a substance-specific research agenda will be

proposed.

2.10.1 Existing Information on Health Effects of Chloroform

The existing data on health effects of inhalation, oral, and dermal exposure of humans and animals to

chloroform are summarized in Figure 2-6. The purpose of this figure is to illustrate the existing

information concerning the health effects of chloroform. Each dot in the figure indicates that one or

more studies provide information associated with that particular effect. The dot does not necessarily

imply anything about the quality of the study or studies, nor should missing information in this figure

be interpreted as a “data need.” A data need, as defined in ATSDR’s Decision Guide for Identifying

Substance-Specific Data Needs Related to Toxicological Profiles (ATSDR 1989), is substance-specific

information necessary to conduct comprehensive public health assessments. Generally, ATSDR
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defines a data gap more broadly as any substance-specific information missing from the scientific

literature.

As seen from Figure 2-6, information is available regarding death, systemic effects, and neurological

effects in humans after inhalation and oral exposure to chloroform. In addition, information is

available regarding carcinogenic effects in humans after oral exposure to chlorinated drinking water.

Limited information is available regarding dermal effects in humans after exposure to chloroform.

Inhalation and oral studies in animals provide data on death, systemic effects after acute- and

intermediate-duration exposure, immunological effects, neurological effects, developmental effects,

reproductive effects, and genotoxic effects. Information is available regarding systemic effects and

carcinogenic effects in animals after oral exposure to chloroform. The carcinogenic effects after oral

exposure is inconsistent and not totally conclusive. In addition, data regarding death and acute

systemic effects in animals after dermal exposure to chloroform were located in the available literature.

2.10.2 Identification of Data Needs

Acute-Duration Exposure. Clinical reports indicate that the central nervous system,

cardiovascular system, stomach, liver, and kidneys in humans are target organs of chloroform toxicity

after inhalation and oral exposure to chloroform (Schroeder 1965; Smith et al. 1973; Whitaker and

Jones 1965). These findings are supported by results obtained from acute inhalation and oral-exposure

studies in animals in which target organs identical to those observed in human studies (central nervous
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system, liver, and kidney) were identified (Culliford and Hewitt 1957; Jones et al. 1958; Lehmann and

Flury 1943; Lundberg et al. 1986; Moore et al. 1982). The data are sufficient to derive an MRL for

acute oral exposure. An acute inhalation MRL was derived based on a NOAEL for hepatic effects in

mice (Larson et al. 1994c). Lethality studies were conducted in rats and mice after acute inhalation

exposure (Deringer et al. 1953; Gehring 1968; Lundberg et al. 1986; Smyth et al. 1962). Similarly,

lethal doses were identified after single oral exposure in rats and mice (Bowman et al. 1978; Chu et al.

1982b; Jones et al. 19.58; Kimura et al. 1971; Smyth et al. 1962). Information regarding dermal

effects in humans and animals after exposure to chloroform is limited. Degenerative changes in the

kidney tubules of rabbits were reported in one dermal study (Torkelson et al. 1976). Toxicokinetic

data regarding dermal exposure are very limited; however, there is evidence that chloroform can be

absorbed through the skin (Tsuruta 1975). Due to its lipophilic quality after dermal exposure,

chloroform is likely to be distributed in the organism in patterns similar to those for inhalation and

oral exposure. Information regarding acute dermal exposure in rodents would be useful to identify

target organs and threshold levels of chloroform toxicity. Several in vitro skin models are available

that would be adequate for describing the absorption of chloroform through the skin and the effects

that differing concentrations of chloroform would have on skin histology.

Intermediate-Duration Exposure.  An occupational study suggests that the liver is a target organ

of chloroform toxicity after inhalation exposure of intermediate duration (Phoon et al. 1983). No data

were located regarding intermediate-duration oral and dermal exposure in humans. Several studies

were located regarding chloroform toxicity in animals after oral exposure (including 3 90-day studies

in rats, 3 90-day studies in mice, and a 6-week oral study in dogs) (Bull et al. 1986; Chu et al.

1982a, 1982b; Heywood et al. 1979; Jorgenson and Rushbrook 1980; Klaunig et al. 1986; Munson et

al. 1982; Palmer et al. 1979); fewer data were located regarding inhalation exposure (Torkelson et al.

1976), and no data were located regarding dermal exposure. In animals, the target organs for

chloroform toxicity were identified as the central nervous system, liver, and kidneys.

An intermediate-duration oral MRL was derived based on liver effects in dogs (Heywood et al. 1979).

An intermediate-duration inhalation MRL was derived based on toxic hepatitis which occurred in

humans (Phoon et al. 1983). Pharmacokinetic data regarding dermal exposure to chloroform are

limited, but it is known that chloroform can be absorbed through the skin. Intermediate-duration

dermal studies in animals would provide information about chloroform toxicity via this exposure route.
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The information would be useful for populations living at or near hazardous waste sites, who may be

exposed to chloroform for intermediate durations.

Chronic-Duration Exposure and Cancer. Information regarding chronic-exposure inhalation

exposure to chloroform in humans is limited to occupational studies (Bomski et al. 1967; Challen et al.

1958). The liver and central nervous system are target organs of chloroform toxicity. Regarding

chronic-duration oral exposure in humans, limited information is available from a case study reporting

hematological, hepatic, and renal effects in an individual who used a cough medicine containing

chloroform for 10 years (Wallace 1950) and from a follow-up study of individuals who used a

mouthwash containing chloroform for 15 years (De Salva et al. 1975). Animal data indicate that the

central nervous system, liver, and kidneys are target organs of chloroform toxicity after chronic oral

exposure (Heywood et al. 1979; Jorgenson et al. 1985; NCI 1976; Roe et al. 1979; Tumasonis et al.

1985, 1987). The data are sufficient to derive a chronic oral MRL. No studies were located regarding

chloroform toxicity in humans and animals after dermal exposure to chloroform and in animals after

inhalation exposure to chloroform. Considering the similar pattern of chloroform toxicity after

inhalation and oral exposures for acute and intermediate durations, similar target organs in animals

after chronic inhalation exposure to chloroform may be predicted. Nonetheless, studies designed to

assess the chronic toxicity of chloroform in animals after inhalation and dermal exposure would be

useful to establish dose-response relationships. This information is important to humans

occupationally exposed or exposed to contaminated air, water, or soil at or near hazardous waste sites.

Epidemiology studies suggest a possible association between chloroform in drinking water and cancer

risk. Increased incidences of colon and bladder cancer were identified in separate populations exposed

to chlorinated water. However, as mentioned before, other toxic compounds have also been identified

in chlorinated drinking water, making the role of chloroform in cancer induction questionable. Studies

in rats and mice indicate that oral exposure to chloroform causes cancer (Jorgenson et al. 1985; NCI

1976; Roe et al. 1979; Tumasonis et al. 1985, 1987); however, some of these studies utilized gavage

dosing instead of drinking water. No data were located regarding carcinogenicity in humans and

animals following inhalation and dermal exposure to chloroform. Nonetheless, pharmacokinetic data

indicate similar toxicokinetics of chloroform after inhalation and oral exposure; therefore, similar

targets for carcinogenic effects may be predicted. Data were located suggesting different effects of

chloroform depending on the vehicle and method of oral administration. Chloroform in corn oil

administered by gavage caused an increased incidence of liver tumors (NCI 1976) while
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administration of the same dose in drinking water did not (Jorgenson et al. 1985). It was

demonstrated, however, that chloroform uptake is much slower from the oil vehicle (Withey et al.

1983). Therefore, the higher cancer incidence cannot be explained merely by the levels of chloroform

in tissues. Furthermore, chloroform acted as a promoter rather than an initiator of preneoplastic foci in

a rat liver bioassay (Deml and Oesterle 1985). In contrast, some studies indicate that chloroform

inhibits the growth of tumors induced by known carcinogens (Daniel et al. 1989; Herren-Freund and

Pereira 1987). Animal studies also suggest an epigenetic mechanism for the carcinogenicity of

chloroform. Because of these differences, further studies on the possible mechanism of chloroform

carcinogenicity would be useful.

Genotoxicity. Chloroform has been tested for genotoxicity in several in vitro and in vivo

experiments. Its potency to induce mutations seems to be weak. No induction of reverse mutations

was observed in prokaryotic systems (Gocke et al. 1981; Kirkland et al. 1981; San Augustin and Lim-

Sylianco 1978; Simmon et al. 1977; Uehleke et al. 1977; Van Abbe et al. 1982; Vat-ma et al. 1988).

Mixed results were obtained in the induction of mutations in human lymphocytes and Chinese hamster

cells in vitro (Kirkland et al. 1981; Mitchell et al. 1988; Peroccio and Prodi 1981; White et al. 1979).

Nonetheless, an increase in sperm anomalies and sister chromatid exchanges in the bone marrow of

rodents was observed after in vivo exposure (Land et al. 1979, 1981; Morimoto and Koizumi 1983).

Cytogenetic analysis of peripheral lymphocytes from exposed individuals would provide useful

information about the ability of chloroform to induce mutations in-humans if a suitable population can

be identified.

Reproductive Toxicity. No information was located regarding reproductive effects in humans

exposed to chloroform via any route or in animals exposed by the dermal route. Increased resorptions

were observed in rats and mice after inhalation exposure to chloroform during gestation (Murray et al.

1979; Schwetz et al. 1974) and in rats and rabbits after oral exposure (Thompson et al. 1974). In

addition to effects in dams, abnormal sperm were found in mice after inhalation exposure (Land et al.

1979, 1981). Furthermore, exposure-related gonadal atrophy was observed in both sexes of rats

following oral exposure to chloroform (Palmer et al. 1979). The results suggest that reproductive

organs are a target of chloroform toxicity in animals; however, some inhalation and oral studies in

animals do not report any effects. More studies assessing the reproductive function in animals would

be useful for the purpose of extrapolating the data to human exposure.
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Developmental Toxicity. Only one study was located regarding developmental effects in humans

exposed to chloroform via an oral route. Animal data indicate that chloroform can cross the placenta.

Fetotoxicity effects (decreased birth weight, decreased fetal crown-rump length, increased resorptions)

and teratogenicity (acaudate fetuses with imperforate anus, cleft palates) were observed in rats and

mice after inhalation exposure to chloroform (Murray et al. 1979; Schwetz et al. 1974). Oral exposure

to chloroform-induced fetotoxicity in rats and rabbits (Ruddick et al. 1983; Thompson et al. 1974).

Degeneration of the epididymal ductal epithelium (not affecting the fertility) was observed in mice in

the F1 generation in a 2-generation oral reproductive study (Gulati et al. 1988). No information is

available regarding the developmental toxicity of chloroform after dermal exposure. More data

regarding developmental toxicity both in humans and in experimental animals (especially after oral and

dermal exposure) would be useful to identify the possible risk for humans.

Immunotoxicity.  No data were located regarding immunological effects in humans after inhalation,

oral, or dermal exposure to chloroform. The data obtained from animal studies are limited to one

inhalation study in mice and three oral studies in rats and mice (Aranyi et al. 1986; Chu et al. 1982b;

Munson et al. 1982). Depressed humoral and cell-mediated immunity were detected; however, the

chloroform-induced changes were more serious in the acute exposure study than in the

intermediateduration study, indicating that the changes may be transient. Studies regarding skin

sensitization with chloroform were not performed. A battery of immune function tests has not been

performed in humans or in animals, but would provide helpful information to support or refute the limited

evidence for chloroform immunotoxicity.

Neurotoxicity. The central nervous system is a target organ for chloroform toxicity in humans after

inhalation and oral exposure. The neurotoxic effect is well documented in studies of patients exposed

to chloroform via anesthesia (Featherstone 1947; Smith et al. 1973; Whitaker and Jones 1965) or of

individuals who intentionally and accidentally ingested the chemical (Piersol et al. 1933; Schroeder

1965; Storms 1973). Lower chloroform doses produced neurological effects during occupational

exposure (Challen et al. 1958). Similarly, neurotoxicity is reported in animal studies involving

inhalation and oral exposure to chloroform (Bowman et al. 1978; Jones et al. 1958; Lehmann and

Flury 1943). A battery of neurobehavioral tests was conducted in mice after oral exposure to

chloroform (Balster and Borzelleca 1982). No data were located regarding chloroform neurotoxicity in

humans or animals after dermal exposure to chloroform. Animal studies involving dermal exposure to

chloroform would be useful for risk assessment of occupational exposure. Continued research on the
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toxicity of inhaled and dermally absorbed chloroform in humans when exposed to water sources

containing elevated concentrations of chloroform during showering would also be useful. More

information regarding the mechanism of chloroform-induced neurotoxicity and structural alterations

produced in the central nervous system would be helpful.

Epidemiological and Human Dosimetry Studies.  Populations may be exposed to chloroform

in the workplace, near hazardous waste sites containing chloroform, from chlorinated water, and from

various consumer products that contain chloroform. Limited information was obtained from

occupational studies reporting central nervous system and liver effects in exposed workers (Bomski et

al. 1967; Challen et al. 1958; Phoon et al. 1983). Reliable dosimetry data correlating occupational

exposure with signs of toxic effects would be useful. Epidemiology studies suggest an association

between elevated chloroform levels in drinking water and colon, rectal, and bladder cancer in humans

(Alavanja et al. 1978; Cantor et al. 1978; Young et al. 1981). All of these studies were limited by a

lack of attention to important details (e.g., migration, exposure to other carcinogens). Better designed

and better conducted epidemiology studies of occupational exposure would be helpful. The

information can be useful to populations living near hazardous waste sites where chloroform is present.

In addition, further refining of the PBPK/PD models would further advance our understanding of

chloroform tissue dosimetry in humans and animals.

Biomarkers of Exposure and Effect.

Exposure. Methods for detecting chloroform in exhaled breath, blood, urine, and tissues are available.

Nevertheless, it is difficult to correlate chloroform levels in biological samples with exposure, because

of the volatility and short half-life of chloroform in biological tissues. Several studies monitored

chloroform levels in environmentally exposed populations (Antoine et al. 1986; Hajimiragha et al.

1986; Peoples et al. 1979); however, the measured levels probably reflect both inhalation and oral

exposure. Moreover, increased tissue levels of chloroform or its metabolites may reflect exposure to

other chlorinated hydrocarbons. Studies to better quantitate chloroform exposure would enhance the

database.

Effect. No biomarkers were identified that are particularly useful in characterizing the effects induced

by exposure to chloroform. The target organs of chloroform toxicity are the central nervous system,

the liver, and kidneys; however, damage to these organs may result from exposure to other chemicals.
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More effort to identify subtle biochemical changes to serve as biomarkers of effects of chloroform

exposure would be useful in detecting early, subtle signs of chloroform-induced damage.

Absorption, Distribution, Metabolism, and Excretion.  Human data indicate that chloroform

absorption from the lungs is rapid and fairly complete (Smith et al. 1973). The data also indicate that

absorption after oral exposure is fairly complete for both animals and humans (Brown et al. 1974a; Fry

et al. 1972; Taylor et al. 1974). Although there are no experimental data regarding dermal absorption

in humans, some data have been extrapolated from mouse studies (Tsuruta 1975). The rate of

absorption following oral or inhalation exposure is rapid (within l-2 hours). Additional animal studies

investigating the rate of dermal absorption would be useful to quantitate dermal absorption and to

compare information from oral and inhalation studies.

Data are available regarding the distribution of chloroform in animals after inhalation and oral

exposure to chloroform (Brown et al. 1974a; Chenoweth et al. 1962; Cohen and Hood 1969; Corley et

al. 1990; Danielsson et al. 1986; Taylor et al. 1974); however, data regarding the distribution of

chloroform in humans is very limited (Feingold and Holaday 1977) and warrants further investigation.

It appears that distribution following oral exposure is similar to that following inhalation exposure.

Another well conducted animal study focusing on distribution and excretion after dermal exposure

would be useful to assess exposure via this route.

The metabolic pathways of chloroform metabolites are well understood. It appears that both the mode

of oral administration and the vehicle affect metabolism. Additional data investigating the mode and

vehicle of administration would be useful in order to understand the role of these factors in the

mechanism of chloroform’s toxicity. The co-administration of other compounds (e.g., ethanol) has

been shown to alter chloroform metabolism and toxicity. Further investigations of the hazards

associated with exposure to complex mixtures containing chloroform would be useful.

The excretion of chloroform and its metabolites is understood, based on human and animal data

derived from oral and inhalation studies (Brown et al. 1974a; Corley et al. 1990; Fry et al. 1972;

Taylor et al. 1974). The major route of chloroform elimination is pulmonary, but minor pathways are

through enterohepatic circulation, urine, and feces as parent compound or metabolites. There are no

human or animal data regarding excretion of dermally applied chloroform.
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Comparative Toxicokinetics. Target organs for chloroform distribution appear to be similar in

humans and animals, according to inhalation studies (Corley et al. 1990; Feingold and Holaday 1977).

Nonetheless, human and animal studies indicate that there are large interspecies differences in

chloroform metabolism and tissue partition coefficients (Brown et al. 1974a; Corley et al. 1990).

Marked sex-related differences in tissue distribution and covalent binding to tissue MMBs in mice also

have been observed (Taylor et al. 1974). Excretion data indicate that humans and nonhuman primates

excrete chloroform in the breath primarily as unchanged chloroform; mice eliminated almost 80% of

an oral chloroform dose as CO2, (Brown et al. 1974a). Thus, toxicokinetic data indicate that it may be

difficult to compare the toxicokinetics of chloroform in animals with that in humans. There are a

large number of oral studies, relatively few inhalation studies, and almost no dermal studies regarding

the toxicokinetics of chloroform. Quantitative toxicokinetic studies in several animal species involving

exposure to chloroform via all three routes, especially inhalation and dermal, would help complete the

database.

Methods for Reducing Toxic Effects. Protective clothing and protective breathing devices may

be used to prevent exposure to large amounts of chloroform, although for everyday low exposures to

chloroform, these methods are obviously impractical. General procedures such as flushing the skin

with water following dermal exposure and emesis or gastric lavage following oral exposure may be

used to reduce absorption of chloroform. However, specific medical treatments that prevent absorption

of chloroform have not been identified. Such mechanisms might be beneficial because they might be

more effective than general procedures and might involve less risk than procedures such as emesis.

Ways to enhance elimination of chloroform from the body are not known. Although chloroform is

eliminated fairly rapidly, methods to accelerate elimination without producing toxic metabolites would

be helpful in reducing toxicity. The mechanism by which chloroform produces toxicity appears to

involve metabolism by phenobarbital-inducible isozymes of cytochrome P-450 to phosgene (Pohl et al.

1980a, 1980b). Development of methods to selectively inhibit the P-450 isozymes responsible for this

reaction might reduce chloroform toxicity. There is also evidence that GSH conjugates with reactive

products of chloroform metabolism, providing protection from damaging effects (Docks and Krishna

1976; Hook and Smith 1985). Development of a method to maintain high tissue GSH levels following

exposure to chloroform might have a mitigating effect on toxicity. Therefore, although no treatments

are currently available to block the toxic action of chloroform or repair damage caused by this

chemical, there are indications that further research in this area would enable identification of such

treatments.
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2.10.3 Ongoing Studies

A few ongoing studies involving chloroform have been identified. The effects of volatile anesthetics

on the N-methyl-D-aspartate (NMDA) receptor-channel complex are being studied. Specific aims are

to determine the effects of several volatile anesthetics (halothane, enflurane, isoflurane, diethyl ether,

cyclopropane, nitrous oxide, and chloroform) on ligand binding to glutamate binding sites on the

NMDA receptor complex; to study ligand binding to the glycine modulatory site, glutamate, glycine,

divalent cation, and spermidine activation of NMDA receptor ion channels; and to examine

NMDAreceptor mediated changes in calcium content of rat brain microvesicles (Aronstam 1994).

Mechanistic work on the hepatotoxicity and toxigenic sequence will be studied in vitro with

suspensions of hepatocytes exposed to carbon tetrachloride and other agents known to alter calcium

homeostasis and stimulate phospholipase A2 (bromotrichloromethane and chloroform) (Glende 1994).

Mechanisms of toxic chemical interactions in the liver resulting in hepatotoxicity will utilize the

hepatotoxic effects of chloroform to explore interactions among metals and organics in the induction

of stress response proteins such as metallothionein, heme oxygenase, and nitric oxide synthase, and the

induction of inflammatory cytokines (i.e., tumor necrosis factor-alpha, interleukin-1, and interleukin-6).

Work by Swenburg will determine if exposure to environmental carcinogens, including 1,1,2-

trichloroethylene, 1,1,2,2-tetrachloroethylene, 1,1,2-trichloroethane, chloroform, and carbon tetrachloride,

induces or modulates the formation and/or repair of cyclic DNA adducts. Work by Benjamin (1995)

will also continue to study the phenomenon of hepatic cell proliferation, and the effect that this

response has on the initiation and promotion of cancer. Other research will investigate the toxicity and

bioaccumulation of a mixture of sediment contaminants (trichlorethylene, lead, benzene, chloroform,

phenol, chromium, and arsenic) in several species of invertebrates and fish. Uptake and depuration

will be measured in chironomids (Chironomus riparius), and pharmacokinetic models will be

developed to describe bioaccumulation of these sediment contaminants (Clements 1994). Studies by

Yang (1994) will continue to evaluate age- and dosing-related changes in pharmacokinetics,

biochemical markers, liver cell proliferation, and histopathology in male Fischer 344 rats chronically

exposed (up to 2 years) to low levels of a chemical mixture of 7 organic and inorganic groundwater

pollutants (including arsenic, benzene, chloroform, chromium, lead, phenol, trichloroethylene). Also,

this research will further explore the pharmacokinetic modeling of chemical mixtures and incorporate

time-course information on biochemical markers, cell proliferation and histopathology into

pharmacokinetic and pharmacodynamic modeling. A study by the Japan Industrial Safety and Health

Association (Japan Bioassay Lab) that explores the toxicity of chloroform inhaled over a 2-year period
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 (6 hours a day, 5 days a week) in male and female Fischer 344 rats and BDF1 mice is reportedly close

to completion (Matsushima 1994). Efforts are also being made to develop a high-efficiency activated

carbon granule for drinking-water treatment that can remove water contaminants, including chloroform

(Mieville 1992).
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3.1 CHEMICAL IDENTITY

Information regarding the chemical identity of chloroform is located in Table 3-1.

3.2 PHYSICAL AND CHEMICAL PROPERTIES

Information regarding the physical and chemical properties of chloroform is located in Table 3-2.
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Chloroform is used primarily in the production of chlorodifluoromethane (hydrochlorofluorocarbon-22

or HCFC-22) used as a refrigerant for home air conditioners or large supermarket freezers and in the

production of fluoropolymers (CMR 1995). Chloroform has also been used as a solvent, a heat

transfer medium in fire extinguishers, an intermediate in the preparation of dyes and pesticides, and

other applications highlighted below. Its use as an anesthetic has been largely discontinued. It has

limited medical uses in some dental procedures and in the administration of drugs for the treatment of

some diseases.

4.1 PRODUCTION

The chlorination of methane and the chlorination of methyl chloride produced by the reaction of

methanol and hydrogen chloride are the two common methods for commercial chloroform production

(Ahlstrom and Steele 1979; Deshon 1979). The Vulcan Materials Co., Wichita, Kansas, was

documented as still using the methanol production process during the late 1980s with all other

facilities in the United States at that time using the methyl chloride chlorination process (SRI 1990).

One U.S. manufacturer began chloroform production in 1903, but significant commercial production

was not reported until 1922 (IARC 1979). Since the early 1980s, chloroform production increased by

20-25%, due primarily to a higher demand for HCFC-22, the major chemical produced from

chloroform. The Montreal Protocol established goals for phasing out the use of a variety of

ozonedepleting chemicals, including most chlorofluorocarbons (CFCs). HCFC-22 was one of the few

fluorocarbons not restricted by the international agreement. Chloroform is used in the manufacture of

HCFC-22, and an increase in the production of this refrigerant has led to a modest increase in the

demand for chloroform (CMR 1989). These increasing trends in U.S. production, based on

information compiled in the trade journal Chemical & Engineering News for period from 1983 though

1994 (CEN 1995), are summarized in Table 4-l.

The manufacturers and sites of major chloroform production facilities identified for 1993 (SRI 1993)

include the following: Dow Chemical U.S.A., Freeport, Texas, and Plaquemine, Louisiana; Occidental

Petroleum Corp., Belle, West Virginia; and Vulcan Materials Co., Geismar, Louisiana, and Wichita,

Kansas. Estimated annual production capacity (SRI 1993) from these facilities as of January 1, 1993,
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Topically applied aspirin-chloroform mixtures are also used to relieve pain from severe cases of herpes

zoster (shingles) or posttherapeutic neuralgia (King 1993).

A recent summary of major domestic uses for chloroform noted the following percentage breakdowns

typical of the early to mid-1990s (CMR 1995): use for manufacture of HCFC-22, 98% (refrigerants,

70%; fluoropolymers, 30%); other miscellaneous uses, including laboratory reagents and ‘extraction

solvents for pharmaceuticals, 2%.

As discussed in Chapter 5, the most common chloroform exposure opportunities for members of the

general population are related less to any commercially produced form of the chemical than to

chloroform generated when organic materials come in contact with chlorinated oxidants (e.g., chlorine

or hypochlorous acid) widely used to purify water or remove pathogens from waste materials.

4.4 DISPOSAL

According to the 1993 TRI, the amount of chloroform released to land is only a small fraction (less

than 1%) of the total amount of chloroform released to the environment by facilities that produce and

process the chemical (see Section 5.2.3) (TR193 1995). TRI also documents 2,386,285 pounds

(1,073,828 kg) transferred to off-site waste handling sites in 1993, a level amounting to around 17%

the total releases to environmental media and larger than any releases to environmental media other

than air (TR193 1995). The TRI data should be used with caution since only certain types of facilities

are required to report. This is not an exhaustive list.

Chloroform has been identified as a hazardous waste by EPA, and disposal of this waste is regulated

under the Federal Resource Conservation and Recovery Act (RCRA) (EPA 1988a, 1989b). Specific

information regarding federal regulations on chloroform disposal on land is available in the Code of

Federal Regulations (EPA 1988a, 1989b). Ultimate disposal of chloroform, preferably mixed with

another combustible fuel, can be accomplished by controlled incineration. Complete combustion must

be ensured to prevent phosgene formation, and an acid scrubber should be used to remove the

haloacids produced. Chloroform also is a potential candidate for liquid injection incineration. Because

chloroform has been used in some pesticides, the disposal of containers for these pesticides may be

relevant. Combustible containers from organic or many metallo-organic pesticides could be disposed

of in pesticide incinerators or in specified landfill sites. Noncombustible containers could be disposed
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of in a designated landfill or recycled (HSDB 1996). Except for the TRI statistics, no data were

located regarding the approximate amounts of chloroform disposed or released to environmental media.

Chapter 7 provides more details on federal or state regulations governing the disposal of chloroform.
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5.1 OVERVIEW

Chloroform is both a synthetic and naturally occurring compound, although anthropogenic sources are

responsible for most of the chloroform in the environment. Chloroform is released into the

environment as a result of its manufacture and use; its formation in the chlorination of drinking water,

municipal and industrial waste water, and swimming pool and spa water; and from other water

treatment processes involving chlorination. Under anaerobic conditions, some bacteria can

dehalogenate carbon tetrachloride to release chloroform. Most of the chloroform released into the

environment will eventually enter the atmosphere. In the atmosphere, chloroform may be transported

long distances before ultimately being degraded by indirect photochemical reactions with such free

radicals as hydroxyl. The compound has been detected in ambient air in locations that are remote

from anthropogenic sources. Chemical hydrolysis is not a significant removal process. While

microbial biodegradation can take place, such reactions are generally possible only at fairly low

concentration levels due to chloroform’s toxicity. Microbial biodegradation of chloroform may also be

inhibited due to high levels of other aromatics (e.g., toluene), chlorinated hydrocarbons (e.g.,

trichloroethylene [TCE]), or heavy metals (e.g., zinc). Because of its low soil adsorption and slight, but

significant, water solubility, chloroform will readily leach from soil into groundwater. In groundwater,

chloroform is expected to persist for a long time.

The general population is exposed to chloroform by ingesting water and food, inhaling contaminated

air, and possibly through dermal contact with chloroform-containing water. Generalizations can be

made concerning the chloroform concentrations in the environment. Background air concentrations

appear to be in the sub-ppb range, but certain urban, indoor, and source-dominated areas may show

elevated concentrations when compared to background concentrations. Drinking water levels as high

as 311 ppb have been reported in public water supplies, although most of the reported concentrations

are less than 50 ppb, typically ranging between 2 and 44 ppb. Levels in drinking water derived from

groundwater contaminated with leachate from landfills and hazardous waste sites can sometimes be

much higher. Except for a few special surveys, regular testing for chloroform or other trihalomethanes

(THMs) has focused on larger community water treatment systems serving at least 10,000 people.

Very limited information was located regarding the concentrations found in ambient soil. Chloroform

has also been detected in the ppb range in certain foods.
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Occupational exposure to higher than background levels of chloroform can be expected to occur in

some occupations although few quantitative exposure data were located. Populations with the highest

potential’ exposures appear to be workers employed in or persons living near industries and facilities

that manufacture or use chloroform; operators and individuals who live near municipal and industrial

waste water treatment plants and incinerators, and paper and pulp plants; and persons who derive their

drinking water from groundwater sources contaminated with leachate from hazardous waste sites.

Chloroform has been identified in at least 717 of 1,428 current or past EPA National Priorities List

(NPL) sites (HazDat 1996). However, the number of sites evaluated for chloroform is not known.

Figure 5-l shows the distribution of sites in the continental United States; there are 710 such sites. In

addition, there are 6 sites in the Commonwealth of Puerto Rico and one site in the Virgin Islands (not

shown in Figure 5-l).

5.2 RELEASES TO THE ENVIRONMENT

5.2.1 Air

According to the 1991 Toxic Chemical Release Inventory (TR191 1993), releases of chloroform to the

air from 182 large processing facilities were 17,034,926 pounds (8,413,971 kg). This represented

about 95% of the total releases to environmental media. For TRI information from 1993 (TR193

1995), 13,485,992 pounds (6,068,696.4 kg) were reported as released to the air from 172 facilities,

which represents around 97.1% of the total releases to environmental media. Since there was a slight

decrease in overall chloroform production in 1993 as compared with 1991 (CEN 1995), it is difficult

to attribute this decrease in releases to the air to improved pollution prevention measures as opposed to

short-term fluctuations related to production capacity utilization factors. The releases of chloroform to

air from facilities that manufactured and processed it in the United States during 1993 are reported in

Table 5-l (TR193 1995). The TRI data should be used with caution because only certain types of

facilities are required to report. This is not an exhaustive list.

Current comprehensive quantitative data or estimates of chloroform releases to the atmosphere are

lacking. Some direct releases to the atmosphere are expected to occur during the manufacture,

loading, and transport of chloroform (EPA 1985a, 1985b). Indirect chloroform releases have resulted

from its use in the manufacture of hydrochlorofluorocarbon-22, fluoropolymers, pharmaceuticals,
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ethylene dichloride, dyes, and fumigants (Deshon 1979; EPA 1985a, 1985b; HSDB 1996).

Chloroform releases result from its formation and subsequent volatilization from chlorinated waters

including drinking water, municipal and industrial waste waters, process waters and effluent from the

bleaching of pulp in pulp and paper mills, cooling-tower water, and swimming-pool and whirlpool-spa

water (Benoit and Jackson 1987; EPA 1985a, 1985b; Hoigne and Bader 1988). Increased release rates

of the chloroform in waters can be expected from chloroform-containing waters that are heated (e.g.,

water used for cooking, showers, swimming pools, and spas). Aeration and use of groundwater

contaminated with chloroform are a potential source of emission to the atmosphere (Crume et al.

1990). Chloroform is released as a result of hazardous and municipal waste treatment processes. The

chloroform released may have initially been present in the waste or possibly formed during

chlorination treatment (Corsi et al. 1987; EPA 1990b; Namkung and Rittmann 1987). Releases may

also occur from hazardous waste sites and sanitary landfills where chloroform was disposed, and from

municipal and hazardous waste incinerators that bum chloroform-containing wastes or produce

chloroform during the combustion process (LaRegina et al. 1986; Travis et al. 1986).

In the past, minor releases may have resulted from the use of consumer products (e.g., certain air

deodorizers and cleaning products) that contained chloroform as a component or residual product

(Bayer et al. 1988; Wallace et al. 1987a). Chloroform is widely used in laboratory work as an

extractant. It is also still used in certain medical procedures, such as dental root canal surgeries

(McDonald and Vire 1992), and in combination with aspirin as an experimental treatment for serious

cases of herpes zoster (King 1993). These medical uses are extremely limited and would contribute

very minor amounts of chloroform as releases to the air.

5.2.2 Water

In 1991, releases of chloroform to the water from as many as 167 large processing facilities were

654,452 pounds (323,250 kg) (TR191 1993), amounting to about 3.6% of total releases to all

environmental media. TRI information from 1993 (TR193 1995) indicates releases of chloroform to

water from as many as 165 facilities were 335,032 pounds (150,764.4 kg) (TR193 1995), or about

2.4% of the total releases to all environmental media. The releases of chloroform to water from

facilities that manufactured and processed it in the United States during 1993 are reported in Table 5-l

(TR193 1995). The TRI data indicate that only a small fraction of the chloroform released to the
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environment is released to water. The TRI data should be used with caution because only certain

types of facilities are required to report. This is not an exhaustive list.

Current, more comprehensive quantitative data or estimates of chloroform releases to natural waters are

lacking. Direct releases to water are expected via waste waters generated during chloroform

manufacture and its use in the manufacture of other chemicals and materials (EPA 1985a). Direct

discharge sources are expected to be relatively minor contributors to total chloroform emissions to

water relative to the formation of chloroform resulting from the chlorination of drinking water or

chlorination to eliminate pathogens in discharged wastes or other process waters (EPA 1985a). Since

chlorination to disinfect water supplies is nearly universal, chloroform contamination resulting from

chlorination will also be widespread (see discussion on levels monitored or estimated in water in

Section 5.4.2).

Other chloroform emission sources tend to be relatively isolated point sources. Chlorination of

municipal and industrial waste waters at municipal and industrial waste water-treatment plants, process

waters and effluent from the bleaching of pulp in pulp and paper mills, cooling-tower water, and

swimming-pool and whirlpool-spa water will also result in chloroform formation (Benoit and Jackson

1987; Comba et al. 1994; EPA 1985a, 1985b, 1990a; Hoigne and Bader 1988). The use of modern

treatment facilities may reduce the amounts of chloroform released to environmental waters. This has

been demonstrated at a modern kraft pulp mill (Paasivirta et al. 1988); however, much of the

chloroform removed from the waste water may be released to the atmosphere by volatilization.

Release of chloroform to groundwater has resulted from improper disposal of chloroform-containing

waste at hazardous waste sites (Clark et al. 1982; Dewalle and Chian 1981; Harris et al. 1984;

Sawhney 1989). An additional minor source of water contamination may be atmospheric rainout since

chloroform has been found in rainwater (Kawamura and Kaplan 1983). Other sources of chloroform

release to surface water include breweries, thermal combustion of plastics, reaction of dissolved

chlorine with sediment and other materials in water, biological production by marine algae, and the

reaction of chlorinated pollutants with humic materials in natural waters (EPA 1985a).

5.2.3 Soil

In 1991, releases of chloroform to the land from as many as 137 large processing facilities were

28,582 pounds (14,117 kg), which amounts to less than 1% of the total releases to all environmental
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media (TR191 1993). TRI information from 1993 (TR193 1995) indicates releases to the land from as

many as 124 facilities was 32,926 pounds (14,816.7 kg), which is less than 1% of the total releases to

all environmental media. The releases of chloroform to soil from facilities that manufactured and

processed it in the United States during 1993 are reported in Table 5-l (TR193 1995). The TRI data

indicate that only a very small fraction of the chloroform released to the environment is released to

land. The TRI data should be used with caution since only certain types of facilities are required to

report. This is not an exhaustive list.

Current comprehensive quantitative data or estimates of chloroform releases to soil are lacking.

Chloroform releases to soil have occurred at hazardous waste sites containing improperly disposed

wastes where chloroform has leached through soil to groundwater (Clark et al. 1982; Dewalle and

Chian 1981; Harris et al. 1984; Sawhney 1989). Land disposal of sludge from municipal and

industrial waste water-treatment plants may also result in chloroform releases to soil (EPA 1990a).

Direct land disposal of chloroform-containing wastes may have occurred in the past, but land disposal

of chloroform wastes is currently subject to restrictive regulations (EPA 1988a, 1989b). An additional

minor source of soil contamination may be atmospheric rainout since chloroform has been found in

rainwater (Kawamura and Kaplan 1983).

Chloroform has been used as a carrier or solvent for some pesticides (HSDB 1996). It is still used as

a carrier for at least one pesticide formulation with dichlorvos as the active ingredient (Petrelli et al.

1993). Application of pesticides using chloroform in the carriers could have resulted in releases of

chloroform to the land. It is impossible to quantify the magnitude of such releases, and the

chloroform could be expected to be transported to either the atmosphere through volatilization or, if

dissolved in water, carried into surface waters or groundwater.

5.3 ENVIRONMENTAL FATE

5.3.1 Transport and Partitioning

Based upon a vapor pressure of 159 mm Hg at 20 C, chloroform is expected to exist almost entirely

in the vapor phase in the atmosphere (Boublik et al. 1984; Eisenreich et al. 1981). Large amounts of

chloroform in the atmosphere may be removed by wet deposition since chloroform has significant

solubility in water. This is confirmed by its detection in rainwater (Kawamura and Kaplan 1983).
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Most of the chloroform removed in precipitation, however, is likely to reenter the atmosphere by

volatilization. Trace amounts of chloroform have been documented in air samples from remote, often

relatively pristine, areas of the world (Class and Ballschmidter 1986). Since chloroform is relatively

nonreactive in the atmosphere, long-range transport within the atmosphere is possible. The detections

in remote areas may also mean that the chloroform is produced as the result of more localized

transformation processes, possibly including the reaction of naturally generated chlorinated oxidants

with organic matter.

The dominant fate process for chloroform in surface waters is volatilization. Chloroform present in

surface water is expected to volatilize rapidly to the atmosphere. An experimental half-disappearance

range of 18-25 minutes has been measured for volatilization of chloroform from a 1 ppm solution

with a depth of 6.5 cm that was stirred with a shallow pitch propeller at 200 rpm at 25 ºC under still

air ( 0.2 mph air currents) (Dilling 1977; Dilling et al. 1975). Using the Henry’s law constant, a halflife

of 3.5 hours was calculated for volatilization from a model river 1 meter deep flowing at 1 meter/second,

with a wind velocity of 3 m/second, and neglecting adsorption to sediment (Lyman et al. 1982). A half-

life of 44 hours was estimated for volatilization from a model pond using EXAMS (1988).

Based on a measured soil organic carbon sorption coefficient (Koc) of 45 (or a log [Koc]of 1.65),

chloroform is not expected to adsorb significantly to sediment or suspended organic matter in surface

water (Sabljic 1984). This prediction is supported by sediment monitoring data that indicate that this

compound has not been detected (or was detected at very low concentrations) in sediment samples

(Bean et al. 1985; Ferrario et al. 1985; Helz and Hsu 1978). Little or no chloroform concentration

was observed on peat moss, clay, dolomite limestone, or sand added to water (Dilling et al. 1975).

Chloroform slightly adsorbed to aquifer solids in laboratory studies utilizing different amounts of two

different aquifer materials with Koc values ranging from 63.4 to 398. The authors reported higher

adsorption with increasing organic content of the solids (Uchrin and Mangels 1986). Koc values

ranging from 45 to 80 in soil have been experimentally determined for chloroform (Sabljic 1984;

Wilson et al. 1981).

Chloroform does not appear to bioconcentrate in higher aquatic organisms, based upon measured

bioconcentration factors (BCF) of 6 and 8 for bluegill sunfish (Lepomis macrochirus) (Barrows et al.

1980; Veith et al. 1980). Information from EPA’s ASTER (1996) database document a calculated
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BCF for the fathead minnow of 14, a low value suggesting little potential for bioconcentration in fish.

A BCF of 690 experimentally determined for the bioconcentration of chloroform in the green algae

Selenastrum capricornutum suggests that the compound has a moderate tendency to concentrate in

nonvascular aquatic plants (Mailhot 1987). No data regarding the biomagnification potential of

chloroform were found. Based upon the observed BCF, however, significant biomagnification of

chloroform is apparently unlikely.

In soil, the dominant transport mechanism for chloroform near the surface will probably be

volatilization because of its high volatility and low soil adsorption. Volatilization rates seem relatively

constant over a wide variety of soil types (Park et al. 1988). In other laboratory studies, 75% of the

chloroform initially present in water volatilized when applied to a fine sandy soil, and 54% of the

chloroform volatilized from a soil column during a percolation study utilizing a sandy soil (Piwoni et

al. 1986; Wilson et al. 1981). All or nearly all of the remaining chloroform traveled through the soil

because of its low adsorption onto soil. Another laboratory study of 15 common volatile or semivolatile

organic chemicals reported a disappearance half-life for chloroform of 4.1 days, which

assumed first-order kinetic decay (Anderson et al. 1991). The leaching potential of chloroform is

further confirmed by the detection of chloroform in groundwater, especially at hazardous waste sites

(Clark et al. 1982; Dewalle and Chian 1981; Harris et al. 1984; Sawhney 1989).

5.3.2 Transformation and Degradation

For air, the major degradation process involves reactions with free radicals such as hydroxyl groups

(Atkinson 1985). For other media, it is clear that chloroform can be mineralized through both abiotic

and biotic processes. Information in the available literature (Bouer and McCarty 1983; Rhee and

Speece 1992) documents the disappearance of chloroform in water and soil media under both aerobic

and anaerobic conditions as well as identification of the end products.

5.3.2.1 Air

The vapor-phase reaction of chloroform with photochemically generated hydroxyl radicals is the

dominant degradation process in the atmosphere. The rate constant for this process at 25 C has been

experimentally determined as 1.0x10
-13

 cm
3
/molecule-second, which corresponds to a half-life of

80 days based upon a 12-hour sunlit day in a typical atmosphere containing 1x10
6
hydroxyl
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radicals/cm
3
 (Hampson 1980; Singh et al. 1981). Breakdown products from reaction with hydroxyl

radicals probably include phosgene and hydrogen chloride (Atkinson 1985). Chloroform is more

reactive in photochemical smog conditions where the approximate half-life is 11 days (Dimitriades and

Joshi 1977). Direct photolysis of chloroform will not be a significant degradation process in the

atmosphere. Chloroform solutions sealed in quartz tubes and exposed to sunlight for one year

degraded at almost the same rate as solutions in sealed tubes stored in the dark, which indicated that

very little or no photodegradation of the compound had occurred (Dilling et al. 1975). This is

expected because chloroform does not show significant light absorbance at wavelengths 290 nm

(Hubrich and Stuhl 1980).

5.3.2.2 Water

Hydrolysis will not be a significant degradation process in water based upon rate constants

experimentally determined at 25 C that correspond to half-lives ranging from 1,850 to 3,650 years at

pH 7, and from 25 to 37 years at pH 9 (Jeffers et al. 1989; Mabey and Mill 1978). Direct photolysis

of chloroform will not be a significant degradation process in surface waters because, as noted above,

the compound does not absorb light at wavelengths >290 nm (Hubrich and Stuhl 1980). The reaction

rate of chloroform with hydrated electrons photochemically produced from dissolved organic matter

has been predicted to correspond to a near-surface half-life of 44 days based upon an experimentally

determined rate constant and a hydrated electron concentration of 1.2x10
-17

 mol of hydrolyzed

electrons/L (Zepp et al. 1987). This latter process is probably too slow to effectively compete with

volatilization as a removal process from surface waters.

Biological degradation of chloroform has been studied primarily with an eye to batch process

operation at waste water treatment plants or remediation possibilities at hazardous waste disposal sites.

Above certain dosage levels, chloroform becomes toxic to anaerobic and aerobic microorganisms.

This is especially noticeable for biological treatment facilities that use anaerobic digestion systems,

where sustained inputs with chloroform concentrations approaching 100 mg/L can all but eliminate

methanogenic (methane-fermenting) bacteria (Rhee and Speece 1992). Other studies have shown

appreciable inhibition of methanogenesis with levels of chloroform in the range of 1 mg/L (Hickey et

al. 1987). Other chlorinated hydrocarbons, and particularly such common 2-carbon chlorinated

aliphatics as TCE, can similarly inhibit bacteria found in sewage sludges (Long et al. 1993; Rhee and

Speece 1992). Similar inhibition effects can be the result of heavy metal toxics, zinc being
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particularly stressful to methanogenic bacteria (van Beelen et al. 1994; van Vlaardingen and van

Beelen 1992). Studies of actual natural waters or waste waters, where it is difficult to control the

levels of specific chemicals or preclude inputs of other toxicants, yield a wide variety of results on the

efficiencies of chloroform biodegradation. For instance, little or no degradation was observed during

25 weeks in aqueous aerobic screening tests utilizing primary sewage effluent inocula (Bouwer et al.

1981a). No chloroform degradation was observed in aerobic biofilm column studies (Bouwer et al.

1981b). Significant degradation of chloroform (46-49% loss in 7 days, at least some of which was

apparently due to volatilization) in aerobic screening tests utilizing settled domestic waste water as

inoculum was reported (Tabak et al. 1981). Under the proper conditions, chloroform appears to be

much more susceptible to anaerobic biodegradation. Degradation of chloroform under anaerobic

conditions was more rapid at lower chloroform concentrations (81 and 99% degradation after 2 and

16 weeks, respectively, at 16 ppb); a more gradual degradation was observed at higher concentrations

and 78% degradation after 2 and 16 weeks, respectively, at 157 ppb) (Bouwer et al. 1981a). No

degradation was observed, however, when chloroform was incubated with aquifer material under

anaerobic conditions for 27 weeks (Wilson et al. 1981).

In the absence of toxicity from other solvents, chlorinated hydrocarbons, or heavy metals, and where

chloroform concentrations can be held below approximately 100 ppb, both aerobic and anaerobic

bacteria can biodegrade chloroform, with removal rates well over 80% in a period of 10 days (Long et

al. 1993). Deviations from these ideal conditions can lead to lower removal efficiencies. These

biodegradation reactions generally lead to the mineralization of the chloroform to chlorides and carbon

dioxide (Bouwer and McCarty 1983; Rhee and Speece 1992). One study, however, documents the

production of the toxicant methylene chloride (dichloromethane) from the breakdown of

chloroformcontaining wastes in a mixed culture of bacteria from sewage sludge (Rhee and Speece 1992

citing results from work at Tyndall AFB, Florida). Caution should be exercised in making generalizations

without site-specific evidence, however, since commercial grades of chloroform will often contain

methylene chloride as an impurity (HSDB 1996). In waters containing mixtures of different

chlorinated aliphatics, biodegradation may produce new chloroform, at least as a temporary by-product,

the breakdown of carbon tetrachloride into chloroform having been confirmed in laboratory studies

(ATSDR 1994; Long et al. 1993; Picardal et al. 1993).
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5.3.2.3 Sediment and Soil

Little information was located regarding the degradation of chloroform in soil. Based upon data for

degradation in water, chemical degradation in soil is not expected to be significant. The available soil

data suggest that chloroform biodegradation rates in soil may vary, depending upon conditions. In soil

column studies, the chloroform present in the influent secondary waste water appeared to pass through

the column nearly unchanged even though some of the other organic compounds present were

apparently biodegraded, which indicated that the waste water was not too toxic to the microorganisms

in the soil (Bouwer et al. 1981b). In contrast to these studies, significant degradation of chloroform

(33% removed in 6 days) was observed in fine sandy soil in sealed bottles; however, the chloroform

may have been co-metabolized by methylotropic bacteria already present in the soil. The aerobic

degradation was even faster in methane-enriched soil (Henson et al. 1988). Such bio-oxidation of

chloroform was also observed under methanogenic conditions in batch experiments using an inoculum

derived from activated sludge and in a continuous-flow laboratory scale column, using a methanogenic

fixed film derived from primary sewage effluent (Bouwer and McCarty 1983). Overall, biodegradation

in soil is not expected to compete with the predicted rapid rate of volatilization from soil (Park et al.

1988). As with biodegradation in water, concentrations of chloroform above certain threshold levels

may inhibit many bacteria, especially methane-fermenting bacteria under anaerobic or near-anaerobic

conditions (Hickey et al. 1987).

5.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT

5.4.1 Air

Data from the most recent study located (1982-85 air samples) reported that the background level of

chloroform concentrations over the northern Atlantic ocean ranges from 2x10
-5

 to 5x10
-5

 ppm (Class

and Ballschmidter 1986). This range does not differ significantly from the range reported for 1976-79

(1.4-4x10
-5

 ppm) and the range reported from the 1987 update of the National Ambient Volatile

Organic Compounds Database (NAVOCDB), which was 2x10
-5

 ppm (Brodzinsky and Singh 1982;

EPA 1988b; Singh 1977; Singh et al. 1979). The maximum and background levels found in 7 U.S.

cities between 1980 and 1981 were 5.1x10
-3

 and 2x10
-5

 ppm, respectively (Singh et al. 1982).

Average atmospheric levels in U.S. cities ranged from 2x10
-5

 to 2x10
-3

 ppm between 1980 and 1981,

The median concentration reported between 1977 and 1980 was 7.2x10
-5

 ppm, and the median
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reported in the 1987 update of the NAVOCDB was 6x10
-5

 ppm (Brodzinsky and Singh 1982; EPA

1988b; Singh et al. 1981, 1982; Wallace et al. 1986a, 1986b, 1988). A recent update to EPA’s volatile

organic compounds (VOC) databases on background ambient air concentrations for hazardous air

pollutants (Kelly et al. 1994) estimated a chloroform background ambient level for chloroform in the

United States as 4x10
-5

 ppm.

The median concentration for source-dominated areas in the United States is 8.2x10
-4

 ppm for data

reported between 1977 and 1980, and this figure does not differ significantly from the 5.1 x 10
-4

 ppm

values reported in the 1987 update of the NAVOCDB (Brodzinsky and Singh 1982; EPA 1988b).

Certain source-dominated areas contained much higher chloroform levels. The ambient air

concentrations outside homes in Love Canal, New York, in 1978, ranged from 2x10
-4

 to

2.2x10
-2

 ppm, and the maximum concentration found in ambient air at 20 California municipal

landfills was 0.61 ppm (Barkley et al. 1980; Wood and Porter 1987). Concentrations ranging from

2.9x10
-4

 to 6x10
-3

 ppm were found in air samples taken from 5 hazardous waste sites in New Jersey

(LaRegina et al. 1986). Ambient air samples measured near a hazardous waste landfill contained

1x10
-3

 ppm chloroform. All these data indicate that chloroform levels in air can be much higher in

areas near hazardous waste sites (Stephens et al. 1986). Other source-dominated areas that may have

ambient air chloroform concentrations significantly higher than background levels include areas near

facilities that treat hazardous and municipal waste, as well as areas near contaminated groundwater,

and municipal- and hazardous-waste incinerators (Corsi et al. 1987; EPA 1990a; LaRegina et al. 1986;

Namkung and Rittmann 1987; Travis et al. 1986).

Typical median indoor air concentrations of chloroform range from 2x10
-4

 to 4x10
-3

 ppm (Barkley et

al. 1980; Pellizzari et al. 1986; Wallace et al. 1987c, 1989). Chloroform concentration ratios of indoor

air to outdoor air range from <l to 25 (Pellizzari et al. 1986). One of the most significant indoor

sources of chloroform is chlorinated tap water, and taking showers (and breathing air where

chloroform has been released from the shower water) is expected to contribute a substantial amount to

the indoor chloroform levels (Andelman 1985a, 1985b; Wallace 1987). A recent study investigating

typical levels of various VOCs in the air in Canadian homes noted median chloroform concentrations

of 4x10
-4

 ppm (Otson et al. 1994).

The air around swimming pools may also contain chloroform. This is especially likely in heated,

indoor pools, which can approximate the conditions found in shower stalls. Concentrations ranging
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from 3.5x10
-2

 to 19.9x10
-2

 ppm (440-2,335 nmol/m
3
) have been reported for environmental air at an

indoor swimming pool (Aggazzotti et al. 1990, 1993).

Chloroform has been identified in at least 717 of 1,428 current or past NPL sites (HazDat 1996).

Chloroform has been detected in air samples taken at an estimated 57 of the 717 NPL hazardous waste

sites where chloroform was detected.

5.4.2 Water

Recent monitoring data regarding the presence of chloroform in surface water, sediments, and

groundwater were not located. The most recent monitoring data that were obtained involved

chloroform levels in drinking water. Finished drinking water collected in 1988 from 3.5 sites across

the United States contained median concentrations of chloroform ranging from 9.6 to 15 g/L (Krasner

et al. 1989). In an analysis of available monitoring data from raw water supplies, the maximum

detected value was 136 ppb (EPA/AMWA 1989). Data from earlier studies indicate a wide range of

concentrations have been found in drinking-water supplies. The reported chloroform concentrations

that were detected ranged from trace levels to 311 ppb, with one study reporting a median

concentration of 16.7 ppb and another study reporting a geometric mean concentration of 1.81 ppb.

Most of the concentrations ranged between 22 and 68 ppb (Brass et al. 1977; EPA/AMWA 1989;

Furlong and D’Itri 1986; Kasso and Wells 1981; Krasner et al. 1989; Rogers et al. 1987; Symons et al.

1975). Chloroform can be expected to exist in virtually all chlorinated drinking-water supplies. The

main source of chloroform found in municipal drinking water is the chlorination of naturally occurring

humic materials found in raw-water supplies (Bellar et al. 1974; Cech et al. 1982). Factors that can

increase the amount of chloroform in drinking water include seasonal effects (high summer values) and

increased contact time between chlorine and humic material. Sources of water with high humic

material content will contain higher levels of chloroform, The chloroform concentration increases with

time, indicating that concentrations of the compound increase as the water moves through the

distribution system (Kasso and Wells 1981). Drinking water derived from groundwater, especially

groundwater at or near some hazardous waste sites and landfills, may contain higher levels of

chloroform than normally encountered in drinking water derived from surface water. Chloroform

levels ranging from 2.1 to 1,890 ppb have been observed in drinking water derived from wells near a

hazardous waste dump (Clark et al. 1982). The leachate from one solid waste landfill contained

21,800 ppb chloroform; drinking water obtained from wells in the vicinity of the landfill had
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chloroform levels of 0.3-1.6 ppb (Dewalle and Chian 1981). Data from the most recent study of

Kansas groundwater sampled in 1986 indicate concentrations ranging from 0.3 to 91 ppb in both raw

and treated groundwater; the average and median concentrations in the treated water were 7.6 and

0.5 ppb, respectively (Miller et al. 1990). Of the sample sites in a national groundwater supply

survey, 45% had detectable levels of chloroform, and median and maximum concentrations were

1.5 and 300 ppb, respectively (Westrick et al. 1989).

In addition to drinking water, chlorinated oxidants reacting with organic materials will lead to the

formation of chloroform in swimming pools. Since swimming pools are not routinely analyzed for

their chloroform content, data are limited and derived from special studies. Such studies will often

cover the broader family of THMs, and while chloroform levels in blood or alveolar air samples will

be reported, the environmental agents will often simply be recorded in terms of TI-IMs. A rule of

thumb (Copaken 1990) is that up to 90% of the THMs in chlorinated water samples will be

chloroform. Recorded concentrations in samples from public pools fall in a range of 25-137 ppb

(Aiking et al. 1994; Barnes et al. 1989; Copaken 1990). In poorly tended or very crowded public or

private pools, where there are large inputs of organic materials or heavy use of chlorinating agents,

chloroform levels as high as 163 ppb have been documented (Barnes et al. 1989). Chloroform

production in swimming pools can be increased where the pools are treated with copper-containing

algicides. In tests on chlorinated water using various doses of chlorine, copper (cupric valence form)

from different copper-containing salts, and varying levels of humic acid (Barnes et al. 1989),

chloroform concentrations after a given reaction time were generally 50% or more higher in samples

treated with copper, which acts as a catalyst in the reactions with the humic acids.

Current reviews of surface water monitoring data in the peer reviewed literature are lacking. The

highest concentrations observed in surface waters of the United States sampled before 1984 were

394 and 120 ppb. These concentrations were observed in rivers in highly industrialized cities (Ewing

et al. 1977; Pellizzari et al. 1979). Typical concentrations for most sites that are not heavily

industrialized appear to range from trace levels to 22 ppb (Ohio River Valley Sanitation Commission

1980, 1982). Data from EPA’s STORET database indicate that chloroform was detected in 64% of

11,928 surface water sample data points at a median concentration of 0.30 ppb (Staples et al. 1985).

Chloroform at 0.25 ppb has been found in rainwater collected in Los Angeles, California, during 1982

(Kawamura and Kaplan 1983).
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Chloroform has been detected in surface-water samples taken at an estimated 139 of 717 current or

past NPL sites where chloroform was detected (HazDat 1996). Detections in groundwater are

documented at 552 sites. From the available information found in HazDat (1996), groundwater

appears to be the most common environmental medium at NPL sites where chloroform might be

encountered.

5.4.3 Sediment and Soil

Chloroform has been found in sediment samples. Chloroform was found in sediment samples taken in

1980 from the 3 passes of Lake Pontchartrain, Louisiana, at concentrations ranging from 1.7 to

18 ng/kg (w/w [weight per weight] basis) (Ferrario et al. 1985). Chloroform was found at

concentrations ranging from 30 to 80 ng/kg (dry weight basis) in sediment samples exposed to

chlorinated electrical power plant cooling water; the control samples that were not exposed to cooling

water contained nearly the same amounts of chloroform (Bean et al. 1985). Data from EPA’s

STORET database indicate that chloroform was detected in 8% of 425 sediment sample data points at

a median concentration of 5.0 g/kg (Staples et al. 1985).

Routine sediment sampling for chloroform does not seem common in the United States, and sampling

at relatively unpolluted ambient monitoring sites may overlook the levels possible in more restricted

hotspots. Anaerobic biodegradation of chlorinated hydrocarbons may generate chloroform, especially

in harbors, shipping canals, or areas receiving large amounts of industrial discharges. Where the

sediments contain large concentrations of zinc, which is widely used to galvanize metal or as an

ingredient in common industrial rust inhibitors, methanogenic bacteria populations may be adversely

affected, thus preventing the mineralization of chloroform. Chloroform in interstitial water may then

build up to levels as high as 50 ppb (van Beelen et al. 1994; van Vlaardingen and van Beelen 1992).

Soil monitoring data in the peer reviewed literature could not be located. It can be predicted that

chloroform contamination occurs at hazardous waste sites where chloroform-containing leachate moves

through the soil to groundwater. An explanation of the lack of data results from the fact that any

chloroform in the soil is expected to either rapidly volatilize or leach. Laboratory studies using a

variety of different soil types document the effectiveness of volatilization in removing chloroform from

soils (Park et al. 1988).
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Chloroform has been found in soil samples taken at an estimated 213 of the 717 current or past NPL

where chloroform was detected (HazDat 1996). Detections in sediment samples are documented for

79 current or past NPL sites. Detections on soil gas obtained from soil samples were documented at

18 sites.

5.4.4 Other Environmental Media

Chloroform has been detected in various foods at the following concentrations: soft drinks and

beverages (2.7-178 g/kg), dairy products (7-1,110 g/kg), oils and fats (traces 12 g/kg), dried

legumes (6.1-57.2 g/kg), and grains and milled grain products (1.4-3,000 g/kg) (Abdel-Rahman

1982; Entz et al. 1982; Graham and Robertson 1988; Heikes 1987; Heikes and Hopper 1986; Lovegren

et al. 1979). In a study of various foods, 41% of 231 samples contained chloroform at levels ranging

from 4 to 312 g/kg; the average level was 52 g/kg (Daft 1988a). In another broad study, 55% of

549 samples contained between 2 and 830 g/kg. The average level in this study was 71 g/kg (Daft

1989). The chloroform concentration observed in other foods ranged from 6.1 to 1,110 g/kg. The

highest amounts were found in butter (1,110 g/kg), mixed cereal (220 g/kg), infant/junior food

(230 g/kg), and cheddar cheese (83 g/kg) (Heikes 1987).

Chloroform has been detected in the air above outdoor and indoor pools and in spas at maximum

concentrations of 2.8x10
-2

, 5.0x10
-2

, and 5.2x10
-2

 ppm, respectively; water concentrations ranged

between 4 and 402, 3 and 580, and 0.1 and 530 ppb, respectively (Armstrong and Golden 1986). In

another study, air samples above whirlpool spas treated with chlorine disinfectant contained chlorofom

at concentrations ranging from 8x10
-4

 to 1.5x10
-l
 ppm; the concentration in the water ranged from

15 to 674 ppb (Benoit and Jackson 1987). Chloroform has been detected at 37 ppb in the cooling

water of a nuclear reactor; a concentration of 50 ppb was detected 0.75 miles downstream from the

reactor cooling tower in one study (Hollod and Wilde 1982).

Since chloroform is highly volatile and shows little tendency to bioconcentrate or bioaccumulate in

higher life forms such as fishes, it is not ordinarily included in the types of persistent pollutants that

are the focus of state fish consumption advisory programs. Information from HazDat (1996) does

document detections of chloroform in tissues from fishes from at least 3 current or past NPL sites.
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5.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE

The general population is probably exposed to chloroform through drinking water and beverages,

eating food, inhaling contaminated air, and through dermal contact with water (e.g., while showering,

bathing, cleaning, washing, swimming). All humans are expected to be exposed to at least low levels

of chloroform. Accurate, current estimates of the daily intake of chloroform by various exposure

routes are not available, or possible, due to the lack of appropriate current monitoring data. Typical

levels of atmospheric exposure in remote, urban, and source-dominated areas range from 2x10
-5

 to

5x10
-5

, 6x10
-5

 to 2x10
-3

, and 8.2x10
-4

 to 2.2x10
-2

 ppm, respectively (Barkley et al. 1980; Brodzinsky

and Singh 1982; Class and Ballschmidter 1986; EPA 1988a; Singh et al. 1981, 1982; Wallace et al.

1986a, 1986b, 1988; Wood and Porter 1987). Exposure via ingestion of contaminated drinking water

is expected to be extensive since most U.S. community drinking-water supplies are chlorinated (see

Singer 1994 for an overview of the entire topic of disinfection by-products in drinking water). Typical

levels in drinking water range from 2 to 68 ppb (Brass et al. 1977; EPA/AMWA 1989; Furlong and

D’Itri 1986; Kasso and Wells 1981; Krasner et al. 1989; Rogers et al. 1987; Symons et al. 1975).

Although data regarding levels in food are rather scant, typical average chloroform levels in certain

foods are estimated to range from 52 to 71 g/kg (Daft 1988a, 1988b, 1989).

Although data are available from various studies regarding concentrations of chloroform found in

human tissues, blood, and expired air, only limited data are available that compare these concentrations

to measured or estimated environmental exposure levels. Furthermore, no correlation has been made

between these measured human tissue concentrations and the corresponding environmental exposure

levels (see Section 2.5.1 for a discussion of the relationship between chloroform exposure levels and

concentrations found in humans). Much of the data available is from the Total Exposure Assessment

Methodology (TEAM) studies (see Andelman 1990 or Wallace 1995 for succinct overviews) in which

the concentration of chloroform was measured in personal air samples and exhaled human breath

(Wallace 1987; Wallace et al. 1984, 1986a, 1986b, 1988). For example, in one TEAM study, the

ratios of the concentrations of chloroform detected in personal air samples to those found in human

exhaled breath air varied from 0.66:1 to 13.3:1 (Wallace 1987) (see Section 2.5.1 for more data

regarding concentrations found in humans, including data obtained during autopsies). Recent studies

supported through IARC on swimmers using indoor pools in Europe showed good correlations

between the chloroform concentrations in alveolar air and blood plasma concentrations (Aggazzotti et

al. 1990, 1993). Plasma levels ranging from 0.8 to 25.1 nmol/L were observed. Statistical analysis
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showed the plasma levels to be significantly correlated with concentrations of chloroform in the pool

water, time spent swimming, the number of swimmers in the pool, and the chloroform concentration in

the environmental air.

Limited current data were located regarding occupational exposure to chloroform. Although some of

the exposure levels encountered in workplaces may be comparable to exposure the worker receives in

his own home, there are probably many specific jobs that expose the workers to significantly higher

levels of chloroform. These occupations include work at or near source-dominated areas such as

chemical plants and other facilities that manufacture or use chloroform, operation of chlorination

processes in drinking-water plants, work at or near waste water-treatment plants and paper and pulp

plants, and other facilities where large amounts of chloroform are released (e.g., hazardous and

municipal-waste incinerators). Persons working at waste water and other treatment plants can be

exposed to significant levels of chloroform. A maximum level of 3.8x10
-3

 ppm was found in the air

at an activated sludge waste-water treatment plant (Lurker et al. 1983). Maintenance workers,

attendants, and life guards at indoor pools and spas may encounter maximum concentrations of

5.0x10
-2

 and 1.5x10
-1

 ppm, respectively (Armstrong and Golden 1986; Benoit and Jackson 1987).

Persons who use tap water often, especially if it is heated and/or sprayed (e.g., water used for cleaning,

washing clothes and dishes, showering, and cooking), may be exposed to higher than background

levels. For example, levels in personal air samples as high as 2.2x10
-2

 and 1.1x10
-2

 ppm have been

measured during household cleaning activities and showering (Wallace et al. 1987d). While the use of

activated carbon filters may provide some reduction in the tap water levels for cold water feeds, such

filters are not effective with hot water where the elevated temperatures will induce volatilization from

the filter media. Persons using certain cleaning agents and pesticides in enclosed spaces with poor

ventilation or persons working where these materials are used may be exposed to relatively high levels

of chloroform.

A National Occupational Exposure Survey (NOES) conducted by NIOSH from 1981 to 1983 estimated

that 95,778 workers in the United States are potentially exposed to chloroform (NOES 1991). In the

absence of more recent national occupational exposure data, the NOES information still has some

value. The NOES database does not contain information on the frequency, concentration, or exposure

duration of workers; it only provides estimates of the number of workers potentially exposed to

chemicals in the workplace. Of the 151 different occupational groups with potential chloroform

exposure risks listed in the NOES database, approximately 50% of the potentially exposed workers fall
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into the following Standard Industrial Classification (SIC) categories: Funeral Service and Crematory

Technicians from SIC category 7261; Biological, Engineering or Chemical Technicians and Chemists

from the Research and Development Laboratory SIC category 7391; Adhesive and Sealant Chemical

Technicians from SIC category 2891; Assemblers from SIC category 3679 (Electronic Components)

and SIC Category 3622 (Industrial Controls); Petroleum Refining Machine Operators and other

Workers from SIC category 2911; and General Medical and Surgical Hospital Clinical Laboratory

Technologists and Technicians from SIC category 8062.

5.6 POPULATIONS WITH POTENTIALLY HIGH EXPOSURES

All humans are exposed to low concentrations of chloroform. Those with potentially high exposures

are workers employed in chloroform manufacturing and use industries. Persons living in certain

source-dominated areas may be at risk for higher than background exposures to chloroform. These

may include persons living near industries and facilities that manufacture and use chloroform,

municipal and industrial waste water-treatment plants and incinerators, paper and pulp plants, and

persons who derive their drinking water from groundwater sources contaminated with

chloroformcontaining leachate from hazardous waste sites.

Previously reported air monitoring data from landfills and other waste sites (see Section 5.4.1) suggest

that potentially high exposure may occur via inhalation of contaminated air near hazardous waste sites.

Other possibilities include drinking water from wells contaminated with chloroform that leached from

the sites and, perhaps, living in homes built directly on top of former waste sites. Although some of

the drinking-water supplies contaminated solely by leached chloroform (e.g., levels 1.6 ppb from a

water well near a site with documented chloroform contamination) (Dewalle and Chian 1981) have

shown levels lower or comparable to that in normal chlorinated drinking water, where chloroform

levels in the range of 2-44 ppb are common (EPA/AMWA 1989), much higher levels (1,890 ppb)

have been found in water from wells near a waste dump (Clark et al. 1982). HazDat (1996)

documents 239 current or past NPL sites where specific concentration levels for groundwater are

contained in the database. At least 97 current or past NPL sites show groundwater samples where

values are 100 ppb or higher. A drinking-water standard of 100 ppb for total trihalomethanes

(TTHMs) (where chloroform is usually the predominant constituent) is EPA’s current requirement for

treated water systems serving 10,000 or more consumers (see Chapter 7 below).
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5.7 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with

the Administrator of EPA and agencies and programs of the Public Health Service) to assess whether

adequate information on the health effects of chloroform is available. Where adequate information is

not available, ATSDR, in conjunction with the NTP, is required to assure the initiation of a program

of research designed to determine the health effects (and techniques for developing methods to

determine such health effects) of chloroform.

The following categories of possible data needs have been identified by a joint team of scientists from

ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would

reduce the uncertainties of human health assessment. This definition should not be interpreted to mean

that all data needs discussed in this section must be filled. In the future, the identified data needs will

be evaluated and prioritized, and a substance-specific research agenda will be proposed.

5.7.1 Identification of Data Needs

Physical and Chemical Properties. As reported in Table 3-2, the physical and chemical

properties of chloroform have been characterized sufficiently to permit estimation of its environmental

fate.

Production, Import/Export, Use, Release, and Disposal. Data regarding the production

methods and current, past, projected future production capacity volumes, and current import and export

volumes are available (Ahlstrom and Steele 1979; CEN 1995; Deshon 1979; NTDB 1994; SRI 1993,

1994; TR192 1994). However, these statistics will generally not include all instances where

chloroform is generated as a chemical intermediate or waste product. With the exception of the partial

coverage provided in the Toxics Release Inventory (TR191 1993; TR193 1995) comprehensive

information regarding current release and disposal patterns, are lacking. General disposal information

is adequately detailed in the literature, and information regarding disposal regulations of chloroform is

available (EPA 1988a, 1988b). Production, release, and disposal data are useful to determine where

environmental exposure to chloroform may be high. A major data need is to achieve a better

understanding of why a substantial number of NPL sites show chloroform levels in groundwater at or

above concentrations of 100 ppb. There are 239 sites in HazDat (1996) where groundwater
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concentration levels are documented. At least 36 sites show signs of groundwater contamination with

levels of 1,000 ppb (or 1 ppm) or higher, levels high enough to suggest disposal or spills of wastes

containing very high concentrations of chloroform. Sixty-one (61) sites show groundwater levels in a

range from 100 to 1,000 ppb, and the remaining 142 sites show levels below 100 ppb. While some

sites show very low levels comparable to the concentrations associated with many chlorinated public

drinking-water supplies, the substantial number of sites with values at or slightly above the community

drinking-water standard for TTHMs of 100 ppb deserves some scrutiny. Is the chloroform at such

sites the result of past disposal of chloroform-laden wastes, or are some other sources (e.g., in situ

generation of chloroform as the result of chemical or biochemical transformation of other on-site

wastes) for the chloroform contamination involved? Present data sources are lacking to explain

adequately the large number of NPL sites showing elevated levels of chloroform in such media as

groundwater that pose major off-site exposure risks.

Environmental Fate. Experimental data are available regarding the transport and partitioning

properties of chloroform in surface waters (Bean et al. 1985; Clark et al. 1982; Class and

Ballschmidter 1986; Dilling 1977; Ferrario et al. 1985; Piwoni et al. 1986; Sawhney 1989).

Chloroform partitions mainly into the atmosphere and into groundwater. Empirical measurements or

model predictions on half-disappearance times in such media as soil could not be identified in the

literature. Chloroform can be transported long distances in air. Data are available regarding the

degradation of chloroform in the atmosphere, but less is known about degradation rates in water and

soil (Anderson et al. 1991; Bouwer et al. 1981a, 1981b; Dilling et al. 1975; Hampson 1980; Henson et

al. 1988; Jeffers et al. 1989; Park et al. 1988; Singh et al. 1981; Tabak et al. 1981; Wilson et al.

1981). Hydrolysis and direct photodegradation are not significant removal processes. Although data

regarding biodegradation rates in natural media are lacking, volatilization is expected to dominate over

biodegradation as a removal process from surface water and near-surface soil. Chloroform seems

relatively persistent in the atmosphere and groundwater. The environmental fate of chloroform

releases related to most common anthropogenic sources appears to be sufficiently determined by the

available data. In light of the documented occurrence (Class and Ballschmidter 1986) of chloroform in

remote, often pristine, areas, however, further study is warranted to help quantify the relative role of

long-range transport processes as opposed to a variety of more localized potential chemical

transformation processes. These more localized processes could include the reaction of naturally

generated chlorinated oxidants with organic materials to yield chloroform. More data would be useful

on the half-lives of chloroform in such media as soils.
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Bioavailability from Environmental Media. Chloroform is absorbed following inhalation, oral,

and dermal contact. Toxicity studies of exposure to chloroform in air, water, and food demonstrated

the bioavailability of chloroform by these routes. Data regarding its bioavailability from soil are

lacking, but near-surface soil concentrations can be expected to be low due to volatilization (Piwoni et

al. 1986; Wilson et al. 1981).

Food Chain Bioaccumulation. Data are available that indicate that chloroform does not

bioconcentrate in aquatic organisms (Barrows et al. 1980; Veith et al. 1980); however, data are lacking

for plants and other animals (e.g., vacuolar plants, shellfish, or macroinvertebrates) as well as for the

biomagnification potential of chloroform in terrestrial and aquatic food chains. Additional information

on bioconcentration and biomagnification could be useful in establishing the significance of food chain

bioaccumulation as a route of human exposure.

Exposure Levels in Environmental Media.  All humans are exposed to at least low levels of

chloroform via inhalation of contaminated air, and most humans are exposed by drinking contaminated

water. Estimates from intake via inhalation and ingestion of drinking water, based on limited data, are

available (see Section 5.5). Exposure from foods cannot be estimated, due to the lack of data.

Current information on exposure to chloroform from water, air, and foods, especially for workers or

people who live near manufacturing and use facilities, water and waste water-treatment plants,

municipal and industrial incinerators, hazardous waste sites, and other sources of significant release, in

addition to data regarding exposure levels in indoor air would be useful.

Exposure Levels in Humans. Data regarding exposure levels in humans are incomplete and are

usually the result of limited, special studies. Chloroform has been found in human blood and expired

air of both occupationally and nonoccupationally exposed groups, and in breast milk of

nonoccupationally exposed groups (Hajimiragha et al. 1986; Pellizzati et al. 1982; Wallace et al.

1987a). A detailed recent database of exposure would be helpful in determining the current exposure

levels, thus allowing an estimation of the average daily dose associated with various scenarios, such as

living near a point source of release, drinking contaminated water, or working in a contaminated place.

This information is necessary for assessing the need to conduct health studies on these populations.

Exposure Registries. No exposure registries for chloroform were located. This substance is not

currently one of the compounds for which a subregistry has been established in the National Exposure
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Registry. The substance will be considered in the future when chemical selection is made for

subregistries to be established. The information that is amassed in the National Exposure Registry

facilitates the epidemiological research needed to assess adverse health outcomes that may be related

to exposure to this substance.

5.7.2 Ongoing Studies

As part of the Third National Health and Nutrition Evaluation Survey (NHANES III), the Environment

Health Laboratory Sciences Division of the National Center for Environment Health, Centers for

Disease Control and Prevention, will be analyzing human urine samples for chloroform (Needham et

al. 1990). These data will give an indication of the frequency of occurrence and background levels of

these compounds in the general population.

Research at Colorado State University (FEDRIP 1994) will investigate toxicity and bioaccumulation

potential of chloroform and other organic and inorganic chemicals. The laboratory studies will use a

simple food chain containing larval invertebrates and fish. The results would be applicable to many

natural systems with fish foraging on insect larvae in contaminated sediments.

Another research project at Colorado State University (FEDRIP 1994) will study the microbial

degradation kinetics of pollutant mixtures, which will include chloroform. One aspect of this research

will focus on both the degradation of chloroform as well as its inhibitory effects when present above

certain threshold concentrations.

A project at the University of Arizona (FEDRIP 1996) will study microbial dehalogenation of several

compounds, including chloroform. A major part of the study will focus on the facultative anaerobic

bacteria Shewanellu putrefaciens sp., which is known to catalyze the transformation of carbon

tetrachloride to chloroform and other as yet unidentified products. The organic substrates will also

contain metals. It is hoped that the end-products from the biochemical treatment can be subjected to a

photolytic finishing process that will completely mineralize any remaining halogenated compounds.

A project at the University of Idaho (FEDRIP 1996) will study the biodegradation of several

halogenated hydrocarbons in soils amended with plant residues from various Brussicu cultivars (e.g.,

rape seed). These residues contain chemicals that may help catalyze the degradation of some
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chlorinated hydrocarbons. Work to date has shown the potential for phrophyrins metallated with

cobalt or nickel to cause the breakdown of carbon tetrachloride into such products as chloroform,

dichlormethane, and carbon monoxide.

A project at the University of California at Berkeley (FEDRIP 1996) will study factors affecting the

rates of degradation for several chlorinated hydrocarbons by soil microbial populations. Chloroform

will be included as one of the organic chemicals studied.

A project conducted by the USDA (FEDRIP 1996) at its Western Regional Research Center in

Albany, California, will study the use of ozone or peroxide treatment as an alternative to chlorinated

bleaching in the preparation of walnuts intended for in-the-shell sales. There are concerns that the

current use of hypochlorite bleaching agents can adversely impact taste as well as leaving behind THM

residues containing chloroform.

A project at the University of California at Riverside (FEDRIP 1996) will study factors affecting the

biodegradation in soils of several pesticides and halogenated organics by such microbes as

Methanobacterium thermoautotrophicum. This anaerobic bacterium shows the potential for very rapid

oxidation of several organics, including chloroform. In practice, however, one or more limiting factors

dramatically reduces the expected degradation kinetics.

A project at the USDA’s Western Research Center in Albany, California, will study ways to reduce

exposures to chloroform for workers at poultry processing plants (FEDRIP 1994). At various points in

the processing of poultry, the carcasses are rinsed in chiller-water baths that kill pathogens. Currently,

chlorine is the only USDA-approved sanitizing agent. This study will investigate the potential of such

alternative agents as chlorine dioxide to achieve comparable germicidal effects while reducing the

levels of chloroform generated.

The United States Geological Survey (FEDRIP 1996) is conducting a study on the Mississippi River

and its major tributaries focused on the transport and degradation of organic substances. Experiments

will be conducted at 12 stations to determine the THM and organic halide formation potentials. The

results will be summarized in a chapter on water purification by-products in a Report to Congress on

the Mississippi River.
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Remedial investigations and feasibility studies at NPL sites that contain chloroform will also provide

further information on environmental concentrations and human exposure levels near waste sites.
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6. ANALYTICAL METHODS

The purpose of this chapter is to describe the analytical methods that are available for detecting and/or

measuring and monitoring chloroform in environmental media and in biological samples. The intent is

not to provide an exhaustive list of analytical methods that could be used to detect and quantify

chloroform. Rather, the intention is to identify well established methods that are used as the standard

methods of analysis. Many of the analytical methods used to detect chloroform in environmental

samples are the methods approved by federal organizations such as EPA and the National Institute for

Occupational Safety and Health (NIOSH). Other methods presented in this chapter are those that are

approved by groups such as the Association of Official Analytical Chemists (AOAC) and the

American Public Health Association (APHA). Additionally, analytical methods are included that

refine previously used methods to obtain lower detection limits, and/or to improve accuracy and

precision.

6.1 BIOLOGICAL SAMPLES

Methods for analyzing chloroform in the biological matrices (breath, blood, urine, and tissues) are

listed in Table 6-l. None of these methods has been standardized by an organization or federal

agency, although the blood method of Ashley et al. (1992) was developed at the Centers for Disease

Control and Prevention (CDC). Sample preparation methods are based on headspace analysis, purgeand-

trap, or solvent extraction. Sample preparation for breath samples typically utilizes an adsorbent

followed by thermal desorption or direct analysis of an aliquot of breath. These methods all use gas

chromatography (GC) with various detection methods as an analytical technique. Cardinali et al.

(1994) describe a procedure for the production of blank water for use with analysis of organic

compounds in human blood at the parts per trillion (ppt) level; the availability of such blank samples

is very important if reliable results are to be obtained. With limits of detection (LODs) in the low-ppt

range, these methods are sufficiently sensitive to measure background levels of chloroform in the

general population as well as chloroform levels at which health effects might occur after short-term or

long-term exposure. However, many studies do not report the method detection limit and/or the

recovery percentage for the method. For more information regarding the use of GC methods and

detectors, see Section 6.2.
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Chloroform is transformed by mammalian P-450 enzymes in vivo to trichloromethanol which

undergoes spontaneous dechlorination to yield phosgene (COC12) (Pohl et al. 1977), a highly reactive

electrophile (Mansuy et al. 1977). Phosgene can react with cysteine to form 2-oxothiazolidine-

4-carboxylic acid (Pohl et al. 1977, 1980b), with two molecules of glutathione to form diglutathionyl

dithiocarbonate (Pohl et al. 1981), or with water to produce chloride ion and carbon dioxide (Pohl et

al. 1980b). Although 2-oxothiazolidine-4-carboxylic acid and diglutathionyl dithiocarbonate have been

measured in liver microsomal preparations (Pohl et al. 1977, 1980b, 1981), the applicability of these

methods to human tissues is unknown. Phosgene can also be formed from bromotrichloromethane and

carbon tetrachloride (Pohl et al. 1981), so the formation of phosgene and any subsequent products

cannot be related exclusively to exposure to chloroform.

6.2 ENVIRONMENTAL SAMPLES

Analytical methods for determining chloroform in environmental samples are presented in Table 6-2.

As with all extremely volatile chemicals, it is essential to take precautions during sampling, storage,

and analysis to avoid loss of chloroform. Methods commonly used for the determination of

chloroform concentrations in air are based on either adsorption onto a sorbent column followed by

thermal or solvent desorption with subsequent analysis using GC (EPA 1988f; NIOSH 1994; OSHA

1979) or on cryogenic concentration of chloroform directly from a parcel of air (Bureau International

Technique des Solvants Chlores 1976; EPA 19888, 19881) followed by GC. The disadvantages of the

sorption tubes are that sorption and desorption efficiencies may not be 100%, and that the background

impurities in the sorbent tubes may limit the detection limit for samples at low concentrations (Cox

1983). In addition, storage of sorbent tubes before desorption and analysis can result in losses of

chloroform (OSHA 1979), and poor retention of chloroform by the sorbent can result in poor LODs

(EPA 1988h). Determination of chloroform using isolation methods based on cryogenic trapping can

be limited by moisture condensation in the trap (EPA 1988g). Evacuated canisters used to collect air

samples in the field for transport to the laboratory must be carefully cleaned to avoid contamination of

the sample (EPA 1988i).

Solid phase microextraction (SPME) has been shown to be useful for the determination of chloroform

in air (Chai and Pawliszyn 1995). This technique is based upon the absorption of chloroform into a

polymer coated on a silica fiber. Following equilibration of the fiber with the atmosphere, chloroform

is released via thermal desorption in the injection port of a gas chromatograph. Sample preparation is
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very easy and fast (90 seconds for chloroform) with this technique although sample collection

conditions and thermal desorption conditions must be carefully controlled for the best precision.

Samples containing very volatile analytes, like chloroform, must be analyzed quickly after sample

collection to avoid analyte loss with storage.

Phosgene has been identified as an atmospheric decomposition product of several chlorinated

compounds, including chloroform (Bachmann and Polzer 1989). Phosgene can be determined in air

samples using, for example, capillary GC with electron capture detection (ECD) (Bachmann and Polzer

1989), high-performance liquid chromatography (HPLC) after the conversion of phosgene to

carbanilide (EPA 1988n), and HPLC after the reaction of phosgene with 1-(2-pyridyl)-piperazine

(Rando et al. 1993). Chloroformates can interfere in the carbanilide analysis (EPA 1988n). In the

method of Rando et al. (1993), the apparent recovery of phosgene was nearly quantitative from air at

up to 25% relative humidity; this decreased to about 65% at 95% humidity.

The most common method for the determination of chloroform levels in water, sediment, soil, and

foods is the purging of the vapor from the sample, or its suspension in a solvent with an inert gas and

trapping (purge-and-trap) the desorbed vapors onto a sorbent trap (EPA 1991 a, 1991b, 1991c, 1992;

Greenberg et al. 1992; Ho 1989; Lopez-Avila et al. 1987). SPME is a method that combines the ease

of headspace analysis with some of the concentration benefits of purge-and-trap (Chai et al. 1993).

Subsequent thermal desorption is used for the quantification of chloroform concentrations. Solvent

extraction is also used in a number of methods (Amaral et al. 1994; Daft 1988a, 1989; EPA 1990g;

Kroneld 1986; Reunanen and Kroneld 1982). No methods were found for phosgene in water,

sediment, soil, and foods.

All of the methods listed above for the analysis of environmental samples use GC with various

detection methods. The two methods that provide the lowest detection limits are halide-specific

detectors (e.g., Hall electrolytic conductivity detector or electron capture detector) and the mass

spectrometer (EPA 1986a; Ho 1989; Lopez-Avila et al. 1987; Ramus et al. 1984). The advantage of

halide specific detectors is they are not only very sensitive, but are also specific for halide compounds.

The mass spectrometer, on the other hand, provides additional confirmation of the presence of a

compound through its ionization pattern and is desirable when a variety of compounds are required to

be identified and quantified. The disadvantage of halide-specific detectors is their inability to detect

and quantify nonhalogen compounds, if nonhalogenated compounds are of interest also; this can be
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greatly overcome by using other detectors (e.g., photoionization detector) in series (Lopez-Avila et al.

1987). High-resolution gas chromatography (HRGC) with capillary columns coupled with mass

spectrometry (MS) provides better resolution and increased sensitivity for volatile compounds

than packed columns. In methods such as EPA method TO14 (EPA 198Si), desorbed compounds are

cryogenically trapped onto the head of the capillary column. Such HRGC/MS methods overcome

some common problems involved in analyses of excessively complex samples, samples with large

ranges of concentrations, and samples that also contain high-boiling compounds (Dreisch and Munson

1983; EPA 1986a). LODs in the sub-parts per billion (ppb) range are routinely possible in both air

and liquid/solid matrices. Numerous standard methods exist.

Methods for rapid sample introduction to an ion trap mass spectrometer have been developed for the

determination of organic compounds, including chloroform, in aqueous samples. In the method of

Bauer and Solyom (1994) a polymeric membrane is placed into contact with the sample, the organics

dissolve in the membrane and diffuse to the other side where they are swept directly into the mass

spectrometer. This technique, known as membrane introduction mass spectrometry (MIMS) was

shown to be sensitive to chloroform in water to 0.025 ppb. Another sample introduction technique

known as inertial spray extraction nebulizes an aqueous sample (water, blood) into a small chamber

where a countercurrent stream of helium sweeps any released volatile organic compounds (VOCs) into

a jet separator at the inlet of an ion trap mass spectrometer (St-Germain et al. 1995). Up to 1 mL of

sample can be introduced and the released VOCs are detected by the MS. Although both of these

techniques provide for high throughput, no separation step is employed and this can result in

interferences from ions formed by compounds other than the target analytes. These methods have

great utility in selected applications.

A fiber-optic device has been described that can monitor chlorinated hydrocarbons in water (Gobel et

al. 1994). The sensor is based on the diffusion of chlorinated hydrocarbons into a polymeric layer

surrounding a silver halide optical fiber through which is passed broad-band mid-infrared radiation.

The chlorinated compounds concentrated in the polymer absorb some of the radiation that escapes the

fiber (evanescent wave); this technique is a variant of attenuated total reflection (ATR) spectroscopy.

A LOD for chloroform was stated to be 5 mg/L (5 ppm). This sensor does not have a high degree of

selectivity for chloroform over other chlorinated aliphatic hydrocarbons, but appears to be useful for

continuous monitoring purposes.
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The reproducibilities of the methods listed in Table 6-2 are generally acceptable, but will vary,

depending on the laboratories doing the analyses. Probable interferences for the methods of analysis

include contamination from chloroform vapors in the laboratory. For this reason, it is often

recommended that the laboratories doing the analysis should not contain chloroform or any other

solvent to be measured in the sample (EPA 1986a). Plastic or rubber system components should be

avoided as they can contaminate a sample or result in carryover from one analysis to the next (EPA

1992). The formation of aerosols and foam during purge-and-trap of liquid samples can contaminate

the analytical system, so precautions must be taken (Thompson 1994; Vallejo-Cordoba and Nakai

1993). The use of field blanks is extremely important to correct for chloroform that might have

diffused into the sample during shipping and storage (EPA 1986a). Other interferences include those

volatile compounds that have similar retention times in the various GC columns used. This problem is

often eliminated by analyzing the samples with two different types of GC columns such that the

retention times will not be coincidental in both columns. Mass spectrometric detection can also help

to overcome interferences resulting from incomplete chromatographic resolution. Refer to the

references cited in Table 6-2 and the text for specific information regarding reproducibility and

potential interferences.

6.3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA directs the Administrator of ATSDR (in consultation with the

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether

adequate information on the health effects of chloroform is available. Where adequate information is

not available, ATSDR, in conjunction with NTP, is required to assure the initiation of a program of

research designed to determine the health effects (and techniques for developing methods to determine

such health effects) of chloroform.

The following categories of possible data needs have been identified by a joint team of scientists from

ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met w,ould

reduce or eliminate the uncertainties of human health assessment. This definition should not be

interpreted to mean that all data needs discussed in this section must be filled. In the future, the

identified data needs will be evaluated and prioritized, and a substance-specific research agenda will be

proposed.
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6.3.1 Identification of Data Needs

Methods for Determining Biomarkers of Exposure and Effect. Methods are available for the

determination of chloroform in breath (Aggazzotti et al. 1993; Jo et al. 1990; Krotoszynski et al. 1979;

Phillips and Greenberg 1992; Pleil and Lindstrom 1995; Raymer et al. 1990), blood (Antoine et al.

1986; Ashley et al. 1992; Cammann and Htibner 1995; EPA 1985a; Kroneld 1986; Peoples et al. 1979;

Pfaffenberger et al. 1980; Reunanen and Kroneld 1982; Seto et al. 1993; Streete et al. 1992), and other

fluids and tissues such as urine and adipose (Cammann and Htibner 1995; EPA 1985a; Peoples et al.

1979; Pfaffenberger et al. 1980; Reunanen and Kroneld 1982; Streete et al. 1992). Sub-ppb limits of

detection have been shown (e.g., Ashley et al. 1992; Pfaffenberger et al. 1980) and the methods are

adequate for the determination of chloroform concentrations in samples from the general population.

No biomarker that can be associated quantitatively with chloroform exposure has been identified (see

Sections 2.5.1 and 6.1). Although chloroform levels can be determined in biological samples, the

relationship between these levels and the exposure levels has not been adequately studied. In one

study, the concentrations of chloroform in alveolar air of people attending activities at an indoor

swimming pool were found to be proportional to the concentrations in air (Aggazzotti et al. 1993).

Such proportionality was observed, in part, because the alveolar air samples were taken soon after

exposure termination. Good correlations have also been measured between chloroform concentrations

measured in blood and breath with those in air or water after exposure to water/air during showering

(Jo et al. 1990) and swimming (Cammann and Htibner 1995; Lévesque et al. 1994). The studies of Jo

et al. (1990) and Lévesque et al. (1994) demonstrated and quantified the uptake of chloroform via

dermal absorption. Correlations of alveolar air concentrations with exposure air concentrations based

on breath samples at unknown postexposure times will be complicated by metabolism and other

factors, such as activity, important in the elimination of chloroform from the body (see PBPK

discussion, Chapter 2). Furthermore, the presence of chloroform, or a transformation product of

chloroform such as phosgene and reaction products of phosgene, in a biological sample may have

resulted from the metabolism of another chlorinated hydrocarbon. If a biomarker of exposure for this

compound in a human tissue or fluid was available and a correlation between the level of the

biomarker and exposure existed, it could be used as an indication of the extent of chloroform

exposure. Further information regarding the accuracy of sample recovery for the methods of

chloroform analysis would be useful in interpreting monitoring data.
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No biomarker of effect that can be associated quantitatively and directly to chloroform exposure has

been identified (see Section 2.5.2). If biomarkers of effect were available for this compound and a

correlation between the level or intensity of the biomarker of effect and the exposure level existed, it

could be used as an indication of the levels and extent of chloroform exposure. However, in cases

where an exposure to chloroform has been known to occur, measurements of chloroform in breath or

blood can indicate body burden.

Methods for Determining Parent Compounds and Degradation Products in Environmental

Media. Methods for determining chloroform in the environment are available. These include

methods for drinking water (Blanchard and Hardy 1986; EPA 199Og, 1991a, 1991b, 1991c, 1992;

Greenberg et al. 1992; Ho 1989; Kroneld 1986; Nicholson et al. 1977), air (Bergerow et al. 1995, Chai

and Pawliszyn 1995, EPA 1988f, 1988g, 198831, 19881; NIOSH 1994; OSHA 1979; Parsons and

Mitzner 1975), and foods (Daft 1988a, 1989; Entz et al. 1982; Thompson 1994). These three media

are of most concern for human exposure. The precision, accuracy, reliability, and specificity of the

methods are well documented and well suited for the determination of low levels of chloroform and

levels at which health effects occur. For example, the MRL for acute-duration inhalation is 0.1 ppm

(weight per volume [w/v] or 0.0099 mg/m
3
) so any method used must have a limit of detection equal

to or less than this. The methods of Chai et al. (1993), Chai and Pawliszyn (1995), and Bergerow et

al. (1995) report limits of detection of 0.9 ppb volume per volume (v/v), 2 ppb, and 4 ng/m
3
,

respectively, and are adequate for the measurement of chloroform in air. Although no limits of

detection were reported for EPA methods TO2 and TO3 (EPA 1988f, 1988g), recoveries were

acceptable for low-ppb concentrations of chloroform in air and thus these methods should certainly be

applicable to concentrations at the acute-duration inhalation MRL. Similarly, the chronic-duration oral

MRL is 0.01 mg/kg/day, which converts to 0.7 mg/day for a 70-kg person. For a 2 L/day water

consumption, this translates into a required method limit of detection of 0.35 mg/L. This

concentration is easily measured by the methods of EPA (199Og) (limit of detection 0.002 g/L),

Greenberg et al. (1992) (1imit of detection 0.1 g/L), and Chai et al. (1993) (limit of detection

30 ng/L). Assuming a food intake of 2 kg/day, this oral MRL translates to a needed method limit of

detection in food of 0.35 mg/kg. The methods of Entz et al. (1982) and Daft (1988a, 1989) provide

limits of detection of less than 0.028 mg/kg and are adequate. Method sensitivities are clearly

adequate for matrices in which the higher acute-duration oral MRL is of concern. There is not much

information regarding the degradation products of chloroform in the environment. Although phosgene

can be produced in the environment and its high reactivity suggests that it would not persist, several
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methods were found for the quantification of phosgene in ambient air (Bachmann and Polzer 1989;

EPA 1988n; Rando et al. 1993). No methods were found for phosgene in other environmental

matrices and it is not likely that it would be found in matrices other than air.

6.3.2 Ongoing Studies

The Environmental Health Laboratory Sciences Division of the Center for Environmental Health and

Injury Control, Centers for Disease Control and Prevention, is developing methods for the analysis of

chloroform and other VOCs in blood. These methods use purge-and-trap methodology, HRGC, and

magnetic sector mass spectrometry which gives detection limits in the low-ppt range (see Ashley et al.

1992).

The following information was obtained form a search of Federal Research in Progress (FEDRIP,

1996). Researchers at Physical Sciences, Inc. are developing an imaging infrared spectrometer that can

rapidly screen field sites to detect the presence of VOCs, including chloroform, from remote locations

(either in the air or on the ground). The following research projects were identified as having

objectives that might require the development or modification of methods to measure chloroform.

Researchers at Colorado State University are studying the biodegradation of pollutants, including

chloroform, in bioreactors. Researchers at the University of California at Berkeley and Riverside are

conducting studies on the biodegradation of organic compounds, including chloroform, in soil.
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The international, national, and state regulations and guidelines regarding chloroform in air, water and

other media are summarized in Table 7- 1.

An MRL of 0.1 ppm has been derived for acute-duration inhalation exposure to chloroform. The

MRL is based on a NOAEL of 3 ppm for hepatic effects in mice (Larson et al. 1994c).

An MRL of 0.05 ppm has been derived for intermediate-duration inhalation exposure to chloroform.

The MRL is based on a LOAEL of 14 ppm for toxic hepatitis in workers exposed to up to 400 ppm

for less than 6 months (Phoon et al. 1983).

An MRL of 0.02 ppm has been derived for chronic-duration inhalation exposure to chloroform.

The MRL was based on a LOAEL of 2 ppm for hepatic effects in workers exposed to concentrations

of chloroform ranging from 2 to 205 ppm for l-4 years (Bomski et al. 1967).

An MRL of 0.3 mg/kg/day has been derived for acute-duration oral exposure to chloroform. The

MRL is based on a NOAEL of 26.4 mg/kg/day for hepatic effects in mice (Larson et al. 1994b).

An MRL of 0.1 mg/kg/day has been derived for intermediate-duration oral exposure to chloroform.

The MRL is based on a NOAEL of 15 mg/kg/day for liver effects (increased SGPT) in dogs exposed

to chloroform in toothpaste for 6 weeks (Heywood et al. 1979).

An MRL of 0.01 mg/kg/day has been derived for chronic-duration oral exposure to chloroform based

on a LOAEL for liver effects (increased SGPT) in dogs administered 15 mg/kg/day chloroform in

toothpaste in capsules for 7.5 years (Heywood et al. 1979).

The chronic-duration oral reference dose (RfD) for chloroform is also 0.01 mg/kg/day, based on the

LOAEL for liver effects in dogs administered 15 mg/kg/day chloroform (Heywood et al. 1979; IRIS

1996).

No reference concentration (RfC) exists for the compound.
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The EPA has determined that chloroform is a probable human carcinogen; corresponding group B2

(IRIS 1996). Gavage studies conducted by the NTP were positive for carcinogenicity in female mice

and male mice and rats, but negative for female rats (NTP 1995).

The International Agency for Research on Cancer (IARC) has determined that chloroform is possibly

carcinogenic to humans; Group 2B classification (IARC 1987).

Chloroform is regulated by the Clean Water Act Effluent Guidelines for the following industrial point

sources: electroplating; organic chemicals; steam electric, asbestos, and timber products processing;

paving and roofing; paint and formulating; formulating; gum, wood and carbon black; metal molding,

casting, and finishing; coil coating; copper forming; and electrical and electronic components (EPA

1981a).
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Acute Exposure-Exposure-- to a chemical for a duration of 14 days or less, as specified in the

Toxicological Profiles.

Adsorption Coefficient (Koc)--The ratio of the amount of a chemical adsorbed per unit weight of

organic carbon in the soil or sediment to the concentration of the chemical in solution at equilibrium.

Adsorption Ratio (Kd)-The amount of a chemical adsorbed by a sediment or soil (i.e., the solid

phase) divided by the amount of chemical in the solution phase, which is in equilibrium with the solid

phase, at a fixed solid/solution ratio. It is generally expressed in micrograms of chemical sorbed per

gram of soil or sediment.

Bioconcentration Factor (BCF)-The quotient of the concentration of a chemical in aquatic

organisms at a specific time or during a discrete time period of exposure divided by the concentration

in the surrounding water at the same time or during the same period.

Cancer Effect Level (CEL)-The lowest dose of chemical in a study, or group of studies, that

produces significant increases in the incidence of cancer (or tumors) between the exposed population

and its appropriate control.

Carcinogen-A chemical capable of inducing cancer.

Ceiling Value-A concentration of a substance that should not be exceeded, even instantaneously.

Chronic Exposure-Exposure to a chemical for 365 days or more, as specified in the Toxicological

Profiles.

Developmental Toxicity-The occurrence of adverse effects on the developing organism that may

result from exposure to a chemical prior to conception (either parent), during prenatal development, or

postnatally to the time of sexual maturation. Adverse developmental effects may be detected at any

point in the life span of the organism.

Embryotoxicity and Fetotoxicity- Any toxic effect on the conceptus as a result of prenatal exposure

to a chemical; the distinguishing feature between the two terms is the stage of development during

which the insult occurred. The terms, as used here, include malformations and variations, altered

growth, and in utero death.

EPA Health Advisory-An estimate of acceptable drinking water levels for a chemical substance

based on health effects information, A health advisory is not a legally enforceable federal standard,

but serves as technical guidance to assist federal, state, and local officials.

Immediately Dangerous to Life or Health (IDLH)-The maximum environmental concentration of a

contaminant from which one could escape within 30 minutes without any escape-impairing symptoms or

irreversible health effects.

Intermediate Exposure-Exposure to a chemical for a duration of 15-364 days, as specified in the

Toxicological Profiles.



CHLOROFORM 292

9. GLOSSARY

Immunologic Toxicity-The occurrence of adverse effects on the immune system that may result

from exposure to environmental agents such as chemicals.

In Vitro-Isolated from the living organism and artificially maintained, as in a test tube.

In vivo-Occurring within the living organism.

Lethal Concentration (L0) (LCLO)-The lowest concentration of a chemical in air which has been

reported to have cause death in humans or animals.

Lethal Concentration (50) (LC50)- A calculated concentration of a chemical in air to which exposure

for a specific length of time is expected to cause death in 50% of a defined experimental animal

population.

Lethal Dose (50) (LD LO) lowest dose of a chemical introduced by a route other than inhalation

that is expected to have caused death in humans or animals.

Lethal Dose (50) (LD50)-The dose of a chemical which has been calculated to cause death in 50% of

a defined experimental animal population.

Lethal Time (50)  (LT50)-A calculated period of time within which a specific concentration of a

chemical is expected to cause death in 50% of a defined experimental animal population.

Lowest-Observed-Adverse-Effect Level (LOAEL)-The lowest dose of chemical in a study, or

group of studies, that produces statistically or biologically significant increases in frequency or severity

of adverse effects between the exposed population and its appropriate control.

Malformations-Permanent structural changes that may adversely affect survival, development, or

function.

Minimal Risk Level-An estimate of daily human exposure to a dose of a chemical that is likely to

be without an appreciable risk of adverse noncancerous effects over a specified duration of exposure.

Mutagen-A substance that causes mutations. A mutation is a change in the genetic material in a

body cell. Mutations can lead to birth defects, miscarriages, or cancer.

Neurotoxicity-The occurrence of adverse effects on the nervous system following exposure to

chemical.

No-Observed-Adverse-Effect Level (NOAEL)-The dose of chemical at which there were no

statistically or biologically significant increases in frequency or severity of adverse effects seen

between the exposed population and its appropriate control. Effects may be produced at this dose, but

they are not considered to be adverse.

Octanol-Water Partition Coefficient (Kow) The equilibrium ratio of the concentrations of a

chemical in n-octanol and water, in dilute solution.

Permissible Exposure Limit (PEL)-An allowable exposure level in workplace air averaged over an

8-hour shift.
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q1 * -The upper-bound estimate of the low-dose slope of the dose-response curve as determined by the

multistage procedure. The ql* can be used to calculate an estimate of carcinogenic potency, the

incremental excess cancer risk per unit of exposure (usually g/L for water, mg/kg/day for food, and

g/m
3
 for air).

Reference Dose (RfD)-An estimate (with uncertainty spanning perhaps an order of magnitude) of the

daily exposure of the human population to a potential hazard that is likely to be without risk of

deleterious effects during a lifetime. The RfD is operationally derived from the NOAEL (from animal

and human studies) by a consistent application of uncertainty factors that reflect various types of data

used to estimate RfDs and an additional modifying factor, which is based on a professional judgment

of the entire database on the chemical. The RfDs are not applicable to nonthreshold effects such as

cancer.

Reportable Quantity (RQ)-The quantity of a hazardous substance that is considered reportable

under CERCLA. Reportable quantities are (1) 1 pound or greater or (2) for selected substances, an

amount established by regulation either under CERCLA or under Sect. 311 of the Clean Water Act.

Quantities are measured over a 24-hour period.

Reproductive Toxicity- The occurrence of adverse effects on the reproductive system that may result

from exposure to a chemical. The toxicity may be directed to the reproductive organs and/or the related

endocrine system. The manifestation of such toxicity may be noted as alterations in sexual

behavior, fertility, pregnancy outcomes, or modifications in other functions that are dependent on the

integrity of this system.

Short-Term Exposure Limit (STEL)-The maximum concentration to which workers can be exposed

for up to 15 min continually. No more than four excursions are allowed per day, and there must be at

least 60 minutes between exposure periods. The daily TLV-TWA may not be exceeded.

Target Qrgan Toxicity-This term covers a broad range of adverse effects on target organs or

physiological systems (e.g., renal, cardiovascular) extending from those arising through a single limited

exposure to those assumed over a lifetime of exposure to a chemical.

Teratogen-A chemical that causes structural defects that affect the development of an organism.

Threshold Limit Value (TLV)-A concentration of a substance to which most workers can be

exposed without adverse effect. The TLV may be expressed as a TWA, as a STEL, or as a CL.

Time-Weighted Average (TWA)-An allowable exposure concentration averaged over a normal 8-

hour workday or 40-hour workweek.

Toxic Dose (TD50)-A calculated dose of a chemical, introduced by a route other than inhalation,

which is expected to cause a specific toxic effect in 50% of a defined experimental animal population.

Uncertainty Factor (UF)-A factor used in operationally deriving the RfD from experimental data.

UFs are intended to account for (I) the variation in sensitivity among the members of the human

population, (2) the uncertainty in extrapolating animal data to the case of human, (3) the uncertainty in

extrapolating from data obtained in a study that is of less than lifetime exposure, and (4) the

uncertainty in using LOAEL data rather than NOAEL data. Usually each of these factors is set equal

to 10.
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ATSDR MINIMAL RISK LEVEL

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) [42 U.S.C.

9601 et seq.], as amended by the Superfund Amendments and Reauthorization Act (SARA) [Pub. L.

99-4991, requires that the Agency for Toxic Substances and Disease Registry (ATSDR) develop

jointly with the U.S. Environmental Protection Agency (EPA), in order of priority, a list of hazardous

substances most commonly found at facilities on the CERCLA National Priorities List (NPL); prepare

toxicological profiles for each substance included on the priority list of hazardous substances; and

assure the initiation of a research program to fill identified data needs associated with the substances.

The toxicological profiles include an examination, summary, and interpretation of available

toxicological information and epidemiologic evaluations of a hazardous substance. During the

development of toxicological profiles, Minimal Risk Levels (MRLs) are derived when reliable and

sufficient data exist to identify the target organ(s) of effect or the most sensitive health effect(s) for a

specific duration for a given route of exposure. An MRL is an estimate of the daily human exposure

to a hazardous substance that is likely to be without appreciable risk of adverse noncancer health

effects over a specified duration of exposure. MRLs are based on noncancer health effects only and

are not based on a consideration of cancer effects. These substance-specific estimates, which are

intended to serve as screening levels, are used by ATSDR health assessors to identify contaminants

and potential health effects that may be of concern at hazardous waste sites. It is important to note

that MRLs are not intended to define clean-up or action levels.

MRLs are derived for hazardous substances using the no-observed-adverse-effect level/uncertainty

factor approach. They are below levels that might cause adverse health effects in the people most

sensitive to such chemical-induced effects. MRLs are derived for acute (l-14 days), intermediate

(15-364 days), and chronic (365 days and longer) durations and for the oral and inhalation routes of

exposure. Currently, MRLs for the dermal route of exposure are not derived because ATSDR has not

yet identified a method suitable for this route of exposure. MRLs are generally based on the most

sensitive chemical-induced end point considered to be of relevance to humans. Serious health effects

(such as irreparable damage to the liver or kidneys, or birth defects) are not used as a basis for
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establishing MRLs. Exposure to a level above the MRL does not mean that adverse health effects will

occur.

MRLs are intended only to serve as a screening tool to help public health professionals decide where

to look more closely. They may also be viewed as a mechanism to identify those hazardous waste

sites that are not expected to cause adverse health effects. Most MRLs contain a degree of uncertainty

because of the lack of precise toxicological information on the people who might be most sensitive

(e.g., infants, elderly, nutritionally or immunologically compromised) to the effects of hazardous

substances. ATSDR uses a conservative (i.e., protective) approach to address this uncertainty

consistent with the public health principle of prevention. Although human data are preferred, MRLs

often must be based on animal studies because relevant human studies are lacking. In the absence of

evidence to the contrary, ATSDR assumes that humans are more sensitive to the effects of hazardous

substance than animals and that certain persons may be particularly sensitive. Thus, the resulting

MRL may be as much as a hundredfold below levels that have been shown to be nontoxic in

laboratory animals.

Proposed MRLs undergo a rigorous review process: Health Effects/MRL Workgroup reviews within

the Division of Toxicology, expert panel peer reviews, and agencywide MRL Workgroup reviews,

with participation from other federal agencies and comments from the public. They are subject to

change as new information becomes available concomitant with updating the toxicological profiles.

Thus, MRLs in the most recent toxicological profiles supersede previously published levels. For

additional information regarding MRLs, please contact the Division of Toxicology, Agency for Toxic

Substances and Disease Registry, 1600 Clifton Road, Mailstop E-29, Atlanta, Georgia 30333.
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USER’S GUIDE

Chapter 1

Public Health Statement

This chapter of the profile is a health effects summary written in non-technical language. Its intended

audience is the general public especially people living in the vicinity of a hazardous waste site or

chemical release. If the Public Health Statement were removed from the rest of the document, it would

still communicate to the lay public essential information about the chemical.

The major headings in the Public Health Statement are useful to find specific topics of concern. The

topics are written in a question and answer format. The answer to each question includes a sentence that

will direct the reader to chapters in the profile that will provide more information on the given topic.

Chapter 2

Tables and Figures for Levels of Significant Exposure (LSE)

Tables (2- 1, 2-2, and 2-3) and figures (2- 1 and 2-2) are used to summarize health effects and illustrate

graphically levels of exposure associated with those effects. These levels cover health effects observed

at increasing dose concentrations and durations, differences in response by species, minimal risk levels

(MRLs) to humans for noncancer endpoints, and EPA’s estimated range associated with an upper-

bound individual lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000. Use the LSE tables and figures

for a quick review of the health effects and to locate data for a specific exposure scenario. The LSE

tables and figures should always be used in conjunction with the text. All entries in these tables and

figures represent studies that provide reliable, quantitative estimates of No-Observed-Adverse- Effect

Levels (NOAELs), Lowest-Observed- Adverse-Effect Levels (LOAELs), or Cancer Effect Levels

(CELs).

The legends presented below demonstrate the application of these tables and figures. Representative

examples of LSE Table 2-l and Figure 2-l are shown. The numbers in the left column of the legends

correspond to the numbers in the example table and figure.

LEGEND

See LSE Table 2-l

(1) Route of Exposure One of the first considerations when reviewing the toxicity of a substance

using these tables and figures should be the relevant and appropriate route of exposure. When

sufficient data exists, three LSE tables and two LSE figures are presented in the document. The

three LSE tables present data on the three principal routes of exposure, i.e., inhalation, oral, and

dermal (LSE Table 2- 1, 2-2, and 2-3, respectively). LSE figures are limited to the inhalation

(LSE Figure 2- 1) and oral (LSE Figure 2-2) routes. Not all substances will have data on each

route of exposure and will not therefore have all five of the tables and figures.

(2) Exposure Period Three exposure periods - acute (less than 15 days), intermediate (15-364 days),

and chronic (365 days or more) are presented within each relevant route of exposure. In this

example, an inhalation study of intermediate exposure duration is reported. For quick reference

to health effects
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occurring from a known length of exposure, locate the applicable exposure period within the LSE

table and figure.

(3) Health Effect The major categories of health effects included in LSE tables and figures are death,

systemic, immunological, neurological, developmental, reproductive, and cancer. NOAELs and

LOAELs can be reported in the tables and figures for all effects but cancer. Systemic effects are

further defined in the “System” column of the LSE table (see key number 18).

(4) Key to Figure Each key number in the LSE table links study information to one or more data

points using the same key number in the corresponding LSE figure. In this example, the study

represented by key number 18 has been used to derive a NOAEL and a Less Serious LOAEL

(also see the 2 “18r” data points in Figure 2-l).

(5) Species The test species, whether animal or human, are identified in this column. Section 2.4,

“Relevance to Public Health,” covers the relevance of animal data to human toxicity and Section

2.3,‘Toxicokinetics,” contains any available information on comparative toxicokinetics.

Although NOAELs and LOAELs are species specific, the levels are extrapolated to equivalent

human doses to derive an MRL.

(6) Exposure Frequency/Duration The duration of the study and the weekly and daily exposure

regimen are provided in this column. This permits comparison of NOAELs and LOAELs from

different studies. In this case (key number 18), rats were exposed to toxaphene via inhalation for

6 hours per day, 5 days per week, for 3 weeks. For a more complete review of the dosing

regimen refer to the appropriate sections of the text or the original reference paper, i.e., Nitschke

et al. 1981.

(7) System This column further defines the systemic effects. These systems include: respiratory,

cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal, and

dermal/ocular.  “Other” refers to any systemic effect (e.g., a decrease in body weight) not

covered in these systems. In the example of key number 18, 1 systemic effect (respiratory) was

investigated.

(8) NOAEL A No-Observed-Adverse-Effect Level (NOAEL) is the highest exposure level at which

no harmful effects were seen in the organ system studied. Key number 18 reports a NOAEL of 3

ppm for the respiratory system which was used to derive an intermediate exposure, inhalation

MRL of 0.0005 ppm (see footnote “b”).

(9) LOAEL A Lowest-Observed-Adverse-Effect Level (LOAEL) is the lowest dose used in the

study that caused a harmful health effect. LOAELs have been classified into “Less Serious” and

“Serious” effects. These distinctions help readers identify the levels of exposure at which adverse

health effects first appear and the gradation of effects with increasing dose. A brief description of

the specific endpoint used to quantify the adverse effect accompanies the LOAEL. The

respiratory effect reported in key number 18 (hyperplasia) is a Less serious LOAEL of 10 ppm.

MRLs are not derived from  Serious LOAELs.

(10) Reference The complete reference citation is given in chapter 8 of the profile.

(11) CEL A Cancer Effect Level (CEL) is the lowest exposure level associated with the onset of

carcinogenesis in experimental or epidemiologic studies. CELs are always considered serious

effects.  The LSE tables and figures do not contain NOAELs for cancer, but the text may report

doses not causing measurable cancer increases.
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(12) Footnotes Explanations of abbreviations or reference notes for data in the LSE tables are found

in the footnotes. Footnote “b” indicates the NOAEL of 3 ppm in key number 18 was used to

derive an MRL of 0.0005 ppm.

LEGEND

See Figure 2-l

LSE figures graphically illustrate the data presented in the corresponding LSE tables. Figures help the

reader quickly compare health effects according to exposure concentrations for particular exposure

periods.

(13) Exposure Period The same exposure periods appear as in the LSE table. In this example, health

effects observed within the intermediate and chronic exposure periods are illustrated.

(14) Health Effect These are the categories of health effects for which reliable quantitative data exists.

The same health effects appear in the LSE table.

(15) Levels of Exposure concentrations or doses for each health effect in the LSE tables are

graphically displayed in the LSE figures. Exposure concentration or dose is measured on the log

scale “y” axis.  Inhalation exposure is reported in mg/m
3
 or ppm and oral exposure is reported in

mg/kg/day.

(16) NOAEL In this example, 18r NOAEL is the critical endpoint for which an intermediate

inhalationexposure MRL is based. As you can see from the LSE figure key, the open-circle

symbol indicates to a NOAEL for the test species-rat. The key number 18 corresponds to the

entry in the LSE table. The dashed descending arrow indicates the extrapolation from the

exposure level of 3 ppm (see entry 18 in the Table) to the MRL of 0.0005 ppm (see footnote “b”

in the LSE table).

(17) CEL  Key number 38r is 1 of 3 studies for which Cancer Effect Levels were derived. The

diamond symbol refers to a Cancer Effect Level for the test species-mouse. The number 38

corresponds to the entry in the LSE table.

(18) Estimated Upper-Bound Human Cancer Risk Levels This is the range associated with the

upper-bound for lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000. These risk levels are

derived from the EPA’s Human Health Assessment Group’s upper-bound estimates of the slope

of the cancer dose response curve at low dose levels (q1 *).

(19) Key to LSE Figure The Key explains the abbreviations and symbols used in the figure.
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Chapter 2 (Section 2.4)

Relevance to Public Health

The Relevance to Public Health section provides a health effects summary based on evaluations of

existing toxicologic, epidemiologic, and toxicokinetic information. This summary is designed to present

interpretive, weight-of-evidence discussions for human health endpoints by addressing the following

questions.

1. What effects are known to occur in humans?

2. What effects observed in animals are likely to be of concern to humans?

3. What exposure conditions are likely to be of concern to humans, especially around hazardous

     waste sites?

The section covers endpoints in the same order they appear within the Discussion of Health Effects by

Route of Exposure section, by route (inhalation, oral, dermal) and within route by effect. Human data

are presented first, then animal data. Both are organized by duration (acute, intermediate, chronic). In

vitro data and data from parenteral routes (intramuscular, intravenous, subcutaneous, etc.) are also

considered in this section. If data are located in the scientific literature, a table of genotoxicity

information is included.

The carcinogenic potential of the profiled substance is qualitatively evaluated, when appropriate, using

existing toxicokinetic, genotoxic, and carcinogenic data. ATSDR does not currently assess cancer

potency or perform cancer risk assessments. Minimal risk levels (MRLs) for noncancer endpoints (if

derived) and the endpoints from which they were derived are indicated and discussed.

Limitations to existing scientific literature that prevent a satisfactory evaluation of the relevance to

public health are identified in the Data Needs section.

Interpretation of Minimal Risk Levels

Where sufficient toxicologic information is available, we have derived minimal risk levels (MRLs) for

inhalation and oral routes of entry at each duration of exposure (acute, intermediate, and chronic). These

MRLs are not meant to support regulatory action; but to acquaint health professionals with exposure

levels at which adverse health effects are not expected to occur in humans. They should help physicians

and public health officials determine the safety of a community living near a chemical emission, given

the concentration of a contaminant in air or the estimated daily dose in water. MRLs are based largely

on toxicological studies in animals and on reports of human occupational exposure.

MRL users should be familiar with the toxicologic information on which the number is based. Chapter

2.4, “Relevance to Public Health,” contains basic information known about the substance. Other sections

such as 2.6, “Interactions with Other Substances,” and 2.7, “Populations that are Unusually Susceptible”

provide important supplemental information.

MRL users should also understand the MRL derivation methodology. MRLs are derived using a

modified version of the risk assessment methodology the Environmental Protection Agency (EPA)

provides (Barnes and Dourson 1988) to determine reference doses for lifetime exposure (RfDs).
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To derive an MRL, ATSDR generally selects the most sensitive endpoint which, in its best judgement,

represents the most sensitive human health effect for a given exposure route and duration. ATSDR

cannot make this judgement or derive an MRL unless information (quantitative or qualitative) is

available for all potential systemic, neurological, and developmental effects. If this information and

reliable quantitative data on the chosen endpoint are available, ATSDR derives an MRL using the most

sensitive species (when information from multiple species is available) with the highest NOAEL that

does not exceed any advers effect levels. When a NOAEL is not available, a lowest-observed-adverse-

effect level (LOAEL) can be used to derive an MRL, and an uncertainty factor (UT) of 10 must be

employed. Additional uncertainty factors of 10 must be used both for human variability to protect

sensitive subpopulations (people who are most susceptible to the health effects caused by the substance)

and for interspecies variability (extrapolation from animals to humans). In deriving an MRL, these

individual uncertainty factors are multiplied together. The product is then divided into the inhalation

concentration or oral dosage selected from the study. Uncertainty factors used in developing a

substance-specific MRL are provided in the footnotes of the LSE Tables.
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UPDATE STATEMENT

A Toxicological Profile for Chloromethane was released in September 1997. This edition supersedes any
previously released draft or final profile.

Toxicological profiles are revised and republished as necessary, but no less than once every three years.
For information regarding the update status of previously released profiles, contact ATSDR at:

Agency for Toxic Substances and Disease Registry
Division of Toxicology/Toxicology Information Branch

1600 Clifton Road NE, E-29
Atlanta, Georgia 30333
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QUICK REFERENCE FOR HEALTH CARE PROVIDERS

Toxicological Profiles are a unique compilation of toxicological information on a given hazardous substance.
Each profile reflects a comprehensive and extensive evaluation, summary, and interpretation of available
toxicologic and epidemiologic information on a substance. Health care providers treating patients potentially
exposed to hazardous substances will find the following information helpful for fast answers to often-asked
questions.

Primary Chapters/Sections of Interest

Chapter 1: Public Health Statement: The Public Health Statement can be a useful tool for educating
patients about possible exposure to a hazardous substance. It explains a substance’s relevant
toxicologic properties in a nontechnical, question-and-answer format, and it includes a review of the
general health effects observed following exposure.

Chapter 2: Health Effects: Specific health effects of a given hazardous compound are reported by route
of exposure, by type of health effect (death, systemic, immunologic, reproductive), and by length of
exposure (acute, intermediate, and chronic). In addition, both human and animal studies are reported
in this section.

NOTE: Not all health effects reported in this section are necessarily observed in
the clinical setting. Please refer to the Public Health Statement to identify general
health effects observed following exposure.

Pediatrics: Four new sections have been added to each Toxicological Profile to address child health issues:
Section 1.6 How Can (Chemical X) Affect Children?
Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)?
Section 2.6 Children’s Susceptibility
Section 5.6 Exposures of Children

Other Sections of Interest:
Section 2.7 Biomarkers of Exposure and Effect
Section 2.10 Methods for Reducing Toxic Effects

ATSDR Information Center

Phone: l-800-447-1544 (to be replaced by l-888-42-ATSDR in 1999)
or 404-639-6357 Fax:404-639-6359

E-mail: atsdric@,cdc.gov Internet: http://atsdr1.atsdr.cdc.gov:8080

The following additional material can be ordered through the ATSDR Information Center:

Case Studies in Environmental Medicine: Taking an Exposure History--The importance of taking an
exposure history and how to conduct one are described, and an example of a thorough exposure
history is provided. Other case studies of interest include Reproductive and Developmental
Hazards; Skin Lesions and Environmental Exposures; Cholinesterase-Inhibiting Pesticide
Toxicity; and numerous chemical-specific case studies.
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Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene
(prehospital) and hospital medical management of patients exposed during a hazardous materials incident.
Volumes I and II are planning guides to assist first responders and hospital emergency department personnel
in planning for incidents that involve hazardous materials. Volume III-Medical Management Guidelines
for Acute Chemical Exposures-is a guide for health care professionals treating patients exposed to
hazardous materials.

Fact Sheets (ToxFAQs) provide answers to frequently asked questions about toxic substances.

Other Agencies and Organizations

The National Center for Environmental Health (NCEH) focuses on preventing or controlling disease, injury,
and disability related to the interactions between people and their environment outside the workplace.
Contact: NCEH, Mailstop F-29,4770 Buford Highway, NE, Atlanta, GA 30341-3724 •  Phone:
770-488-7000 •  FAX:770-488-7015.

The National Institute for Occupational Safety and Health (NIOSH) conducts research on occupational
diseases and injuries, responds to requests for assistance by investigating problems of health and
safety in the workplace, recommends standards to the Occupational Safety and Health
Administration (OSHA) and the Mine Safety and Health Administration (MSHA), and trains
professionals in occupational safety and health. Contact: NIOSH, 200 Independence Avenue, SW,
Washington, DC 20201 •  Phone:800-356-4674 or NIOSH Technical Information Branch, Robert
A. Taft Laboratory, Mailstop C-19,4676 Columbia Parkway, Cincinnati, OH 45226-1998 •  Phone:
800-35-NIOSH.

The National Institute of Environmental Health Sciences (NIEHS) is the principal federal agency for
biomedical research on the effects of chemical, physical, and biologic environmental agents on
human health and well-being. Contact: NIEHS, PO Box 12233,104 T.W. Alexander Drive,
Research Triangle Park, NC 27709 •  Phone:919-541-3212.

Referrals

The Association of Occupational and Environmental Clinics (AOEC) has developed a network of clinics in
the United States to provide expertise in occupational and environmental issues. Contact: AOEC,
1010 Vermont Avenue, NW, #513, Washington, DC 20005 • Phone:202-347-4976 •  FAX:202-
347-4950 •  e-mail: aoec@,dgs.dnsvs.com • AOEC Clinic Director: http://occ-env-
med.mc.duke.edu/oem/aoec.htm.

The American College of Occupational and Environmental Medicine (ACOEM) is an association of
physicians and other health care providers specializing in the field of occupational and environmental
medicine. Contact: ACOEM, 55 West Seegers Road, Arlington Heights, IL 60005 •  Phone:847-
228-6850 •  FAX:847-228-1856.
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CONTRIBUTORS

CHEMICAL MANAGER(S)/AUTHORS(S):

Alfred Dorsey, Ph.D.
ATSDR, Division of Toxicology, Atlanta, GA

Robert DeWoskin, Ph.D.
Research Triangle Institute, Research Triangle Park, NC

THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS:

1. Health Effects Review. The Health Effects Review Committee examines the health effects chapter of
each profile for consistency and accuracy in interpreting health effects and classifying end points.

2. Minimal Risk Level Review. The Minimal Risk Level Workgroup considers issues relevant to
substance-specific minimal risk levels (MRLs), reviews the health effects database of each profile,
and makes recommendations for derivation of MRLs.\

3. Data Needs Review. The Research Implementation Branch reviews data needs sections to assure
consistency across profiles and adherence to instructions in the Guidance.
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PEER REVIEW

A peer review panel was assembled for chloromethane. The panel consisted of the following members:

1. Dr. Herbert Comish, Private Consultant, 830 W. Clark Road, Ypsilanti, MI;

2. Dr. Anthony DeCaprio, Associate Professor, State University of New York at Albany, Albany, NY;

3. Dr. Theodore Mill, Senior Scientist, SRI International, Menlo Park, CA; and

4. Dr. Nancy Tooney, Associate Professor, Brooklyn, NY.

These experts collectively have knowledge of chloromethane’s physical and chemical properties, toxico-
kinetics, key health end points, mechanisms of action, human and animal exposure, and quantification of risk
to humans. All reviewers were selected in conformity with the conditions for peer review specified in Section
104(1)(13) of the Comprehensive Environmental Response, Compensation, and Liability Act, as amended.

Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed the peer
reviewers’ comments and determined which comments will be included in the profile. A listing of the peer
reviewers’ comments not incorporated in the profile, with a brief explanation of the rationale for their
exclusion, exists as part of the administrative record for this compound. A list of databases reviewed and a
list of unpublished documents cited are also included in the administrative record.

The citation of the peer review panel should not be understood to imply its approval of the profile’s final
content. The responsibility for the content of this profile lies with the ATSDR
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1. PUBLIC HEALTH STATEMENT

This public health statement tells you about chloromethane and the effects of exposure.

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in

the nation. These sites make up the National Priorities List (NPL) and are the sites targeted for

long-term federal cleanup. Chloromethane has been found in at least 172 of the 1,467 current or

former NPL sites. However, it’s unknown how many NPL sites have been evaluated for this

substance. As more sites are evaluated, the sites with chloromethane may increase. This is

important because exposure to this substance may harm you and because these sites may be

sources of exposure.

When a substance is released from a large area, such as an industrial plant, or from a container,

such as a drum or bottle, it enters the environment. This release does not always lead to

exposure. You are exposed to a substance only when you come in contact with it. You may be

exposed by breathing, eating, or drinking the substance or by skin contact.

If you are exposed to chloromethane, many factors determine whether you’ll be harmed. These

factors include the dose (how much), the duration (how long), and how you come in contact with

it. You must also consider the other chemicals you’re exposed to and your age, sex, diet, family

traits, lifestyle, and state of health.

1.1 WHAT IS CHLOROMETHANE?

Chloromethane (also known as methyl chloride) is a clear, colorless gas. It has a faint, sweet odor

that is noticeable only at levels which may be toxic. It is heavier than air and is extremely

flammable.

Chloromethane is produced in industry, but the it also occurs naturally, and most of the

chloromethane that is released to the environment (estimated at up to 99%) comes from natural
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sources. Chloromethane is always present in the air at very low levels. Most of the naturally

occurring chloromethane comes from chemical reactions that occur in the oceans or from

chemical reactions that occur when materials like grass, wood, charcoal, and coal are burned. It

is also released to the air as a product of some plants or from rotting wood.

Chloromethane is produced industrially. In the past, chloromethane was widely used as a

refrigerant, but refrigerators no longer use chloromethane because of its toxic effects. It was also

used as a foam-blowing agent and as a pesticide or fumigant. A working refrigerator that is more

than 30 years old may still contain chloromethane, and may be a source of high-level exposure.

Today, nearly all commercially produced chloromethane is used to make other substances, mainly

silicones (72% of the total chloromethane used). Other products that are made from reactions

involving chloromethane include agricultural chemicals (8%), methyl cellulose (6%), quaternary

amines (5%), and butyl rubber (3%). Chloromethane is completely used up so that by the end of

the process there is no or little chloromethane left to be released, disposed of, or reused. It is,

however, found as a pollutant in municipal waste streams from treatment plants and industrial

waste streams as a result of formation or incomplete removal. There are also some manufacturing

processes for vinyl chloride that result in chloromethane as an impurity in the vinyl chloride end

product.

See Chapters 3 and 4 for more information on the nature and uses of chloromethane.

1.2 WHAT HAPPENS TO CHLOROMETHANE WHEN IT ENTERS THE
ENVIRONMENT?

Chloromethane has been identified in air, surface water, groundwater, soil, and sediment. Most

releases of chloromethane will be to the air. Chloromethane rapidly moves through the air and is

present at very low concentrations throughout the atmosphere. Naturally occurring

chloromethane is continuously released into the atmosphere from oceans, rotting wood, forest

fires, and volcanoes. When grass, coal, or wood are burned, chloromethane is released to the air.

The burning of grasslands and forests accounts for about 20% (ranging from 10 to 40%) of the

total chloromethane in the air. Releases from the oceans account for another 80 to 90%.
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Chemical companies release some chloromethane gas to the air during the production of

chloromethane or when it is used to make other substances, but the amount is relatively very small

(0.2 to 0.6%) compared to natural sources of the total chloromethane in the atmosphere.

Chloromethane breaks down very slowly (months to years) in the air. Chloromethane can

dissolve in water, and small amounts of chloromethane in air may go into surface waters or

groundwater when it rains. Chloromethane can also enter water from industrial or municipal

waste streams or from water that comes in contact with municipal or hazardous waste sites.

Chemical companies generally treat waste water to remove chloromethane.

Chloromethane is a gas at room temperature, and when present in water, most will evaporate

rapidly to the air. Small amounts of dissolved chloromethane may move below the surface of the

water or be carried to the groundwater. It breaks down very slowly (months to years) in plain

water, but certain kinds of small organisms in water may break it down more quickly (days).

When chloromethane comes in contact with soil it does not stick to the soil. Most of the

chloromethane in soil will move to the air. Some may dissolve in water and move down through

the soil layers to the groundwater or into well water. Chloromethane does not concentrate in

sediments, or in animals and fish in the food chain.

See Chapters 4 and 5 for more information on how chloromethane moves through the

environment.

1.3 HOW MIGHT I BE EXPOSED TO CHLOROMETHANE?

Most (99%) of the chloromethane in the environment comes from natural sources. Because

chloromethane is made in the oceans by natural processes, it is present in air all over the world.

In most areas, the outside air contains less than 1 part of chloromethane in a billion parts of air

(ppb). In cities, human activities, mostly combustion and manufacturing, add to the

chloromethane in the air, resulting in somewhat higher levels, up to 1 ppb. Chloromethane

exposures in the less than 5 ppb range are much lower (1,000 to 10,000 times lower) than the
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exposure levels that have been shown to have toxic effects. Chloromethane is also present in

some lakes and streams and has been found in drinking water (including well water) at very low

levels in the parts per billion to part per trillion (ppt) range. Chloromethane may be formed to a

small extent in tap water that has been chlorinated. You could be exposed to levels in air higher

than the background levels if you live near a hazardous waste site or an industry that uses

chloromethane. If chloromethane is present at waste sites, it can move through the soil into

underground water. We have very little information on the levels of chloromethane in

groundwater. Chloromethane is not generally found in food.

The people most likely to be exposed to increased levels of chloromethane in the air are those

who work in chemical plants where it is made or used. Chloromethane is also an impurity in vinyl

chloride when the vinyl chloride is produced by heating another chemical, 1,2-dichloroethane.

Exposure to chloromethane can occur from this kind of vinyl chloride or the disposal of vinyl

chloride waste from this process. The proper enforcement of workplace regulations and the

recycling of chloromethane during the manufacturing process help prevent worker exposures to

levels that would be considered harmful. In the past (more than 30 years ago), chloromethane

was also widely used as the refrigerant in refrigerators. Some of these old refrigerators may still

be in use or may be located in storage areas. Chloromethane may be released from leaks in these

refrigerators, leading to potentially very high exposures, especially in areas with poor ventilation.

Liquid contact could also occur following a leak in an older refrigerator containing

chloromethane. Other general population sources of chloromethane exposure include cigarette

smoke; polystyrene insulation; aerosol propellants; home burning of wood, grass, coal, or certain

plastics; and chlorinated swimming pools. The chloromethane in the outdoor environment,

however, is almost totally from natural sources.

In Chapter 5, you can find more information on how you might be exposed to chloromethane.
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1.4 HOW CAN CHLOROMETHANE ENTER AND LEAVE MY BODY?

Chloromethane can enter your body through your lungs, if you breathe it in, or through your

digestive tract if you drink water containing it. The chloromethane that you breathe in or drink

rapidly enters the bloodstream from the lungs or the digestive tract and moves throughout the

body to organs such as the liver, kidneys, and brain. Very little of the chloromethane that enters

the body remains unchanged. The portion of the chloromethane that does not get changed in your

body leaves in the air you breathe out. The rest is changed in your body to other breakdown

products that mostly leave in the urine. The breakdown process takes anywhere from a few hours

to a couple of days.

Breathing air that contains chloromethane vapor is the most likely way you would be exposed if

you live near a hazardous waste site. Contact with liquid chloromethane is rare, but could occur

in an industrial accident from a broken metal container. Prolonged skin contact with liquid

chloromethane is unlikely, because it turns into a gas very quickly at room temperature. It is not

known how much chloromethane liquid or gas will enter the body through contact with the skin,

but the amount is probably very low.

See Chapter 2 for more information on how chloromethane can enter and leave the body.

1.5 HOW CAN CHLOROMETHANE AFFECT MY HEALTH?

If the levels are high enough (over a million times the natural levels in outside air), even brief

exposures to chloromethane can have serious effects on your nervous system, including

convulsions, coma, and death. Some people have died from breathing chloromethane that leaked

from refrigerators in rooms that had little or no ventilation. Most of these cases occurred more

than 30 years ago, but this kind of exposure could still happen if you have an old refrigerator that

contains chloromethane as the refrigerant. Some people who were exposed to high levels of

chloromethane while they were repairing refrigerators did not die, but they did have toxic effects

like staggering, blurred or double vision, dizziness, fatigue, personality changes, confusion,
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tremors, uncoordinated movements, nausea, or vomiting. These symptoms can last for several

months or years. Complete recovery has occurred in some cases, but not in others. Exposure to

chloromethane can also harm your liver and kidney, or have an effect on your heart rate and blood

pressure. If you work in an industry that uses chloromethane to make other products, you might

be exposed to levels that could cause symptoms resembling drunkenness and impaired ability to

perform simple tasks.

To protect the public from the harmful effects of toxic chemicals and to find ways to treat people

who have been harmed, scientists use many tests.

One way to see if a chemical will hurt people is to learn how the chemical is absorbed, used, and

released by the body; for some chemicals, animal testing may be necessary. Animal testing may

also be used to identify health effects such as cancer or birth defects. Without laboratory animals,

scientists would lose a basic method to get information needed to make wise decisions to protect

public health. Scientists have the responsibility to treat research animals with care and

compassion. Laws today protect the welfare of research animals, and scientists must comply with

strict animal care guidelines.

Harmful liver, kidney, and nervous system effects have developed after animals breathed air

containing high levels of chloromethane (one million times higher than natural levels). Some of

these animals died from exposure to high levels of chloromethane. Similar effects were seen in

animals that breathed low levels continuously and animals that breathed high levels for shorter

periods with some breaks from exposure.

Animals that breathed relatively low test levels of chloromethane (but still one hundred thousand

to one million times higher than background levels people are exposed to) over a long period

(weeks to months) had slower growth and developed brain damage. Some male animals were less

fertile or even sterile or produced sperm that were damaged. Females that became pregnant by

the exposed males lost their developing young.
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Male mice that breathed air containing chloromethane (one million ppb) for 2 years developed

tumors in their kidneys, but female mice and male and female rats did not develop tumors. It is

not known whether chloromethane can cause sterility, miscarriages, birth defects, or cancer in

humans. The Department of Health and Human Services (DHHS) has not classified

chloromethane for carcinogenic effects. The International Agency for Research on Cancer

(IARC) calls chloromethane a Group 3 compound, which means it cannot be determined whether

or not it is a carcinogen because there is not enough human or animal data. The Environmental

Protection Agency (EPA) considers chloromethane possibly carcinogenic to humans (i.e.,

Group C) based on limited evidence of carcinogenicity in animals.

See Chapter 2 for more information on how chloromethane can affect your health.

1.6 HOW CAN CHLOROMETHANE AFFECT CHILDREN?

This section discusses potential health effects from exposures during the period from conception

to maturity at 18 years of age in humans.

Children may be exposed to chloromethane from the same sources as adults. These sources

include outside air, indoor air, and drinking water. Exposures are generally well below safe

levels. The people most heavily exposed to chloromethane are workers in chemical plants where

it is made or used. With proper safeguards to prevent children from entering these work areas,

children would not be expected to have high exposures. Old refrigerators that used

chloromethane as a refrigerant and that are leaking chloromethane, however, are a potential

source that could result in high exposures to children.

There have been no studies on whether children are more or less susceptible than adults to

harmful health effects from a given amount or chloromethane. We do not know if chloromethane

affects the developing fetus or the development of young children. There is no information on

exposure to high levels of chloromethane in children (for example, accidental poisoning), but we
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expect similar effects to those seen in adults (including harmful effects on the nervous system and

kidneys). We do not know if the effects for children would be similar to those in adults for lower

levels or for longer exposures. There have been no studies where young animals were exposed to

chloromethane. Animal studies have shown that female adult rats that were exposed to

chloromethane during pregnancy had young that were smaller than normal, with underdeveloped

bones, and possibly abnormal hearts (although this effect remains uncertain).

We do not know if chloromethane or its breakdown products in the body can cross the placenta

and enter into the developing young. We also do not know if chloromethane or its breakdown

products can enter into a nursing woman’s milk. We do know that chloromethane is broken

down and eliminated from the body very quickly in adults. Although we expect the breakdown

and elimination of chloromethane to be the same in children as in adults, more studies are needed

to answer this question and the other questions concerning the movement of chloromethane into

the fetus or into nursing young through breast milk, and what amounts might result in harmful

effects.

More information on the effects of chloromethane can be found in Chapters 2 and 5.

1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO
CHLOROMETHANE?

If your doctor finds that you have been exposed to significant amounts of chloromethane, ask

your doctor if children may also be exposed. When necessary your doctor may need to ask your

state Department of Public Health to investigate.

Families can reduce the risk of exposure to chloromethane by properly disposing of the older

types of refrigerators that used chloromethane as a refrigerant. If you live near a chemical plant

that makes or uses chloromethane, or near a hazardous waste site that stores it, you should teach

your children not to play in or around these sites. If family members work in a chemical facility

that manufactures or uses chloromethane, they should become familiar with the safety practices

that are used to prevent exposure to harmful levels. They should also become familiar with their
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rights to obtain information from their employer concerning the use of chloromethane and any

potential exposure they might be subject to at work.

You should teach your children about the dangers of breathing smoke from burning vinyl plastic

or silicone rubber products, and should properly dispose of all such products. Chloromethane (as

well as other toxic compounds) is released from burning polyvinyl chloride. If you are concerned

that chloromethane may be in your drinking water, you can have your water tested and learn

about the proper water filter to use to remove chloromethane (as well as other possible

contaminants) from your drinking water. If you are concerned that products you are using might

contain chloromethane, you can check the labels for ingredients or contact the manufacturer for

additional information.

Chapter 5 contains additional information on the how you or your family might be exposed to

chloromethane.

1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN
EXPOSED TO CHLOROMETHANE?

There are no known reliable medical tests to determine whether you have been exposed to

chloromethane. Symptoms resembling drunkenness and food poisoning, along with a sweet odor

of the breath, may alert doctors that a person has been exposed to chloromethane.

See Chapters 2 and 6 for more information on tests to determine exposure to chloromethane.

1.9 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH?

The federal government develops regulations and recommendations (sometimes called advisories

or guidelines) to protect public health. Regulations can be enforced by law. Federal agencies that

develop regulations for toxic substances include the Environmental Protection Agency (EPA), the

Occupational Safety and Health Administration (OSHA), and the Food and Drug Administration
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(FDA). Recommendations provide valuable guidelines to protect public health but cannot be

enforced by law. Federal organizations that develop recommendations for toxic substances

include the Agency for Toxic Substances and Disease Registry (ATSDR) and the National

Institute for Occupational Safety and Health (NIOSH).

Regulations and recommendations can be expressed in not-to-exceed levels in air, water, soil, or

food that are usually based on levels that affect animals; then they are adjusted to help protect

people. Sometimes these not-to-exceed levels differ among federal organizations because of

different exposure times (an 8-hour workday or a 24-hour day), the use of different animal

studies, or other factors.

Recommendations and regulations are also periodically updated as more information becomes

available. For the most current information, check with the federal agency or organization that

provides it. Some regulations and recommendations for chloromethane include the following:

To protect workers, OSHA has set a regulation of an average permissible exposure limit of 50

parts of chloromethane per million parts of workroom air (50 ppm) during each 8-hour work shift

in a 40-hour workweek.

See Chapter 7 for more information on government recommendations to protect human health

from the toxic effects of chloromethane.

1.10 WHERE CAN I GET MORE INFORMATION?

If you have any more questions or concerns, please contact your community or state health or

environmental quality department or

Agency for Toxic Substances and Disease Registry
Division of Toxicology
1600 Clifton Road NE, Mailstop E-29
Atlanta, GA 30333
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* Information line and technical assistance

Phone: l-800-447-1544
Fax: (404) 639-6359

ATSDR can also tell you the location of occupational and environmental health clinics. These

clinics specialize in recognizing, evaluating, and treating illnesses resulting from exposure to

hazardous substances.

* To order toxicological profiles, contact

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
Phone: (800) 553-6847 or (703) 487-4650
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2. HEALTH EFFECTS

2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and

other interested individuals and groups with an overall perspective of the toxicology of chloromethane. It

contains descriptions and evaluations of toxicological studies and epidemiological investigations and

provides conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

This chapter contains descriptions and evaluations of studies and interpretation of data on the health effects

associated with exposure to chloromethane. Its purpose is to present levels of significant exposure for

chloromethane based on toxicological studies, epidemiological investigations, and environmental exposure

data. This information is presented to provide public health officials, physicians, toxicologists, and other

interested individuals and groups with (1) an overall perspective of the toxicology of chloromethane and

(2) a depiction of significant exposure levels associated with various adverse health effects.

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near

hazardous waste sites, the information in this section is organized first by route of exposure- inhalation,

oral, and dermal; and then by health effect-death, systemic, immunological, neurological, reproductive,

developmental, genotoxic, and carcinogenic effects. These data are discussed in terms of three exposure

periods-acute (14 days or less), intermediate (l-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in Table 2-l and illustrated in

Figure 2-1. The points in the figures showing no-observed-adverse-effect levels (NOAELs) or lowest-

observed-adverse-effect levels (LOAELs) reflect the actual doses (levels of exposure) used in the studies.

LOAELS have been classified into “less serious” or “serious” effects. “Serious” effects are those that evoke

failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress or

death). “Less serious” effects are those that are not expected to cause significant dysfunction or death, or
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those whose significance to the organism is not entirely clear. ATSDR acknowledges that a considerable

amount of judgment may be required in establishing whether an end point should be classified as a

NOAEL, “less serious” LOAEL, or “serious” LOAEL, and that in some cases, there will be insufficient

data to decide whether the effect is indicative of significant dysfunction. However, the Agency has

established guidelines and policies that are used to classify these end points. ATSDR believes that there is

sufficient merit in this approach to warrant an attempt at distinguishing between “less serious” and

“serious” effects. The distinction between “less serious” effects and “serious” effects is considered to be

important because it helps the users of the profiles to identify levels of exposure at which major health

effects start to appear. LOAELs or NOAELs should also help in determining whether or not the effects

vary with dose and/or duration, and place into perspective the possible significance of these effects to

human health.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and

figures may differ depending on the user’s perspective. Public health officials and others concerned with

appropriate actions to take at hazardous waste sites may want information on levels of exposure associated

with more subtle effects in humans or animals (LOAEL) or exposure levels below which no adverse effects

(NOAELs) have been observed. Estimates of levels posing minimal risk to humans (Minimal Risk Levels

or MRLs) may be of interest to health professionals and citizens alike.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of chloromethane are

indicated in Table 2-1 and Figure 2-1. Cancer effects could occur at lower exposure levels, but a range for

the upper bound of estimated excess risks, ranging from a risk of 1 in 10,000 to 1 in 10,000,000 (10-4 to

10-7), has not been developed by EPA.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have been

made for chloromethane. An MRL is defined as an estimate of daily human exposure to a substance that is

likely to be without an appreciable risk of adverse effects (noncarcinogenic) over a specified duration of

exposure. MRLs are derived when reliable and sufficient data exist to identify the target organ(s) of effect

or the most sensitive health effect(s) for a specific duration within a given route of exposure. MRLs are

based on noncancerous health effects only and do not consider carcinogenic effects. MRLs can be derived

for acute, intermediate, and chronic duration exposures for inhalation and oral routes. Appropriate

methodology does not exist to develop MRLs for dermal exposure.
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Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990),

uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges additional

uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an

example, acute inhalation MRLs may not be protective for health effects that are delayed in development or

are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic

bronchitis. As these kinds of health effects data become available and methods to assess levels of

significant human exposure improve, these MRLs will be revised.

A User’s Guide has been provided at the end of this profile (see Appendix B). This guide should aid in the

interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

2.2.1 Inhalation Exposure

2.2.1.1 Death

Thirty or more years ago, chloromethane was used as a refrigerant, and many human deaths resulted from

exposure to chloromethane vapors from leaks in home refrigerators and industrial cooling and refrigeration

systems (Baird 1954; Borovska et al. 1976; Kegel et al. 1929; McNally 1946; Thordarson et al. 1965). In

some cases, the individuals were found comatose or dead in their homes. In other cases, patients were

admitted to hospitals with typical neurological signs and symptoms of chloromethane poisoning (confusion,

staggering, slurred speech). These patients eventually became comatose, developed convulsions, and died.

The concentrations and durations of these exposures were not known.

Exposure to high concentrations of chloromethane can result in moderate to severe neurological effects (see

Section 2.2.1.4) but death does not always result if exposure ceases and medical attention is received in

time. For example, refrigerator repairmen developed neurological symptoms after exposures to

chloromethane from leaks at concentrations as high as 600,000 ppm, but no deaths resulted (Jones 1942).

In other cases death did occur. Seventeen crew members (male) were exposed for 2 days in 1963 to

chloromethane that leaked from a refrigerator on board an Icelandic fishing trawler (no estimates of

exposure levels were reported). The refrigerator was located under the sleeping quarters of the crew. In

the acute phase of the illness, nine patients exhibited abnormal neurological signs. Four died, one within

24 hours of the exposure. Two patients developed severe depression and committed suicide 11 and

18 months later. The fourth patient was” assessed as 75% disabled due to severe neurological and
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psychiatric disturbances, and died 10 years postexposure at the age of 34. Autopsy revealed recent

coronary occlusion which was not necessarily connected with the primary illness (Gudmundsson 1977). In

a follow-up study, Rafnsson and Gudmundsson (1997) reported an excess mortality from cardiovascular

diseases in this exposed population compared to a reference group. The excess mortality was more

prominent for the deckhands who received the higher exposures to chloromethane. The results and

conclusions from this study, however, are based upon the assumption that the reference group had similar

lifestyle factors including smoking habits and diet (which may not have been the case). There was also a

relatively low number of individuals with significant exposure.

Animals exposed to sufficiently high levels of chloromethane die after developing severe signs of

neurotoxicity. In an extensive investigation, a variety of species including rats, mice, guinea pigs, rabbits,

dogs, cats, and monkeys were exposed to lethal concentrations of chloromethane (Dunn and Smith 1947;

Smith 1947; Smith and von Oettingen 1947a, 1947b). Severe neurological effects, such as paralysis,

convulsions, and opisthotonos, developed before death. Precise determination of concentration-duration-

response relationships was not possible from these studies because of limitations including unknown purity

of chloromethane, unconventional reporting of lethality data, and generally poor reporting of details.

Nonetheless, these earlier studies demonstrated the universal response of animals to the neurotoxic and

lethal effects of chloromethane.

More recent studies provide better dose-response information. Sprague-Dawley rats were exposed to

99.5% chloromethane at 0, 200, 500, 1,000, or 2,000 ppm for 48 or 72 hours. One-half of the animals

were sacrificed immediately after exposure, and the remaining half were observed for 12 days postexposure

prior to sacrifice. At 2,000 ppm for 48 hours, rats were either lethargic, moribund or dead. At 52 hours,

rats exposed to 1,000 ppm remained lethargic; rats exposed to 2,000 ppm were all dead or moribund. At

72 hours of exposure, all rats receiving 2,000 ppm were dead. No male and 1 of 10 female rats died by

12 days postexposure to 1,000 ppm for 48 hours. Six of 10 male and 8 of 10 female rats died by 12 days

postexposure to 1,000 ppm for 72 hours. No deaths occurred at 200 or 500 ppm for up to 72 hours of

exposure. Cause of death was thought to be kidney failure (Burek et al. 1981).

Chellman et al. (1986a) studied the effects of 3-amino-l-[m-(trifluoromethyl)phenyl]-Zpyrazoline

(BW755C), a potent anti-inflammatory agent, on chloromethane-induced lethality and reproductive toxicity

in male Fischer 344 rats. Rats were exposed to 5,000 ppm chloromethane for 5 days or 7,500 ppm

chloromethane for 2 days, 6 hours/day, with or without treatment with BW755C (10 mg/kg,



CHLOROMETHANE 17
2. HEALTH EFFECTS

intraperitoneally 1 hour pre- and postexposure). Exposure to 7,500 ppm chloromethane for 2 days,

6 hours/day was fatal to 8 of 12 rats. No deaths occurred in 6 rats treated with both chloromethane and

BW755C. One of 5 rats exposed to 5,000 ppm chloromethane died. No deaths occurred in 5 rats treated

with both chloromethane and BW755C. The authors concluded that protection from

chloromethane-induced injury by BW755C was not simply the result of altered metabolism because

BW755C had no effect on tissue distribution or excretion of  14C-chloromethane and administration of

BW755C did not decrease hepatic glutathione content. The protection of BW755C may have been related

to an inhibition of leukotriene and prostaglandin synthesis.

Morgan et al. (1982) investigated the lesions induced by inhalation exposure to chloromethane in C3H,

C57BL/6, and B6C3F1 mice and in Fischer 344 rats. Ten rats/sex were exposed to chloromethane for

5 days, 6 hours/day with a break in exposure for 2 days, and then a further 4 days of exposure. Rats were

exposed to 0, 2,000, 3,500, or 5,000 ppm. Animals were sacrificed 18 hours after the last exposure or

immediately after exposure if found to be moribund. After 5 days, 6 males and 5 females exposed to

5,000 ppm, and 2 females exposed to 3,500 ppm, were killed in extremis. Five mice/sex were exposed to

chloromethane for 12 days, 6 hours/day. Mice were exposed to 0, 500, 1,000, or 2,000 ppm. In mice

exposed to 2,000 ppm, all male B6C3F1 mice were moribund or died by day 2, one C57BL/6 male died on

day 2, and others were moribund by day 5. All other mice survived except one male C3H mouse exposed

to 1,000 ppm, which died by day 11. This study confirmed the existence of species, sex, and strain

differences in susceptibility to chloromethane-induced toxicity. The authors further speculated that,

although the mechanism of death is unknown, it may be associated with liver and kidney pathology.

Chellman et al. (1986b) investigated the role of glutathione in the mediation of chloromethane-induced

toxicity in the liver, kidney, and brain of male B6C3F1 mice. In one experiment, groups of 5 mice were

exposed to chloromethane at concentrations from 500 ppm to 2,500 ppm in increments of 500 ppm with or

without pretreatment with buthionine-S,R,-sulfoximine (BSO), a depleter of glutathione (GSH), and were

observed for death up to 18 hours after exposure. The resulting mortality data was used to estimate an

approximate LC50 value. The LC50 in the non-pretreated rats was 2,200 ppm, while the LC50 for the

pretreated rats was 3,200 ppm. The authors concluded that pretreatment with BSO, and hence GSH

depletion, protected mice from the lethal effects of chloromethane. The GSH metabolic pathway appeared

to be activating toxicity rather than detoxifying.
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In two further experiments by Chellman et al. (1986b), 36 and 45 mice were exposed by inhalation to

1,500 ppm chloromethane for 2 weeks, 5 days/week, 6 hours/day, with or without daily pretreatment with

BSO. In the two experiments using this protocol, 10 of 36 (28%) and 5 of 45 (11%) of the mice died by the

end of the first day (6 hours) of exposure to 1,500 ppm chloromethane. In contrast, none of the

BSO-pretreated mice died after the first exposure. The authors concluded that pretreatment with BSO, and

hence GSH depletion, protected mice from the lethal effects of chloromethane. This provided further

evidence that the GSH metabolic pathway activated toxicity rather than detoxified.

Jiang et al. (1985) characterized cerebellar lesions resulting from an acute inhalation exposure to

chloromethane in female C57BL/6 mice. Ten mice each were exposed to room air or 1,500 ppm

chloromethane for 2 weeks, 5 days/week, 6 hours/day. Two mice died, and several had motor

incoordination. Only one exposure concentration was used, but the study was designed to study the

neurological and kidney effects specifically, and therefore, used an exposure regimen known to produce

these effects. The authors concluded that the brain lesions seen after exposure to chloromethane were

probably not a direct consequence of renal lesions.

Landry et al. (1985) evaluated the neurologic effects of continuous versus intermittent chloromethane

exposure in female C57BL/6 mice Groups of 12 mice each were exposed to chloromethane in whole body

inhalation chambers for 11 days either continuously (C) 22 hours/day at 0, 15, 50, 100, 150, 200, or

400 ppm or intermittently (I) 5.5 hours/day at 0, 150, 400, 800, 1,600, or 2,400 ppm. At 2,400-I ppm, the

condition of the mice gradually deteriorated until they were killed in a moribund condition after 8 or 9 days

of exposure. No deaths occurred in the 1,600-I ppm mice or in mice receiving lower intermittent exposures.

The 400-C ppm exposed mice died or were sacrificed by day 4, and the 200-C ppm group by day 5, due to

severe toxicity. Mice exposed to 150-C ppm were sacrificed in moribund condition by day 10.5. No deaths

occurred in the mice exposed to ≤ 100-C ppm. The authors concluded that exposure duration affected

susceptibility to chloromethane-induced neurotoxicity, with those continuously exposed exhibiting a

non-proportionate greater susceptibility. The authors speculated that the greater susceptibility was due to a

combination of glutathione depletion, the formation of a toxic metabolic intermediate, and the effects of

nocturnal exposure.

Wolkowski-Tyl et al. (1983a) assessed the teratogenicity of an inhalation exposure to chloromethane in

female Fischer 344 rats and B6C3F1 mice. Groups of 33 mice per exposure level were exposed to 0, 100,

500 or 1,500 ppm chloromethane in whole-body exposure chambers, 6 hours daily on gestation days (Gd)
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6-17. Actual chloromethane concentrations in the chambers were 0.05 (the ambient level; for the 0 dose),

102 (100 ppm), 479 (500 ppm), 1,492 (1500 ppm). At 1,492 ppm, there was severe maternal toxicity

resulting in tremors, hunched appearance, difficulty righting, disheveled fur, bloody urine, and granular cell

degradation in cerebellum with selective necrosis of neurons in the internal granular layer. All females in

this group were sacrificed on gestation days 11-14 prior to the completion of exposure to Gd 17; two

females died prior to necropsy (as early as Gd 9 after only 4 days of exposure). The authors concluded

that in B6C3F1 mice, an inhalation exposure to 1,492 ppm chloromethane resulted in severe maternal

toxicity; exposure to 102 and 479 ppm chloromethane did not produce maternal toxicity. No

chloromethane-related deaths were observed in female rats.

Wolkowski-Tyl et al. (1983b) assessed the reproductive and developmental effects of an inhalation

exposure to chloromethane in C57BL/6 females mated to C3H males to produce B6C3F1 offspring. After

mating, 74-77 females were exposed to chloromethane at concentrations of 0, 250, 500, or 750 ppm on Gd

6-17. At 750 ppm, six dams were found dead and one was found moribund on Gd 15-18. The authors

concluded that an inhalation exposure to chloromethane during Gd 6-17 resulted in maternal toxicity at

750 ppm, but not at 500 or 250 ppm. Exposure of pregnant mice to 250 ppm chloromethane produced

neither maternal nor fetal toxicity nor teratogenicity.

Chellman et al. (1987) investigated the role of chloromethane-induced testicular and epididymal

inflammation in the induction of sperm cytotoxicity and preimplantation loss in male Fischer 344 rats.

The rats were exposed to 3,056 ppm chloromethane 6 hours/day for 5 consecutive days, with or without

concurrent treatment with 3-amino-l-[m-(tri-fluoromethyl)phenyl]-2-pyrazoline (BW755C), an

anti-inflammatory agent. None of the animals died during the course of exposure.

Working et al. (1985a) studied the effects of an inhalation exposure to chloromethane on germ cell viability

in male Fischer 344 rats. Forty males each were exposed to 0, 1,000, or 3,000 ppm chloromethane for

5 days, 6 hours/day. No males died during the 5-day treatment period or 8-week breeding period.

In an evaluation of the toxicologic and oncogenic effects of inhaled chloromethane in male and female

Fischer 344 rats and B6C3F1 mice, 120 animals per sex per exposure level were exposed to chloromethane

in whole body inhalation exposure chambers at target concentrations of 0 (control), 50, 225, or 1,000 ppm,

6 hours/day, 5 days/week. Necropsies were completed at 6, 12, 18, or 24 months after the initial exposure

(n=10, 10, 20, 80 for rats; and n=10, 10, 10, 90 for mice; respectively). Actual measured concentrations
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averaged over the 24-month exposure period were 0.3±4, 51±9, 224±16, and 997±65 ppm. During the

acute exposure time frame (≤ 14 days), chloromethane exposure had no effect on the survival curves of

male or female rats or mice at the exposure levels received. During the intermediate exposure time frame

(15-364 days) there was some increased mortality beginning at 10 months in female mice exposed to

1,000 ppm chloromethane, but no effect on the survival of male mice or male or female rats. During the

second half of the study (i.e., the chronic exposure of ≥365 days), there was increased mortality in

1,000 ppm exposed male mice beginning at 17 months with a large increase in mortality by 19 months. For

1,000 ppm female mice, increased mortality began at 10 months and continued to rise by 20 months. The

1,000 ppm mice groups were terminated at 21 months (2 males) and 22 months (18 females) due to high

mortality. Chloromethane had no effect on the survival of male or female rats (CIIT 1981).

No deaths occurred in male dogs (4 per group) exposed to ≥400 ppm chloromethane for 90 days (McKenna

et al. 1981b). Female dogs were not tested.

The LC50 values and all reliable LOAEL values for death in each species and duration category are

recorded in Table 2-1 and plotted in Figure 2-1.

2.2.1.2 Systemic Effects

The highest NOAEL values and all reliable LOAEL values for systemic effects in each species and

duration category are recorded in Table 2-1 and plotted in Figure 2-1.

Respiratory Effects. Case reports generally have not described respiratory effects in humans exposed

to chloromethane. No effects on pulmonary function were observed in volunteers who participated in a

study of neurological and neurobehavioral effects of acute inhalation exposure of up to 150 ppm

chloromethane (Stewart et al. 1980). This study, however, had several limitations such as small sample

size, multiple dosing schemes, and a confusing protocol. Specifically, groups of two to four men and two

to four women were exposed to 10, 100, or 150 ppm or to concentrations that were increased from

50-150 ppm in the same group for 1, 3, or 7.5 hours per day over 2-5 days per week for 1 or 2 weeks.

Several subjects, both male and female, dropped out of the study before some of the experiments were

completed, and other subjects were added. Furthermore, the same subjects were used for different

protocols during different weeks of the study. Despite the limitations, chloromethane exposure did not

appear to have any effect on pulmonary function.
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Acute exposure of dogs to 15,000 ppm caused an initial rise in heart rate and blood pressure, followed by

markedly reduced respiration, decreased heart rate, and a progressive fall in blood pressure until the dogs

died within 4-6 hours (von Oettingen et al. 1949, 1950). These effects may have resulted from

vasodilation due to depression of the central nervous system. Pulmonary congestion was a common finding

among the various species exposed to chloromethane until death (Dunn and Smith 1947; Smith and von

Oettingen 1947a). As discussed above in Section 2.2.1.1, however, limitations of these reports preclude

precise determination of concentration-duration-response relationships. More recent studies using very

pure chloromethane (99.5-99.9%) failed to find any exposure-related histopathological lesions in the lungs

of dogs and cats exposed acutely to 500 ppm chloromethane (McKenna et al. 1981a), rats exposed acutely

to 2,000 ppm (Burek et al. 1981), male dogs exposed to 400 ppm, and rats and mice exposed to up to

1,500 ppm chloromethane for intermediate durations (McKenna et al. 1981b; Mitchell et al. 1979).

Dodd et al. (1982) examined the effects of an inhalation exposure to chloromethane on tissue nonprotein

sulfhydryl (NPSH) content in male Fischer 344 rats. Groups of four animals each were exposed to

chloromethane at concentrations of 0, 100, 500, or 1,500 ppm for 6 hours. Additional groups of four were

exposed to 500 ppm chloromethane for periods of 1, 2, or 4 hours. Other groups of four were pretreated

with Aroclor-1254 (metabolic inducer) or SKF-525A (metabolic inhibitor) prior to exposure to 500 ppm

chloromethane [duration not noted]. The animals were sacrificed at various time points (0-18 hours) after

exposure, at which time blood, liver, lung, and one kidney were collected for subsequent NPSH

determinations. NPSH content of liver, kidney, and lung were decreased in a concentration-related manner.

At 1,500 ppm, NPSH levels were 30% of control values in lungs immediately following exposure. At

500 ppm, levels were 55% of control values. No differences in NPSH content of the organs were observed

after exposure to 100 ppm chloromethane compared with control. Lung NPSH levels returned to control

values within 18 hours of exposure. A duration-related decrease was observed when rats were exposed to

500 ppm chloromethane for 1, 2, 4, or 6 hours. Pretreatment with Aroclor 1254 (inducer of microsomal

enzymes) did not alter the decreases in tissue NPSH seen after exposure to chloromethane alone.

Pretreatment with SKF-525A (inhibitor of microsomal enzymes) may have interfered with the ability of

chloromethane to decrease NPSH in some tissues. Treatment with chloromethane significantly increased

the activity of glutathione-S-alkyltransferase, and pretreatment with Aroclor 1254 did not alter the increase.

The toxicological significance of this effect is not clear.

Male and female Fischer 344 rats and B6C3F1 mice were exposed to chloromethane in whole body

inhalation exposure chambers at target concentrations of 0 (control), 50, 225, or 1,000 ppm, 6 hours/day,
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5 days/week. Necropsies were completed at 6, 12, 18, or 24 months after the initial exposure. At

6 months, relative lung weight was significantly increased at 50, 225, and 1,000 ppm in male rats and at

1,000 ppm in female rats. One male and 4 female rats at 1,000 ppm, 1 female at 225 ppm, and 2 males

and 1 female at 50 ppm had minimal to moderate interstitial pneumonia with lymphocytic peribronchiolitis

and perivasculitis. The interstitial lesions consisted of macrophage and lymphocytic infiltration. Also

present were alveolar cell hyperplasia and mild alveolar luminal infiltrates consisting of large macrophages,

lymphocytes, and in some areas, a few neutrophils. Five females at 1,000 ppm had areas of minimal

subacute tracheitis (this lesion also occurred in 1 control male rat). At 12, 18, or 24 months, no

chloromethane-related lung effects were observed. No effects on lungs were observed at any time point in

mice. These respiratory effects were transitory, and the authors did not consider the effects to be

associated with exposure to chloromethane (CIIT 1981).

Cardiovascular Effects. Cardiovascular effects of chloromethane have been described in case reports

of humans exposed occupationally or accidentally due to refrigerator leaks (Gummert 1961; Hansen et al.

1953; Kegel et al. 1929; McNally 1946; Spevak et al. 1976; Verriere and Vachez 1949). These effects

include electrocardiogram abnormalities, tachycardia and increased pulse rate, and decreased blood

pressure. The precise concentrations and durations of exposure are not known. A retrospective

epidemiological study of workers exposed to chloromethane in a butyl rubber manufacturing plant found no

statistical evidence that the rate of death due to diseases of the circulatory system was increased in the

exposed population when compared with U.S. mortality rates (Holmes et al. 1986). In a study of

neurological and neurobehavioral effects of acute inhalation exposure in volunteers, no abnormalities of

cardiac function or electrocardiograms were found at concentrations up to 150 ppm (Stewart et al. 1980).

The long-term cardiotoxic effects from an acute exposure to chloromethane were also studied by Rafnsson

and Gudmundsson (1997) who found an excess mortality rate from cardiovascular disease. Seventeen crew

members (males) were exposed for 2 days in 1963 to chloromethane that leaked from a refrigerator on

board an Icelandic fishing trawler (exposure levels were not reported). The refrigerator was located under

the sleeping quarters of the crew. This study followed a cohort of 24 men on board the vessel (6 officers

and 18 deckhands) at 32 years postexposure. The reference group was selected from three registries of

seamen. The Icelandic registries for seamen are some of the most comprehensive and complete available.

The reference group contained five times as many individuals as the study group, and was controlled for

age, occupation, and social class. The authors assumed simultaneous control for lifestyle factors including

smoking habits and diet. The authors report excess mortality from all causes of death associated with acute
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exposure to chloromethane (Mantel-Haenszel point estimate=2.2, 95%; CI=1.3-3.1), and a clear excess

mortality from cardiovascular disease (M-H=2.1, 95%; CI= 1.2-3.8). This excess was more prominent

among the deckhands who had received the highest exposure to chloromethane from the leaking

refrigerator. The Risk ratios were elevated for all causes of death (RR=2.5, 95%; CI=l.0-5.7) as well as

for cardiovascular disease (RR=3.9, 95%; CI=1.0-14.4). The study is weakened by the assumption of a

simultaneous control for lifestyle factors including smoking habits and diet, and by the relatively small

numbers of individuals with significant exposure. The authors also do not discuss the potential influence of

the documented neurological deficits in this cohort on cardiovascular function (Gudmundsson 1977), and

no definite mechanism of action was found in the literature. The authors suggest, however, that additional

study on chloromethane’s potential cardiovascular toxicity is warranted (Rafnsson and Gudmundsson

1997).

Scharnweber et al. (1974) presented 6 case studies of workers who were exposed to relatively low levels

(200-400 ppm) of chloromethane for at least 2-3 weeks before onset of symptoms. Two cases occurred

after “prolonged” (not otherwise specified) exposure to 8 hour time-weighted average (TWA) levels up to

300 ppm. Four cases occurred after work exposure on the order of 265 ppm (g-hour TWA) after

2-3 weeks of 12-16 hour days. One of the workers having prolonged exposure to 8-hour TWA levels up to

300 ppm experienced moderate hypertension (160/120 mm Hg).

Dogs exposed acutely to 15,000 ppm had an initial rise in heart rate and blood pressure, followed by

markedly reduced respiration, decreased heart rate, and a progressive fall in blood pressure until death,

which occurred within 4-6 hours (von Oettingen et al. 1949, 1950). These effects may have resulted from

vasodilation due to depression of the central nervous system. Chloromethane exposure does not appear to

result in histopathological lesions in the heart, as demonstrated by acute studies in male dogs and cats

exposed to 500 ppm chloromethane (McKenna et al. 1981a), by intermediate duration studies in male dogs

exposed to 400 ppm, and in rats and mice exposed to up to 1,500 ppm chloromethane (McKenna et al.

1981b; Mitchell et al. 1979).

Male and female Fischer 344 rats and B6C3F1 mice were exposed to chloromethane in whole body

inhalation exposure chambers at target concentrations of 0 (control), 50, 225, or 1,000 ppm, 6 hours/day,

5 days/week. Necropsies were completed at 6, 12, 18, or 24 months after the initial exposure. No

cardiovascular effects were observed in male or female rats at any time point. No cardiovascular effects

were observed in male mice. At 12 and 18 months, 1000 ppm female mice had increased relative heart
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weight, and at 24 months, 225 ppm female mice had increased relative heart weight. These effects were

considered to be chloromethane-related, but no associated histopathological lesions were observed (CIIT

1981).

Gastrointestinal Effects. Numerous case reports of humans exposed to chloromethane have

described symptoms of nausea and vomiting (Baird 1954; Baker 1927; Battigelli and Perini 1955;

Borovska et al. 1976; Hansen et al. 1953; Kegel et al. 1929; Mackie 1961; Jones 1942; Raalte and van

Velzen 1945; Spevak et al. 1976; Verriere and Vachez 1949). In all cases, these symptoms were

accompanied by central nervous system toxicity, which was usually severe. It is not clear, therefore, if the

nausea and vomiting were secondary to the neurotoxic effects of chloromethane. Two of the reports

(Battigelli and Perini 1955; Jones 1942) provided exposure concentration data.

Morgan et al. (1982) investigated the lesions induced by an inhalation exposure to chloromethane in C3H,

C57BL/6, and B6C3F1 mice and in Fischer 344 rats. Ten rats per sex were exposed to chloromethane for

5 days, 6 hours/day with a break in exposure for 2 days, and then a further 4 days of exposure. Rats were

exposed to 0, 2,000, 3,500, or 5,000 ppm. Five mice per sex were exposed to chloromethane for 12 days,

6 hours/day. Mice were exposed to 0, 500, 1,000, or 2,000 ppm. Animals were sacrificed 18 hours after

the last exposure or immediately after exposure if found to be moribund. Within 2 days of treatment, male

and female rats in the 5,000 ppm group developed foul-smelling diarrhea. Gastrointestinal effects were not

observed in mice.

Histopathological examination of animals exposed to various concentrations of chloromethane for acute,

intermediate, or chronic durations did not show evidence of gastrointestinal damage (CIIT 1981; McKenna

et al. 1981a, 1981b).

Hematological Effects. No hematological effects were found in volunteers who participated in a

study of neurological and neurobehavioral effects of acute inhalation exposure of up to 150 ppm

chloromethane (Stewart et al. 1980). Case reports of human overexposure have also generally been

negative for hematological effects.

No long-term effect on the hematological system from an acute exposure was reported by Gudmundsson

(1977). Seventeen crew members (males) were exposed for 2 days in 1963 to chloromethane that leaked

from a refrigerator on board an Icelandic fishing trawler (no estimates of exposure levels were reported).
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The refrigerator was located under the sleeping quarters of the crew. Thirteen years later (i.e., in 1976) 10

of the 11 survivors were examined (one lived in a foreign country and could not be located). All 10 were

employed; 8 were employed at sea. The mean age of the 10 patients examined was 38.3 years (range

30-50 years). All 10 patients had normal hemoglobin, white cell count, differential leukocyte count,

erythrocyte sedimentation rate, and serum creatinine.

Spleen enlargement, suggestive of extramedullary hematopoiesis, and hemoglobinuria, suggestive of

intravascular hemolysis, were found in mice exposed intermittently to a high concentration (2,400 ppm) of

chloromethane for 11 days (Landry et al. 1985). These effects were not seen when mice were exposed

continuously to a lower concentration (150 ppm) (Landry et al. 1985). Male mice were not used in this

study. No exposure-related effects on hematological parameters were found in male dogs or cats exposed

continuously for 3 days to 500 ppm (McKenna et al. 1981a), or in rats exposed continuously for 3 days to

2,000 ppm (Burek et al. 1981). In addition, male dogs exposed to 400 ppm, rats and mice exposed to

1,500 ppm for 90 days (McKenna et al. 198 lb; Mitchell et al. 1979), and rats and mice exposed for 6, 12,

18, or 24 months to up to 1,000 ppm (CIIT 1981) did not have hematological effects.

Musculoskeletal Effects. Case reports generally have not described muscular or skeletal effects in

humans exposed to chloromethane.

No adverse muscular or skeletal effects related to chloromethane exposure were observed in dogs and cats

exposed acutely to 500 ppm chloromethane (McKenna et al. 1981 a), male dogs exposed to 400 ppm, and

rats and mice exposed to 21,500 ppm chloromethane for intermediate durations (McKenna et al. 1981 b;

Mitchell et al. 1979) or rats and mice exposed to up to 1,00 ppm chloromethane for chronic durations

(CIIT 1981).

Hepatic Effects. Case reports of humans exposed to chloromethane have described clinical jaundice

(Kegel et al. 1929; Mackie 1961; Weinstein 1937). A case of jaundice and cirrhosis of the liver was

attributed to chloromethane exposure in a man who had been a refrigeration engineer for 10 years and had

frequently been exposed to chloromethane vapors (Wood 1951). There was no reason to believe that these

liver effects were due to other causes such as infective hepatitis or alcohol consumption.

Hepatic effects have also been observed in animals exposed to chloromethane, and mice appear to be more

susceptible than rats. Rats exposed to l,000-1,500 ppm for acute, intermediate, or chronic durations had
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either no liver effects or relatively mild to moderate changes, such as loss of normal areas of basophilia,

cloudy swelling, increased liver weight, fatty infiltration, and increased serum levels of alanine

aminotransferase (ALT), aspartate aminotransferase (AST), and serum bilirubin (Burek et al. 1981; CIIT

1981; Mitchell et al. 1979; Morgan et al. 1982). No necrosis was seen. Acute, intermediate, or chronic

exposure of mice to 1,000-l ,500 ppm generally resulted in necrosis and degeneration (CIIT 1981; Landry

et al. 1985; Mitchell et al. 1979; Morgan et al. 1982). Although no significant liver effects were observed

in male dogs and cats (McKenna et al. 1981 a, 1981 b), the exposure concentrations (400 or 500 ppm) may

not have been high enough to produce liver toxicity in these species.

Chapin et al. (1984) investigated the cellular targets and the mechanism of reproductive tract lesions

induced by inhaled chloromethane in male Fischer 344 rats. The animals were exposed to 3500 ppm

chloromethane or air (controls) for 5 days, 6 hours/day, were subsequently not exposed for 3 days, and then

exposed again for 4 days. Rats were killed on days 5, 7, 9, 11, 13, 15, 19, and 70 after starting exposure.

To test for the effects of lower feed consumption in exposed rats, four weight-matched naive animals for

each time interval were pair-fed identical amounts of feed to that consumed by the exposed animals and

killed in the same manner. Tissue non-protein sulfhydryl (NPSH) content was measured in testes, caput

and caudal epididymides, liver and heart blood. Liver NPSH content was significantly depleted within

1 hour of exposure (1.33 versus 5.44 µmol/g tissue; p<0.05).

Chellman et al. (1986a) studied the effects of 3-amino-l-[m-(trifluoromethyl)phenyl]-2-pyrazoline

(BW755C), a potent anti-inflammatory agent, on chloromethane-induced lethality and reproductive toxicity

in male Fischer 344 rats. Rats were exposed to 5,000 ppm chloromethane for 5 days, 6 hours/day, with or

without treatment with BW755C (10 mg/kg, intraperitoneally 1 hour pre- and postexposure). Rats exposed

to 5,000 ppm chloromethane, 6 hours/day for 5 days exhibited cloudy swelling of hepatocytes in the liver

with subsequent obliteration of the sinusoids. Rats exposed to both chloromethane and BW755C had only

very subtle, if any, lesions. The results are surprising because the liver lesions were not inflammatory in

nature. The authors concluded that protection from chloromethane-induced injury by BW755C was not

simply the result of altered metabolism because BW755C had no effect on tissue distribution or excretion

of 14C-chloromethane and administration of BW755C did not decrease hepatic glutathione content. The

protection afforded by BW755C may have been related to an inhibition of leukotriene and prostaglandin

synthesis.
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Dodd et al. (1982) examined the effects of an inhalation exposure to chloromethane on tissue nonprotein

sulfhydryl (NPSH) content in male Fischer 344 rats. Groups of four animals each were exposed to

chloromethane at concentrations of 0, 100, 500, or 1,500 ppm for 6 hours. Additional groups of four were

exposed to 500 ppm chloromethane for periods of 1, 2, or 4 hours. Other groups of four were pretreated

with Aroclor-1254 (metabolic inducer) or SKF-525A (metabolic inhibitor) prior to exposure to 500 ppm

chloromethane (duration not noted). The animals were sacrificed at various time points (0 to 18 hours)

after exposure, at which time blood, liver, lung, and one kidney were collected for subsequent NPSH

determinations. NPSH content of liver was decreased in a concentration-related manner. At 1,500 ppm,

NPSH levels were 17% of control values immediately following exposure. At 500 ppm, NPSH levels were

41% of control values. No differences in NPSH content were observed after exposure to 100 ppm

chloromethane compared with control. Liver NPSH levels returned to control values within 8 hours of

treatment. Pretreatment with Aroclor 1254 (inducer of microsomal enzymes) did not alter the decreases in

liver NPSH seen after exposure to chloromethane alone. Pretreatment with SKF-525A (inhibitor of

microsomal enzymes) may have interfered with the ability of chloromethane to decrease NPSH in some

tissues. Treatment with chloromethane significantly increased the activity of glutathione-S-alkyltransferase,

and pretreatment with Aroclor 1254 did not alter the increase. The toxicological significance

of this effect is not clear.

Chellman et al. (1986b) investigated the role of glutathione in the mediation of chloromethane-induced

toxicity in the liver, kidney and brain of male B6C3F1 mice. Animals were exposed for 6 hours to

1,500 ppm chloromethane, with and without pretreatment with buthionine-S,R-sulfoximine (BSO), diethyl

maleate (DEM), or fasting to deplete glutathione (GSH). The mice were sacrificed 18 hours after

completion of exposures, blood samples were collected, and the serum was analyzed for alanine

aminotransferase (ALT) to measure liver toxicity. There was a 50-fold increase in ALT activity in exposed

mice without pretreatment. Fasting or pretreatment with BSO or DEM resulted in ALT values which were

similar to those of controls. Therefore, depletion of GSH protected mice from hepatic toxicity of

chloromethane.

Jager et al. (1988) investigated the effects of an inhalation chloromethane exposure on tissue levels of

glutathione-S-transferase (GST) and formaldehyde dehydrogenase (FDH) in male and female Fischer 344

rats and B6C3F1 mice. Activities of GST were 2-3 times higher in livers of male B6C3F1 mice, compared

with those of female mice, and with rats of both sexes. In kidneys, GST activities of male mice were about

7 times lower than those found in the liver. The activity of FDH was higher in mouse liver (both sexes)
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than in rat liver. More formaldehyde was produced in the liver of male, as compared to those of female

mice. After a single, g-hour exposure to 1,000 ppm chloromethane in males or female mice, formaldehyde

levels were not observed to increase in livers or kidneys (ex vivo). Lipid peroxidation was significantly and

markedly increased in the liver of male and female mice, and to a lesser extent in the kidney, from the single

exposure to chloromethane.

Landry et al. (1985) observed mild hepatic effects in mice intermittently exposed to 400 to 2,400 ppm

(glycogen depletion, no hepatic degeneration or necrosis). Only the 1,600 ppm mice had significantly

increased liver absolute (22%) and relative (23%) weight. Mice continuously exposed to 400 ppm died or

were sacrificed by day 4, and by day 5 for a 200 ppm group, due to severe toxicity. Mice continuously

exposed to 150 ppm were sacrificed in moribund condition by day 10.5. Decreased food consumption was

indicated by diminished amount of feces and scratched food under the cages of the 150 or 200 ppm groups.

The 150 ppm exposure resulted in a significant decrease in absolute liver weight (13%), but not relative

weight. Mice had a decreased hepatocyte size (due to glycogen depletion) at 100 ppm with focal necrosis

at 150 ppm and greater.

Morgan et al. (1982) investigated the lesions induced by an inhalation exposure to chloromethane in C3H,

C57BL/6, and B6C3F1 mice and in Fischer 344 rats. Ten rats per sex were exposed to chloromethane for

5 days, 6 hours/day with a break in exposure for 2 days, and then a further 4 days of exposure. Rats were

exposed to 0, 2,000, 3,500, or 5,000 ppm. Animals were sacrificed 18 hours after the last exposure or

immediately after exposure if found to be moribund. All exposed groups except 2,000 ppm males had high

incidences (8/10 to 10/10) of minimal hepatocellular lesions, consisting of loss of normal area of

cytoplasmic basophilia. Five mice per sex were exposed to chloromethane for 12 days, 6 hours/day at

levels of 0, 500, 1,000, or 2,000 ppm. Animals were sacrificed 18 hours after the last exposure or

immediately after exposure if found to be moribund. Hepatocellular degeneration consisting of necrosis,

hyaline accumulation in bile ducts, vacuolization, and glycogen depletion was observed. The lesions

resembled those usually described for carbon tetrachloride and chloroform. Necrosis was confined to male

C57BL/6 and B6C3F1 mice exposed to 2,000 ppm. The other lesions occurred to varying degrees in other

groups and were of minimal severity. No liver lesions were observed in controls.

Wolkowski-Tyl et al. (1983b) assessed the reproductive and developmental effects of an inhalation

exposure to chloromethane in C57BL/6 females mated to C3H males to produce B6C3F1 offspring. After

mating, 74-77 females were exposed to chloromethane at concentrations of 0, 250, 500, or 750 ppm on
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Gd 6-17. Surviving dams were weighed and sacrificed on gestation day 18. A significant increase in

maternal absolute liver weight (9%) and relative liver weight (6%) was observed in the 500 ppm mice. A

nonsignificant decrease was observed in the 750 ppm dams.

Male and female Fischer 344 rats and B6C3F1 mice were exposed to chloromethane in whole body

inhalation exposure chambers at target concentrations of 0 (control), 50, 225, or 1,000 ppm, 6 hours/day,

5 days/week (CIIT 1981). Necropsies were completed at 6, 12, 18, or 24 months after the initial exposure.

Increased ALT associated with exposure-related liver lesions was seen in male mice exposed to 1,000 ppm

chloromethane at all time points. The lesions were centrilobular and characterized by mild to moderate

hepatocellular degeneration often associated with vacuolization of most of the cytoplasm, individual

hepatocellular necrosis, cytomegaly and karyomegaly, and numerous hepatocytes containing eosinophilic,

intranuclear inclusion material. Increased ALT was also seen in 50 and 225 ppm males but no

histopatholgical changes to the liver were observed at these exposure levels. Increased ALT in female mice

exposed to 50, 225, and 1,000 ppm at 6 and 12 months was observed, but no histopathological changes

were observed in females at any of the dose levels. ALT levels returned to normal at 18 and 24 months in

female mice. Females that became moribund or that were exposed to 1,000 ppm for the longer 18- and

24-month exposure periods had liver lesions similar to those found in the males, but with less frequency

and severity. Statistically significant increases in relative liver weight were observed in both male and

female mice at 1,000 ppm. Male and female rats did not have the histopathological liver lesions seen in

mice. Male rats did generally have increased relative liver weights at 1,000 ppm. No effect on ALT levels

was observed in rats.

McKenna et al. (1981b) exposed CD-l mice to 99.9% pure chloromethane. Complete histological

examination performed on the control and 400 ppm groups. In the liver, there was a significant increase in

relative liver weight in 400 ppm females and a trend in 400 ppm males and 150 ppm males and females.

The increase was accompanied by equivocal lesions (change in tinctorial properties of liver cells, possibly

due to decrease vacuolization). The lesions were subtle and reversible and not considered adverse.

McKenna et al. (1981b) also exposed Beagle dogs to 99.9% pure chloromethane. There were no effects on

ALT or AST, but hepatocytes were swollen in 2 of 4 dogs at 400 ppm, 1 of 4 dogs at 150 ppm, 2 of 4 dogs

at 50 ppm, and 0 of 4 controls. No other liver effects were observed, and the toxicological significance of

these effects are unclear.
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The lowest concentration for dose-related hepatic effects is the LOAEL of 51 ppm for increased ALT in

male mice (CIIT 1981). This LOAEL is used as the basis for an intermediate inhalation MRL of 0.2 ppm,

calculated as described in the footnote to Table 2-1 and in Appendix A. This MRL is presented in

Figure 2-1.

Renal Effects. Case reports of humans exposed to chloromethane have described such indicators of

renal toxicity as albuminuria, increased serum creatinine and blood urea nitrogen, proteinuria, and anuria

(Kegel et al. 1929; Mackie 1961; Spevak et al. 1976; Verriere and Vachez 1949). Exposure concentrations

at which these effects occurred are not known.

Sprague-Dawley rats exposed to chloromethane at 1,000 ppm for 72 hours had slightly increased blood

urea nitrogen (BUN), but this effect only occurred significantly in females. Abnormal urinalysis

parameters indicative of renal failure occurred in both sexes of rats exposed to 1,000 or 2,000 ppm for 48

or 72 hours. Histological examination revealed renal tubular cell necrosis, increased lipid accumulation in

tubule cells at 1,000 ppm for both exposure periods, and evidence of regeneration after the recovery period.

Greatly increased (statistically significant) BUN in 2,000 ppm male and female rats sacrificed at 48 hours

indicated kidney failure (Burek et al. 1981).

Chellman et al. (1986a) exposed male Fischer 344 rats to 5,000 ppm chloromethane for 5 days,

6 hours/day resulting in necrosis of the proximal convoluted tubules. Dodd et al. (1982) exposed male

Fischer 344 rats to chloromethane at 0, 100, 500, or 1,500 ppm for 6 hours. Nonprotein sulfhydryl

(NPSH) content of kidney was decreased in a concentration-related manner. Kidney NPSH levels returned

to control values within 8 hours of treatment. The toxicological significance of this effect is not clear.

Morgan et al. (1982) investigated the lesions induced by an inhalation exposure to chloromethane in C3H,

C57BL/6, and B6C3F1 mice and in Fischer 344 rats. Rats were exposed to 0, 2,000, 3,500, or 5,000 ppm

for 5 days, 6 hours/day with a break in exposure for 2 days, and then a further 4 days of exposure. Mice

were exposed to 0, 500, 1,000, or 2,000 ppm for 12 days, 6 hours/day. Two types of kidney lesions were

seen, basophilia of renal tubules and degeneration and necrosis of renal proximal convoluted tubules. The

degeneration was found mainly in the 2,000 ppm groups in both males and females of all strains. The

basophilia, presumed to be regeneration, was found mainly in the 1,000 ppm group. Hematuria occurred in

mice exposed to 1,000 and 2,000 ppm, but it was not clear whether it was due to renal damage or lesions

elsewhere in the urogenital tract. In the rat kidneys, there was a dose-related increased incidence and
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severity of degeneration of proximal tubules. No basophilia in renal tubules occurred in rats as was seen in

mice. The authors speculated that the basophilia in mice is a proliferative response related to the induction

of kidney tumors seen in mice and not rats.

Chellman et al. (1986b) investigated the role of glutathione in the mediation of chloromethane-induced

toxicity in the liver, kidney and brain of male B6C3F1 mice. Mice exposed to 1,500 ppm chloromethane

6 hours/day, 5 days/week for 2 weeks had no significant changes in kidney weight, glomerular filtration

rate, urinary excretion of glucose and protein, or urinary concentrating ability. Histologically, the only

effect of chloromethane exposure was a slight increase in the number of basophilic cortical tubules.

Incorporation of tritiated thymidine into deoxyribonucleic acid (DNA) was 3-fold greater in kidneys of

chloromethane exposed male mice than controls. Incorporation of tritiated thymidine was not significantly

elevated in mice exposed and pretreated with BSO. BSO alone had no effect on DNA synthesis. In female

mice, incorporation of tritiated thymidine into DNA was S-fold greater in kidneys of chloromethaneexposed

versus controls. Therefore, depletion of GSH protected mice from increased DNA synthesis

induced by chloromethane. The increased DNA synthesis may result from a compensatory proliferation in

response to cell death. Although cell death was not observed in kidneys histologically, basophilic foci are

consistent with regenerative cellular response following cell death.

Jager et al. (1988) investigated the effects of a chloromethane inhalation exposure on tissue levels of

glutathione-S-transferase (GST) and formaldehyde dehydrogenase (FDH) in male and female Fischer 344

rats and B6C3F1 mice. Activities of GST in kidneys of male mice were about 7 times lower than those

found in the liver. About 50% more formaldehyde was produced in the male mouse kidney, compared to

the female kidney (indicative of higher levels of P-450 in the male kidney). No DNA-protein crosslinks in

the kidney and only some evidence of single-strand breaks was observed in male B6C3F1 mice exposed to

1,000 ppm chloromethane for 4 days, 6 hours/day. After a single, 8 hour exposure to 1,000 ppm

chloromethane in male or female mice, formaldehyde levels were not observed to increase in livers or

kidneys (ex vivo). Lipid peroxidation was significantly and markedly increased in the liver of male and

female mice, and to a lesser extent in the kidney, from the single exposure to chloromethane.

Female C57BL/6 mice exposed to 1,500 ppm chloromethane for 2 weeks, 5 days/week, 6 hours/day

showed a slight degeneration of proximal convoluted tubules and proteinaceous material in tubular lumen.

The renal and brain lesions in the study were unrelated in terms of severity; therefore, the authors
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concluded that the brain lesions seen after exposure to chloromethane were probably not a direct

consequence of renal lesions (Jiang et al. 1985).

Landry et al. (1985) evaluated the neurologic effects of continuous versus intermittent chloromethane

exposure in female C57BL/6 mice. Mice were exposed to chloromethane in whole body inhalation

chambers for 11 days either continuously for 22 hours/day at 0, 15, 50, 100, 150, 200, or 400 ppm or

intermittently for 5.5 hours/day at 0, 150, 400, 800, 1,600, or 2,400 ppm. Kidney effects were only

observed in the intermittently exposed mice at 2,400 ppm. The effects consisted of a slight multifocal

degeneration and regeneration of tubules, and an eosinophilic staining cast within the tubules. The

2,400 ppm mice had a nonsignificant increase in relative kidney weight. No histopathological lesions were

observed in the kidney, thus the increased weight does not appear to represent an adverse effect.

Beagle dogs and cats exposed to 200 or 500 ppm chloromethane for 23.5 hours/days for 3 days had no

significant differences in clinical chemistry or urinalysis parameters. A comprehensive histological

examination revealed no exposure-related lesions in any system other than neurological. This was a good

comprehensive study, but is limited by the number of animals (3) per group (McKenna et al. 1981a).

Beagle dogs were also exposed to 0, 50, 150, and 400 ppm for 6 hours/day, 5 days/week for 90 days.

There were no exposure-related gross or histopathological lesions in the kidneys and no effect on BUN

(McKenna et al. 1981b). This was a comprehensive study, but is limited by the number of animals (4) per

group.

Sprague-Dawley rats were exposed to 0, 50, 150, or 400 ppm chloromethane 6 hours/day, 5 days/week, for

90 days. There was no effect on BUN, but urinary specific gravity was decreased in males at 400 ppm and

females at 150 ppm. This decrease was not associated with gross histologic pathology, and therefore, the

toxicological significance of this effect is unclear. CD-l mice were exposed to the same regimen with no

apparent effects on the kidneys (McKenna et al. 1981b).

Fischer 344 rats exposed to 0, 375, 750, and 1,500 ppm for 6 hours/day, 5 days/week, for 13 weeks

developed a significant increase in relative left kidney weight for the 1,500 ppm males. There were no

clinically significant hematological, clinical chemistry, or urinalysis abnormalities so the significance of

this effect is unclear (Mitchell et al. 1979).
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B6C3F1 mice were exposed to 0, 375, 7.50, and 1,500 ppm for 6 hours/day, 5 days/week, for 13 weeks.

No exposure-related histopathological lesions of the kidneys, and no clinically significant effects on

hematological and urinalysis indices were observed. Relative kidney weight was increased in 1,500 ppm

males, but no histopathological lesions were associated with the increase (Mitchell et al. 1979).

Male and female Fischer 344 rats and B6C3F1 mice were exposed to chloromethane in whole body

inhalation exposure chambers at target concentrations of 0 (control), 50, 225, or 1,000 ppm, 6 hours/day,

5 days/week. Necropsies were completed at 6, 12, 18, or 24 months after the initial exposure. Increased

relative kidney weights were noted in female mice at 1,000 ppm, while decreased absolute kidney weights

were seen in males at 1,000 ppm; there was no apparent reason for the sex difference. The authors

interpreted the decrease in absolute kidney weight in male mice as biologically significant. Males exposed

to 1,000 ppm developed renal tubuloepithelial hyperplasia and karyomegaly that became progressively

worse, followed by the development of renal adenomas and adenocarcinomas. Females did not develop

these lesions until after 18 months and to a much lesser extent. Male and female rats had varying levels of

increased relative kidney weights throughout the study, but these were not associated with clinical, gross, or

histopathological findings; thus, the toxicological significance of these effects is unclear (CIIT 1981).

Endocrine Effects. No studies were located regarding endocrine effects in humans after inhalation

exposure to chloromethane.

Some effects have been observed in high-level, acute exposure animal studies. Male Fischer 344 rats

exposed to 5,000 ppm chloromethane for 5 days, 6 hours/day developed vacuolar degeneration in the cell

cytoplasm of the adrenal cortex in the outer region of the zona fasciculata (Chellman et al. 1986a). Fatty

droplets were seen in the epithelial cells of the zona fasciculata in the adrenals of Fischer 344 rats exposed

to 3,500 and 5,000 ppm chloromethane for 5 days, 6 hours/day with a break in exposure for 2 days, and

then a further 4 days of exposure; the severity of this lesion increased with dose (Morgan et al. 1982).

Results are generally negative with lower level or longer duration exposures. No chloromethane-related

effects on the endocrine organs were observed from acute exposures up to 500 ppm in Beagle dogs or cats

(McKenna et al. 198 la), or from intermediate and chronic exposures up to 1,000 ppm in mice or rats (CIIT

1981).
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Dermal Effects. No studies were located regarding dermal effects in humans after inhalation exposure

to chloromethane.

No dermal effects were observed from acute chloromethane exposures up to 500 ppm in Beagle dogs or

cats (McKenna et al. 1981a), or from intermediate exposures up to 400 ppm in Sprague-Dawley rats or

CD-l mice (McKenna et al. 1981b), up to 1,500 ppm in Fischer 344 rats.(Mitchell et al. 1979), or up to

400 ppm in Beagle dogs (McKenna et al. 1981b).

Ocular Effects. Case reports of humans exposed to chloromethane have described such symptoms as

blurred and double vision (Baker 1927; Borovska et al. 1976; Gummert 1961; Kegel et al. 1929; Mackie

1961). These symptoms probably reflect effects on the nervous system rather than effects on the eye itself.

Ophthalmological examination of male cats and Beagle dogs exposed to 500 ppm continuously for 3 days

(McKenna et al. 1981a), dogs exposed to 400 ppm for 90 days (McKenna et al. 1981b), or of rats and

mice exposed to 1,000 ppm for up to 24 months (CIIT 1981) failed to reveal eye lesions. However,

mucopurulent conjunctivitis with total destruction of the eye in some cases was found in mice exposed to

≥375 ppm for 6 hours/day, 5 days/week, for 90 days (Mitchell et al. 1979). These lesions were attributed

to exposure because no lesions were found in controls; however, the failure of longer-term studies to detect

eye lesions at higher concentrations makes the findings of Mitchell et al. (1979) questionable. If the eye

lesions were due to chloromethane exposure, the effect was probably due to direct contact of the vapor with

the eye, rather than a consequence of inhalation.

Body Weight Effects. No studies were located regarding body weight effects in humans after

inhalation exposure to chloromethane.

A consistent systemic effect of chloromethane exposure in animals is reduced body weight gain, which was

observed in rats and mice exposed to chloromethane for acute, intermediate, and chronic durations (Burek

et al. 1981; CIIT 1981; Landry et al. 1985; Mitchell et al. 1979). Landry et al. (1985) evaluated the

neurologic effects of continuous versus intermittent chloromethane exposure in female C57BL/6 mice.

Groups of 12 mice each were exposed to chloromethane in whole body inhalation chambers for 11 days

either continuously for 22 hours/day at 0, 15, 50, 100, 150, 200, or 400 ppm or intermittently for

5.5 hours/day at 0, 150, 400, 800, 1,600, or 2,400 ppm. Mice were weighed prior to exposure, on

exposure days 4 and 8, and at necropsy. The 400 ppm exposed mice died or were sacrificed by day 4, and
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the 200 ppm group by day 5, due to severe toxicity. Mice exposed to 150 ppm were sacrificed in moribund

condition by day 10.5. Continuous exposure to chloromethane resulted in significantly decreased body

weight in the 200 ppm group (33%) by day 4 compared to the controls, and in the 150 ppm group by day 4

(16%) persisting to the sacrifice at day 10.5 (12%). A nonsignificant decrease was seen in the 100 ppm

group and no effects on body weight were seen at 50 ppm.

Other Systemic Effects. No studies were located regarding other systemic effects in humans after

inhalation exposure to chloromethane.

The only other systemic effect reported in animal studies was a decrease in food consumption in the Landry

et al. (1985) study. This study evaluated the neurologic effects of continuous versus intermittent

chloromethane exposure in female C57BL/6 mice exposed to chloromethane in whole body inhalation

chambers for 11 days either continuously (C) for 22 hours/day at 0, 15, 50, 100, 150, 200, or 400 ppm or

intermittently (I) for 5.5 hours/day at 0, 150, 400, 800, 1,600, or 2,400 ppm. There was a significant

degree of inanition in the 200-C and 400-C ppm mice prior to necropsy with decreased carcass size,

amount of abdominal fat, amount of ingesta in the gastrointestinal tract, and small, pale livers.

2.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological or lymphoreticular effects in humans after inhalation

exposure to chloromethane.

In animals, lymphoid depletion of the spleen and splenic atrophy were observed in mice exposed to

1,000 ppm chloromethane for up to 2 years (CIIT 1981). The lymphoid depletion was first observed in

mice killed after 6 months of exposure, while the splenic atrophy was observed in mice killed after

18 months. This LOAEL value for immunological effects in mice is recorded in Table 2-l and plotted in

Figure 2-l for both intermediate and chronic duration categories. The lower exposure level in this study

(225 ppm) cannot be considered the most reliable NOAEL for immunological effects, however, because

more sensitive tests for immune function were not conducted. In addition, cats exposed continuously to

chloromethane for 3 days had higher incidences of immunologically-related brain lesions than did control

cats (McKenna et al. 1981a). The lesions, however, were consistent with infection or post-vaccinal

reaction (the cats were vaccinated for panleukopenia by the supplier). Exacerbation of viral-induced
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central nervous system disease could not be ruled out. It is not known whether the exacerbation would

represent an immunological effect.

Landry et al. (1985) exposed female C57BL/6 mice to chloromethane for 11 days either continuously for

22 hours/day at 0, 15, 50, 100, 150, 200, or 400 ppm or intermittently for 5.5 hours/day at 0, 150, 400,

800, 1,600, or 2400 ppm. The absolute and relative weight of the thymus was significantly decreased at

the 1,600 ppm (40% and 39%, respectively) and 2,400 ppm intermittent exposures (89% and 87%,

respectively). There was no exposure-related histopathology in the thymus, but the decreased relative

thymus weight is generally considered to be evidence of possible immunotoxicity. There was decreased

absolute and relative thymus weight at 15 (23% and 22%, respectively), 50 (21% and 21%), 150 ppm

(71% and 69%) continuous exposures, but not at 100 ppm. The decrease at 150 ppm was considered to be

exposure-related, but the decreases at 15 and 50 ppm were not because they were within normal historical

range.

In contrast to the results of the Landry et al. (1985) study, exposure to chloromethane at levels up to

400 ppm for 6 hours/day, 5 days/week for 90 days resulted in no observed exposure-related adverse effects

to the organs and tissues of the immune system of Sprague-Dawley rats, CD-1 mice, or male Beagle dogs

(McKenna et al. 1981b). Thus, the potential for chloromethane-induced immunotoxicity remains

unresolved.

2.2.1.4 Neurological Effects

Numerous case reports of humans exposed to chloromethane vapors as a result of industrial leaks and

defective refrigerators have described neurological effects (Baird 1954; Baker 1927; Battigelli and Perini

1955; Borovska et al. 1976; Gummert 1961; Hansen et al. 1953; Hartman et al. 1955; Jones 1942; Kegel

et al. 1929; MacDonald 1964; McNally 1946; Raalte and van Velzen 1945; Spevak et al. 1976; Wood

1951). In general, symptoms develop within a few hours after exposure and include fatigue, drowsiness,

staggering, headache, blurred and double vision, mental confusion, tremor, vertigo, muscular cramping and

rigidity, sleep disturbances, and ataxia. These symptoms may persist for several months, and depression

and personality changes may develop. In some cases, complete recovery eventually occurs. In other cases

of more severe poisoning, convulsion, coma, and death may ensue; or neurological effects may persist.

Microscopic examination of the brain of an individual who died following chloromethane exposure revealed
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accumulation of lipoid-filled histiocytes in the leptomeninges of the hemispheres, hyperemia of the cerebral

cortex, and lipoid droplets in the adventitia cells of the capillaries throughout the brain (Kegel et al. 1929).

Battigelli and Perini (1955) report two cases of workers in a cooling plant who were exposed to a leak of

chloromethane while repairing refrigeration system with an estimated exposure of >29,000 ppm. Both

workers developed symptoms of vertigo, tremors, dulled senses, nausea, vomiting, and abdominal pain.

The symptoms appeared 3-4 hours after the inhalation exposure. Disturbances began to recede about

6 hours postexposure and disappeared completely by 1 day postexposure.

A case was reported by Lanham (1982) of a man and wife who developed symptoms of blurred vision,

fatigue, vertigo, tremor, and abnormal gait several days after storing insulating boards made of Styrofoam

in the basement of their house. Air levels of chloromethane measured by 3 different devices were above

200 ppm.

Seven men had acute exposures to chloromethane while repairing refrigeration systems. Four of the cases

provided sufficient information to estimate an exposure level of 39,000, 50,000,440,000, and

600,000 ppm, respectively. Common symptoms were ataxia, staggering, headache, drowsiness, anorexia,

blurred and double vision, convulsions, nausea, and vomiting (Jones 1942).

Putz-Anderson et al. (1981b) assessed the behavioral effects of inhaled chloromethane when administered

alone at 0 or 200 ppm, or in combination with alcohol or caffeine. Chloromethane exposures in volunteers

lasted 3.5 hours. Patients were subjected to three performance tests (visualvigilance, dual task, and time

discrimination (designed to test human attention or alertness) prior to and during the treatment period.

Venous blood and alveolar air concentrations of chloromethane were obtained prior to and 90 minutes after

beginning chloromethane exposures. Chloromethane alone had no effect. Alcohol caused a significant

impairment in performance, but there was no difference in alcohol-induced impairment when chloromethane

was given with alcohol. Caffeine alone improved performance, but there was no effect on improvement

when chloromethane was given with caffeine. There was much variation in alveolar air and blood levels of

chloromethane.

Putz-Anderson et al. (198 la) assessed the behavioral effects of inhaled chloromethane, alone or in

combination with oral diazepam (a central nervous system depressant), in 56 men and women.

Chloromethane was administered alone at concentrations of 0, 100, or 200 ppm, or in combination with
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10 mg orally administered diazepam. Chloromethane exposures lasted 3 hours. Patients were subjected to

three performance tests (visual vigilance, dual task, and time discrimination; designed to test human

attention or alertness) prior to and during the treatment period. Venous blood and alveolar air

concentrations of chloromethane were obtained prior to and 90 minutes after beginning chloromethane

exposures. Due to a limited number of patients, data from the 100 ppm chloromethane group was excluded

from the analysis. For all tests, the control group (no chloromethane or diazepam) had a 2.73% decline in

performance between the precontrol and control test (i.e., a control for the fatigue effect). The net

impairment resulting from exposure to 200 ppm chloromethane was a marginally significant 4% (total

impairment 6.7% minus the 2.73% negative control). The net impairment of diazepam alone was 10.1%.

The net impairment of the combined chloromethane and diazepam was 13.5%. The authors concluded that

the effects of chloromethane exposure were minimal and were not potentiated by concomitant diazepam

exposure.

Spevak et al. (1976) describe a case of chloromethane poisoning among four family members (one brother

[age 64] and three sisters [ages 50, 52, and 60]). All were exposed to fluid and vapors leaking from a

refrigerator for approximately 1 hour while cleaning the spill. Approximately 4 hours after their exposure,

all four subjects felt weak and had abdominal pains, vomiting, hiccups, and severe headaches; which they

thought was due to food poisoning. All subjects lost consciousness until the next day. Neighbors told the

subjects that a doctor visited them and administered some medication, but the identity of the medication

was unknown. By 2 days after the exposure, the symptoms had not disappeared, and all four were

admitted to the hospital with clinical signs of drunkenness, confusion, somnolence, ataxia, and dysarthria.

Nervous system damage progressed with cerebellar symptoms of nystagmus in all four patients, and

adiadochokinesis developing in one of the women. All subjects had disturbances of the cranial nerves

(optic, oculomotor, and facial), as well as speech disturbances, tremors, and elevated reflexes.

Tachycardia, faint heart sounds and slightly elevated blood pressure were also noted. The most severely

affected subject (one of the sisters who also had the longest exposure) suffered from jaundice, conjunctival

hemorrhages, and epigastric tenderness; however, her liver and spleen were not enlarged. The brother had

the shortest exposure and had a normal skin color. Biochemical analysis of blood and urine revealed

increases in indirect bilirubin in all three sisters and serum creatinine for all four patients. Blood urea was

increased only for the most severely affected sister. All other hematology and blood chemistry data were

normal including number of red and white blood cells, platelets, and reticulocytes; red cell osmotic fragility

test; coagulation factors; serum electrophoresis, cholesterol, alkaline phosphatase, ALT, AST, and

fibrinogen; and blood glucose, blood ammonia, bone marrow smears, blood pH, and blood gases.
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Electroencephalograms were also normal. The three sisters received symptomatic treatment with isotonic

glucose, B complex vitamin, and oxygen. The treatment resulted in a disappearance of all symptoms of

intoxication except ataxia. The brother refused treatment. Symptoms of kidney damage disappeared after

two weeks, and the outcome of the intoxication was, in the words of the physicians, good in all cases

(Spevak et al. 1976).

Stewart et al. (1980) found no exposure-related neurological abnormalities, abnormal EEG, effect on

cognitive test, or significant subjective response from acute exposures up to 150 ppm in volunteers. This

study, however, had several limitations such as small sample size, multiple dosing schemes, and a

confusing protocol. Specifically, groups of two to four men and two to four women were exposed to 10,

100, or 150 ppm or to concentrations that were increased from 50-1.50 ppm in the same group for 1, 3, or

7.5 hours per day over 2-5 days per week for 1 or 2 weeks. Several subjects, both male and female,

dropped out of the study before some of the experiments were completed, and other subjects were added.

The same subjects were also included in different protocols during different weeks of the study.

Gudmundsson (1977) reports on a 20-month and 13-year follow-up after an acute high level exposure to

chloromethane. Seventeen crew members (males) were exposed for 2 days in 1963 to chloromethane that

leaked from a refrigerator on board an Icelandic fishing trawler (no estimates of exposure levels were

reported). The refrigerator was located under the sleeping quarters of the crew. This case history describes

both the acute phase of the illness and a follow-up of the survivors at 20 months and 13 years postexposure.

Fifteen of the seventeen crew members exposed to chloromethane showed signs of intoxication.

In the acute phase of the illness, nine patients exhibited abnormal neurological signs. Four died, one within

24 hours of the exposure. Two patients developed severe depression and committed suicide 11 and

18 months later, respectively. The fourth patient was assessed as 75% disabled due to severe neurological

and psychiatric disturbances, and died 10 years postexposure at the age of 34. Autopsy revealed recent

coronary occlusion (not necessarily connected with the primary illness). At 20 months postexposure, 7

patients had neurological symptoms (not specified), and 8 had psychiatric complaints primarily

psychoneurosis and depression. Five survivors stated they had a reduced tolerance to alcohol. Thirteen

years later (i.e., in 1976) 10 of the 11 survivors were examined (one lived in a foreign country and could

not be located). The mean age of the 10 survivors examined was 38.3 years (range 30-50 years). All 10

were employed; 8 were employed at sea. Neurological deficits included fine tremor of the hands in three

survivors, paralysis of accommodation in two, and signs of peripheral neuropathy in two. Five survivors

had no abnormal neurological signs. Six survivors had marked neurotic and depressive symptoms. Two
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complained of decreased libido and two complained of severe headache. Alcohol may be a confounding

factor. Nine survivors complained of a markedly reduced tolerance for alcohol, and the same number

complained of early fatigue and decreased stamina. Excessive alcohol consumption was admitted by four

survivors. Alcohol may contribute to the peripheral neuropathy. Regarding the progress or reversibility of

the symptoms, one patient who had considerable muscle atrophy and fasiculations 20 months after the

accident had improved by 13 years postexposure, but still exhibited signs of anterior horn damage. In two

survivors, the paralysis of accommodation remained unchanged, but in one there was a complete

regression. In conclusion, all survivors of the acute chloromethane exposure suffered from mild to

permanent neurological and/or psychiatric sequelae directly attributable to chloromethane neurotoxicity.

Some information on longer term exposures is available. MacDonald (1964) presented eight case reports

of chloromethane poisoning in a polymer plant. Symptoms of blurring vision, mental confusion, headache,

loss of coordination, and dizziness were common. More severely intoxicated individuals experienced

nausea and vomiting. Personality changes, depression and irritability were reported by many of the cases.

The symptoms persisted for months. It was not possible to determine the LOAEL.

Schamweber et al. (1974) presented 6 case studies of workers who were exposed to relatively low levels

(200-400 ppm) of chloromethane for at least 2-3 weeks before onset of symptoms. Two cases occurred

after “prolonged” (not otherwise specified) exposure to S-hour TWA levels up to 300 ppm. Four cases

occurred after work exposure on the order of 265 ppm (S-hour TWA) after 2-3 weeks of 12-16 hour days.

A 54-year-old worker initially suffered from confusion, blurry vision, erratic driving, difficulty in eating

and swallowing, headache, and disturbance of balance. Three weeks after hospitalization, the patient still

complained about headache and had a staggered gait. Memory difficulties persisted for 2 months. Patient

improved at three months, but still had tremors and nervousness. A second B-year-old worker had

delirium, confusion, disorientation, and combativeness. Two months after hospitalization, the patient still

had poor memory and nervousness. Three months later, the patient was well enough to return to work. A

33-year-old foam worker had blurred vision, increased tiredness, nervousness, and stuttering that resolved

after a 6-week recovery period. Other foam workers developed similar symptoms with impairment in

memory, gait, and speech (tongue swelling, slurring) and vision (diplopia, blurred), slight to moderate

increase in blood pressure, and an EEG with a predominance of slow waves in the beta range that resolved

from 1 to 3 months after removal from exposure. The authors concluded that an 8-hour TWA of 200 ppm

or greater is necessary for development of chronic chloromethane intoxication based on these and other

industrial experiences.
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Repko et al. (1977) performed a study on the effects of chloromethane from exposures to workers.

Seventy-three behavioral measures of task performance, four indices of exposure, eight indicators of

neurological function, and a clinical EEG were obtained. The exposed population was derived from several

fabricating plants. Ambient air concentrations of chloromethane ranged from 7.4 to 70 ppm, with means

from each plant ranging from 8.46 to 58.72 ppm. The overall mean was 33.57 ppm. Mean concentration

of chloromethane in breath ranged from 2.67 to 24.19 ppm, with a mean of 13.32 ppm. Correlations were

found between the duration of exposure and breath concentration, duration and ambient concentration,

concentration in air and concentration in breath, chloromethane in air and hematocrit, urine pH and

hematocrit, and duration and hematocrit. There were no significant differences in neurological tests or

EEGs. In the behavioral battery, effects on cognitive time-sharing and finger tremor were found, but

correlation coefficients indicated that chloromethane in breath is not a sensitive indicator of performance

deficit. Workers showed a general tendency toward poorer performance as chloromethane levels in air

increased. The authors concluded that occupational exposure to chloromethane below 100 ppm produces

subtle, quantifiable behavioral effects, but that data on the threshold at which chloromethane begins to

produce these changes in functional capacity are not currently available. A limitation of this study was the

inability to achieve perfect matching as to sex, race, age, and level of education.

Chloromethane exposure also results in neurological effects in animals. Rats, mice, rabbits, guinea pigs,

dogs, cats, and monkeys exposed to chloromethane until death all displayed signs of severe neurotoxicity,

including paralysis and convulsions (Smith and von Oettingen 1947a, 1947b). As discussed in Section

2.2.1.1, these studies have several limitations that preclude determination of concentration-duration-response

relationships, but the results do demonstrate the universal response of animals to the neurotoxic

effects of chloromethane.

More recent animal studies support the neurotoxic potential of chloromethane, with sufficiently high levels

of acute inhalation exposure leading to ataxia, tremors, limb paralysis and incoordination, and cerebellar

lesions consisting of degeneration of the granular layer. Mice appear to be more sensitive than rats, with

similar but more severe responses at lower exposure concentrations.

After 48 continuous hours of chloromethane exposure at 1,000 ppm, Sprague-Dawley rats were lethargic

compared to the controls, and their condition worsened to sick or moribund by the end of a 72-hour

exposure. The 2,000 ppm exposure eventually led to death. There were no effects on brain weight, and no
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exposure-related gross or histopathological lesions in the brain. No effects were seen at 500 ppm for up to

72 hours of exposure (Burek et al. 1981).

Male Fischer 344 rats exposed to 5,000 ppm chloromethane alone for 5 days, 6 hours/day had more

pronounced signs of central nervous system toxicity (tremors, ataxia, forelimb/hindlimb paralysis) than

those receiving chloromethane plus pre-and post-treatment with the potent anti-inflammatory agent,

BW755C (10 mg/kg, intraperitoneally 1 hour pre- and postexposure). Chloromethane alone caused a

degeneration of cerebellar granule cells, while rats exposed to chloromethane and BW755C did not exhibit

this effect. The result was surprising because this brain lesion is not usually associated with inflammation.

The authors concluded that protection from chloromethane-induced injury by BW755C was not simply the

result of altered metabolism because BW755C had no effect on tissue distribution or excretion of
14C-chloromethane, and administration of BW755C did not decrease hepatic glutathione content. The

protection of BW755C may have been related to an inhibition of leukotriene and prostaglandin synthesis

(Chellman et al. 1986a).

Fischer 344 rats were exposed to 0, 2,000, 3,500, or 5,000 ppm chloromethane for 6 hours/day,

5 days/week, for 2 weeks. On day 5, hind limb paralysis was observed in two males and one female in the

5,000 ppm group. After the fifth day, 13 animals were killed in extremis (5,000 ppm:6 males, 5 females;

3,500 ppm:2 females). By the second week, the rats appeared to tolerate the exposures much better, but

one 5,000 ppm female had convulsive seizures during the last exposure. Histological examination of the

brain and thoracic spinal cord revealed minimal to moderate degeneration of cerebellar internal granular

layer in two females and three males exposed to 5,000 ppm. The lesions were identical to those seen in

mice. There were no lesions in the spinal cord. The authors concluded that this study confirmed the

existence of species, sex, and strain differences in susceptibility to chloromethane-induced toxicity. No

neurological or histopathological lesions were reported for the 3,500 ppm group. The 3,500 ppm dose is

not designated a NOAEL due to the absence in the report of an explicit statement that no neurotoxicity

occurred at 3,500 ppm and the severity of this effect reported for the 5,000 ppm mice. C3H, C57BL/6, or

B6C3F1 mice were exposed to chloromethane for 12 days, 6 hours/day. Mice were exposed to 0,500,

1,000, or 2,000 ppm. Some of the mice that died had moderate to severe ataxia. Histologically, there were

no brain lesions at 500 ppm in any strain. Cerebellar degeneration was seen as follows: C3H mice (none);

C57BL/6 mice, 3 of 5 males and 5 of 5 females exposed to 1,000 ppm and 0 of 5 males and 4 of 4 females

exposed to 2,000 ppm; B6C3F1 mice, 2 of 5 females exposed to 2,000 ppm. The lesions were most severe

in 2,000 ppm C57BL/6 females, followed by 1,000 ppm C57BL/6 males. The cerebellar lesions consisted
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of focal degeneration of the granular layer, which affect posture and coordination. The authors concluded

that this study confirmed the existence of species, sex, and strain differences in susceptibility to

chloromethane-induced neurotoxicity (Morgan et al. 1982).

Chellman et al. (1988a) investigated the role of glutathione in the mediation of chloromethane-induced

toxicity in the brain of male B6C3F1 mice. Mice exposed to 1,500 ppm chloromethane for 6 hours/day,

5 days/week, for 2 weeks developed multiple degenerative, necrotic foci in the internal granule cell layer of

the cerebellum; in some areas the foci involved the whole thickness of the granular cell layer. Cerebellar

degeneration consisted of granule cells with pyknotic nuclei and clear, swollen perikarya. Tremors, ataxia,

and forelimb/hindlimb paralysis were seen in chloromethane-exposed mice prior to death, and were

associated with cerebellar damage. Cerebellar damage was not observed in chloromethane-exposed mice

pretreated with a glutathione depleter. The authors concluded that the depletion of GSH protected mice

from cerebellar damage due to exposure to chloromethane. Based on this result, the mechanism of

neurotoxicity may involve conjugation of chloromethane with glutathione in the liver, followed by biliary

excretion and enterohepatic circulation of the glutathione conjugate, or possibly a cysteine conjugate, and

further metabolism by kidney and/or gut flora beta-lyase to methanethiol. Methanethiol produces similar

central nervous system symptoms (tremors, convulsion, coma) as seen in animals or humans acutely

intoxicated with chloromethane (Chellman et al. 1986b).

Jiang et al. (1985) characterized the cerebellar lesions resulting from an acute inhalation exposure of

1,500 ppm chloromethane to female C57BL/6 mice for 2 weeks, 5 days/week, 6 hours/day. Two mice

died, and several had motor incoordination. All exposed mice had varying degrees of cerebellar

degeneration located mainly in the ventral paraflocculus, but also occurring in dorsal paraflocculus.

Granule cells were mainly affected, with two distinct types of lesions: (1) nuclear and cytoplasmic

condensation of scattered granule cells with slight hydropic swelling of astrocytes (also seen to a lesser

extent in controls); and (2) focal malacia with varying degrees of watery swelling of groups or extensive

areas of granule cells, nuclear condensation, karyorrhexis, and necrosis. The second type of lesion was

more prevalent. Purkinje cells were largely unaffected by the malacic process, and the inflammatory

response was minimal. Electron microscopy showed that the damage in the areas of malacia (the type 2

lesion above) ranged in severity from edema of granule cell perikarya to severe edema and almost complete

destruction of all tissue components. Involvement of cell types other than granule cells occurred only in the

most severely affected areas (i.e., Purkinje cells were well preserved while astrocytes adjacent to Purkinje

cells [the Bergmann’s glia] showed moderate to severe cytoplasmic distention by translucent edema fluid).
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The biochemical mechanism for the induced defects in granule cell fluid/electrolyte balance is unknown.

Only one exposure concentration was used, but the study was designed to examine the neurological and

kidney effects specifically, and therefore, used an exposure regimen known to produce these effects. Based

on the severity of the kidney effects, the authors concluded that the observed brain lesions were probably

not a direct consequence of renal lesions; rather, the mechanism may be associated with metabolic changes

in granule cells.

Landry et al. (1985) observed decreased performance on the rotating rod at an 800 ppm and greater

intermittent exposure (5.5 hours/day for 11 days) when tested at 4 days, but persisting to day 8 only in the

2,400 ppm mice (with considerably greater deficit in this group). Histological lesions consisted of slight

cerebellar granule cell degeneration in some of the mice exposed to 400, 800, or 1,600 ppm. In the

2,400 ppm group, all of the mice were affected to a slight degree. Mice exposed continuously for

22 hours/day for 11 days had similar effects at exposure levels of 100 ppm. The apparent greater

sensitivity to continuous exposure may be related to the conversion of chloromethane to an active

metabolite, decreased respiration at concentrations that are intolerable when exposure is continuous, and/or

diurnal susceptibility. Diurnal susceptibility (i.e., in this case lower sensitivity during the daytime

intermittent exposure) could result from the lower activity of mice during the daytime and the lower

respiratory minute volume.

Pregnant B6C3F1 mice exposed to 1,500 ppm chloromethane in whole-body exposure chambers,

6 hours/day on Gd 6-17 developed tremors, hunched appearance, difficulty righting, disheveled fur, bloody

urine, and granular cell degradation in cerebellum with selective necrosis of neurons in the internal granular

layer. All females in this group were sacrificed on Gd 11-14 prior to the completion of exposure to Gd 17;

two females died prior to necropsy (as early as Gd 9, after only 4 days of exposure). These effects were

not seen in the 479 ppm or lower exposure (Wolkowski-Tyl et al. 1983a).

C57BL/6 females were mated to C3H males to produce B6C3F1 offspring. After mating, 74-77 females

were exposed to chloromethane at concentrations of 0, 250, 500, or 750 ppm on Gd 6-17. Exposure to

500 ppm chloromethane resulted in ataxia in 6 of 74 females by Gd 18; exposure to 750 ppm resulted in

hyperactivity, ataxia, piloerection, tremors and convulsions. The authors concluded that inhalation

exposure to chloromethane during Gd 6-17 resulted in maternal toxicity at 750 ppm; teratogenic effects

were seen at 500 and 750 ppm. Exposure of pregnant mice to 250 ppm chloromethane produced neither

maternal nor fetal toxicity nor teratogenicity (Wolkowski-Tyl et al. 1983b).
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Beagle dogs (n=3) exposed to 500 ppm chloromethane for 23.5 hours/days for 3 days had moderate to

severe limb stiffness, tremors, salivation, and incoordination. These effects became less severe but

persisted during a 4-week recovery. All 500 ppm dogs had neurological deficiencies based on clinical

testing at 4 days after exposure, but nearly complete recovery on day 26 after exposure. Histological

examination revealed brain and spinal cord lesions in all 3 dogs consisting of vacuolization, swollen

eosinophilic axons, loss of axons, demyelinization and gitter cells. These changes were very slight and

multifocal in the brain stem (medulla, pons, or both) and slight and multifocal in the lateral and ventral

funiculi of the spinal cord. No lesions were observed in the cerebrum or cerebellum nor in the dorsal

funiculi or grey matter of the spinal cord (McKenna et al. 1981a).

Cats (n=3) exposed to 500 ppm chloromethane for 23.5 hours/days for 3 days were less active than

controls after 24 hours of exposure, but had no clinical signs after exposure. Cats did not undergo

neurological tests. Histological lesions in cats were seen in l/3 control, l/3 at 200 ppm, and 3/3 at

500 ppm; and consisted of lesions in the brain occurring in a multifocal or random pattern in the white

matter of the cerebrum, cerebellum and midbrain. In the spinal cord they primarily occurred in the lateral

and ventral funiculi. The authors did not believe that these were treatment related but were instead

consistent with infection or post-vaccinal reaction (cats were vaccinated for panleukopenia by supplier).

The authors stated that exposure to 500 ppm may have resulted in an exacerbation of a viral-induced,

spontaneously occurring disease process in the central nervous system of the cats. (McKenna et al. 1981a).

Intermittent exposures for longer durations also resulted in less severe neurotoxicity. B6C3F1 mice or

Fischer 344 rats exposed to 0, 375, 750, and 1,500 ppm for 6 hours/day, 5 days/week, for 13 weeks

showed no exposure-related histopathological lesions of brain and spinal cord and no effect on brain weight

(Mitchell et al. 1979). Beagle dogs, CD-l mice, or Sprague-Dawley rats exposed to as high as 400 ppm

chloromethane for 6 hours/day, 5 days/week for 90 days showed no apparent neurological effects

(McKenna et al. 1981b).

Longer-term higher-level exposures have, however, resulted in neurotoxicity in mice even if only for

6 hours/day. Male and female Fischer 344 rats and B6C3F1 mice were exposed to chloromethane in whole

body inhalation exposure chambers at target concentrations of 0 (control), 50, 225, or 1,000 ppm,

6 hours/day, 5 days/week for up to 24 months. Necropsies were completed at 6, 12, 18, or 24 months after

the initial exposure. As early as 6 months, the absolute brain weight was reduced in male and female mice

exposed to 1,000 ppm chloromethane; however, relative brain weights were not affected by chloromethane
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exposure. Clinical signs of neurotoxicity (tremor, paralysis) were observed in both sexes (exposure level

not specified, but most likely 1,000 ppm). By 18 months, decreased absolute brain weights were noted in

females exposed to 1,000 ppm chloromethane. Clinical signs of neurotoxicity (tremor, paralysis) were seen

in both sexes, along with abnormal functional test neurological results (restricted use of rear legs, abnormal

gait, poor extensor thrust, leg rigidity), and cerebellar lesions (minimal to mild reduction in the number of

neurons in the granular cell layer, most prominently in the sulci). Axonal swelling and degenerative

changes of minimal severity were observed in the spinal nerves and cauda equina in the lumbar spinal cord

of 3 of 7 male mice (1,000 ppm), 5 of 5 male and 10 of 10 female mice (225 ppm), 4 of 5 male and 10 of

10 female mice (50 ppm), and 1 of 5 male and 2 of 10 female mice (control). The neurotoxic lesions

progressed in frequency and severity in mice to the end of the exposure period. In contrast to its effects in

mice, chloromethane did not produce neurotoxicity in rats (i.e., negative clinical, pathological, and

functional tests) at levels up to 1,000 ppm for 6 to 24 months in duration (CIIT 1981). The mechanisms

underlying this dramatic difference in species susceptibility are not understood.

The highest NOAEL values and all reliable LOAEL values in each species and duration category are

recorded in Table 2-l and plotted in Figure 2-l. The 50 ppm concentration in mice exposed acutely

(Landry et al. 1985) is the highest NOAEL below which no LOAEL exists. At 100 ppm, the mice had

cerebellar lesions. Based on the NOAEL of 50 ppm, an acute inhalation MRL of 0.5 ppm was calculated

as described in the footnote to Table 2-l and in Appendix A. The 51 ppm concentration in mice exposed

chronically to chloromethane (CIIT 1981) is the lowest LOAEL (axonal swelling and slight degeneration of

axons in the spinal cord). Based on this LOAEL, a chronic inhalation MRL of 0.05 ppm was calculated as

described in the footnote to Table 2-1 and in Appendix A. These MRLs are presented in Figure 2-1.

2.2.1.5 Reproductive Effects

No studies were located regarding reproductive effects in humans after inhalation exposure to

chloromethane.

Chloromethane has been shown to be a reproductive toxicant in a variety of animal studies.

Sprague-Dawley rats exposed to 500 ppm for 48 hours had increased proteinaceous and cellular aggregates

in the epididymis with interstitial edema (2/5 rats) and focal suppurative inflammation (l/5) immediately

after the exposure. By 12 days postexposure, the lesions had increased in severity with the formation of

sperm granulomas, decreased sperm in the tubule lumen, interstitial edema, coagulated proteinaceous
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debris or inflammation leading to obstructive changes causing at least partial occlusion of the affected

lumen, and unilateral testicular atrophy. The lesions were more severe in rats exposed to higher

concentrations and/or for the longer duration. Mean absolute and relative testicular weight was decreased

to 50% in rats exposed to 1,000 ppm for 72 hours; this effect was thought to be secondary to a severely

obstructed epididymis. The decreased testes weight was not observed in 1,000 ppm rats exposed for

48 hours or in males exposed to 200 or 500 ppm for either duration (Burek et al. 1981).

Male Fisher 344 rats were exposed to 3,500 ppm chloromethane for 6 hours/day for 5 days, then a stop in

exposure for 3 days, and then a restarting of the exposure for another 4 days. This regimen resulted in

several testicular and epididymal lesions and interference with neuroendocrine control of spermatogenesis.

The initial testicular effects were directed at either the late stage spermatids or the Sertoli cells with a

resultant delay in spermiation. No testicular abnormalities were found at 5 days, but at 7 days one rat had

scattered foci of disruption of seminiferous epithelium, and exfoliation of germinal cells. By day 9 all

exposed rats had disruption of spermatogenesis, and by day 13 all had disruption and disorganization of

seminiferous epithelium and epithelial vacuolation. At 70 days, 70-90% of seminiferous tubules were

shrunken, contained whorls of Schiff’s reagent-positive material, and had Sertoli cell nuclei near the

basement membrane. The remainder showed varying degrees of recovery. All animals killed after 19 days

displayed bilateral epididymal granulomas in regions 5 or 6 of the cauda epididymis. The nature and

distribution of the inflammatory cells indicated that the primary neutrophilic response may have been

against the tubular epithelium and not extravasated sperm. Serum testosterone showed a time dependent

decrease during the 5 consecutive days of exposure (not seen in the pair-fed controls). Leydig cell and

gonadotropin function was normal when challenged with hCG and LHRH; thus, the authors propose that

chloromethane lowers circulating testosterone by acting in the brain to decrease circulating levels of

gonadotrophic hormones. NPSH content was depleted in testis, caput and caudal epididymides samples,

but not in heart blood. This effect is thus probably the result of enzyme-mediated conjugation of

glutathione with chloromethane, and not a consequence of direct alkylation. The authors speculate that

chloromethane conjugation with testicular and epididymal glutathione may result in depletion of

glutathione, which serves in a variety of protective cellular functions (Chapin et al. 1984).

Rats exposed to 7,500 ppm chloromethane 6 hours/day for 2 days developed epididymal granulomas within

3 weeks after exposure (Chellman et al. 1986a). Effects of 7,500 ppm chloromethane on testes were not

reported. Rats exposed to 5,000 ppm, 6 hours/day for 5 days developed sperm granulomas in the

epididymides, and testicular lesions (exfoliation of pachytene spermatocytes and early stage spermatids).
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No granulomas were found in rats treated concurrently with chloromethane and the anti-inflammatory

agent, amino-l-[m-(trifluoromethyl)-phenyl]-2-pyrazoline (BW755C). There was also no evidence of

epididymal or testicular lesions in rats treated with both 5,000 ppm chloromethane and BW755C.

BW755C, therefore, protected rats against chloromethane toxicity. The authors concluded that protection

from chloromethane-induced injury by BW755C was not simply the result of altered metabolism because

BW755C had no effect on tissue distribution or excretion of 14C-chloromethane, and administration of

BW755C did not decrease hepatic glutathione content. The protection of BW755C may have been related

to an inhibition of leukotriene and prostaglandin synthesis.

Chellman et al. (1986c) investigated the relationship between chloromethane-induced epididymal

inflammation and the occurrence of dominant lethal mutations in male Fischer 344 rats. Chloromethane

exposure at 3,009 ppm for 6 hours/day for 5 days resulted in a significant increase in pre-implantation loss

in females mated with exposed males at weeks 2 and 3 postexposure, and BW755C did not protect against

this effect. The authors concluded that pre-implantation losses were due to the cytotoxic effect of

chloromethane on the testes. A subsequent study by the authors (see Chellman et al. 1987) showed reduced

numbers and abnormal sperm from chloromethane induced testicular toxicity in male rats, leading to a

failure to fertilize.

Chellman et al. (1987) also investigated the role of chloromethane-induced testicular and epididymal

inflammation in the induction of sperm cytotoxicity and preimplantation loss in male Fischer 344 rats.

Rats exposed to 3,056 ppm chloromethane 6 hours/day for 5 consecutive days had significantly decreased

relative weight of seminal vesicles at week 1, epididymis at weeks 2 and 3, and testes at week 3; disruption

of spermatogenesis (delayed spermiation, disorganization of seminiferous epithelium, and decreased

number of mid- and late spermatids); and decreased sperm production per day at weeks 1, 2, and 3

postexposure. Epididymal examination revealed visible sperm granulomas and inflammation; a large

amount of PAS-positive material in epididymis associated with greatly decreased number of sperm,

increased number of abnormal sperm and cellular debris of testicular origin; reduced number of sperm,

decreased percent motile sperm and percent intact sperm, and increased abnormal sperm in the vas deferens

by week 3. Concurrent treatment with BW755C did not protect the rats from these testicular effects, but

did protect the rats from the formation of sperm granulomas and inflammation in the epididymides. The

authors concluded that chloromethane-induced sperm toxicity was due to toxicity to the testes, rather than

the result of inflammation and granuloma formation in the epididymis. This testicular toxicity and



CHLOROMETHANE 76
2. HEALTH EFFECTS

movement of damaged sperm out of the testes into the epididymis and vas deferens was probably

responsible for fertilization failures and preimplantation losses seen by Working and Bus (1986).

Male Fischer 344 rats were exposed to chloromethane at 0, 2,000, 3,500, or 5,000 ppm for 5 days,

6 hours/day with a break in exposure for 2 days, and then a further 4 days of exposure. Histological

examination of the testes and epididymides revealed testicular degeneration in all males of all exposed

groups with a clear dose-related increase in severity. The testicular lesions consisted of a reduction in or

lack of late stage spermatids, separation of spermatocytes, and early stage spermatids. The lumen of

epididymal tubules contained greatly reduced numbers of sperm. There was a dose-related increase in

eosinophilic, hyaline droplets and degenerating cells of unknown type (Morgan et al. 1982).

Pregnant Fischer 344 rats exposed to 1,492 ppm chloromethane 6 hours/day on Gd 7-19 had significantly

depressed maternal food consumption and weight gain during exposure, but there were no statistically

significant differences among the treatment groups for number of litters, percent litters with live fetuses, the

number of corpora lutea, number of implantations, number or percent resorptions, number of live fetuses

per litter, or fetal sex ratio. B6C3F1 mice exposed to 1,492 ppm chloromethane for 6 hours/day on

Gd 6-17 developed severe maternal toxicity resulting in tremors, hunched appearance, difficulty righting,

disheveled fur, bloody urine, and granular cell degradation in cerebellum with selective necrosis of neurons

in the internal granular layer. All females in this group were sacrificed on Gd 11-14 prior to the completion

of exposure to Gd 17; two females died prior to necropsy (as early as Gd 9, after only 4 days of exposure).

These effects were not seen in the 479 ppm group. There were no significant differences for exposures of

479 ppm or less for the number of litters, percent litters with live fetuses, the number of corpora lutea,

number of implantations, number or percent resorptions, number of live fetuses per litter, or fetal sex ratio

(Wolkowski-Tyl et al. 1983a).

Working and Bus (1986) assessed the effects of inhalation exposure to chloromethane on preimplantation

loss to distinguish between cytotoxicity (i.e., fertilization rate) and genotoxicity in rats. Male Fischer 344

rats exposed to chloromethane at 3,000 ppm for 5 days, 6 hours/day were bred to no more than 2 females

weekly during weeks l-4 and week 8 post-exposure. Males in the 1,000 ppm group were bred to no more

than 2 females during week 3 post-exposure. Females were sacrificed lo-12 hours postmating, and

embryos and ova were scored as fertilized or unfertilized. In an in vitro experiment, fertilized ova were

examined in culture for cleavage. The combined fertilization rate in all females bred to control males was

88%. In females bred to the 1,000 ppm males, 80% of ova were fertilized. In females bred to the
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3,000 ppm males, fertilization of ova was 39% at week 1 of mating, 3.4% at week 2, 22.1% at week 3,

41% at week 4, and 72% at week 8. There were no significant differences in the cleavage rates of ova from

females bred to controls (96.5%) or to males exposed to 1,000 or 3,000 ppm chloromethane (92.4-93.8%).

The authors concluded that all preimplantation losses observed in previous studies (Working et al. 1985a)

could be explained by a cytotoxic effect resulting in failure of fertilization and not a genotoxic effect

resulting in early embryonic death (Working and Bus 1986).

Working et al. (1985a) studied the effects of inhalation exposure to chloromethane on germ cell viability in

male Fischer 344 rats. At 17 weeks after exposure to 3,000 ppm chloromethane for 6 hours/day for

5 days, 30% of the males had sperm granulomas in one or both epididymides; none were noted in the

1,000 ppm or control groups. Exposure to 3,000 ppm chloromethane also resulted in a slight increase

(9.5%) in postimplantation loss only at week 1 postexposure (sperm exposed in epididymis or vas

deferens), but increased preimplantation losses at week 1 (31.4%), peaking at week 2 (93.6%) then

declining to 14.1% by week 8 postexposure. Fertility in males exposed to 3,000 ppm chloromethane was

significantly decreased by postexposure week 2 and remained depressed throughout the study period. The

authors concluded that a cytotoxic rather than genotoxic mechanism may play a role in the observed

preimplantation losses. They further speculated that inflammation-derived reactive metabolites (e.g.,

superoxide anion) could damage DNA or sperm in epididymis (Working et al. 1985a).

Fischer 344 rats exposed to 3,000 ppm chloromethane at 6 hours/day for 5 days had decreased testicular

weight from the third post-exposure week with a steady decline to 50% by week 8, and a recovery by week

16. Histologically, sperm granulomas in epididymides were observed in 50% of the exposed rats.

Disruption of spermatogenesis in testes, decreased number of sperm, increased number of abnormal sperm,

and decreased sperm motility were also observed. Recovery was nearly complete by week 16. The authors

concluded that inhalation of high concentrations of chloromethane produce a prolonged cytotoxicity in

testes leading to oligospermia due initially to depletion of postmitotic stages of spermatogenic cells, and

ultimately to the killing of spermatogonial stem cells. The resultant decreased fertility was not permanent.

The inflammation of the epididymis may account for depressed motility and increased numbers of abnormal

sperm, but a genotoxic effect could not be ruled out on the basis of this study (Working et al. 1985b).

Exposure to chloromethane up to 750 ppm had no effect on reproductive parameters in C57BL/6 females

mated to C3H males to produce B6C3F1 offspring, such as the percentage of pregnant females, the number

of implantations/litter, number of resorptions/litter, or the number of dead/litter. The authors concluded
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that inhalation exposure to chloromethane during Gd 6-17 resulted in maternal toxicity only at 750 ppm

and teratogenic effects at 500 and 750 ppm. Exposure of pregnant mice to 250 ppm chloromethane

produced neither maternal nor fetal toxicity nor teratogenicity (Wolkowski-Tyl et al. 1983b).

Beagle dogs or cats exposed to 500 ppm chloromethane for 23.5 hours/days for 3 days and observed for

4 weeks (dogs) or two weeks (cats) postexposure showed no changes in weights of testes or development of

histopathological lesions in the testes (McKenna et al. 1981a). No exposure-related gross or

histopathological lesions in reproductive organs and no changes in testes weight occurred from exposures

up to 400 ppm for 6 hours/day 5 days/week for 90 days in CD-l mice, Beagle dog, or Sprague-Dawley rat

(McKenna et al. 1981b) or up to 1,473 ppm in Fisher 344 rats (Mitchell et al. 1979).

Han-n-n et al. (1985) examined whether an inhalation exposure to chloromethane affected the reproductive

status of Fischer 344 rats exposed to 1,500 ppm chloromethane 6 hours/day, 5 days/week for 10 weeks

premating, and then for 7 days/week during a 2-week mating period. Male rats exhibited seminiferous

tubule atrophy (lo/lo) and granulomas in the epididymis (3/10) following exposure. No treatment effects

were noted for litter size, sex ratio, pup viability, pup survival, or pup growth, and there was no significant

difference in fertility between exposed and nonexposed females. In the F0 recovery study, males exposed to

1,500 ppm chloromethane experienced a partial recovery of fertility, while males exposed to 475 ppm

chloromethane experienced a full recovery. There were no F1 litters from the 1,500 ppm group. Chloromethane

had no statistically significant effect on fertility in the second generation (F1 for 151 and 472 ppm

exposures), but there was a dose related trend towards fewer litters and fewer males proven fertile in the

475 ppm group. Litters in the 475 ppm group had a significantly decreased percentage of males and

significantly less male and female F2 pup growth only during postnatal days 14 to 21. The significance of

these affects are unknown (Han-m et al. 1985). The study did not mate unexposed males with exposed

females. Such a mating with females exposed to 1,500 ppm would be necessary to rule out an effect on

female fertility. Reduced fertility may be due to a cytotoxic effect on the testes (Working et al. 1985a,

1985b).

Male and female Fischer 344 rats and B6C3F1 mice were exposed to chloromethane in whole body

inhalation exposure chambers at target concentrations of 0 (control), 50, 225, or 1,000 ppm, 6 hours/day,

5 days/week for 6, 12, 18, or 24. At 12 months, there were no exposure-related lesions in reproductive

organs of mice exposed to chloromethane at concentrations up to 1,000 ppm., but lesions developed in the

later months. Seven of 43 males exposed to 1,000 ppm, and that died or were sacrificed between 18 and
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21 months, had testicular germinal cell degeneration, giant cell formation, and tubular atrophy, compared

with l/20 controls sacrificed at 24 months. Lesions developed earlier in the rat. By 6 months of exposure

in rats, one male rat from the 1,000 ppm group had bilateral, diffuse degeneration and atrophy of the

seminiferous tubules. This lesion significantly increased in this group at later sacrifices. At 12 months,

gross and histological examination of testes and epididymides of males revealed germinal epithelial

degeneration and atrophy of seminiferous tubules (4/10 males exposed to 1,000 ppm chloromethane).

Chloromethane exposure had no effect on testis or ovary weights. At 18 months, gross and histological

examination of testes and epididymides of male rats exposed to 1,000 ppm revealed germinal epithelial

degeneration and atrophy of seminiferous tubules. Exposure to chloromethane had no effect on testes or

ovary weights. Sperm granulomas were seen in two 1,000 ppm male rats at the 6-month sacrifice, in one

male each at 50 and 225 ppm at 18 month, and in one male at 1,000 ppm at 24 months. None were seen at

12 months. The authors stated that it is possible that the sperm granulomas were induced early but

resolved at later times, or that the lesion was spontaneous, but it is not possible to definitively attribute the

lesions to chloromethane exposure on the basis of the results of this study. By 24 months, all male rats,

including controls, had interstitial cell hyperplasia or adenomas associated with aging, which precluded

detection of further exposure-related seminiferous tubule degeneration and atrophy. Absolute and relative

testes weights were decreased in the 1,000 ppm group. There was a concentration-related decrease in

bilateral compressive degeneration and atrophy and increase in unilateral compressive degeneration and

atrophy (caused by testicular tumors), which correlated with decreased interstitial cell tumor size. This

observation was supported by the testicular weight decreases observed in 1,000 ppm exposed male rats

(CIIT 1981).

The highest NOAEL values and all reliable LOAEL values for reproductive effects in each species and

duration category are recorded in Table 2-1 and plotted in Figure 2-1.

2.2.1.6 Developmental Effects

No studies were located regarding developmental effects in humans after inhalation exposure to

chloromethane.

Maternal toxicity, evidenced by decreased body weight gain and retarded development of fetuses, was

observed in rats exposed to 1,500 ppm chloromethane for 6 hours per day during gestational days

(Gd) 7-19 (Wolkowski-Tyl et al. 1983a). The fetal effects consisted of reduced fetal body weight and
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crown-rump length and reduced ossification of metatarsals and phalanges of the anterior limbs, thoracic

centra in the pubis of the pelvic girdle, and metatarsals of the hindlimbs.

Wolkowski-Tyl et al. (1983a) also found increased incidences of heart malformations in the fetuses of

mouse dams exposed by inhalation to 480 ppm chloromethane during Gd 6-17. The heart malformations

consisted of absence or reduction of atrioventricular valves, chordae tendineae, and papillary muscles.

Heart malformations, however, were not found in fetuses of mouse dams exposed to higher concentrations

of chloromethane during Gd 11.5-125, which they considered to be the critical period for development of

the embryonal heart (John-Greene et al. 1985). John-Greene et al. (1985) suggested that the heart anomaly

reported by Wolkowski-Tyl et al. (1983) may have been an artifact of the sectioning technique, due to the

examination of the fixed as opposed to unfixed fetal tissue, or a misdiagnosis. They also found much inter-

animal variability in the appearance of the papillary muscles in control mice. However, Wolkowski-Tyl

(1985) countered that the inability of John-Greene et al. (1985) to detect the abnormality was due to the

different exposure protocol, and that the critical period is more appropriately gestational day 14. The

developmental toxicity of chloromethane in mice is, therefore, controversial; it is not known whether

chloromethane could produce developmental effects in humans.

The highest NOAEL and all reliable LOAEL values for developmental effects in mice and rats are recorded

in Table 2-1 and plotted in Figure 2-1.

2.2.1.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans after inhalation exposure to chloromethane.

In animals, chloromethane exposure has resulted in dominant lethal mutations in the sperm of male rats

(Chellman et al. 1986c; Rushbrook 1984; Working et al. 1985a). Experiments on the mechanism of the

postimplantation loss observed in the females mated to the exposed males indicated that the dominant lethal

effect may be secondary to epididymal inflammation, rather than a direct genotoxic effect of chloromethane

(Chellman et al. 1986c). Chloromethane did not result in unscheduled DNA synthesis in hepatocytes,

spermatocytes, or tracheal epithelial cells when male rats were exposed to 3,500 ppm, 6 hours per day for

5 days, but did produce a marginal increase in unscheduled DNA synthesis in hepatocytes when rats were

exposed to 15,000 ppm for 3 hours (Working et al. 1986).
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Jager et al. (1988) have shown that the formation of formaldehyde (via P-450 activity) was 10 times higher

in male mouse liver than in male kidney. Male mouse liver also produced formaldehyde at about twice the

amount produced by female liver, and male kidney about 50% more than female kidney. This led to the

hypothesis that male mice renal tumors resulted from increased production of formaldehyde and increased

numbers of formaldehyde-induced DNA lesions. Glutathione depletion also removes the cofactor for

formaldehyde dehydrogenase (FDH), the enzyme that inactivates formaldehyde. Jager et al. (1988),

however, did not observe increased formaldehyde levels in mouse liver or kidney after a single 8-hour

exposure to 1,000 ppm chloromethane, or an increase in DNA protein cross links (DPC), a typical

formaldehyde-induced lesion, after exposure to 1,000 ppm for 6 hours per day for 4 days. Ristau et al.

(1989), however, did observe an increase in DPC in the renal tissue of male but not female B6C3F1 mice

exposed to chloromethane at 1,000 ppm for 8 hours. DNA-protein crosslinks were not observed in liver.

In a follow-up study, Ristau et al. (1990) showed a rapid removal of DPC whereas single strand breaks

appeared to accumulate. Both types of lesions were ascribed to the action of formaldehyde. Ristau et al.

(1989) assayed for DPC immediately after a single 8-hour exposure, whereas Jager et al. (1988) dosed

over a 4-day period. Delays from exposure to assays that allow rapid repair of formaldehyde-induced

DPCs could possibly explain why Jager et al. (1988) did not observe an increase. Both the DPCs and the

incomplete and delayed repair of chloromethane-induced DNA lesions may contribute to the formation of

renal tumors. Other genotoxicity studies are discussed in Section 2.5.

2.2.1.8 Cancer

A retrospective epidemiology study of male workers exposed to chloromethane in a butyl rubber

manufacturing plant produced no statistical evidence that the rates of death due to cancer at any site were

increased in the exposed population when compared with U.S. mortality rates (Holmes et al. 1986). No

specific exposure levels were given in this study.

Rafnsson and Gudmundsson (1997) report on excess mortality from cancer in a long-term follow-up after

an acute high-level exposure. Seventeen crew members (males) were exposed for 2 days in 1963 to

chloromethane that leaked from a refrigerator on board an Icelandic fishing trawler (no estimates of

exposure levels were reported). The refrigerator was located under the sleeping quarters of the crew.

Gudmundsson (1977) reported mild to permanent neurological and/or psychiatric sequelae at 20 months

and 13 years postexposure. This study evaluated a cohort of 24 men on board the vessel at 32 years

postexposure (6 officers and 18 deckhands including the surviving crew members who had the highest
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exposure). The reference group was selected from three registries of seamen. The Icelandic registries for

seamen are some of the most comprehensive and complete available. The reference group contained five

times as many individuals as the study group, and was controlled for age, occupation, and social class.

The authors report an excess mortality from all causes associated with chloromethane exposure (Mantel-

Haenszel point estimate=2.2, 95%; CI=1.3-3.1). An elevated mortality from all cancers was also reported

(M-H=15, 95%; CI=0.3-5.6) and for lung cancer (M-H=2.7, 95%; CI=0.l-52.6). Because the reference

group matched for age, occupation, and social class, the authors assumed simultaneous control for lifestyle

factors including smoking habits and diet. Conclusions from this study are limited because of this

assumption. Indirect effects of the neurological deficits in this cohort on cancer susceptibility or lifestyle

factors were also not discussed.

A high incidence of renal tumors was found in male mice that were exposed to 1,000 ppm chloromethane

and died or were killed at 12 months or later in a 2-year oncogenicity study (CIIT 1981). Tumors consisted

of renal cortex adenomas and adenocarcinomas, papillary cystadenomas, tubular cystadenomas, and

papillary cystadenocarcinomas. No evidence of carcinogenicity was found in female mice or in male or

female rats exposed to concentration of 1,000 ppm or less in this study. The cancer effect levels from this

study are recorded in Table 2-l and plotted in Figure 2-1.

2.2.2 Oral Exposure

2.2.2.1 Death

No studies were located regarding death in humans or animals after oral exposure to chloromethane.

2.2.2.2 Systemic Effects

No studies were located regarding respiratory, cardiovascular, gastrointestinal, hematological,

musculoskeletal, renal, endocrine, dermal, ocular, or body weight effects in humans or animals after oral

exposure to chloromethane.

Hepatic Effects. No studies were located regarding hepatic effects in humans after oral exposure to

chloromethane.
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Only one animal study was located in which chloromethane was administered orally. In this study, the

hepatotoxic effects of chloroform, carbon tetrachloride, dichloroethane, and chloromethane were compared

(Reynolds and Yee 1967). Rats were given chloromethane in mineral oil by gavage at a single dose of

420 mgkg. Only the livers were examined for effects, but no liver necrosis was found in the rats given

chloromethane. Higher doses of chloromethane were not administered because of the known anesthetic and

lethal effects of the compound. The NOAEL from this study is recorded in Table 2-2 and plotted in

Figure 2-2.

No studies were located regarding the following health effects in humans or animals after oral exposure to

chloromethane:

2.2.2.3 Immunological and Lymphoreticular Effects

2.2.2.4 Neurological Effects

2.2.2.5 Reproductive Effects

2.2.2.6 Developmental Effects

2.2.2.7 Genotoxic Effects

Genotoxicity studies are discussed in Section 2.5.

2.2.2.8 Cancer

No studies were located regarding cancer in humans or animals following oral exposure to chloromethane.

2.2.3 Dermal Exposure

2.2.3.1 Death

No studies were located regarding death in humans or animals after dermal exposure to chloromethane.
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2.2.3.2 Systemic Effects

No studies were located regarding respiratory, cardiovascular, gastrointestinal, hematological,

musculoskeletal, hepatic, renal, endocrine, dermal, or body weight effects in humans or animals after

dermal exposure to chloromethane.

Ocular Effects. No studies were located regarding ocular effects in humans after dermal exposure to

chloromethane.

A limited number of animal studies report ocular effects, but the results are mixed. Beagle dogs and cats

were exposed by inhalation to 0, 200, or 500 ppm chloromethane 23.5 hours/day for 3 days, and were

observed for 4 weeks (dogs) or 2 weeks (cats) postexposure before sacrifice. No ocular effects were

observed in dogs from direct contact with chloromethane gas. On postexposure day 13, examination of the

cat eye revealed focal opacity of the cornea consistent with a temporally persistent papillary membrane in

the left eye of a control cat and a 200 ppm cat. These lesions were not considered to be treatment related

(McKenna et al. 1981a).

Mitchell et al. (1979) reported mucopurulent conjunctivitis with total destruction of the eye in B6C3F1 mice

exposed to 375, 750, or 1,500 ppm for 6 hours/day, 5 days/week, for 13 weeks. No eye lesions were

observed in controls. These lesions were attributed to exposure because no lesions were found in controls;

however, the failure of longer-term studies to detect comparable eye lesions at higher concentrations makes

the findings of Mitchell et al. (1979) questionable.

Beagle dogs exposed to 400 ppm chloromethane for 6 hours/day, 5 days/week for 90 days had no

exposure-related gross or histopathological lesions in the eyes from direct contact with chloromethane gas

(McKenna et al. 1981b).

Male and female Fischer 344 rats and B6C3F1 mice were exposed to chloromethane at target

concentrations of 0, 50, 225, or 1,000 ppm, 6 hours/day, 5 days/week. Ophthalmic exams were performed

at baseline and at sacrifice. At 6 months, cornea1 cloudiness or opacity without conjunctivitis was noted in

control rats (2 of 10 male rats and 1 of 10 females), at 50 ppm (1 of 10 males at 12 months), and at

225 ppm (1 of 10 females at 18 months). The significance of this lesion is not clear because there was no

dose-related incidence pattern at later sacrifices. At 12 months, a cornea1 lesion described as a haze
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elliptically patterned over a central portion of the eye was seen in control rats (1 of 10 males and l/ of 10

females), at 50 ppm (8 of 10 males and 6 of 10 females), at 225 ppm (9 of 10 males and 7 of 10 females),

and at 1,000 ppm group (9 of 10 males and 9 of 10 females). This lesion was only seen at 12 months and

was distinctly different from the cornea1 cloudiness or opacity seen at 6 or 18 months. This cornea1 haze

may have been the result of chemical effects upon the eyes in which the lacrimal function was compromised

by intercurrent disease (an outbreak of sialodacryo-adenitis [SDA] was histopathologically diagnosed at

12 months). At 18 months in rats, the incidence of cornea1 cloudiness in exposed male rats was similar to

that of control males. In females, the incidence of cornea1 cloudiness increased with dose: controls (2/20),

at 50 ppm (4/20), at 225 ppm (12/20), and at 1,000 ppm (12/20). No significant difference in ocular

lesions were observed in rats at 24 months. In mice, at 6 months, an acute, focal scleritis was observed in

3 of 10 males and 1 of 10 females in the 1,000 ppm group. This lesion was always associated with a

neutrophilic inflammatory infiltrate which was present at the corneoscleral junction. At 12, 18, and

24 months, there were no statistically significant ocular lesions observed in mice (CIIT 1981).

The highest NOAEL and all reliable LOAEL values for ocular effects in mice and rats are recorded in

Table 2-3.

No studies were located regarding the following effects in humans or animals after dermal exposure to

chloromethane.

2.2.3.3 Immunological and Lymphoreticular Effects

2.2.3.4 Neurological Effects

2.2.3.5 Reproductive Effects

2.2.3.6 Developmental Effects

2.2.3.7 Genotoxic Effects

Genotoxicity studies are discussed in Section 2.5
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2.2.3.8 Cancer

No studies were located regarding cancer in humans or animals after dermal exposure to chloromethane.

2 . 3 TOXICOKINETICS

Chloromethane is readily absorbed from the lungs and rapidly reaches equilibrium with levels in blood and

expired air approximately proportional to the exposure concentrations. At high concentrations, kinetic

processes like metabolism or excretion may become saturated, limiting the rate of uptake. Differences in

these processes may account for some of the observed differences in species uptake and distribution. It is

not known what levels, if any, of chloromethane or its metabolites cross the placenta or enter the milk.

There is also no information on differences between adults and children for the toxicokinetics of

chloromethane.

Animal studies demonstrate that chloromethane absorbed from the lungs is extensively distributed

throughout the body with relatively little variation in the pattern of distribution with respect to dose.

Chloromethane is metabolized by conjugation with glutathione to yield S-methylglutathione, S-methyl-

cysteine, and other sulfur-containing compounds. These compounds are excreted in the urine or can be

further metabolized to methanethiol. Cytochrome P-450 dependent metabolism of methanethiol may yield

formaldehyde and formic acid, whose carbon atoms are then available to the one-carbon pool for

incorporation into macromolecules or for formation of CO2. Alternatively, formaldehyde may be directly

produced from chloromethane via a P-450 oxidative dechlorination.

The conjugation of chloromethane with glutathione is primarily enzyme catalyzed. In contrast to all other

animal species investigated (rats, mice, bovine, pigs, sheep, and rhesus monkeys), human erythrocytes

contain a glutathione transferase isoenzyme that catalyzes the conjugation of glutathione with

chloromethane. There are two distinct human subpopulations based on the amount or forms of this

transferase. They are, for practical purposes, known as fast metabolizers (i.e., lower body burdens and

higher excretion rates) and slow metabolizers (i.e., higher body burdens and lower excretion rates). These

two subpopulations are also called conjugators and nonconjugators. Determination of the relative

proportion of these subpopulations to the whole has just begun, but early results indicate considerable

variation among different ethnic groups. There is considerable interest in further evaluating the

relationship between endogenous levels of glutathione transferase and susceptibility of subpopulations to
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chloromethane-induced toxicity. There is no information available on differences in isoforms or levels of

glutathione transferase or P-450 in children (i.e., a different metabolic profile) that would result in a

significantly increased or decreased susceptibility to chloromethane toxicity compared to that observed in

adults. Research that addresses this issue is needed.

Little is known about the toxicokinetics of chloromethane from the oral or dermal routes of exposure.

2.3.1 Absorption

2.3.1.1 inhalation Exposure

Chloromethane is absorbed readily from the lungs of humans following inhalation exposure. Alveolar

breath levels of chloromethane reached equilibrium within 1 hour during a 3- or 3.5hour exposure of men

and women (Putz-Anderson et al. 1981a, 1981b). Mean f SD alveolar breath levels were 63±23.6 ppm in

24 men and women exposed to 200 ppm and 36±12 ppm in 8 men and women exposed to 100 ppm for

3 hours. Mean ± SD blood levels were 11.5±12.3 ppm for the 200 ppm exposed group and 7.7±6.3 ppm

for the 100 ppm exposed group. The results indicate that uptake was roughly proportional to exposure

concentration, but individual levels were quite variable. A high correlation between alveolar air and blood

levels (r=0.85, p<0.01) was found.

Blood and alveolar air levels of chloromethane also reached equilibrium during the first hour of exposure in

6 men exposed to 10 or 50 ppm for 6 hours (Nolan et al. 1985). The levels in blood and expired air were

proportional to the exposure concentrations. Based on elimination data, the subjects were divided into two

groups, fast and slow metabolizers. The difference between inspired and expired chloromethane

concentrations indicated that the fast metabolizers absorbed 3.7 µg/min/kg and the slow metabolizers

absorbed 1.4 µg/min/kg.

In experiments in rats, uptake of chloromethane reached equilibrium within 1 hour and was proportional or

nearly proportional to exposure concentrations of 50-1,000 ppm for 3-6 hours (Landry et al. 1983a,

1983b). Absorbed doses were calculated as 67 mg/kg for rats exposed to 1,000 ppm and 3.8 mg/kg for

rats exposed to 50 ppm (i.e., a ratio of 17.6 compared to a predicted ratio of 20 based on absorption being

directly proportional to exposure concentration). The rate of uptake was 0.167 mg/min/kg for 1,000 ppm

and 0.01 mg/min/kg for 50 ppm (ratio of 16.7). Where the uptake was not completely proportional to
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exposure, the difference in the ratio of absorbed doses from the predicted ratios may be due to a lower

respiratory minute volume in the rats exposed to 1,000 ppm or to different amounts remaining in the body

at the end of exposure and how much is metabolized. Blood chloromethane concentrations reached

equilibrium within 1 hour and were proportional to exposure concentration for dogs exposed to 50 or

1,000 ppm (Landry et al. 1983a) or 15,000 or 40,000 ppm (von Oettingen et al. 1949, 1950) for 6 hours.

At relatively low exposure concentrations, absorption of chloromethane from the lungs appears to be

proportional to exposure concentration in rats and humans, but at higher concentrations, kinetic processes

like metabolism or excretion may become saturated, limiting the rate of uptake. In dogs, however, it

appears that absorption is proportional to exposure concentration through a wide range of exposure levels.

2.3.1.2 Oral Exposure

No studies were located regarding absorption in humans or animals after oral exposure to chloromethane.

2.3.1.3 Dermal Exposure

No studies were located regarding absorption in humans or animals after dermal exposure to

chloromethane.

2.3.2 Distribution

2.3.2.1 Inhalation Exposure

No studies were located regarding distribution in humans after inhalation exposure to chloromethane.

After absorption of chloromethane, distribution of chloromethane and/or its metabolites is extensive in

animals. Total uptake of radioactivity (as µmol 14C-chloromethane equivalents/g wet weight) in whole

tissue homogenates following exposure of rats to 500 ppm for 6 hours was 1.21 for lung, 4.13 for liver,

3.43 for kidney, 2.29 for testes, 0.71 for muscle, 0.57 for brain, and 2.42 for intestine (Kornbrust et al.

1982). Little difference in the pattern of distribution was found at an exposure concentration of 1,500 ppm

as compared with 500 ppm. Upon acid precipitation of protein, 80% of the radioactivity present In liver
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and testes was found in the acid soluble (unbound) fraction. The remainder was found to have been

metabolically incorporated into lipid, ribonucleic acid (RNA), DNA, and protein, rather than bound to the

macromolecules as a result of direct alkylation. Tissue levels of chloromethane (in mg%) in dogs exposed

to chloromethane for 6 hours were 4.5 in liver, 4.1 in heart, and 3.7 in brain at 15,000 ppm and 9.3 in liver,

8.1 in heart, and 9.9 in brain at 40,000 ppm (von Oettingen et al. 1949, 1950).

2.3.2.2 Oral Exposure

No studies were located regarding distribution in humans or animals after oral exposure to chloromethane.

2.3.2.3 Dermal Exposure

No studies were located regarding distribution in humans or animals after dermal exposure to

chloromethane.

2.3.3 Metabolism

Information regarding metabolism of chloromethane in humans is limited. In a group of 6 workers exposed

to TWA 8-hour workroom concentrations of 30-90 ppm, the urinary excretion of S-methylcysteine showed

wide variations, with little correlation to exposure levels (van Doorn et al. 1980). S-methylcysteine is

formed from conjugation of chloromethane with glutathione (Kornbrust and Bus 1983). In four of the

workers, all values were higher than in controls, and appeared to build up during the course of the week.

Two of the workers had only minor amounts of S-methylcysteine in the urine, but these workers

experienced the highest exposure concentrations. There are two distinct subpopulations of individuals: fast

metabolizers with lower body burdens and higher excretion, and slow metabolizers with higher body

burdens and lower excretion (van Doorn et al. 1980). The difference may be due to a deficiency of the

enzyme glutathione-S-transferase that catalyzes the conjugation of chloromethane with glutathione. Other

possible reasons for the differences in chloromethane elimination among subjects include differences in

tissue glutathione levels and differences in biliary excretion and fecal elimination of thiolated conjugates.

As a working hypothesis, however, the two distinct subpopulations are referred to as fast and slow

eliminators. Two distinct subpopulations were also found based on venous blood and expired

concentrations of chloromethane in volunteers (Nolan et al. 1985). The urinary excretion of S-methylcysteine

in the volunteers exposed to chloromethane was variable, and was not significantly different in pre-
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and postexposure levels. No change was detected in the S-methylcysteine concentration or in the total

sulfhydryl concentration in the urine of 4 workers before and after a 7-hour shift in a styrene production

plant by DeKok and Antheunius (1981) who concluded that S-methylcysteine is not a human metabolite of

chloromethane. It is possible, however, that the workers examined by DeKok and Antheunius (1981) were

slow eliminators.

Peter et al. (1989a, 1989b) assayed erythrocyte cytoplasm of humans with chloromethane and monitored

the decline of chloromethane and the production of S-methylglutathione. About 60% of the human blood

samples showed a significant metabolic elimination of the substance (conjugators), whereas 40% did not

(nonconjugators). The results suggested that a minor form of human erythrocyte glutathione S-transferase

is responsible for the unique metabolism of methyl chloride in human erythrocytes. Hallier et al. (1990)

demonstrated that other monohalogenated methanes (methyl iodide and methyl bromide) could undergo

enzymatic conjugation with glutathione, but that in contrast to chloromethane, methyl iodide and methyl

bromide also showed significant non-enzymatic conjugation with glutathione.

Warholm et al. (1994) studied the polymorphic distribution of the erythrocyte glutathione transferases in a

Swedish population and found three distinct sub-groups:11.1% lacked activity, 46.2% had intermediate

activity, and 42.8% had high activity. The authors calculated two allelic frequencies, one for a functional

allele with a gene frequency of 0.659 and one for a defect allele with a frequency of 0.341. This two allele

hypothesis is compatible with the observed distribution of the three phenotypes. A follow-up study on

genotype indicated that approximately 10% of the Swedish population lacked the glutathione transferase

isoenzyme (Warholm et al. 1995). This 10% number is considerably smaller than a previously proposed

proportion of nonconjugators of 30-40% reported for a German population (Peter et al. 1989a). A

different study by Kempkes et al. (1996) found a frequency of 15% for nonconjugators in a German cohort

of 40 people. Whether this lack of activity poses an increased risk of developing disease such as cancer is

not known. Warholm et al. (1995) suggest that additional ethnic groups be evaluated for percentage of

non-conjugators.

The metabolism of chloromethane has been studied in rats, mice, and dogs in vivo after inhalation exposure

and in vitro. Based on these studies, the metabolic pathway shown in Figure 2-3 was proposed (Kornbrust

and Bus 1983). According to the proposed pathways, chloromethane metabolism involves conjugation with

glutathione to yield S-methylglutathione, S-methylcysteine, and other sulfur-containing compounds (Dodd

et al. 1982; Kornbrust and Bus 1984; Landry et al. 1983a, 1983b; Redford-Ellis and Gowenlock 1971a,
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1971b). These compounds can be excreted in the urine (Landry et al. 1983a), or S-methylglutathione may

be further metabolized to methanethiol. Cytochrome P-450 dependent metabolism of methanethiol may

yield formaldehyde and formic acid, whose carbon atoms are then available to the one-carbon pool for

incorporation into macromolecules or for formation of CO2 (Heck et al. 1982; Jager et al. 1988; Kornbrust

and Bus 1983; Kornbrust et al. 1982). Formaldehyde may also be a direct product of chloromethane via

oxidative dechlorination. Production of methanethiol and formaldehyde, and lipid peroxidation due to

glutathione depletion have been suggested as possible mechanisms for the toxicity of chloromethane, but

the precise mechanisms are not known (Kornbrust and Bus 1983, 1984; Jager et al. 1988). Dekant et al.

(1995) demonstrated oxidation of chloromethane to formaldehyde by cytochrome P-450 (2El) in male

mouse kidney microsomes, and that the amount of formaldehyde formed was dependent upon the hormonal

status of the animal. Female mouse kidney microsomes produced considerably less formaldehyde than

male kidney microsomes. Liver microsomal activity from both sexes was 2-fold higher than in kidney

microsomes from the male. In contrast, rat kidney microsomes did not catalyze formaldehyde formation

from chloromethane.

Peter et al. (1989a) assayed erythrocyte cytoplasm of a variety of test animals with chloromethane and

monitored the decline of chloromethane and the production of S-methylglutathione. Rats, mice, bovine,

pigs, sheep, and rhesus monkeys showed no conversion of chloromethane in erythrocyte cytoplasm.

2.3.4 Elimination and Excretion

2.3.4.1 Inhalation Exposure

Very little unchanged chloromethane is excreted in the urine. In volunteers exposed to chloromethane,

Stewart et al. (1980) found no chloromethane in the urine, and urinary excretion was <0.01 %/min in

another study (Morgan et al. 1970). The excretion patterns of chloromethane following prolonged

exposure will differ from those observed in these experiments, which followed single breath exposure;

therefore, these data are not useful for monitoring occupational exposure. Volunteers exposed to 10 or

50 ppm eliminated chloromethane from blood and the expired air in a biphasic manner when exposure

ceased (Nolan et al. 1985). Based upon data presented in the report, the half-life for the β-phase was

estimated at 50-90 minutes, with differences possibly due to different metabolic rates. These results

suggest that chloromethane is unlikely to accumulate in tissues during repeated intermittent exposures.
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In rats exposed to chloromethane for 6 hours and dogs exposed for 3 hours at concentrations of 50 or

1,000 ppm, blood levels rose rapidly and reached equilibrium proportionate or nearly proportionate to

exposure levels (Landry et al. 1983a). Blood concentrations declined rapidly in a biphasic,

nonconcentration-dependent manner when exposure was stopped. The disappearance from blood was

consistent with a linear 2-compartment open model. Half-lives for the a-phase were 4 minutes in rats, and

8 minutes ‘in dogs; half-lives for the β-phase were 15 minutes in rats and 40 minutes in dogs. The

disappearance of chloromethane from blood probably represents metabolism rather than excretion of parent

compound. As discussed above in Section 2.3.3 on metabolism, chloromethane is conjugated with

glutathione and cysteine, leading to urinary excretion of sulfur-containing compounds. Further metabolism

of the cysteine conjugate by one-carbon metabolic pathways leads to incorporation of the carbon atom into

macromolecules, and the production of carbon dioxide.

2.3.4.2 Oral Exposure

No studies were located regarding excretion in humans or animals following oral exposure to chloromethane.

2.3.4.3 Dermal Exposure

No studies were located regarding excretion in humans or animals following dermal exposure to

chloromethane.

2.3.5 Physiologically Based Pharmacokinetic (PBPK)/Pharmacodynamic (PD) Models

Physiologically based pharmacokinetic (PBPK) models use mathematical descriptions of the uptake and

disposition of chemical substances to quantitatively describe the relationships among critical biological

processes (Krishnan et al. 1994). PBPK models are also called biologically based tissue dosimetry models.

PBPK models are increasingly used in risk assessments, primarily to predict the concentration of

potentially toxic moieties of a chemical that will be delivered to any given target tissue following various

combinations of route, dose level, and test species (Clewell and Andersen 1985). Physiologically based

pharmacodynamic (PBPD) models use mathematical descriptions of the dose-response function to

quantitatively describe the relationship between target tissue dose and toxic end points.
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PBPK/PD models refine our understanding of complex quantitative dose behaviors by helping to delineate

and characterize the relationships between: (1) the external/exposure concentration and target tissue dose of

the toxic moiety, and (2) the target tissue dose and observed responses (Andersen and Krishnan 1994;

Andersen et al. 1987). These models are biologically and mechanistically based and can be used to

extrapolate the pharmacokinetic behavior of chemical substances from high to low dose, from route to

route, between species, and between subpopulations within a species. The biological basis of PBPK

models results in more meaningful extrapolations than those generated with the more conventional use of

uncertainty factors.

The PBPK model for a chemical substance is developed in four interconnected steps: (1) model

representation, (2) model parametrization, (3) model simulation, and (4) model validation (Krishnan and

Andersen 1994). In the early 1990s validated PBPK models were developed for a number of

toxicologically important chemical substances, both volatile and nonvolatile (Krishnan and Andersen 1994;

Leung 1993). PBPK models for a particular substance require estimates of the chemical substancespecific

physicochemical parameters, and species-specific physiological and biological parameters. The

numerical estimates of these model parameters are incorporated within a set of differential and algebraic

equations that describe the pharmacokinetic processes. Solving these differential and algebraic equations

provides the predictions of tissue dose. Computers then provide process simulations based on these

solutions.

The structure and mathematical expressions used in PBPK models significantly simplify the true

complexities of biological systems. If the uptake and disposition of the chemical substance(s) is adequately

described, however, this simplification is desirable because data are often unavailable for many biological

processes. A simplified scheme reduces the magnitude of cumulative uncertainty. The adequacy of the

model is, therefore, of great importance, and model validation is essential to the use of PBPK models in risk

assessment.

PBPK models improve the pharmacokinetic extrapolations used in risk assessments that identify the

maximal (i.e., the safe) levels for human exposure to chemical substances (Andersen and Krishnan 1994).

PBPK models provide a scientifically-sound means to predict the target tissue dose of chemicals in humans

who are exposed to environmental levels (for example, levels that might occur at hazardous waste sites)

based on the results of studies where doses were higher or were administered in different species.

Figure 2-4 shows a conceptualized representation of a PBPK model.
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If PBPK models for chloromethane exist, the overall results and individual models are discussed in this

section in terms of their use in risk assessment, tissue dosimetry, and dose, route, and species

extrapolations.

No PBPK models for adults, children, or test animal models were located for chloromethane.

2.4 MECHANISMS OF ACTION

2.4.1 Pharmacokinetic Mechanisms

As presented in Section 2.3.3, metabolism of chloromethane involves conjugation with glutathione to yield

S-methylglutathione, S-methylcysteine, and other sulfur-containing compounds (Dodd et al. 1982;

Kornbrust and Bus 1984; Landry et al. 1983a, 1983b; Redford-Ellis and Gowenlock 1971a, 1971b).

These compounds can be excreted in the urine (Landry et al. 1983a), and S-methylglutathione may be

further metabolized to methanethiol. Cytochrome P-450 dependent metabolism of methanethiol may yield

formaldehyde and formic acid whose carbon atoms can then enter the one-carbon pool for incorporation

into macromolecules or formation of CO2 (Heck et al. 1982; Jager et al. 1988; Kornbrust and Bus 1983).

Guengerich and Shimada (1991) suggest that the human cytochrome P-450 enzyme 2El is a major catalyst

in the oxidation of chloromethane. Formaldehyde may also be a direct product of chloromethane via

oxidative dechlorination. Methanethiol and formaldehyde, and lipid peroxidation due to glutathione

depletion have been suggested as the toxic intermediates and mechanism responsible for the toxicity of

chloromethane (Dekant et al. 1995; Jager et al. 1988; Kornbrust and Bus 1983, 1984; Ristau et al. 1989,

1990). There is no information available on differences in isoforms or levels of glutathione transferase or

P-450 in children that would result in significantly different metabolic rates (i.e., increased or decreased

susceptibility to chloromethane toxicity) than those observed in adults.

2.4.2 Mechanisms of Toxicity

Hepatic effects: While the exact mechanism for the hepatotoxic effects of chloromethane is unclear,

chloromethane can elicit lipid peroxidation as a secondary consequence of glutathione depletion (Kornbrust

and Bus 1984). Comparison of lipid peroxidation in the S-9 fraction from mouse and rat livers revealed

much greater lipid peroxidation in mouse liver than in rat liver. Further evidence that the mechanism of



CHLOROMETHANE 101
2. HEALTH EFFECTS

hepatotoxicity may involve lipid peroxidation comes from the finding that mice exposed to 2,500 ppm

chloromethane expired ethane to an extent comparable to that produced by 2 mL/kg carbon tetrachloride,

and developed moderate to severe hepatocellular hydropic degeneration.

Dodd et al. (1982) examined the effects of an inhalation exposure to chloromethane on tissue nonprotein

sulfhydryl (NPSH) content in male Fischer 344 rats. NPSH content of liver, kidney, and lung were

decreased in a chloromethane concentration-related manner. Pretreatment with Aroclor 1254 (an inducer of

microsomal enzymes) did not alter the decreases in tissue NPSH seen after exposure to chloromethane

alone. Pretreatment with SKF-525A (an inhibitor of microsomal enzymes) may have interfered with the

ability of chloromethane to decrease NPSH in some tissues. Treatment with chloromethane significantly

increased the activity of glutathione-S-alkyltransferase, and pretreatment with Aroclor 1254 did not alter

the increase. The toxicological significance of this effect is not clear. These results support the hypothesis

that chloromethane reacts enzymatically with glutathione (GSH), which is the most abundant NPSH, and

the hypothesis that the reaction is not dependent upon the formation of a reactive intermediate by

microsomal enzymes. Possible mechanisms for the toxicity of chloromethane related to glutathione

depletion include: enhancement of the toxicity of chemicals that are detoxified via conjugation with GSH;

prevention of GSH from acting as a cellular reducing agent, thereby interfering with a variety of

physiological functions; or an increase in chloromethane-glutathione conjugates that are then further

metabolized to putative toxic metabolite (e.g., formaldehyde or methanethiol).

Neurological effects: Chellman et al. (1986b) investigated the role of glutathione in the mediation of

chloromethane-induced toxicity in the brain of male B6C3F1 mice. Mice exposed to 1,500 ppm

chloromethane for 6 hours/day, 5 days/week for 2 weeks, developed multiple degenerative, necrotic foci in

the internal granule cell layer of the cerebellum; in some areas the foci involved the whole thickness of the

granular cell layer. Cerebellar degeneration consisted of granule cells with pyknotic nuclei and clear,

swollen perikarya. Tremors, ataxia, and forelimb/hindlimb paralysis were seen in chloromethane-induced

lethality and were associated with chloromethane-induced cerebellar damage. Cerebellar damage was not

observed in chloromethane-exposed mice pretreated with BSO, a glutathione depleter. The authors

concluded that the depletion of GSH protected mice from cerebellar damage due to exposure to

chloromethane. The mechanism may involve conjugation of chloromethane with glutathione in the liver,

followed by biliary excretion and enterohepatic circulation of the glutathione conjugate or possibly a

cysteine conjugate and further metabolism by kidney and/or gut flora beta-lyase to methanethiol.
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Methanethiol produces similar central nervous system symptoms (tremors, convulsion, coma) as seen in

animals or humans acutely intoxicated with chloromethane (Chellman et al. 1986b).

In the metabolic scheme proposed by Kornbrust and Bus (1983), chloromethane reacts with glutathione to

form S-methylglutathione. Subsequent metabolism of S-methylglutathione produces methanethiol as an

intermediate. Jiang et al. (1985) discuss the possibility of a relationship between degenerative effects in the

kidney and granular layer lesions in the brain, which were also observed in mice. Granular cell necrosis is

often seen in people who die of renal insufficiency (i.e., not due to chloromethane exposure). In the Jiang et

al. (1985) mouse study, however, the severity of the brain and kidney lesions were unrelated, and the

authors conclude that the brain lesions were probably not a direct consequence of the chloromethaneinduced

kidney lesions.

Reproductive effects: Studies on the mechanism of chloromethane-induced testicular effects suggest that

preimplantation loss is due to chloromethane cytotoxicity to the sperm in the testes at the time of exposure

rather than genotoxic effects on the sperm (Chellman et al. 1986a, 1986c, 1987; Working and Bus 1986;

Working and Chellman 1989; Working et al. 1985a, 1985b). Working et al. (1985a) previously had

. provided results indicating that chloromethane-induced postimplantation loss results from an inflammatory

response in the epididymis that indirectly produces genetic damage to the sperm rather than from a direct

genotoxic effect of chloromethane. Inhibition of the chloromethane-induced epididymal inflammatory

response with anti-inflammatory agent BW755C (Chellman et al. 1986c) was subsequently shown to

reduce the amount of postimplantation loss (Chellman et al. 1986c).

Genotoxicitv: Chloromethane exposure consistently produced dominant lethal mutations in the sperm of

rats, as measured by postimplantation loss in females mated to exposed males (Chellman et al. 1986c;

Rushbrook 1984; Working et al. 1985a). Because of the known transit times for sperm in the epididymis

and the resulting observed times of the postimplantation losses, Working et al. (1985a) observed that the

timing of the genetic damage to the sperm coincided with their location in the chloromethane induced

inflammation of the epididymis. Since concurrent exposure of male rats to chloromethane and BW755C, an

anti-inflammatory agent, greatly reduced the amount of postimplantation loss, the dominant lethal

mutations probably resulted secondary to the epididymal inflammatory response (Chellman et al. 1986c;

Working and Chellman 1989). The activation of phagocytic cells during the inflammatory process may

result in the production of potentially genotoxic chemical species including the superoxide anion radical,
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hydrogen peroxide, and lipid peroxide decomposition products (Fridovich 1978; Goldstein et al. 1979,

1981; Working et al. 1985a).

Renal tumors: Some proposed mechanisms for the carcinogenic effect (renal tumors) detected in male mice

include glutathione depletion in the target tissue, increased lipid peroxidation, and formation of

formaldehyde-induced DNA lesions (Bolt and Ganswendt 1993). Chloromethane can be metabolized to

formaldehyde (Kornbrust and Bus 1982). Exposure to 1,000 ppm chloromethane depletes glutathione in

the kidney to ≈5% of the pre-exposure levels (Bolt et al. 1986; Hallier et al. 1990), effectively removing the

cofactor for the glutathione-dependent primary metabolic pathway for chloromethane. The alternate

oxidative pathway leads directly to the formation of formaldehyde via cytochrome P-450. Jager et al.

(1988) have shown that the formation of formaldehyde (via P-450 activity) was 10 times higher in male

mouse liver than in male kidney. Male mouse liver also produced formaldehyde at about two times the

amount of female liver, and male kidney about 50% more than female kidney. This led to the hypothesis

that male mice tumors resulted from increased production of formaldehyde and increased numbers of

formaldehyde-induced DNA lesions. Glutathione depletion also removes the cofactor for formaldehyde

dehydrogenase (FDH), the enzyme that inactivates formaldehyde. Jager et al. (1988), however, did not

observe increased formaldehyde levels in mouse liver or kidney after a single, 8-hour exposure to

1,000 ppm chloromethane, or an increase in DNA protein cross links (DPC), a typical formaldehydeinduced

lesion, after exposure to 1,000 ppm for 6 hours per day for 4 days. Ristau et al. (1989), however,

did observe an increase in DPC in the renal tissue of male but not female mice. In a follow-up study,

Ristau et al. (1990) showed a rapid removal of DPC whereas single strand breaks appeared to accumulate.

Both types of lesions were ascribed to the action of formaldehyde. Ristau et al. (1989) assayed for DPC

immediately after a single 8-hour exposure, whereas Jager et al. (1988) dosed over a 4-day period. Delays

from exposure to assay that allow rapid repair of formaldehyde-induced DPCs could possibly explain why

Jager et al. (1988) did not observe an increase. Both the DPCs and the incomplete and delayed repair of

chloromethane-induced DNA lesions may contribute to the formation of renal tumors. Morgan et al.

(1982) also noted a proliferative response in male and female mouse proximal tubules following exposure

to 1,000 ppm of chloromethane. This proliferative response could also contribute to the tumorigenicity of

chloromethane in the males.
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2.4.3 Animal-to-Human Extrapolations

Acute and chronic inhalation studies indicate that mice are more sensitive than rats to the lethal effects of

chloromethane (Chellman et al. 1986a, 1986b; CIIT 1981). The greater susceptibility of mice may be due

to different metabolic rates involving glutathione or different oxidative rates for the production of

formaldehyde. Chloromethane conjugates with glutathione to much greater extent in mouse liver, kidney,

and brain compared with rats (Kornbrust and Bus 1984). Pretreatment of mice with buthionine-S,R-

sulfoxime (BSO), a glutathione depleter, protected mice from the chloromethane-induced lethal effects

(Chellman et al. 1986b). Thus, the reaction of chloromethane with glutathione to produce S-methylglutathione

appears to be a toxifying rather than a detoxifying reaction (Chellman et al. 1986b).

Alternatively, chloromethane can elicit lipid peroxidation as a consequence of depletion of glutathione

(Kornbrust and Bus 1984).

In humans, S-methylcysteine appears as a metabolite of chloromethane (see Section 2.3.3), so conjugation

with glutathione probably also occurs in humans.

Different P-450 activities between species, sexes, and tissues within the body (i.e., liver versus kidney)

affect the dehalogenation of chloromethane to formaldehyde, and can thus influence the level of

formaldehyde-induced DNA or tissue damage (Dekant et al. 1995; Jager et al. 1988; Ristau et al. 1989,

1990).

2.5 RELEVANCE TO PUBLIC HEALTH

Overview.

Information regarding health effects of chloromethane in humans and animals is available primarily for the

inhalation route of exposure. Oral and dermal routes of exposure are of concern because chloromethane is

ubiquitous in the environment. Because it is highly volatile, however, chloromethane rapidly moves from

water or soil to the air (see Chapter 5). Issues relevant to children are explicitly discussed in Sections 2.6,

Children’s Susceptibility, and 5.6, Exposures of Children.

The central nervous system is the major target of chloromethane toxicity in both humans and animals, as

demonstrated by such signs and symptoms as dizziness, staggering, blurred vision, ataxia, muscle
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incoordination, convulsions, and coma after acute exposure to high levels. High acute exposures can also

result in death of humans and animals. The liver and kidney are also target organs for chloromethane

toxicity in humans and animals from acute or longer-term exposure. Toxic manifestations seen in humans,

but generally not in animals, include cardiovascular and gastrointestinal effects. These may be secondary to

the neurotoxicity. Effects that have been observed in animals, but not reported in humans, include

epididymal occlusion, testicular atrophy, infertility, sterility in males, carcinogenicity (e.g., kidney tumors in

male mice), and possibly developmental effects (e.g., heart defects) in mice.

Species differences in susceptibility to chloromethane toxicity have been observed. Different P-450

activities between species, sexes, and tissues within the body affect the dehalogenation of chloromethane to

formaldehyde, and can thus influence the level of formaldehyde-induced DNA or tissue damage. Rates of

conjugation with glutathione differ and lead to differing levels of toxic metabolites. In animal studies, mice

have been shown to be more sensitive than rats to the lethal effects of chloromethane, probably due to the

higher rate of formation of the toxic metabolite, S-methylglutathione. S-methylcysteine appears as a

metabolite of chloromethane in humans, so conjugation with glutathione probably also occurs in humans.

There is no information available on differences in isoforms or levels of glutathione transferase or P-450 in

children that would result in significantly different metabolic rates (i.e., increased or decreased susceptibility

to chloromethane toxicity) than those observed in adults.

Minimal Risk Levels for Chloromethane.

Inhalation MRLs.

• An MRL of 0.5 ppm has been derived for acute-duration inhalation exposure (14 days or less) to

chloromethane.

An acute MRL of 0.5 ppm was derived from a NOAEL of 50 ppm for no effect on motor coordination or

damage to the cerebellar granule cells in a study by Landry et al. (1985). This study evaluated the

neurologic effects of continuous versus intermittent chloromethane exposure in female C57BL/6 mice. The

results support a good dose-response effect for cerebellar damage and motor incoordination. The NOAEL

of 50 ppm was converted to a human equivalent dose by multiplying with the ratio of the blood:gas (air)

partition coefficient for the mouse to the human value. The default value of 1.0 was used because the
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coefficients are not known (see formula 4-48a, EPA 1994b). The resulting NOAEL[HEC] of 50 ppm was then

divided by an uncertainty factor of 100 (10 for interspecies variability and 10 for human variability). The

obtained MRL value is 0.5 ppm (see Appendix A).

Neurological effects have been described in numerous case reports of humans exposed to chloromethane

vapors as a result of industrial leaks and leaks from defective home refrigerators (Baird 1954;

Gudmundsson 1977; Hansen et al. 1953; Hartman et al. 1955; Jones 1942; Kegel et al. 1929; MacDonald

1964; McNally 1946; Raalte and van Velzen 1945; Rafnsson and Gudmundsson 1997; Spevak et al. 1976;

Wood 1951). Depending on the extent of exposure and the availability of medical treatment, the signs and

symptoms can range from staggering and blurred vision to coma, convulsions, and death. In some cases,

mild to permanent neurological and/or psychiatric deficits have been reported 13 years after an acute high

level exposure (Gudmundsson 1977).

Severe neurological signs (ataxia, tremors, limb paralysis, incoordination, convulsions) have also been

observed in rats, mice, rabbits, guinea pigs, dogs, cats, and monkeys exposed acutely by inhalation to high

concentrations of chloromethane (Burek et al. 1981; Chellman et al. 1986a, 1986b; Landry et al. 1985;

McKenna et al. 1981a; Morgan et al. 1982; Smith and von Oettingen 1947b). Cerebellar lesions have been

observed microscopically in guinea pigs and rats (Kolkmann and Volk 1975; Morgan et al. 1982). Mice are

more susceptible than rats (CIIT 1981; Morgan et al. 1982), and more sensitive to neurological effects after

continuous exposure to low concentrations than after intermittent exposure to higher concentrations of

chloromethane (Landry et al. 1985). The greater sensitivity of mice to continuous exposure makes the

mouse a good model for the neurotoxicological effects seen in humans.

• An MRL of 0.2 ppm has been derived for intermediate-duration inhalation exposure (15 to

364 days) to chloromethane.

An intermediate MRL of 0.2 ppm was derived from a LOAEL of 51 ppm for significantly increased serum

alanine amino transferase levels (indicative of hepatotoxicity) in male mice at the 6 month time point in a

2-year study (377 I.U./L ± 124 versus 170 ±49 in controls). This LOAEL is a minimal LOAEL because no

histopathological lesions were observed in the low- or mid-dose levels, but were observed at the high dose

level. The objective of the study was to evaluate the toxicologic and oncogenic effects of inhaled

chloromethane in male and female Fischer 344 rats and B6C3F1 mice. The dose-response effect for liver

toxicity was observed in male mice. Females also had increased ALT, but the increase was not associated
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with treatment-related histopathological changes in the liver. Liver necrosis and other pathological changes

in the liver of high dose male mice was also observed at 12, 18, and 24 months. No further adjustments in

the LOAEL were made for a continuous exposure, and the comparable LOAEL[ADJ] of 51 ppm was then

converted to a human equivalent dose by multiplying with the ratio of the blood:gas (air) partition coefficient

for the mouse to the human value. The default value of 1.0 was used because the coefficients are not known

(see formula 4-48a, EPA 1994b). The resulting LOAEL[HEC] of 51 ppm was then divided by an uncertainty

factor of 300 (3 for the use of a minimal LOAEL, 10 for interspecies variability, and 10 for human

variability) and rounded to one significant figure. The obtained MRL value is 0.2 ppm (see Appendix A).

Case reports of humans exposed to chloromethane vapors have described clinical jaundice and cirrhosis of

the liver (Kegel et al. 1929; Ma&e 1961; Weinstein 1937; Wood 1951), but exposure concentrations were

not known.

Hepatic effects have been observed in animals exposed by inhalation to chloromethane at concentrations

> 1,000 ppm in acute, intermediate, and chronic duration experiments (Burek et al. 1981; Chellman et al.

1986a; CIIT 1981; Landry et al. 1985; Mitchell et al. 1979; Morgan et al. 1982). Milder liver effects

occurred in mice exposed acutely to an intermittent but relatively high concentration than to a low but

continuous concentration (Landry et al. 1985). The greater susceptibility to continuous exposure may result

from relatively greater metabolism to a toxic intermediate or from diurnal susceptibility. Hepatic effects

were more severe in mice (necrosis and degeneration) than in rats (cloudy swelling, fatty infiltration,

increased ALT and AST with no necrosis). Furthermore, no hepatic lesions were observed in rats over the

course of 2 years of inhalation exposure to 1,000 ppm, while mice similarly exposed had necrotic lesions

after 6 months (CIIT 1981). The greater susceptibility of mice to the hepatotoxic effects of chloromethane

may be related to the greater ability of chloromethane to conjugate with hepatic glutathione in mice than in

rats (Dodd et al. 1982; Kornbrust and Bus 1984). The reaction of chloromethane with glutathione appears

to be toxifying rather than detoxifying (Chellman et al. 1986b). While the exact mechanism for the

hepatotoxic effects of chloromethane is unclear, chloromethane can elicit lipid peroxidation as a secondary

consequence of depletion of glutathione (Kombrust and Bus 1984). Comparison of lipid peroxidation in the

S-9 fraction from mouse and rat livers revealed much greater lipid peroxidation in mouse liver than in rat

liver. The finding that mice exposed to 2,500 ppm chloromethane expired ethane to an extent comparable to

that produced by 2 mL/kg carbon tetrachloride, and developed moderate to severe hepatocellular hydropic

degeneration provide further evidence that the mechanism of hepatotoxicity may involve lipid peroxidation.
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• An MRL of 0.05 ppm has been derived for chronic-duration inhalation exposure (365 days or

more) to chloromethane.

A chronic MRL of 0.05 ppm was derived from a LOAEL of 51 ppm for axonal swelling and degeneration .

of axons of the spinal cord in mice after 18 months of exposure (CIIT 1981). This two year study evaluated

the toxicologic and oncogenic effects of inhaled chloromethane in male and female Fischer 344 rats and

B6C3F1 mice. There was a consistent dose-response for neurological effects in male and female mice. At

the high dose, there was a mild reduction in the number of neurons in the granular cell layer of the

cerebellum with decreased width of the granular cell layer. In the high, mid, and low dose groups, axonal

swelling and degeneration of minimal severity was observed in the spinal nerves and the cauda equina

associated with the lumbar spinal cord. The LOAEL was converted to a human equivalent dose by

multiplying the LOAEL with the ratio of the blood:gas (air) partition coefficient for the mouse to the human

value. The default value of 1.0 was used because the coefficients are not known (see formula 4-48a, EPA

1994b). The resulting LOAEL[HEC] of 5.1 ppm was then divided by an uncertainty factor of 1,000 (10 for

the use of a LOAEL, 10 for interspecies variability, and 10 for human variability) and rounded to one

significant figure. The obtained MRL value is 0.05 ppm (see Appendix A).

As with support for the acute MRL, neurological effects have been described in numerous case reports of

humans exposed to chloromethane vapors (Baird 1954; Gudmundsson 1977; Hansen et al. 1953; Hartman

et al. 1955; Jones 1942; Kegel et al. 1929; MacDonald 1964; McNally 1946; Raalte and van Velzen 1945;

Rafnsson and Gudmundsson 1997; Spevak et al. 1976; Wood 1951). Signs and symptoms can range from

staggering and blurred vision to coma, convulsions, and death. Severe neurological signs (ataxia, tremors,

limb paralysis, incoordination, convulsions) have also been observed in rats, mice, rabbits, guinea pigs,

dogs, cats, and monkeys exposed acutely by inhalation to high concentrations of chloromethane (Burek et al.

1981; Chellman et al. 1986a, 1986b; Landry et al. 1985; McKenna et al. 1981a; Morgan et al. 1982; Smith

and von Oettingen 1947b). Cerebellar lesions have been observed microscopically in guinea pigs and rats

(Kolkmann and Volk 1975; Morgan et al. 1982).

Oral MRLs.

No acute, intermediate, or chronic-duration oral MRLs were derived for chloromethane because of lack of

appropriate data on effects of oral exposure to chloromethane.
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Death. Case reports of humans who have died from exposure to chloromethane involved the inhalation of

fumes that leaked from home refrigerators or industrial cooling and refrigeration systems (Baird 19.54;

Borovska et al. 1976; Gudmundsson 1977; Kegel et al. 1929; McNally 1946; Thordarson et al. 1965).

Exposure concentrations were probably very high, perhaps >30,000 ppm, because the leaks occurred in

rooms with little or no ventilation. Exposure to high concentrations, even as high as 600,000 ppm, result in

neurological effects (Jones 1942), but need not result in death if exposure is discontinued and/or medical

attention is received in time. Since the use of chloromethane as a refrigerant in refrigeration devices has

declined, exposure from leaks is of less concern than in the past, although some old refrigerators containing

chloromethane are probably still in use. Concentrations of chloromethane in the environment, even at

hazardous waste sites, are not likely to be high enough to cause death.

Acute inhalation lethality data in animals indicate that high intermittent concentrations can be tolerated

better than lower continuous concentrations (Burek et al. 1981; Jiang et al. 1985; Landry et al. 1985;

Morgan et al. 1982). This phenomenon may be related to the conversion of chloromethane to a toxic

metabolite or to diurnal susceptibility (Landry et al. 1985). Acute and chronic inhalation studies also

indicated that mice are more sensitive than rats to the lethal effects of chloromethane (Chellman et al. 1986a,

1986b; CIIT 1981). The greater susceptibility of mice may be due to differences in the ability of

chloromethane to react with glutathione in the two species. Chloromethane is conjugated with glutathione in

liver, kidney, and brain to a much greater extent in mice than in rats (Kornbrust and Bus 1984).

Pretreatment of mice with buthionine-S,R-sulfoximine (BSO), which depletes glutathione, thereby

preventing its reaction with chloromethane, protected mice from the lethal effects of chloromethane

(Chellman et al. 1986b). Thus, the reaction of chloromethane with glutathione to produce S-methyl-

glutathione appears to be a toxifying rather than a detoxication mechanism (Chellman et al. 1986b). While

the exact mechanism for the lethal effects of chloromethane is unclear, subsequent metabolism of S-methyl-

glutathione may result in the formation of methanethiol and formaldehyde (Kornbrust and Bus 1983), which

have been postulated to be toxic intermediates (Chellman et al. 1986b; Kornbrust and Bus 1982).

Alternatively, chloromethane can elicit lipid peroxidation as a consequence of depletion of glutathione

(Kombrust and Bus 1984). Conjugation of chloromethane with glutathione probably occurs in humans

because S-methylcysteine appears to be a human metabolite (see Section 2.3.3). No information was

located regarding the extent to which chloromethane reacts with glutathione in humans or the ability of

chloromethane to elicit lipid peroxidation in humans. The clinical signs and histopathological lesions noted

with death in humans are similar to those in animals, suggesting a commonality of mechanism, but it is

difficult to determine which animal species best serves as a model for extrapolating results in humans.
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Systemic Effects.

Respiratory Effects. Case reports generally have not described respiratory effects in humans exposed to

chloromethane.

In dogs acutely exposed to lethal concentrations there was a marked reduced in respiration prior to death,

but this effect was probably secondary to central nervous system depression (von Oettingen et al. 1949,

1950). Pulmonary congestion prior to death was a common finding among a variety of species (rats, mice,

guinea pigs, rabbits, dogs, cats, and monkeys), but the study limitations precluded the determination of a

good dose-response relationship (Dunn and Smith 1947; Smith and von Oettingen 1947a). More recent

studies failed to find exposure-related histopathological lesions in the lungs of dogs and cats exposed acutely

to 500 ppm chloromethane (McKenna et al. 198 la), rats exposed acutely to 2,000 ppm (Burek et al. 198 l),

male dogs exposed to 400 ppm, and rats and mice exposed to up to 1,500 ppm chloromethane for

intermediate durations (CIIT 1981; McKenna et al. 198 lb; Mitchell et al. 1979), or rats and mice exposed

chronically to up to 1,000 ppm (CIIT 1981).

Cardiovascular Effects. Cardiovascular effects, such as electrocardiogram abnormalities, tachycardia and

increased pulse rate, and decreased blood pressure; and gastrointestinal effects such as nausea and vomiting,

have been described in case reports of humans exposed to chloromethane vapors occupationally or

accidentally due to refrigerator leaks (Baird 1954; Baker 1927; Battigelli and Perini 1955; Borovska et al.

1976; Gummert 1961; Hansen et al. 1953; Kegel et al. 1929; Mackie 1961; McNally 1946; Jones 1942;

Raalte and van Velzen 1945; Spevak et al. 1976; Verriere and Vachez 1949). These case reports also

describe neurological effects; therefore, the cardiovascular and gastrointestinal effects may be secondary to

the neurotoxic effects of chloromethane. Exposure concentrations were probably very high, perhaps

>30,000 ppm, because the leaks occurred in rooms with little or no ventilation.

Rafnsson and Gudmundsson (1997) report a clear excess mortality from cardiovascular disease

(Mantel-Haenszel point estimate=2.1, 95%; CI=1.2-3.8) in crew members (males) exposed for 2 days to

chloromethane that leaked from a refrigerator on board an Icelandic fishing trawler (no estimates of

exposure levels were reported). This excess was more prominent among deckhands who had received the

highest exposure to chloromethane. The Risk ratios were elevated for all causes of death (RR=2.5, 95%;

CI=l.0-5.7) as well as for cardiovascular disease (RR=3.9, 95%; CI=l.0-14.4). The study is weakened by

an assumption of comparable lifestyle factors (including smoking habits and diet) between the cohort and the
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reference group and by the relatively small size of the exposed cohort. The authors also do not discuss the

potential influence of the documented neurological deficits in this cohort (Gudmundsson 1977) on

cardiovascular function. The authors suggest, however, that additional study on chloromethane’s potential

cardiovascular toxicity is warranted.

Increased heart rate and blood pressure followed by decreased heart rate and blood pressure, possibly due to

vasodilation resulting from depression of the central nervous system, occurred in dogs exposed by inhalation

to high concentrations of chloromethane (15,000 and 40,000 ppm) ( von Oettingen et al. 1949, 1950). The

dogs died within 4-6 hours. Cardiovascular effects have not been described in other species after acute,

intermediate, or chronic exposure by inhalation.

Gastrointestinal Effects. Numerous case reports of humans exposed to chloromethane have described

symptoms of nausea and vomiting (Baird 1954; Baker 1927; Battigelli and Perini 1955; Borovska et al.

1976; Hansen et al. 1953; Kegel et al. 1929; Mackie 1961; Jones 1942; Raalte and van Velzen 1945;

Spevak et al. 1976; Verriere and Vachez 1949). In all cases, these symptoms were accompanied by central

nervous system toxicity, which was usually severe. It is not clear, therefore, if the nausea and vomiting

were secondary to the neurotoxic effects of chloromethane.

Histopathological examination of animals exposed to various concentrations of chloromethane for acute,

intermediate, or chronic durations did not show evidence of gastrointestinal damage (CIIT 1981; McKenna

et al. 1981a, 1981b).

Hematological Effects. No hematological effects were found in volunteers who participated in a study of

neurological and neurobehavioral effects of acute inhalation exposure of up to 150 ppm chloromethane

(Stewart et al. 1980). Case reports of human overexposure have also generally been negative for

hematological effects.

No long-term effect on the hematological system from an acute exposure was reported by Gudmundsson

(1977). Seventeen crew members (males) were exposed for 2 days in 1963 to chloromethane that leaked

from a refrigerator under the crew sleeping quarters on board an Icelandic fishing trawler (no estimates of

exposure levels were reported). Thirteen years later (i.e., in 1976) 10 of the 11 survivors were examined.

All 10 were employed; 8 were employed at sea. The mean age of the 10 survivors examined was 38.3 years
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(range 30-50 years). All 10 survivors had normal hemoglobin, white cell count, differential leukocyte

count, erthrocyte sedimentation rate, and serum creatinine.

No studies were located regarding the hematological effects of chloromethane in humans following oral or

dermal exposures.

The only hematological effects described in animals were spleen enlargement, suggestive of extramedullary

hematopoiesis, and hemoglobinuria, suggestive of intravascular hemolysis, in mice exposed acutely to

chloromethane by inhalation (Landry et al. 1985). It is not clear if similar hematological effects would

occur in humans.

Musculoskeletd Effects. No studies were located regarding the musculoskeletal effects of chloromethane

in humans or animals following inhalation, oral, or dermal exposures.

Hepatic Effects. Case reports of humans exposed to chloromethane vapors have described clinical jaundice

and cirrhosis of the liver (Kegel et al. 1929; Mackie 1961; Weinstein 1937; Wood 1951), but exposure

concentrations were not known.

Hepatic effects have also been observed in animals exposed by inhalation to chloromethane at concentrations

> 1,000 ppm in acute, intermediate, and chronic duration experiments (Burek et al. 1981; Chellman et al.

1986a; CIIT 1981; Landry et al. 198.5; Mitchell et al. 1979; Morgan et al. 1982). Milder liver effects

occurred in mice exposed acutely to an intermittent but relatively high concentration than to a low but

continuous concentration (Landry et al. 1985). The greater susceptibility to continuous exposure may result

from relatively greater metabolism to a toxic intermediate or from diurnal susceptibility. Hepatic effects

were more severe in mice (necrosis and degeneration) than in rats (cloudy swelling, fatty infiltration,

increased ALT and AST with no necrosis). Furthermore, no hepatic lesions were observed in rats over the

course of 2 years of inhalation exposure to 1,000 ppm, while mice similarly exposed had necrotic lesions

after 6 months (CIIT 1981). The greater susceptibility of mice to the hepatotoxic effects of chloromethane

may be related to the greater ability of chloromethane to conjugate with hepatic glutathione in mice than in

rats (Dodd et al. 1982; Kornbrust and Bus 1984). The reaction of chloromethane with glutathione appears

to be a toxifying ratherthan a detoxication mechanism (Chellman et al. 1986b). While the exact mechanism

for the hepatotoxic effects of chloromethane is unclear, chloromethane can elicit lipid peroxidation as a

secondary consequence of depletion of glutathione (Kornbrust and Bus 1984). Comparison of lipid
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peroxidation in the S-9 fraction from mouse and rat livers revealed much greater lipid peroxidation in mouse

liver than in rat liver. The finding that mice exposed to 2,500 ppm chloromethane expired ethane to an

extent comparable to that produced by 2 mL/kg carbon tetrachloride, and developed moderate to severe

hepatocellular hydropic degeneration provide further evidence that the mechanism of hepatotoxicity may

involve lipid peroxidation.

Endocrine Effects. No studies were located regarding the endocrine effects of chloromethane in humans

following inhalation, oral, or dermal exposures.

Only one animal study reported fatty droplets in the epithelial cells of the zona fasciculata in the adrenals of

Fischer 344 rats acutely exposed to 3,500 and 5,000 ppm chloromethane; the severity of the lesion

increasing with dose (Morgan et al. 1982). Rats were exposed for 5 days, 6 hours/day with a break in

exposure for 2 days, and then a further 4 days of exposure.

Renal Effects. Indicators of renal toxicity, such as albuminuria, increased serum creatinine and blood urea

nitrogen, proteinuria, and anuria have been described in case reports of humans exposed to high levels of

chloromethane vapors due to refrigerator leaks (Kegel et al. 1929; Mackie 1961; Spevak et al. 1976;

Verriere and Vachez 1949).

Effects on the kidney have also been observed in animals exposed by inhalation for acute, intermediate, and

chronic durations. In acute studies, rats developed more severe effects (evidence of renal failure) when

1,000 ppm chloromethane was administered continuously (Burek et al. 1981) than when a 2-fold higher

concentration was administered intermittently (degeneration and necrosis of convoluted tubules) (Chellman

et al. 1986a; Morgan et al. 1982). The greater susceptibility of mice to continuous exposure than to

intermittent exposure for lethal and hepatotoxic effects (Landry et al. 1985), however, did not hold true for

renal toxicity. Only the mice exposed intermittently to the highest concentration had degenerative and

regenerative changes in the tubules. No explanation for this apparent contradiction was offered.

Degeneration and regeneration of renal tubules were also found in other acute duration studies in mice (Jiang

et al. 1985; Morgan et al. 1982), and hyperplasia and kidney tumors were found after 12 months of

exposure and later in a 2-year study (CIIT 1981). The biological significance of the proliferative kidney

lesions in mice is discussed more fully in the subsection on Cancer below.
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The possible relationship between the degenerative effects in the kidneys of mice and granular layer lesions

in the brain, which are also observed in mice, was discussed by Jiang et al. (1985). People who die of renal

insufficiency (not due to chloromethane exposure) often have granular cell necrosis. Since the brain and

kidney lesions in mice in this study were unrelated in severity, however, the brain lesions were probably not

a direct consequence of chloromethane-induced kidney lesions. Although chloromethane depleted

glutathione in the kidney, comparison of lipid peroxidation in the S-9 fractions revealed much less lipid

peroxidation in kidney than in liver, suggesting that the mechanism for renal toxicity may not involve

glutathione-related peroxidase activity (Kornbrust and Bus 1984).

Because some refrigerators more than 30 years old are still in use, leaks of chloromethane vapor at

concentrations high enough to produce hepatic effects, renal effects, and neurotoxicity with consequent

cardiovascular and gastrointestinal effects in humans are possible. It is not known whether exposure of

humans to chloromethane outside or at hazardous waste sites could result in hepatic and renal effects.

Dermal Effects. No studies were located regarding the dermal effects of chloromethane in humans or

animals following inhalation, oral, or dermal exposures.

Ocular Effects. No studies were located regarding the dermal effects of chloromethane in humans following

inhalation, oral, or dermal exposures.

Ophthalmological examination of male cats and dogs exposed to 500 ppm continuously for 3 days

(McKenna et al. 1981a), dogs exposed to 400 ppm for 90 days (McKenna et al. 1981b), or of rats and mice

exposed to 1,000 ppm for up to 24 months (CIIT 1981) failed to reveal eye lesions. Mucopurulent

conjunctivitis with total destruction of the eye in some cases was found in mice exposed to ≥375 ppm for

90 days (Mitchell et al. 1979). These lesions were attributed to exposure because no lesions were found in

controls; however, the failure of longer-term studies to detect eye lesions at higher concentrations makes the

findings of Mitchell et al. (1979) questionable. The effect was probably due to direct contact of the

chloromethane vapor with the eye, rather than a consequence of inhalation.

Body Weight Effects. No studies were located regarding the body weight effects of chloromethane in

humans or animals following inhalation, oral, or dermal exposure to chloromethane.
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Metabolic Effects. No studies were located regarding the metabolic effects of chloromethane in humans or

animals following inhalation, oral, or dermal exposures.

Immunological and Lymphoreticular Effects. No studies were located regarding immunological

and/or lymphoreticular effects in humans after inhalation exposure to chloromethane.

The only effects that could possibly be considered immunological were lymphoid depletion of the spleen and

splenic atrophy observed in mice exposed by inhalation for up to 2 years (CIIT 1981). Since more sensitive

tests for immune function were not conducted, the biological significance of the splenic effects cannot be

assessed. Furthermore, splenic alterations were not observed in rats in the same study. In another study,

cats exposed continuously to chloromethane for 3 days had higher incidences of brain lesions than the

control (McKenna et al. 1981a). The lesions were consistent with infection or post-vaccinal reaction (the

cats were vaccinated for panleukopenia by the supplier). Exacerbation of viral-induced central nervous

system disease, however, could not be ruled out. It is not known whether the exacerbation would represent

an immunological effect.

Neurological Effects. Neurological effects have been described in numerous case reports of humans

exposed to chloromethane vapors as a result of industrial leaks and leaks from defective home refrigerators

(Baird 1954; Gudmundsson 1977; Hansen et al. 1953; Hartman et al. 1955; Kegel et al. 1929; MacDonald

1964; McNally 1946; Jones 1942; Raalte and van Velzen 1945; Spevak et al. 1976; Wood 1951).

Depending on the extent of exposure and the availability of medical treatment, the signs and symptoms can

range from staggering and blurred vision to coma, convulsions, and death. Such effects as abnormal gait,

tremors, and personality changes may persist for several months or years (Gudmundsson 1977), but

complete recovery may eventually occur. In cases in which exposure was quantitated, concentrations were

generally >29,000 ppm (Battigelli and Perini 1955; Jones 1942). Symptoms of blurred vision, fatigue,

vertigo, nausea, vomiting, tremor, and unsteadiness, however, developed in a man and a woman a few days

after they stored insulated boards containing polystyrene foam in the basement of their house (Lanham

1982). The concentration of chloromethane in the house was found to be in excess of 200 ppm (exact levels

not reported). It should be noted, however, that this exposure probably represented an unusual situation

because the rate of air turnover in the couple’s home was an order of magnitude lower than the typical rate.

In addition, a small statistically nonsignificant decrement in performance in behavioral tests was found in

volunteers exposed to 200 ppm (Putz-Anderson et al. 1981a).
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Severe neurological signs (ataxia, tremors, limb paralysis, incoordination, convulsions) have been observed

in rats, mice, rabbits, guinea pigs, dogs, cats, and monkeys exposed acutely by inhalation to high

concentrations of chloromethane (Burek et al. 1981; Chellman et al. 1986a, 1986b; Landry et al. 1985;

McKenna et al. 1981a; Morgan et al. 1982; Smith and von Oettingen 1947b). Signs of neurotoxicity

developed after 6 and 12 months, and degeneration of the granular cell layer of the cerebellum was observed

after 18 months in mice exposed by inhalation for 2 years (CIIT 1981). Cerebellar lesions have also been

observed microscopically in guinea pigs and rats (Kolkmann and Volk 1975; Morgan et al. 1982). Mice

were more susceptible than rats (CIIT 1981; Morgan et al. 1982), and dogs were more susceptible than cats

to the neurological effects of chloromethane (McKenna et al. 1981a). Mice were more sensitive to

neurological effects after continuous exposure to low concentrations than after intermittent exposure to

higher concentrations of chloromethane (Landry et al. 1985). The greater sensitivity of mice to continuous

exposure may be a consequence of metabolism of chloromethane to a toxic intermediate or diurnal

susceptibility.

The mechanism by which chloromethane produces neurological effects is unclear. Pretreatment of mice

with BSO to deplete glutathione protected mice from cerebellar damage due to inhalation exposure to

chloromethane (Chellman et al. 1986b), suggesting that the reaction of chloromethane with glutathione to

form S-methylglutathione is required for the degenerative changes in the brain to occur. In the metabolic

scheme proposed by Kornbrust and Bus (1983), subsequent metabolism of S-methylglutathione produces

methanethiol as an intermediate. Methanethiol produces signs and symptoms of neurotoxicity (tremors,

convulsions, coma) similar to those seen in animals or humans acutely exposed to chloromethane (Chellman

et al. 1986b). The possibility of a relationship between degenerative effects in mice was discussed by Jiang

et al. (1985). Granular cell necrosis is often seen in people who die of renal insufficiency (not due to

chloromethane exposure). Since the brain and kidney lesions in mice in this study were unrelated in severity,

however, Jiang et al. (1985) concluded that the brain lesions were probably not a direct consequence of

chloromethane-induced kidney lesions.

Because refrigerators more than 30 years old are still in use, leaks of chloromethane vapor at concentrations

high enough to produce neurological effects in humans are possible. These exposures have generally

occurred in rooms with poor ventilation. It is not known whether exposure of humans to chloromethane in

the outside environment or at hazardous waste sites could result in neurological effects.
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Reproductive Effects. No studies were located regarding reproductive effects in humans exposed to

chloromethane by any route.

Acute-, intermediate-, and chronic-duration inhalation exposures of male rats to chloromethane have resulted

in such reproductive effects as inflammation of the epididymis and sperm granuloma formation in

epididymides, disruption of spermatogenesis, decreased fertility at about 500 ppm, and sterility at higher

concentrations of 1,000 or 3,000 ppm (Burek et al. 1981; Chapin et al. 1984; Chellman et al. 1986a, 1986b,

1987; CIIT 1981; Han-m et al. 1985; Morgan et al. 1982; Working and Bus 1986; Working et al. 1985a,

1985b). Testicular effects of chloromethane have been manifested as preimplantation loss in unexposed

female rats mated with males exposed to chloromethane (Working et al. 1985a). Testicular lesions were

also observed in mice after 18 months of exposure to chloromethane (CIIT 1981). Studies on the

mechanism of chloromethane-induced testicular effects suggested that preimplantation loss was due to

cytotoxicity of chloromethane to sperm in the testes at the time of exposure, rather than to a genotoxic effect

on the sperm (Chellman et al. 1986a, 1986c, 1987; Working and Bus 1986; Working et al. 1985a, 1985b).

Although testicular effects were observed in mice in the CIIT (1981) study, the incidence was much lower

and occurred much later in mice than it did in rats. The mechanism for testicular and epididymal effects has

been studied only in rats. It is not known whether chloromethane could produce reproductive effects in

humans.

Developmental Effects. No studies were located regarding developmental effects in humans exposed

to chloromethane by any route.

Maternal toxicity, evidenced by decreased body weight gain and retarded development of fetuses, was

observed in rats exposed to 1,500 ppm chloromethane for 6 hours per day during gestational days (Gd) 7-19

(Wolkowski-Tyl et al. 1983a). The fetal effects consisted of reduced fetal body weight and crown-rump

length and reduced ossification of metatarsals and phalanges of the anterior limbs, thoracic centra in the

pubis of the pelvic girdle, and metatarsals of the hindlimbs. These researchers also reported increased

incidences of heart malformations in the fetuses of mouse dams exposed by inhalation to 500 ppm

chloromethane during Gd 6-17. The heart malformations consisted of absence or reduction of

atrioventricular valves, chordae tendineae, and papillary muscles. Heart malformations, however, were not

found in fetuses of mouse dams exposed to higher concentrations of chloromethane during Gd 11.5-12.5,

which they considered to be the critical period for development of the embryonal heart (John-Greene et al.
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1985). John-Greene et al. (1985) suggested that the heart anomaly reported by Wolkowski-Tyl et al. (1983)

may have been an artifact of the sectioning technique, due to the examination of the fixed as opposed to

unfixed fetal tissue, or a misdiagnosis. They also found much inter-animal variability in the appearance of

the papillary muscles in control mice. However, Wolkowski-Tyl(l 985) countered that the inability of John-

Greene et al. (1985) to detect the abnormality was due to the different exposure protocol, and that the

critical period is more appropriately gestational day 14. The developmental toxicity of chloromethane in

mice is, therefore, controversial; it is not known whether chloromethane could produce developmental effects

in humans.

The investigators also found increased incidences of heart malformations in the fetuses of mouse dams

exposed by inhalation to 500 ppm chloromethane during Gd 6-17. Heart malformations, however, were not

found in fetuses of mouse dams exposed to higher concentrations of chloromethane during Gd 11.5-12.5,

which they considered to be the critical period for development of the embryonal heart (John-Greene et al.

1985). According to Wolkowski-Tyl(1985), however, the critical period of embryonal heart development is

more appropriately gestational day 14. The developmental toxicity of chloromethane in mice is, therefore,

controversial; it is not known whether chloromethane could produce developmental effects in humans.

Genotoxic Effects. Chloromethane has been tested for genotoxicity in a number of in vitro and in vivo

systems (Tables 2-4 and 2-5). Chloromethane gave positive results for gene mutation, sister chromatid

exchange, and transformation in cultured mammalian cells, including human lymphoblast cells (Fostel et al.

1985; Hatch et al. 1982, 1983; Working et al. 1986); and appears to be a direct-acting genotoxicant in

vitro. The ability of inflammatory cells (human phagocytes) to produce superoxides capable of genetic

damage has been demonstrated (Weitzman and Stossel 1981). Although chloromethane produced genotoxic

effects in human lymphocytes in culture, it is not known whether chloromethane could produce dominant

lethal mutations or other genotoxic effects in humans exposed by any route.

Although chloromethane was positive for unscheduled DNA synthesis in rat hepatocytes, spermatocytes, and

tracheal epithelial cells in vitro, a marginally positive response was found only in hepatocytes of rats

exposed to chloromethane in vivo, and only at very high concentrations (Working et al. 1986).

Chloromethane exposure consistently produced dominant lethal mutations in the sperm of rats, as measured

by postimplantation loss in females mated to the exposed males (Chellman et al. 1986c; Rushbrook 1984;

Working et al. 1985a). Since concurrent exposure of male rats to chloromethane and BW755C, an anti-

inflammatory agent, did not result in postimplantation loss, it was suggested that the dominant lethal
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mutation was probably due to chloromethane-induced epididymal inflammation, possibly by production by

inflammatory cells of a superoxide capable of damaging DNA, rather than by a genotoxic effect of

chloromethane itself (Chellman et al. 1986c). Since studies using 14C-chloromethane indicated that the

carbon atom from chloromethane becomes incorporated into normal macromolecules via the one-carbon

pool rather than binding to macromolecules as an alkylating agent (Kornbrust et al. 1982; Peter et al. 1985),

and since the dominant lethal effect may be secondary to inflammation, it is possible that in vivo

genotoxicity and carcinogenicity (see Section 2.2.1.8) may be secondary to other toxic effects of

chloromethane. Nevertheless, the in vitro studies demonstrate the direct genotoxicity of chloromethane.

Positive results have generally been found in the reverse mutation assay in Salmonella typhimurium with

and without metabolic activation (Andrews et al. 1976; DuPont 1977; Simmon et al. 1977). In addition, a

positive result was obtained in S. typhimurium for 8-azaguanine resistance (Fostel et al. 1985).

Cancer. The information regarding carcinogenicity in humans after exposure to chloromethane is limited.

An epidemiology study on a cohort of 24 Icelandic fishermen reported a slight increase in excess mortality

from all cancers, and more specifically, lung cancer (Rafnsson and Gudmundsson 1997). The study was

conducted 32 years after an acute (i.e., 2 days) high level exposure to chloromethane from a leaking

refrigerator. Confounding factors for lifestyle and smoking were not explicitly controlled in this study, but

assumed to be similar based on controls for age, social class, and occupation. One epidemiology study of

butyl rubber workers chronically exposed to chloromethane reported no statistically significant increase in

the rate of death due to cancer (Holmes et al. 1986).

Chloromethane has been tested for carcinogenicity in animals only by the inhalation route. No evidence of a

carcinogenic effect was found in rats or in female mice (CIIT 1981). In a 2-year inhalation study, a

statistically significant increased incidence of kidney tumors developed in 1,000 ppm-exposed B6C3F1 male

mice. Renal hyperplasia was also observed after 12 months of exposure. In an acute study, Chellman et al.

(1986b) found significant increases in cell proliferation in the kidneys of male B6C3F1 mice, as measured by

incorporation of tritiated thymidine into DNA of the kidneys. Such proliferation may be involved in the

development of kidney tumors, a hypothesis supported by the evidence that chloromethane is probably not

an alkylating agent, but acts by an epigenetic mechanism (Korubrust et al. 1982; Peter et al. 1985). Female

B6C3F1 mice exposed to 1,500 ppm chloromethane also had increased cell proliferation in the kidney

(Chellman et al. 1986b), but did not develop kidney tumors in the CIIT (1981) study; however, the exposure

concentrations in the CIIT (1981) study were lower than those in the study by Chellman et al. (1986b). In
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addition, greater evidence of regeneration of renal tubular cells, presumably in response to cell death, was

found in B6C3F1 males than in females of the same strain exposed to 500 and 1,000 ppm chloromethane for

12 days (Morgan et al. 1982). In mice exposed to 2,000 ppm, however, there was no sex difference. It is

possible, therefore, that at relatively low concentrations, female mice are less sensitive than male mice to the

renal toxicity of chloromethane.

Since data that chloromethane exposure was associated with tumors were found in only one sex of one

species in only one study, the evidence that chloromethane is a carcinogen is limited. It is not known

whether cancer could develop in humans exposed to chloromethane by any route.

2.6 CHILDREN’S SUSCEPTIBILITY

This section discusses potential health effects from exposures during the period from conception to maturity

at 18 years of age in humans, when all biological systems will have fully developed. Potential effects on

offspring resulting from exposures of parental germ cells are considered, as well as any indirect effects on

the fetus and neonate due to maternal exposure during gestation and lactation. Relevant animal and in vitro

models are also discussed.

Children are not small adults. They differ from adults in their exposures and may differ in their

susceptibility to hazardous chemicals. Children’s unique physiology and behavior can influence the extent

of their exposure. Exposures of children are discussed in Section 5.6, Exposures of Children.

Children sometimes differ from adults in their susceptibility to hazardous chemicals, but whether there is a

difference depends on the chemical (Guzelian et al. 1992; NRC 1993). Children may be more or less

susceptible than adults to health effects, and the relationship may change with developmental age (Guzelian

et al. 1992; NRC 1993). Vulnerability often depends on developmental stage. There are critical periods of

structural and functional development during both pre-natal and post-natal life and a particular structure or

function will be most sensitive to disruption during its critical period(s). Damage may not be evident until a

later stage of development. There are often differences in pharmacokinetics and metabolism between

children and adults. For example, absorption may be different in neonates because of the immaturity of

their gastrointestinal tract and their larger skin surface area in proportion to body weight (Morselli et al.

1980; NRC 1993); the gastrointestinal absorption of lead is greatest in infants and young children (Ziegler

et al. 1978). Distribution of xenobiotics may be different; for example, infants have a larger proportion of
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their bodies as extracellular water and their brains and livers are proportionately larger (Altman and Dittmer

1974; Fomon 1966; Fomon et al. 1982; Owen and Brozek 1966; Widdowson and Dickerson 1964). The

infant also has an immature blood-brain barrier (Adinolfi 1985; Johanson 1980) and probably an immature

blood-testis barrier (Setchell and Waites 1975). Many xenobiotic metabolizing enzymes have distinctive

developmental patterns and at various stages of growth and development, levels of particular enzymes may

be higher or lower than those of adults and sometimes unique enzymes may exist at particular developmental

stages (Komori 1990; Leeder and Kearns 1997; NRC 1993; Vieira et al. 1996). Whether differences in

xenobiotic metabolism make the child more or less susceptible also depends on whether the relevant enzymes

are involved in activation of the parent compound to its toxic form or in detoxification. There may also be

differences in excretion, particularly in the newborn who has a low glomerular filtration rate and has not

developed efficient tubular secretion and resorption capacities (Altman and Dittmer 1974; NRC 1993; West

et al. 1948). Children and adults may differ in their capacity to repair damage from chemical insults.

Children also have a longer lifetime in which to express damage from chemicals; this potential is particularly

relevant to cancer.

In adults, there appear to be two distinct populations with regard to metabolism and elimination of

chloromethane. One population has higher amounts of the metabolizing enzyme, glutathione-S-transferase,

and thus a higher rate of elimination of chloromethane from the body. The toxicity of chloromethane,

however, is thought to result from toxic metabolites formed following the conjugation with glutathione

(Chellman et al. 1986b; Jager et al. 1988; Kornbrust and Bus 1983, 1984; Nolan et al. 1985; Stewart et al.

1980; Warholm et al. 1995). It is anticipated that children would have a polymorphism similar to the adult

population, although no specific data have been collected to test this hypothesis. If a polymorphism is

present in children, then some children (i.e., those with higher levels of glutathione-S-transferase) would be

more susceptible to the toxic effects of chloromethane.

Certain characteristics of the developing human may increase exposure or susceptibility while others may

decrease susceptibility to the same chemical. For example, the fact that infants breathe more air per

kilogram of body weight than adults may be somewhat counterbalanced by their alveoli being less

developed, so there is a disproportionately smaller surface area for absorption (NRC 1993).

There have been no human studies to determine the health effects of exposure to chloromethane in children,

or whether children are more or less susceptible to the potential health effects of chloromethane at a given

exposure level and duration of exposure. There is no information on whether the effects in children would

be similar to those in adults for either accidental short-term exposures or longer-term lower level exposures.

It is not known whether chloromethane affects the developing fetus or the development of young children.
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There have also been no studies where young animals were exposed to chloromethane. With mid- to high

levels of chloromethane administered to female adult rats and mice during pregnancy, the offspring were

smaller than normal, with underdeveloped bones, and possibly abnormal hearts (although this latter effect

remains uncertain and occoured only in mice).

It is not known whether chloromethane or methanethiol in the body can cross the placenta and enter into the

developing young, or if either compound can enter into breast milk. We do know that chloromethane is

broken down and eliminated from the body very quickly in adults (Nolan et al. 1985) and animals (Landry et

al. 1983a; von Oettingen et al. 1949, 1950). Thus, it is unlikely that chloromethane would be stored in

maternal tissues or be mobilized (i.e., released from stores) during pregnancy or lactation.

In adults, there appear to be two distinct populations with regard to metabolism and elimination of

chloromethane. One population appears to have higher amounts of the metabolizing enzyme, glutathione-S-

transferase, and thus a higher rate of elimination of chloromethane from the body. The toxicity of

chloromethane, however, is thought to result from toxic metabolites formed following the conjugation with

glutathione (Chelhnan et al. 1986b; Jager et al. 1988; Kornbrust and Bus 1983, 1984; Nolan et al. 1985;

Stewart et al. 1980; Warholm et al. 1995). It is anticipated that children would have a polymorphism

similar to the adult population, although no specific data have been collected to test this hypothesis. If a

polymorphism is present in children, then some children (i.e., those with higher levels of glutathione-S-

transferase) would be more susceptible to the toxic effects of chloromethane.

Although the breakdown and elimination of chloromethane is expected to be the same in children as in

adults, more studies are needed to answer this and other questions concerning the movement of

chloromethane into the fetus or breast milk, and what levels might result in harmful effects. There are no

PBPK models for children, adults, or test animal models. There are no good biomarkers of exposure for

children (or adults), although clinical symptoms of drunkenness or food poisoning, and a sweet odor of the

breath may alert a physician. Attempts to use urinary levels of S-methylcysteine as an indicator of

chloromethane exposure have not been successful.

Only limited information is available from animal studies on potential effects in the developing young. In

one animal study, pregnant rats were exposed to 1,500 ppm chloromethane by inhalation during gestation.

Maternal toxicity, evidenced by decreased body weight gain and retarded development of fetuses, was

observed in rats exposed to 1,500 ppm chloromethane for 6 hours per day during gestational days (Gd) 7-19

(Wolkowski-Tyl et al. 1983a). The fetal effects consisted of reduced fetal body weight and crown-rump
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length and reduced ossification of metatarsals and phalanges of the anterior limbs, thoracic centra in the

pubis of the pelvic girdle, and metatarsals of the hindlimbs.

In a mouse study, dams were exposed by inhalation to chloromethane during gestation days 6-17

(Wolkowski-Tyl et al. 1983a). The investigators found increased incidences of heart malformations in the

fetuses of mouse dams exposed to 500 ppm chloromethane during Gd 6-17. The heart malformations

consisted of absence or reduction of atrioventricular valves, chordae tendineae, and papillary muscles.

Heart malformations, however, were not found in fetuses of mouse dams exposed to higher concentrations of

chloromethane during Gd 11 S-12.5, which they considered to be the critical period for development of the

embryonal heart (John-Greene et al. 1985). John-Greene et al. (1985) suggested that the heart anomaly

reported by Wolkowski-Tyl et al. (1983) may have been an artifact of the sectioning technique, due to the

examination of the fixed as opposed to unfixed fetal tissue, or a misdiagnosis. They also found much inter-

animal variability in the appearance of the papillary muscles in control mice. However, Wolkowski-Tyl

(1985) countered that the inability of John-Greene et al. (1985) to detect the abnormality was due to the

different exposure protocol, and that the critical period is more appropriately gestational day 14. The

developmental toxicity of chloromethane in mice is, therefore, controversial; it is not known whether

chloromethane could produce developmental effects in humans.

Acute-, intermediate-, and chronic-duration inhalation exposures of male rats to chloromethane have resulted

in such reproductive effects as inflammation of the epididymis and sperm granuloma formation in

epididymides, disruption of spermatogenesis, decreased fertility at about 500 ppm, and sterility at higher

concentrations of 1,000 or 3,000 ppm (Burek et al. 1981; Chapin et al. 1984; Chellman et al. 1986a, 1986b,

1987; CIIT 1981; Hamm et al. 1985; Morgan et al. 1982; Working and Bus 1986; Working et al. 1985a,

1985b). Testicular effects of chloromethane have been manifested as preimplantation loss in unexposed

female rats mated with males exposed to chloromethane (Working et al. 1985a). Testicular lesions were

also observed in mice after 18 months of exposure to chloromethane (CIIT 1981). Studies on the

mechanism of chloromethane-induced testicular effects suggested that preimplantation loss was due to

cytotoxicity of chloromethane to sperm in the testes at the time of exposure, rather than to a genotoxic effect

on the sperm (Chellman et al. 1986a, 1986c, 1987; Working and Bus 1986; Working et al. 1985a, 1985b).

Chloromethane exposure consistently produced dominant lethal mutations in the sperm of rats, as measured

by postimplantation loss in females mated to exposed males (Chellman et al. 1986c; Rushbrook 1984;

Working et al. 1985a). Because of the known transit times for sperm in the epididymis and the resulting

observed times of the postimplantation losses, Working et al. (1985a) observed that the timing of the genetic

damage to the sperm coincided with their location in the chloromethane-induced inflammation of the
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epididymis. Since concurrent exposure of male rats to chloromethane and BW755C, an anti-inflammatory

agent, greatly reduced the amount of postimplantation loss, the dominant lethal mutations probably resulted

secondary to the epididymal inflammatory response (Chellman et al. 1986c; Working and Chellman 1989).

The activation of phagocytic cells during the inflammatory process may result in the production of

potentially genotoxic chemical species including the superoxide anion radical, hydrogen peroxide, and lipid

peroxide decomposition products (Fridovich 1978; Goldstein et al. 1979, 1981; Working et al. 1985a).

Chloromethane has been tested for genotoxicity in a number of in vitro and in vivo systems (see Tables 2-4

and 2-5). Chloromethane gave positive results for gene mutation, sister chromatid exchange, and

transformation in cultured mammalian cells, including human lymphoblast cells (Fostel et al. 1985; Hatch

et al. 1982, 1983; Working et al. 1986); and appears to be a direct-acting genotoxicant in vitro. The

ability of inflammatory cells (human phagocytes) to produce superoxides capable of genetic damage has

been demonstrated (Weitzman and Stossel 1981). Although chloromethane produced genotoxic effects in

human lymphocytes in culture, it is not known whether chloromethane could produce dominant lethal

mutations or other genotoxic effects in humans exposed by any route. No information was available on the

distribution of chloromethane or metabolites to parental reproductive organs or germ cells in humans that

could lead to genetic or epigenetic damage to germ cells. It is also not known whether chloromethane

produces a sublethal level of genetic or epigenetic damage to sperm that would, in turn, be sufficiently viable

to form an embryo and subsequently be detrimental (at clinical or subclinical levels) to the developing

young.

2.7 BIOMARKERS OF EXPOSURE AND EFFECT

Biomarkers are broadly defined as indicators signaling events in biologic systems or samples. They have

been classified as markers of exposure, markers of effect, and markers of susceptibility (NAS/NRC 1989).

Due to a nascent understanding of the use and interpretation of biomarkers, implementation of biomarkers as

tools of exposure in the general population is very limited. A biomarker of exposure is a xenobiotic

substance or its metabolite(s), or the product of an interaction between a xenobiotic agent and some target

molecule(s) or cell(s) that is measured within a compartment of an organism (NAS/NRC 1989). The

preferred biomarkers of exposure are generally the substance itself or substance-specific metabolites in

readily obtainable body fluid(s) or excreta. However, several factors can confound the use and

interpretation of biomarkers of exposure. The body burden of a substance may be the result of exposures

from more than one source. The substance being measured may be a metabolite of another xenobiotic

substance (e.g., high urinary levels of phenol can result from exposure to several different aromatic
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compounds). Depending on the properties of the substance (e.g., biologic half-life) and environmental

conditions (e.g., duration and route of exposure), the substance and all of its metabolites may have left the

body by the time samples can be taken. It may be difficult to identify individuals exposed to hazardous

substances that are commonly found in body tissues and fluids (e.g., essential mineral nutrients such as

copper, zinc, and selenium). Biomarkers of exposure to chloromethane are discussed in Section 2.7.1.

Biomarkers of effect are defined as any measurable biochemical, physiologic, or other alteration within an

organism that, depending on magnitude, can be recognized as an established or potential health impairment

or disease (NAS/NRC 1989). This definition encompasses biochemical or cellular signals of tissue

dysfunction (e.g., increased liver enzyme activity or pathologic changes in female genital epithelial cells), as

well as physiologic signs of dysfunction such as increased blood pressure or decreased lung capacity. Note

that these markers are not often substance specific. They also may not be directly adverse, but can indicate

potential health impairment (e.g., DNA adducts). Biomarkers of effects caused by chloromethane are

discussed in Section 2.7.2.

A biomarker of susceptibility is an indicator of an inherent or acquired limitation of an organisms ability to

respond to the challenge of exposure to a specific xenobiotic substance. It can be an intrinsic genetic or

other characteristic or a preexisting disease that results in an increase in absorbed dose, a decrease in the

biologically effective dose, or a target tissue response. If biomarkers of susceptibility exist, they are

discussed in Section 2.9, Populations That Are Unusually Susceptible.

2.7.1 Biomarkers Used to Identify or Quantify Exposure to Chloromethane

Several studies have unsuccessfully attempted to correlate exposure levels of chloromethane in air with

urinary excretion of S-methylcysteine. In a group of 6 workers exposed to TWA g-hour workroom

concentrations of 30-90 ppm the excretion of S-methylcysteine in urine showed wide variations, with little

correlation with exposure levels (van Doorn et al. 1980). On the basis of variable excretion of S-methyl-

cysteine in 6 male volunteers exposed to 10 or 50 ppm chloromethane for 6 hours, Nolan et al. (1985)

concluded that measurement of S-methylcysteine in urine is not a valid method for monitoring exposure to

chloromethane.

In an evaluation of the use of blood and breath analysis of chloromethane to monitor exposure in volunteers

exposed to up to 150 ppm chloromethane, breath levels immediately after exposure to 20 or 100 ppm

correlated with exposure, but subsequent samples were difficult to interpret (Stewart et al. 1980). Exposure

to 100 ppm could not be distinguished from exposure to 150 ppm. The excretion patterns following
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prolonged exposure will differ from those observed in these experiments (Morgan et al. 1970), which

followed single breath exposure (see Section 2.3.4.1); therefore, the data are not useful for monitoring

occupational exposure. This conclusion probably applies to prolonged environmental exposure as well.

Symptoms resembling drunkenness and food poisoning, along with a sweet odor of the breath, may alert

physicians that a person has been exposed to chloromethane.

Xu et al. (1990) evaluated whether covalent binding of chloromethane to hemoglobin would be a viable

measure for monitoring exposure. In comparison to the other monohalomethanes tested (methyl bromide

and methyl iodide), chloromethane had the lowest reactivity with hemoglobin. The authors support further

assay development for methyl bromide, but make no mention of the usefulness of a covalent binding assay

for chloromethane, presumably because its reactivity was too low.

2.7.2 Biomarkers Used to Characterize Effects Caused by Chloromethane

Attempts to correlate blood levels and expired air concentrations of chloromethane with health effects of

occupational and experimental inhalation exposure have been unsuccessful. In a study of 73 behavioral

measures of task performance, 4 indices of exposure and 8 indicators of neurological function in workers

exposed to a mean concentration of 34 ppm chloromethane, effects on cognitive time-sharing and finger

tremor were found, but correlation coefficients indicated that chloromethane in breath was not a sensitive

indicator of performance (Repko et al. 1977). Although volunteers exposed to 200 ppm chloromethane for

3 hours had a 4% decrement in their performance on behavioral tests, blood and alveolar air levels of

chloromethane were too variable to be of practical use (Putz-Anderson et al. 1981a). The decrement in

performance was also small and not statistically significant.

For more information on biomarkers for renal and hepatic effects of chemicals see ATSDR/CDC

Subcommittee Report on Biological Indicators of Organ Damage (1990) and for information on biomarkers

for neurological effects see OTA (1990).

2.8 INTERACTIONS WITH OTHER CHEMICALS

Inhalation exposure of volunteers to 200 ppm chloromethane along with oral dosing with 10 mg diazepam

produced an additive impairment in performance on behavioral tests (Putz-Anderson et al. 1981a). Since

both of these compounds are known to be central nervous system depressants, workers who are exposed to
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chloromethane in industry or during cleanup of hazardous waste sites, or people who live near hazardous

waste sites where chloromethane is present and are treated with diazepam or exposed to other central

nervous system depressants, including alcohol, may have aggravated symptoms.

Minami et al. (1992) report on a patient in Japan exposed simultaneously to chloromethane and chloramine

gas. The exposure resulted from the patient first cleaning a porcelain toilet with sodium hypochlorite

(NaOCl) in an alkaline solution then, without first rinsing off the hypochlorite, spraying a hydrochloric acid

(HCl) solution to remove hard salt adhesions. The toilet was connected directly to a sewage storage tank.

The resulting fumes produced a toxic response in the patient 30 minutes after cleaning. The patient

recovered from the acidosis after bicarbonate transfusion, plasmapheresis, and plasma exchange; but

permanent blindness ensued 3 days postexposure. In a follow-up study, Minami et al. (1993) demonstrated

an increase in formate excretion in mice dosed with chloramine after exposure to chloromethane. The

authors ascribe this increase to an inhibitory effect of chloramine on formyl tetrahydrofolate dehydrogenase

and formaldehyde dehydrogenase. More recently, Wang and Minami (1996) extended their proposed

mechanism to include a potentiation of formaldehyde on chloramine inhibition of acetycholinesterase

activity.

The only other studies that show an effect of other compounds on the toxicity of chloromethane are those in

which the effects of BW755C, an anti-inflammatory agent, and BSO, a depleter of glutathione, were

administered to rats or mice exposed to chloromethane by inhalation to study the mechanism of

chloromethane-induced toxicity (Chellman et al. 1986a, 1986b). These studies are discussed in Section 2.2.

It is unlikely that these compounds would be found with chloromethane at hazardous waste sites.

2.9 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE

A susceptible population will exhibit a different or enhanced response to chloromethane than will most

persons exposed to the same level of chloromethane in the environment. Reasons may include genetic

makeup, age, health and nutritional status, and exposure to other toxic substances (e.g., cigarette smoke).

These parameters may result in reduced detoxification or excretion of chloromethane, or compromised

function of target organs affected by chloromethane. Populations who are at greater risk due to their

unusually high exposure to chloromethane are discussed in Section 5.7, Populations With Potentially High

Exposure.
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In general, people who have kidney or liver disease, anemia, or neurological deficits may be more

susceptible to the toxic effects of chloromethane.

Two distinct populations of humans with differences in elimination of chloromethane have been identified.

Some of the volunteers exposed by inhalation to chloromethane had distinctly higher chloromethane

concentrations in alveolar breath samples than others (Stewart et al. 1980). In humans exposed to

chloromethane by inhalation, the chloromethane was eliminated from the blood and expired air more slowly

by the subjects who had higher venous blood and expired air concentrations than by those who had lower

concentrations (Nolan et al. 1985). This finding was believed to be due to differences in metabolic rate. In

six workers exposed to chloromethane occupationally, the excretion of S-methylcysteine showed wide

variations, and there was little or no correlation between exposure levels and excretion (van Doom et al.

1980). In four of the workers, all concentrations of S-methylcysteine were higher than in controls, and

appeared to increase during the course of the week. The other two workers had only small amounts of

S-methylcysteine in the urine, but these workers had experienced the highest exposure concentrations. These

results support the hypothesis that there are two distinct populations: fast eliminators, with lower body

burdens and higher excretion; and slow eliminators, with higher body burdens and lower excretion.

Because chloromethane is eliminated relatively rapidly, the observation of two distinct populations may have

no toxicological significance (Nolan et al. 1985). Based on studies in mice, the reaction of chloromethane

with glutathione, however, may lead to the formation of toxic compounds in humans that exert their action

before they are eliminated. If slow eliminators have a deficiency of glutathione- S-transferase, the enzyme

that catalyzes the conjugation of glutathione with chloromethane, or low levels of glutathione, they would be

expected to be less susceptible to the toxic effects of chloromethane. The extent to which chloromethane

reacts with glutathione in humans, however, is not known.

As discussed in Section 2.8, workers treated with diazepam and exposed to chloromethane had an additive

impairment in performing behavioral tests (Putz-Anderson et al. 1981a). These results imply that people

who are occupationally exposed to chloromethane and treated with diazepam, or perhaps other drugs that

depress the central nervous system, may have aggravated symptoms.

2.10 METHODS FOR REDUCING TOXIC EFFECTS

This section will describe clinical practice and research concerning methods for reducing toxic effects of

exposure to chloromethane. However, because some of the treatments discussed may be experimental and
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unproven, this section should not be used as a guide for treatment of exposures to chloromethane. When

specific exposures have occurred, poison control centers and medical toxicologists should be consulted for

medical advice. The following texts provide specific information about treatment following exposures to

chloromethane:

Goldfrank LR, Flomenbaum NE, Lewin NA, et al. 1994. Goldfrank’s Toxicologic Emergencies.

Fifth edition. Norwalk. CT: Appleton & Lange, 1231-1244.

Ellenhorn MJ, Barceloux DG. 1988. Medical Toxicology: Diagnosis and Treatment of Human

Poisoning. New York, NY. Elsevier, 982-983.

ATSDR. 1994. Agency for Toxic Substances and Disease Registry. Medical Management

Guidelines for Acute Chemical Exposures: Formaldehyde. Atlanta, GA.

2.10.1 Reducing Peak Absorption Following Exposure

Acute inhalation exposure to high levels of chloromethane primarily causes neurological effects with signs

and symptoms that can range from staggering and blurred vision to coma, convulsions, and death. Such

effects as abnormal gait, tremors, and personality changes may persist for several months or more, but

complete recovery may also occur eventually. Because chloromethane is so rapidly absorbed, metabolized,

and distributed; treatment to reduce absorption would have to be administered promptly. No treatments,

however, were located in the literature except the general indication of supportive treatment. This usually

consists of ensuring open airways, adequate supply of fresh air, and establishing and monitoring proper

cardiovascular function.

2.10.2 Reducing Body Burden

No information was located on reducing body burdens of absorbed chloromethane.

2.10.3 Interfering with the Mechanism of Action for Toxic Effects

The mechanism(s) of chloromethane toxicity remains unclear, and thus it is uncertain whether depletion or

protection of glutathione pools would be appropriate for any given exposure or target organ.
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Methanethiol and formaldehyde formation, and increased lipid peroxidation due to glutathione depletion

have been suggested as the toxic intermediates and mechanism responsible for the toxicity of chloromethane

(Dekant et al. 1995; Jager et al. 1988; Kombrust and Bus 1983, 1984; Ristau et al. 1989, 1990).

Dodd et al. (1982) also proposed possible mechanisms for the toxicity of chloromethane related to

glutathione depletion including enhancement of the toxicity of chemicals that are detoxified via conjugation

with GSH; prevention of GSH from acting as a cellular reducing agent, thereby interfering with a variety of

physiological functions; or an increase in chloromethane-glutathione conjugates that are then further

metabolized to putative toxic metabolite (e.g., formaldehyde or methanethiol).

Chellman et al. (1986b), however, concluded that the depletion of GSH protected mice from cerebellar

damage due to exposure to chloromethane. The mechanism may involve conjugation of chloromethane with

glutathione in the liver, followed by biliary excretion and enterohepatic circulation of the glutathione

conjugate or possibly a cysteine conjugate and further metabolism by kidney and/or gut flora beta-lyase to

methanethiol. Methanethiol produces similar central nervous system symptoms (tremors, convulsion, coma)

as seen in animals or humans acutely intoxicated with chloromethane (Chellman et al. 1986b).

There is only a limited amount of information available from animal studies on interfering with putative

mechanism of chloromethane-induced toxicity. Interference with specific toxic events has been

demonstrated for BW755C, an anti-inflammatory agent, and for BSO, a depleter of glutathione, when

administered to rats or mice that have been exposed to chloromethane by inhalation (Chellman et al. 1986a,

1986b). BW755C protected rats from chloromethane-induced epididymal or testicular lesions, but did not

alter chloromethane metabolism, tissue distribution, or excretion of 14C-chloromethane, or decrease hepatic

glutathione content. An alternate mechanism for BW755C’s protective effects against testicular damage

could be an inhibition of leukotriene and prostaglandin synthesis.

2.11 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether adequate

information on the health effects of chloromethane is available. Where adequate information is not

available, ATSDR, in conjunction with the National Toxicology Program (NTP), is required to assure the

initiation of a program of research designed to determine the health effects (and techniques for developing

methods to determine such health effects) of chloromethane.
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The following categories of possible data needs have been identified by a joint team of scientists from

ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would

reduce the uncertainties of human health assessment. This definition should not be interpreted to mean that

all data needs discussed in this section must be filled. In the future, the identified data needs will be

evaluated and prioritized, and a substance-specific research agenda will be proposed.

2.11.1 Existing Information on Health Effects of Chloromethane

The existing data on health effects of inhalation, oral, and dermal exposure of humans and animals to

chloromethane are summarized in Figure 2-5. The purpose of this figure is to illustrate the existing

information concerning the health effects of chloromethane. Each dot in the figure indicates that one or

more studies provide information associated with that particular effect. The dot does not necessarily imply

anything about the quality of the study or studies, nor should missing information in this figure be

interpreted as a “data need.” A data need, as defined in ATSDR’s Decision Guide for Identifying

Substance-Specific Data Needs Related to Toxicological Profiles (ATSDR 1989), is substance-specific

information necessary to conduct comprehensive public health assessments. Generally, ATSDR defines a

data gap more broadly as any substance-specific information missing from the scientific literature.

As shown in Figure 2-5, information on the health effects in humans exposed to chloromethane is available

only for inhalation or occupational exposures. Accidental leaks of chloromethane from refrigeration units or

from occupational sources involves dermal as well as inhalation exposure; however, the primary exposure

route during an accidental spill or leak is inhalation exposure. The organs or systems adversely affected in

humans after exposure to chloromethane include the liver, kidney, neurological system (including behavioral

alterations), and the cardiovascular and gastrointestinal systems (possibly secondary to the neurological

effects). Death may occur at sufficiently high doses. Information on the adverse health effects of

chloromethane has been presented for occupational exposures of acute, intermediate, and chronic duration.

One epidemiological study found no association between exposure to chloromethane and cancer at any site.

One epidemiological study found a slight excess of mortality from all cancers, and more specifically, from

lung cancers, 32 years following an acute high level exposure to inhaled chloromethane. No information

was available regarding immunological, developmental, reproductive, or genotoxic effects in humans

exposed to chloromethane by any route.
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There have been no studies to determine if children are more or less susceptible than adults to adverse health

effects from a given amount or duration of exposure to chloromethane, or if chloromethane affects the

developing fetus or the development of young children. There is no information on the potential movement

of chloromethane or its metabolites across the placenta and into the developing young. We also do not know

if chloromethane or its metabolites can migrate into breast milk.

A number of studies have evaluated the health effects of chloromethane exposure in animals for the

inhalation route, although only a single comprehensive chronic study in rats and mice has been performed.

Health effects of acute, intermediate, and chronic inhalation exposure in animals include increased mortality,

liver damage, kidney damage and tumors, neurological damage; and adverse reproductive, genotoxic and

possibly developmental effects. In the only oral study in animals, an attempt was made to compare the

hepatotoxicity of chloromethane with that of carbon tetrachloride and chloroform. The administered dose of

chloromethane, however, was too low to produce hepatic effects, and the use of a higher dose was precluded

due to neurotoxicity.

2.11.2 Identification of Data Needs

Chloromethane is highly volatile, and chloromethane in water or soil will likely evaporate to the air

(Chapter 5). Given the volatility of chloromethane, inhalation exposures and toxicity are of primary concern

and have been the most studied. The oral and dermal routes of exposure are also of concern because

chloromethane is ubiquitous in the environment; yet, with the exception of a single-dose oral study

(Reynolds and Yee 1967) and ocular effects from a presumptive dermal exposure in whole-body inhalation

chambers (CIIT 1981; McKenna et al. 1981a, 1981b; Mitchell et al. 1979), no information was located

regarding the health effects of chloromethane in humans or animals after oral or dermal exposure. It is not

possible to predict whether effects following oral or dermal exposure to chloromethane would be similar to

those following inhalation exposure, partially because the pharmacokinetic disposition of chloromethane has

not been compared for the three routes of exposure. Differences in absorption, distribution, and metabolic

pathways could lead to differences in toxic response and different target organs following the three routes of

exposure. Therefore, additional studies using oral and dermal routes of exposure are also needed.

Acute-Duration Exposure. Case reports of humans exposed acutely to high concentrations of

chloromethane have described severe neurological effects, sometimes followed by death (Baird 1954;

Battigelli and Perini 1955; Borovska et al. 1976; Gudmundsson 1977; Jones 1942; Kegel et al. 1929;
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Lanham 1982; McNally 1946; Spevak et al. 1976; Thordarson et al. 1965). Effects on the cardiovascular

system, liver, and kidney have also been described in case reports of humans exposed for brief periods, or

occupationally for more prolonged periods (Gummert 1961; Hansen et al. 1953; Kegel et al. 1929; McNally

1946; Rafnsson and Gudmundsson 1997; Schamweber et al. 1974; Spevak et al. 1976; Verriere and Vachez

1949). Only one epidemiology study addressed cancer following an acute exposure (Rafnsson and

Gudmundsson 1997). The results indicate a slight elevation in death from all cancers, and a clear increase

in deaths due to cardiovascular disease, but the usefulness of the study conclusions are limited due to

assumptions about similar lifestyle factors between the exposed population and the reference group,

including smoking and drinking habits.

Acute inhalation exposure levels of chloromethane causing death in animals are available for rats and mice

(Burek et al. 1981; Chellman et al. 1986a, 1986b, 1987; Jiang et al. 1985; Landry et al. 1985; Morgan et al.

1982; Smith and von Oettingen 1947a, 1947b; von Oettingen et al. 1949, 1950; Wolkowski-Tyl et al.

1983a, 1983b). Numerous acute inhalation studies have identified the liver and kidney as target organs in

rats and mice (Burek et al. 1981; Chapin et al. 1984; Chelhnan et al. 1986a; Jiang et al. 1985; Landry et al.

1985; Morgan et al. 1982); the spleen as a target organ in mice (Landry et al. 1985); the central nervous

system as a target system in rats, mice, and dogs (Chellman et al. 1986a, 1986b; Jiang et al. 1985;

McKenna et al. 1981a; Smith and von Oettingen 1947a, 1947b); and the testes and epididymides as target

organs in rats (Chapin et al. 1984; Chellman et al. 1987; Morgan et al. 1982; Working et al. 1985b). The

respiratory and cardiovascular systems may be targets in dogs (Dunn and Smith 1947; Smith 1947; Smith

and von Oettingen 1947a, 1947b; von Oettingen et al. 1949, 1950). These studies have shown that species

differ in susceptibility, and that lower levels are needed when administered continuously to produce toxicity

compared with the higher levels needed in intermittent exposures. Some information on the mechanism of

hepatic, renal, neurological, and reproductive effects in mice is available, but more is needed.

The data for acute effects in animals were sufficient to derive an acute inhalation MRL for chloromethane

based on a NOAEL for neurological effects in mice.

Only one acute oral study was reported, and this was not sufficient to derive an MRL. In this study, rats

were dosed orally with chloromethane, and livers were examined for pathology (Reynolds and Yee 1967).

The administered dose was too low to cause hepatic effects, and higher doses were not administered because

of the neurotoxic effects of chloromethane.
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No studies were located regarding effects in humans or animals after dermal exposure to chloromethane.

Pharmacolcinetic data are insufficient to identify target organs of chloromethane after oral and dermal

exposure and more studies are needed. As discussed above, the potential for humans to be exposed to

chloromethane is greater for the inhalation route than for the oral and dermal routes, however,

chloromethane is ubiquitous in the environment. Therefore, acute studies in animals exposed by oral or

dermal routes are needed to identify target organs and dose-response relationships for these routes.

Intermediate-Duration Exposure. Information regarding effects in humans after intermediate-

duration exposure to chloromethane is limited to findings of neurological symptoms in humans

occupationally exposed. Inhalation studies conducted in rats, mice, and dogs have identified the liver as a

target organ in rats and mice (CIIT 1981; Mitchell et al. 1979; Smith and von Oettingen 1947a); the testes

as a target organ in rats (CIIT 1981; Hamm et al. 198.5); and the kidney, spleen, and central nervous system

as targets in mice (CIIT 1981). The data were sufficient to derive an intermediate-duration inhalation MRL.

No studies were located regarding effects in humans or animals after intermediate-duration oral or dermal

exposure, and pharmacokinetic data are insufficient to identify or predict target organs of chloromethane for

these routes of exposure. As discussed above, although the potential for humans to be exposed to

chloromethane is greater for the inhalation route than for the oral and dermal routes, chloromethane is

ubiquitous in the environment. Intermediate-duration studies in animals exposed by oral or dermal routes

are needed to identify target organs and dose-response relationships for these routes.

Chronic Duration Exposure and Cancer. Only one study was located regarding effects of

chloromethane in humans after chronic inhalation exposure. No studies were located for other routes.

A 2-year inhalation study in animals has been conducted in which both sexes of rats and mice were exposed

to several concentrations of chloromethane (CIIT 1981). The liver, kidney, spleen, and brain were identified

as target organs in mice, and the testes were identified as target organs in rats and mice. Data were

sufficient to derive a chronic inhalation MRL. No studies were located regarding effects in animals after

chronic oral or dermal exposure to chloromethane. Pharmacokinetic data are insufficient to identify or

predict target organs of chloromethane for these routes of exposure. Although the potential for humans to

be exposed to chloromethane is greater for the inhalation route than for the oral and dermal routes,

chloromethane is ubiquitous in the environment. Therefore, chronic-duration studies in animals exposed by

oral or dermal routes are needed to identify target organs and dose-response relationships for these routes.
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The carcinogenic effects of chloromethane were observed in male, but not female mice nor in rats of either

sex. Male mice had increased incidences of kidney tumors at the highest exposure level. The rats and mice

were exposed to the same concentrations, but differences in ventilation rate, the ability to conjugate

chloromethane with glutathione, the further metabolism of the glutathione conjugate, and body weight

effects make it probable that mice received a higher internal dose than rats. It is possible, therefore, that the

exposure concentration was not sufficient in rats to produce kidney tumors. Additional chronic inhalation

studies are needed to provide more information on differences in species susceptibility and to further

evaluate the potential for and the mechanisms of chronic and carcinogenic effects of chloromethane in

humans.

Genotoxicity. Chloromethane has been shown to be genotoxic (Chellman et al. 1986c; Ristau et al.

1990; Rushbrook 1984; Working et al. 1985a). DNA strand breaks have been evaluated in human

lymphoblasts (Fostel et al. 1985). Genotoxic effects have also been evaluated for mutations in S.

typhimurium (Andrews et al. 1976; DuPont 1977; Simmon et al. 1977), sister-chromatid exchange (Fostel

et al. 1985) unscheduled DNA synthesis in rat hepatocytes (Working et al. 1986), effects on spermatocytes

and tracheal epithelial cells (Working et al. 1986), and DNA viral transformation in primary hamster

embryo cells (Hatch et al. 1982, 1983). Studies of the mechanism of dominant lethal mutations in rat sperm

resulting from inhalation exposure of male rats to chloromethane suggest that the dominant lethal effects

may be secondary to inflammation of the epididymis (Chellman et al. 1986c). There remains, however,

some controversy about chloromethane’s alkylating and genotoxic potential, and additional studies are

needed to evaluate the genotoxic risks to humans.

Reproductive Toxicity. No information was available regarding reproductive effects of chloromethane

in humans.

Several inhalation studies, however, have demonstrated that chloromethane is a reproductive toxicant in

male rats (Burek et al. 1981; Chapin et al. 1984; Chellman et al. 1986a, 1986b, 1987; CIIT 1981; Hamm et

al. 1985; Morgan et al. 1982; Working and Bus 1986; Working et al. 1985a, 1985b). The mechanism of

this reproductive toxicity has been studied extensively only in rats because testicular lesions in mice

occurred at lower incidences and later time periods than in rats in the 2-year inhalation study by CIIT

(1981). Testicular effects were not observed in male dogs and cats exposed to chloromethane by inhalation

(McKenna et al. 1981a), but the exposure concentrations may not have been high enough. Species

differences in sensitivity exist for other end points as well. No studies were located regarding the
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reproductive effects of chloromethane in animals after oral or dermal exposure, and pharmacokinetic data

are insufficient to support the potential for reproductive effects across routes of exposure. Therefore,

additional inhalation, oral, and dermal studies for reproductive effects in other species at higher exposure

levels are needed to further evaluate the potential adverse reproductive effects in humans from exposure to

chloromethane.

Developmental Toxicity. No information was located regarding developmental effects in humans after

exposure to chloromethane by any route.

The teratogenicity of inhalation exposure to chloromethane has been studied in rats and mice

(Wolkowski-Tyl et al. 1983a). In rats, delayed fetal development was found at a concentration that also

resulted in maternal toxicity. Positive results in mice have been reported (Wolkowski-Tyl 1985); however

there is some controversy related to conflicting results reported from other laboratories (John-Greene et al.

1985). Additional studies are needed to further evaluate the pharmacokinetics and the potential teratogenic

effects of exposure to chloromethane.

No studies were located regarding the developmental effects of chloromethane in animals after oral and

dermal exposure, and the pharmacokinetic data are insufficient to extrapolate to these routes of exposure.

Additional studies in mice and other species are needed to evaluate the potential developmental risks to

humans from these routes of exposure.

Immunotoxicity. No information was located regarding immunotoxic effects in humans after exposure

to chloromethane by any route.

The immunotoxic effects reported in the literature from exposure to chloromethane were lymphoid depletion

of the spleen and splenic atrophy observed in mice exposed by inhalation to chloromethane for 2 years (CIIT

1981). Cats exposed continuously to chloromethane for 3 days had higher incidences of brain lesions than

the control (McKenna et al. 1981a), but the lesions were consistent with infection or post-vaccinal reaction

(the cats were vaccinated for panleukopenia by the supplier). Exacerbation of viral-induced central nervous

system disease could not be ruled out. Additional studies are needed to further evaluate the potential

immunotoxicity of chloromethane to humans.
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Neurotoxicity. The neurotoxic effects in humans from inhalation exposure to chloromethane are

described in numerous case studies (Baird 1954; Battigelli and Perini 1955; Gudmundsson 1977; Hansen et

al. 1953; Hartman et al. 1955; Jones 1942; Kegel et al. 1929; Lanham 1982; MacDonald 1964; McNally

1946; Raalte and van Velzen 1945; Spevak et al. 1976; Wood 1951), but the mechanism is unclear.

S-methylcysteine appears to be a metabolite in humans (Kornbrust and Bus 1983), and mechanisms

involving conjugation with glutathione are likely to be relevant to human toxicity. Methanethiol produces

similar central nervous system effects as seen in humans and animals exposed to chloromethane (Jager et al.

1988; Kornbrust and Bus 1983, 1984).

The neurotoxic effects of inhalation exposure to chloromethane are also well defined in animals (Burek et al.

1981; Chelhnan et al. 1986a, 1986b; CIIT 1981; Kolkmann and Volk 1975; Landry et al. 1985; McKenna

et al. 1981a; Morgan et al. 1982; Smith and von Oettingen 1947b). The mechanism for the induction of

cerebellar lesions in mice exposed by inhalation may involve conjugation of chloromethane with glutathione,

with further metabolism leading to production of methanethiol (Chellman et al. 1986b). The relative

importance of conjugation with glutathione in other species has not been determined.

Monkeys provide a better animal model compared with rodents when evaluating neurobehavioral effects in

humans. Neurobehavioral studies in monkeys and additional mechanistic studies in rodents are needed to

further evaluate the mechanism and dose-response relationships of chloroform-induced neurotoxicity in

humans.

No studies were located regarding the neurotoxic effects of chloromethane in animals after oral and dermal

exposure, and pharmacokinetic data are insufficient to extrapolate to other routes of exposure.

Epidemiological and Human Dosimetry Studies. A retrospective epidemiological study was

conducted in workers exposed to chloromethane in a butyl rubber manufacturing facility (Holmes et al.

1986). No association was found between chloromethane exposure and death due to cardiovascular disease

or cancer at any site. In a study of workers from fabricating plants, occupational exposure to

chloromethane below 100 ppm produced subtle, quantifiable behavioral effects, but the threshold for

changes in functional capacity could not be determined precisely (Repko et al. 1977). An experimental

study by Stewart et al. (1980) found no effects on pulmonary function, cardiac function or ECG, and no

hematological, neurological, or behavioral effects in human volunteers exposed by inhalation to

chloromethane, but the protocol was too confusing to clearly define the exposures. A slight decrement in
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performance of behavioral tasks was found in human volunteers exposed to 200 ppm for 3 hours

(Putz-Anderson et al. 1981a). An epidemiology study on a cohort of 24 Icelandic fishermen reported a

slight increase in excess mortality from all cancers (more specifically, lung cancer) and a clear increase in

death from cardiovascular disease (Rafnsson and Gudmundsson 1997). The study was conducted 32 years

after an acute (i.e., 2 days) high level exposure to chloromethane from a leaking refrigerator (although no

estimates of exposure levels were reported). The usefulness of these results are limited because confounding

factors for lifestyle and smoking were not explicitly controlled, but assumed to be similar based on controls

for age, social class, and occupation. Exposure levels were also not quantified. Additional epidemiology

and dosimetry studies are therefore needed to further evaluate the occupational and environmental health risk

from exposure to chloromethane.

Biomarkers of Exposure and Effect.

Exposure. A number of studies have unsuccessfully tried to relate blood and alveolar air levels of

chloromethane and urinary levels of S-methylcysteine with exposure (DeKok and Antheunius 1981; Nolan et

al. 1985; Stewart et al. 1980; Van Doorn et al. 1980). The blood and alveolar air levels of chloromethane

and the urinary levels of S-methylcysteine are highly variable. Symptoms resembling drunkenness and food

poisoning, along with a sweet odor on the breath, may alert a physician that a person has been exposed to

chloromethane, but such symptoms could easily be mistaken for the conditions they resemble.

Although Xu et al. (1990) reported low chloromethane reactivity with hemoglobin, protein adducts may still

hold promise as potential biomarkers for chloromethane exposure. In view of chloromethane’s genotoxicity

in short-term assays, an assay for a DNA adduct or indicator of oxidative damage to DNA from

chloromethane exposure might also be pursued. Further studies are, therefore, needed to identify a

metabolite or biomarker that can be used to monitor chloromethane exposure.

Effect. Attempts to correlate blood levels and expired air concentrations of chloromethane with health

effects of occupational and experimental inhalation exposures of humans have also been unsuccessful

(Putz-Anderson et al. 1981a; Repko et al. 1977). Blood and alveolar levels are highly variable and are not

sensitive indicators of neurological function or behavior. Further studies are needed to identify a metabolite

or biomarker that can be correlated with the known toxic end point and that would lead to early detection

and possibly treatment.
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Absorption, Distribution, Metabolism, and Excretion. Experimental inhalation studies in animals

and humans indicate that chloromethane is rapidly taken up from the lungs into the blood, widely distributed

throughout the body and extensively metabolized, incorporated into macromolecules, and excreted as CO2

or other metabolites in the urine (Dekant et al. 1995; Dodd et al. 1982; Heck et al. 1982; Jager et al. 1988;

Kornbrust and Bus 1983, 1984; Kornbrust et al. 1982; Landry et al. 1983a, 1983b; Putz-Anderson et al.

1981a, 1981b; Redford-Ellis and Gowenlock 1971a, 1971b; Van Doorn et al. 1980; von Oettingen et al.

1949, 1950). Differences in the rate and extent of absorption, metabolic pathways, and disposition will have

a profound effect on the toxicity of chloromethane. Oral and dermal routes of exposure may be of particular

concern because chloromethane is ubiquitous in the environment. Additional pharmacokinetic studies are

needed to evaluate the potential for delivery of toxic levels of chloromethane to human target tissues from

different routes of exposure and durations of exposure.

Comparative Toxicokinetics. Studies on the pharmacokinetics of chloromethane following inhalation

exposure have been conducted in rats, mice, dogs, and humans (Dekant et al. 1995; Dodd et al. 1982; Heck

et al. 1982; Jager et al. 1988; Kombrust and Bus 1983, 1984; Kombrust et al. 1982; Landry et al. 1983a,

1983b; Putz-Anderson et al. 1981a, 1981b; Redford-Ellis and Gowenlock 1971a, 1971b; Van Doorn et al.

1980; von Oettingen et al. 1949, 1950). The kinetics of chloromethane in humans were similar to those in

rats and dogs, with data for each species consistent with a 2-compartment model. Some species differences

can be explained by differences in respiratory minute volumes and basal metabolic rates (rat > dog >

human). Additional pharmacokinetic studies in different species and with different routes of exposure are

needed to further evaluate the target tissues and the differences in potential toxic metabolites. Additional

studies are especially needed to resolve the relative importance of glutathione conjugation and P-450

oxidation to the toxicity of chloromethane. These studies should be performed in different tissues, species,

and sexes to resolve potential differences. Additional studies are needed to evaluate the importance of

varying levels of human endogenous erythrocyte, glutathione transferase (as has been recently shown to

exist) to the toxicity of chloromethane and to the identification of potentially susceptible populations.

Methods for Reducing Toxic Effects. Additional studies are needed to further define the mechanism

of chloromethane’s toxicity. Especially important are studies to determine whether depletion or protection

of glutathione pools is needed to protect against toxicity for any given exposure route or target organ. The

mechanisms and the beneficial or detrimental contribution of glutathione may be different for different end

points or target tissues.
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Children’s Susceptibility. There have been no studies on whether children are more or less susceptible

than adults to adverse health effects from a given amount or duration of exposure to chloromethane, or if

chloromethane affects the developing fetus or the development of young children. There have also been no

studies in which young animals were exposed to chloromethane.

Only limited information is available from rat and mouse studies on potential effects in the developing young

(see above in Data Needs for Developmental Toxicity). In one rat study (Wolkowski-Tyl et al. 1983a), at

levels that also produced maternal toxicity, fetal effects consisted of reduced fetal body weight and crownrump

length and reduced ossification of metatarsals and phalanges of the anterior limbs, thoracic centra in

the pubis of the pelvic girdle, and metatarsals of the hindlimbs. Wolkowski-Tyl et al. (1983a) also found

increased incidences of heart malformations in the fetuses of mouse dams exposed to 500 ppm

chloromethane during Gd 6-17; however, heart malformation were not found in fetuses of mouse dams

exposed to higher concentrations of chloromethane during Gd 11.5-12.5 (John-Greene et al. 1985). The

developmental toxicity of chloromethane in mice is, therefore, controversial, and further studies are needed

to determine potential adverse effects on development from maternal and fetal exposure to chloromethane.

There is no information on the movement of chloromethane or its metabolites across the placenta or into the

developing young. There is no information on the movement of chloromethane or its metabolites into a

nursing women’s milk. Chloromethane is broken down and eliminated from the body very quickly in adults

(Nolan et al. 1985) and animals (Landry et al. 1983a; von Oettingen et al. 1949, 1950). Thus, it is unlikely

that chloromethane would be stored in maternal tissues or be mobilized (i.e., released from stores) during

pregnancy or lactation. However, further studies are needed to answer these questions.

In adults, there appear to be two distinct populations with regard to metabolism and elimination of

chloromethane. One population has higher amounts of the metabolizing enzyme, glutathione-S-transferase,

and thus a higher rate of elimination of chloromethane from the body. The toxicity of chloromethane,

however, is thought to result from toxic metabolites formed following the conjugation with glutathione

(Chellman et al. 1986b; Jager et al. 1988; Kombmst and Bus 1983, 1984; Nolan et al. 1985; Stewart et al.

1980; Warholm et al. 1995). It is anticipated that children would have a polymorphism similar to the adult

population, although no specific data have been collected to test this hypothesis. If a polymorphism is

present in children, then some children (i.e., those with higher levels of glutathione-S-transferase) would be

more susceptible to the toxic effects of chloromethane. Moreover, cytochrome P-450 dependent metabolism

of methanethiol may yield formaldehyde and formic acid whose carbon atoms can then enter the one-carbon
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pool for incorporation into macromolecules or formation of CO2 (Heck et al. 1982; Jager et al. 1988;

Kombrust and Bus 1983). Guengerich and Shimada (1991) suggest that the human cytochrome P-450

enzyme 2El is a major catalyst in the oxidation of chloromethane. Formaldehyde may also be a direct

product of chloromethane via oxidative dechlorination. Studies are therefore needed to evaluate the

differences among and between children and adults for P-450 and transferase levels and isoforms, and for

differences in chloroform metabolism.

There are no PBPK models for children, adults, or test animal models. There are no good biomarkers of

exposure for children (or adults), although clinical symptoms of drunkenness or food poisoning, and a sweet

odor of the breath may alert a physician. Attempts to use urinary levels of S-methylcysteine as an indicator

of chloromethane exposure have not been successful. Further studies are needed to evaluate the

toxicokinetics of chloromethane and its metabolites in children and to develop better biomarkers of exposure

and effects.

Child health data needs relating to exposure are discussed in Section 5.8.1, Data Needs: Exposures of

Children.

2.11.3 Ongoing Studies

No ongoing studies were found that address the health effects of chloromethane.

The National Science Foundation is sponsoring a study to analyze the degradation products of a methane

oxidizing bacteria (methanotrophic degradation) for selected contaminants including chloromethane to

demonstrate that no toxic products are formed. A laboratory scale treatment column will also be used to

optimize conditions for the removal of chlorinated aliphatics from contaminated waters. The principal

researcher is Samuel Fogel, Cambridge Analytical Associates, Inc., Boston, Massachusetts.
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3. CHEMICAL AND PHYSICAL INFORMATION

3.1 CHEMICAL IDENTITY

Information regarding the chemical identity of chloromethane is located in Table 3-1.

3.2 PHYSICAL AND CHEMICAL PROPERTIES

Information regarding the physical and chemical properties of chloromethane is located in Table 3-2.
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4.1 PRODUCTION

Table 4-1 lists the facilities in each state that manufacture or process chloromethane, the intended use, and

the range of maximum amounts of chloromethane that are stored on site. The data listed in Table 4-l are

derived from the Toxics Release Inventory (TRI96 1998). Only certain types of facilities were required to

report. Therefore, this is not an exhaustive list. Based on the most current TRI information, there are

currently 96 facilities that produce or process chloromethane in the United States.

Chloromethane (also commonly known as methyl chloride) is both an anthropogenic and naturally occurring

chemical. Anthropogenic sources include industrial production, polyvinyl chloride burning, and wood

burning; natural sources include the oceans, microbial fermentation, and biomass fires (e.g., forest fires,

grass fires). Chloromethane is produced industrially by reaction of methanol and hydrogen chloride (HCl)

or by chlorination of methane (Edwards et al. 1982a; Holbrook 1992; Key et al. 1980). While the reaction

of methanol with HCl is the most common method, the choice of process depends, in part, on the HCl

balance at the site (the methane route produces HCl, the methanol route uses it) (Edwards et al. 1982a;

Holbrook 1992). Typically, manufacturing plants that produce chloromethane also produce higher

chlorinated methanes (methylene chloride, chloroform, and carbon tetrachloride).

The methanol-HCl process involves combining vapor-phase methanol and HCl at 180-200 °C, followed by

passage over a catalyst where the reaction occurs (Holbrook 1992; Key et al. 1980). Catalysts include

alumina gel, gamma alumina, and cuprous or zinc chloride on pumice or activated carbon. The exit gases

from the reactor are quenched with water to remove unreacted HCl and methanol. The quench water is

stripped of the dissolved methanol and chloromethane, and the remaining dilute HCl solution is used inhouse

or treated and discharged (Holbrook 1992; Key et al. 1980). The chloromethane is then dried by

treatment with concentrated sulfuric acid, compressed, cooled, and stored.

In the methane chlorination process, a molar excess of methane is mixed with chlorine, and the mixture is

then fed to a reactor, which is operated at 400 °C and 200 kPa pressure (Holbrook 1992; Key et al. 1980).

The exit gases can then be scrubbed with chilled chloromethanes (mono- to tetrachloromethane) to remove

most of the reaction chloromethanes from unreacted methane and HCl. The by-product HCl is removed by
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water wash, stripped of any chloromethanes, and either used in-house or sold; the unreacted methane is

recycled through the process. The condensed chloromethanes are scrubbed with dilute NaOH to remove any

HCl, dried, compressed, cooled, and then fractionally distilled to separate the four chloromethanes. While

there are some variations to this process, including the use of catalysts, this is a general overview of the

basic steps in the process.

It is difficult to estimate the total production levels for chloromethane at specific plants because many of the

producers consume their output internally as a feedstock for other chemicals, including silicones and higher

chlorinated methanes. Current production capacity in the United States is estimated to be in the

neighborhood of 920 million pounds (417.3 million kg) per year (CMR 1995). The seven facilities with the

largest production capacities are: (1) Dow Chemical Company plant at Freeport, Texas; (2) Dow Chemical

Company plant at Plaquemine, Louisiana; (3) Dow Corning Corporation plant at Carrolton, Kentucky; (4)

Dow Corning Corporation plant at Midland, Michigan; (5) GE Plastics Company plant at Waterford, New

York; (6) Vulcan Chemical Company plant at Geismar, Louisiana; and (7) Vulcan Chemical Company

plant at Wichita, Kansas (CMR 1995). All these facilities have production capacities in excess of 50

million pounds per year. At the GE Plastics facility and the two Dow Corning facilities, all the

chloromethane generated is used on-site in silicone production; a large percentage of the output from the

Dow plant in Freeport, Texas, and the two Vulcan facilities are also used on-site as feedstocks in the

manufacture of other chemicals and products (CMR 1995).

Available estimates for annual production show a growth in output from the early 1980s through the mid-

1990s. These production trends are documented in Table 4-2 (C&EN 1992, 1995). In addition to direct

manufacture, chloromethane is also produced naturally and from a number of human industrial activities

(e.g., the manufacture of vinyl chloride) that can lead to the inadvertent production and release of

chloromethane to environmental media. These releases are discussed in Chapter 5.

4.2 IMPORT/EXPORT

In the period from 1990 through 1994, U.S. imports of chloromethane showed considerable fluctuations,

with annual import levels ranging from 2,241,040 kg (4,930,288 lbs) in 1990 to a low value of 119,171 kg

(262,176 lbs) in 1991. During 1992, imports rebounded to 657,612 kg (1,446,746 lbs); more recently,

imports have increased to 1,682,383 kg (3,701,242 lbs) in 1993 and 1,916,523 kg (4,216,350 lbs) in 1994

(USDOC 1996). During the same period, exports also showed considerable volatility, with export levels
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outpacing imports by a factor of about 2. In the period from 1991 through 1995, export levels ranged from

5,092,969 kg (11,204,532 lbs) in 1992 to 7,107,860 kg (15,637,292 lbs) in 1991 (USDOC 1996).

4.3 USE

Chloromethane is used mainly (72%) in the production of silicones (CMR 1986; Holbrook 1992).

Chloromethane has also been used in the production of agricultural chemicals (8%), methyl cellulose (6%),

quaternary amines (5%), butyl rubber (3%), and for miscellaneous uses including tetramethyl lead (2%)

(CMR 1986). It has been used in the past as a component or propellant in some cleansers and industrial

solvents (Howard 1990). It has also apparently been used in the past as a foam blowing agent and as an

agricultural pesticide or fumigant (HSDB 1998). At the present time, virtually all of the commercial uses

for chloromethane are consumptive in that the chloromethane is reacted to form another product during use.

Thus, almost all chloromethane will be consumed when used and will no longer be available for release,

disposal, or reuse.

4.4 DISPOSAL

Limited information was located in the literature concerning the disposal of chloromethane. Since most

chloromethane is used consumptively, little remains to be disposed. Nonetheless, some chloromethane is

present in waste, and chloromethane has been detected in hazardous waste landfills. Its presence in

hazardous waste sites may result from the landfilling of still bottoms or other residues from the manufacture

and use of chloromethane. Its presence in municipal waste landfills suggests that consumer products

containing chloromethane were landfilled (e.g., propellants for aerosol cans, old refrigerators). Since

chloromethane is an impurity in vinyl chloride, the disposal of vinyl chloride may also lead to chloromethane

contamination. Like other chlorinated hydrocarbons, chloromethane can inhibit the combustion of such

fuels as methane. Chloromethane has a considerable inhibitory effect on combustion when mixed with

methane, the principal component of natural gas (Philbrick et al. 1993). Changes in the amounts of

chloromethane added to the methane fuel stock did not produce well-defined relations with the combustion

characteristics. Such phenomena would complicate the disposal of chloromethane using incineration

technologies. When incineration was attempted under oxygen-starved conditions (Taylor and Dellinger

1988), chloromethane was shown to combine with other components of the combustion mixture to form,

among other compounds, chlorinated ethanes, hexachlorobenzene, and octachlorostyrene.
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Chloromethane is listed as a toxic substance under Section 313 of the Emergency Planning and Community

Right to Know Act (EPCRA) under Title III of the Superfund Amendments and Reauthorization Act

(SARA). Disposal of wastes containing chloromethane is controlled by a number of federal regulations (see

Chapter 7).
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5.1 OVERVIEW

Chloromethane has been identified in at least 172 of the 1,467 current or former EPA National Priorities

List (NPL) hazardous waste sites (HazDat 1998). However, the number of sites evaluated for

chloromethane is not known. The frequency of these sites within the United States can be seen in

Figure 5-1. Of these sites, 171 are located in the United States and 1 is located in the Commonwealth of

Puerto Rico (not shown).

Chloromethane (also commonly known as methyl chloride) is a natural and ubiquitous constituent of the

oceans and atmosphere (both the troposphere and the stratosphere). It is a product of biomass combustion

and is also created from biogenic emissions by wood-rotting fungi. Chloromethane has been detected in

surface waters, drinking water, groundwater, and soil. Chloromethane is a constituent of municipal and

industrial solid waste leachate; it is a component of industrial waste discharges, and is also present in the

effluents of publicly owned treatment works (POTWs). It is an impurity in vinyl chloride (Zaidman et al.

199 l), so chloromethane could be released to the environment during the manufacture of vinyl chloride or

introduced into NPL sites from vinyl chloride wastes. Chloromethane in air has a half-life of about 1 year

(see Table 3-2) with various estimates in the range of 0.6-3 years (see Section 5.3.2.1 below).

Chloromethane is the dominant organochlorine species in the atmosphere. In the upper atmosphere,

chloromethane, through its sheer abundance, plays a role in chemical reactions that remove ozone from the

upper troposphere and stratosphere (Crutzen and Gidel 1983; Gidel et al. 1983; Singh et al. 1983). Since

these processes are believed to be largely part of natural background cycles, chloromethane has not been the

focus of ozone depletion control efforts under the Clean Air Act (CAA) and the Montreal Protocol, which

are targeted at such anthropogenic halogenated compounds as chlorofluorocarbons (EPA 1996b; Finlayson-

Pitts and Pitts 1986; IPCC 1995).

In water, chloromethane is expected to volatilize rapidly (Mabey and Mill 1978). It is not expected to sorb

to sediments or to bioconcentrate. Chemical hydrolysis and biodegradation are not expected to be

significant processes. In soil, chloromethane is expected to volatilize from the surface, but when present in a

landfill, it will probably leach into groundwater. In groundwater, hydrolysis may be the only removal

mechanism available to chloromethane, with an estimated half-life of ~4 years based on available data





CHLOROMETHANE 159
5. POTENTIAL FOR HUMAN EXPOSURE

(Elliott and Rowland 1995; Mabey and Mill 1978). Air concentrations of chloromethane are generally in

the low per billion range, but urban locations appear to have elevated concentrations compared to

background concentrations. Although detailed information is lacking, water concentrations are likely to

vary considerably depending on the season and the geographic location. Very little information is available

concerning chloromethane concentrations in soil. The general population is not expected to be exposed to

concentrations of chloromethane much above 3 ppb in urban locations. In rural locations, the exposure

concentration is expected to be ≈0.7-0.9 ppb. Occupational exposure to chloromethane may result in

exposures of  ≈ 10 parts per million (ppm); however, the database for occupational exposure is outdated (late

1980s or earlier) and not sufficiently comprehensive to allow reliable predictions of average or probable

occupational exposure levels. The population with the highest potential exposures probably would include

those people who work in chloromethane manufacturing or use industries.

5.2 RELEASES TO THE ENVIRONMENT

According to the Toxics Release Inventory (TRI), in 1996, a total of 4,827,803 pounds (2,189,855 kg) of

chloromethane was released to the environment from 96 processing facilities (TRI96 1998). This total

consists of chloromethane released to air (4,457,775 pounds), water (803 pounds), soil (80 pounds), and via

underground injection (99,705 pounds). Table 5-l lists the amounts released to the environment by each

site. In addition, an estimated 9,758 pounds (4,426 kg) were released by manufacturing and processing

facilities to POTWs and an estimated 259,682 pounds (117,790 kg) were transferred off-site (TRI96 1998).

The TRI data should be used with caution because only certain types of facilities are required to report this

information. This is not an exhaustive list.

Chloromethane has been identified in a variety of environmental media (air, surface water, groundwater,

soil, and sediment) collected at 172 of the 1,467 current and former NPL hazardous waste sites (HazDat

1998).

5.2.1 Air

According to the TRI, in 1996, the estimated release of chloromethane of 4,457,775 pounds (2,022,013 kg)

into the air from at least 95 processing facilities accounted for about 92.3% of total anthropogenic

environmental releases (TRI96 1998). Table 5-l lists the amounts released from these facilities. The TRI
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data should be used with caution, however, since only certain types of facilities are required to report this

information. This is not an exhaustive list.

Chloromethane has been identified in air samples collected at 16 of the 172 NPL hazardous waste sites

where it was detected in some environmental media (HazDat 1998).

Most releases of chloromethane will be to air, since it is a gas at ambient temperatures, and manufacturing

practices suggest that little will be discharged by any other route. Chloromethane discharged to water will

volatilize rapidly, based on the Henry’s law constant; however, the amount volatilized will vary depending

on a number of factors, including the temperature, turbulence, and depth of the receiving water.

Chloromethane will be released from manufacturing and use (fugitive emissions) as well as from production

resulting from human and natural activities. Chloromethane present in waste waters also may be released to

air during aeration (Pincince 1988). Release from all sources amounts to 7-18 billion pounds (3.2-8.2x109

kg) annually on a worldwide basis. Sources include the oceans, forest fires, burning wood, burning coal,

volcanoes, burning plastic (Chopra 1972; Crutzen et al. 1979; Edgerton et al. 1984, 1986; Edwards et al.

1982a, 1982b; Khalil et al. 1985; Kleindienst et al. 1986; Palmer 1976; Rasmussen et al. 1980; Singh et al.

1979, 1981a, 1981b, 1982, 1983; Tassios and Packham 1985; Yung et al. 1975), fungal activity (Fabian

1986; Harper 1985; Harper and Hamilton 1988; Harper et al. 1988), and release from some trees (Isidorov

et al. 1985). It is estimated that biomass burning in grasslands and forested areas accounts for about 20%

(range, 10-40%) of the total global budget of chloromethane, with emissions from the oceans making

another significant contribution (Rudolph et al. 1995). Various estimates of average global annual

production rates, and significantly different estimates of the contributions from different natural production,

sources have been made. Estimates from terrestrial ecologists tend to emphasize the role of such sources as

biomass burning, while oceanographers may emphasize the role of biogenic emissions from marine

phytoplankton. The global budget figures presented below are based on a study by Edwards et al. (1982b)

and are used primarily to emphasize the overwhelming contributions from nonindustrial production.

In comparison with an estimated total global budget of 7-18 billion pounds (3.2-8.2x109 kg) annually,

1980 worldwide production of chloromethane was ≈ 794 million pounds (3.6x108 kg) (Edwards et al.

1982b), of which ≈6% was released into the environment from production, storage, transport, and use

emissions (Edwards et al. 1982a; Singh et al. 1981a, 1981b). This amounts to worldwide releases of

47.6 million pounds (2.1x107 kg) from manufacturing and use activities in 1980. U.S. production capacity
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of chloromethane in 1995 was around 920 million pounds (417.3 million kg), with total releases to

environmental media estimated from the 1996 TRI at around 4.8 million pounds (2.2 million kg) (CMR

1995; TRI96 1998). Thus, well over 90% (perhaps up to 99%) of ambient air concentrations of

chloromethane on a global scale appear to come from releases from natural sources rather than from

manufacturing or other emissions from anthropogenic processes or uses. Releases associated with

manufacturing and production processes in the United States would constitute less than 1% of the global

budget.

Typical estimates for the natural background concentrations of chloromethane in ambient air are ≈1 ppb

(Harper et al. 1990). Chloromethane concentrations are often in excess of rural background concentrations

in the ambient air of cities in the United States (Singh et al. 1982, 1983) (see Section 5.1). The authors

suggested that this elevation may be the result of manufacturing or other anthropogenic emission sources in

the urban areas, over and beyond releases from combustion or other background sources that would

determine the levels in more rural areas. Other than data from the TRI or rough estimates based on global

budgets, no studies were identified that attempt to make quantitative estimates for natural or anthropogenic

releases of chloromethane to the air in the United States.

5.2.2 Water

According to the TRI, in 1996, there were estimated releases of chloromethane of 803 pounds (364 kg) to

water from 15 documented processing facilities. These releases accounted for less than 0.1% of total

anthropogenic environmental releases (TRI96 1998). Table 5-l lists the amounts released from these

facilities. The TRI data should be used with caution, however, since only certain types of facilities are

required to report this information. This is not an exhaustive list.

Chloromethane is released into the water from a number of sources, including industrial discharges and

effluents from municipal waste treatment plants, but insufficient information is available to quantify the

releases. During the manufacture of chloromethane, process water contacts the reaction mixtures (see

Section 4.1) (Edwards et al. 1982a; Key et al. 1980). This water is stripped during manufacture and

treatment to remove most of the dissolved chloromethane and then discharged (some chloromethane

manufacturing plants use the process water on-site as a source of dilute hydrochloric acid [HCl] rather than

discharging it). Data regarding the use and fate of process water in use applications were not found in the

available literature; however, spent process water is probably treated (including aeration) prior to discharge.
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Nonetheless, chloromethane has been found in waste water effluents, possibly as a result of its formation

(Coleman et al. 1976; Gould et al. 1983) or incomplete removal during industrial waste water treatment

(Snider and Manning 1982). Chloromethane has been detected in the leachate of both municipal (Gould et

al. 1983; Sabel and Clark 1984) and hazardous waste landfills (Brown and Donnelly 1988; Kosson et al.

1985; Venkataramani et al. 1984). Chloromethane has been identified in 21 surface water and 100

groundwater samples collected at the 172 NPL hazardous waste sites where it was detected in some

environmental media (HazDat 1998).

5.2.3 Soil

According to the TRI, in 1996, the estimated release of chloromethane of 80 pounds (36.3 kg) to soil from

four processing facilities accounted for less than 0.1% of total anthropogenic environmental releases (TRI96

1998). Table 5-l lists the amounts released from these facilities. The TRI data should be used with

caution, however, since only certain types of facilities are required to report this information. This is not an

exhaustive list.

Chloromethane is probably released into the soil during the landfilling of sludges and other wastes (e.g., still

bottoms) generated from industrial processes and municipal sewage treatment; however, no specific

information concerning chloromethane-containing wastes was located in the literature. Chloromethane has

been detected in the leachate of both municipal (Sabel and Clark 1984) and hazardous waste landfills

(Brown and Donnelly 1988; Kosson et al. 1985; Venkataramani et al. 1984), indicating that disposal of

these materials apparently results in contamination of soils. Chloromethane has been identified in 34 soil

and 13 sediment samples collected at the 172 NPL hazardous waste sites where it was detected in some

environmental media (HazDat 1998).

5.3 ENVIRONMENTAL FATE

5.3.1 Transport and Partitioning

Most chloromethane discharged into the environment will be released into the air, where it will be subjected

to transport and diffusion into the stratosphere (Singh et al. 1979, 1982, 1983). The relatively uniform

concentration of chloromethane in the northern and southern hemispheres (Singh et al. 1979, 1982, 1983)

indicates its widespread distribution and the importance of transport processes in its distribution. The water
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solubility of chloromethane is high enough that small amounts may be removed from the atmosphere by

precipitation; however, no information confirming this environmental pathway was located in the literature.

The dominant transport process from water will be volatilization. The results of two EXAMS model runs

and the value of the Henry’s law constant (calculated from the solubility and the vapor pressure) suggest that

volatilization will be significant in surface waters. EXAMS is an environmental model that predicts the

behavior of a chemical in surface waters. Using the code test data for a pond developed by the Athens

Environmental Research Laboratory of the EPA, the half-life for volatilization was calculated to be

2.5 hours. For a lake, the half-life was calculated to be 18 days. Input data included the molecular weight,

the vapor pressure, Henry’s law constant, the octanol/water partition coefficient, the sediment sorption

coefficient, and the water solubility. The volatilization rates predicted by the EXAMS model appear to be in

agreement with the observation of Lurker et al. (1983) who reported chloromethane concentrations in waste

water and in the air above the waste water at the Memphis North Wastewater Treatment Plant in Memphis,

Tennessee. Based on the log octanol/water partition coefficient (Hansch and Leo 1985) and the sorption

coefficient and BCF calculated from it (see Table 3-2), chloromethane is not expected to concentrate in

sediments or in biota.

In soil, the dominant transport mechanism for chloromethane present near the surface probably will be

volatilization (based on its Henry’s law constant, water solubility, and vapor pressure), but no experimental

information was located in the literature to confirm this. The actual volatilization rate for a chemical in soil

is influenced by a number of factors, including surface roughness, soil type, rainfall, leaching, depth of

incorporation, temperature, and ground cover (Jury et al. 1987). Since chloromethane is not expected to

sorb to soils, any chloromethane present in lower layers of the soil will be expected to leach to lower

horizons as well as to diffuse to the surface and volatilize. The presence of chloromethane in groundwater

confirms the importance of leaching as a transport route (Greenberg et al. 1982c; Jury et al. 1987; Page

1981).
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5.3.2 Transformation and Degradation

5.3.2.1 Air

The dominant tropospheric removal mechanism for chloromethane is generally thought to be hydrogen

abstraction by hydroxyl radical (Dilling 1982; Fabian 1986; Gusten et al. 1984; Lovelock 1975; Rasmussen

et al. 1980; Robbins 1976; Singh et al. 1979). The hydroxyl radical reaction with chloromethane has been

experimentally determined in a number of studies (Butler et al. 1978; Cox et al. 1976; Davis et al. 1976a;

Howard and Evenson 1976; Jeong and Kaufman 1980, 1982; Jeong et al. 1984; Paraskevopoulos et al.

1981; Perry et al. 1976). The data of Howard and Evenson (1976) (discharge flow-laser magnetic

resonance), Perry et al. (1976) (flash photolysis-resonance fluorescence), Davis et al. (1976a) (flash

photolysis-resonance fluorescence), Paraskevopoulos et al. (1981) (flash photolysis-resonance adsorption),

and Jeong and Kaufman (1980, 1982) (discharge flow-resonance fluorescence) are in agreement (Atkinson

1985; NASA 1981).

Using the measured rate constants for the chloromethane reaction with hydroxyl radicals, several

researchers have made estimates of tropospheric total lifetimes or half-lives (Crutzen and Gidel 1983;

Dilling 1982; Fabian 1986; Khalil and Rasmussen 1981; Singh et al. 1979). The various half-life estimates

are in the neighborhood of 1 year (see Table 3-2), with values ranging from 0.6 to 3 years. The differences

in the estimated half-lives are associated mainly with differences in assumptions on the levels of hydroxyl

free radical concentrations in the upper troposphere.

5.3.2.2 Water

In water, chloromethane can degrade by hydrolysis or by biodegradation. Although few data are available

on the biodegradation of chloromethane in water, neither hydrolysis nor biodegradation in surface waters

appears to be rapid when compared with volatilization. Chloromethane hydrolysis proceeds via an SN2

mechanism (bi-molecular) in which no intermediate ions are formed, and methanol and HCl are the only

products. The kinetics of chloromethane hydrolysis have been measured by Heppolette and Robertson

(1959) and Laughton and Robertson (1956) by bubbling chloromethane into water and following the

reaction by measuring the conductance of the water. The rate constant for hydrolysis of chloromethane at

50 °C was reported to be 7.6x10-7 sec-1, with a half-life of 10.6 days. When extrapolated to 20 °C and

neutral conditions using the thermodynamic constants calculated by Heppolette and Robertson (1959), a rate
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constant was calculated of 1.04x10-8 sec-1 with a half-life of ≈ 2.1 years. More recent hydrolysis data from

Elliot and Rowland (1995) are in good agreement with the estimates of Mabey and Mill (1978) and the

measurements of Zafiriou (1975). Actual measurements conducted at 22 and 9 °C in pure water, sea water,

and salt solution yield the same values of k (not listed), from which the Arrhenius relation was derived:

k(in s-1)=9.5x1010e-12,800/T. This relation was used to estimate the values at 25 and 15 °C given in Table 3-2.

These rates are expected to be unaffected by pH ranges normally encountered in the environment (Mabey

and Mill 1978). The hydrolysis half-lives are too long to be of environmental significance in surface waters,

considering the rapid volatilization of chloromethane from surface water (Mabey and Mill 1978). In

groundwater, however, hydrolysis may be the only degradation mechanism available and, hence, may be a

more significant factor. Biodegradation may also occur in groundwater, but rates are thought to be highly

variable.

Very little information is available concerning the biodegradation of chloromethane in water. In studies

involving such bacteria as Methylococcus capsulatus, formaldehyde was a product of chloromethane

biodegradation (Stirling and Dalton 1979). In pure culture conditions, some microbial strains can degrade

chloromethane. Hartmans et al. (1986) reported that pure cultures of a Hyphomicrobium sp. were obtained

with a chloromethane-minima1 medium. Abiotic hydrolytic dehalogenation was not significant, so that the

observed cell growth and chloride formation confirmed biodegradation as the predominant transformation

process (Hartmans et al. 1986). Since these laboratory conditions do not commonly occur in the

environment, these same species may not degrade chloromethane in the environment to any significant

degree. Biodegradation of chloromethane, however, cannot be ruled out based on the available information.

As with reactions of other chloroalkanes, chloromethane may degrade anaerobically via reductive

dechlorination to form methane (Vogel et al. 1987).

5.3.2.3 Sediment and Soil

Very limited information concerning soil transformation and degradation of chloromethane was located in

the literature. In lower soil horizons, hydrolysis may be the only relevant abiotic process since no other non-

biological removal mechanisms have been identified. Biological processes, especially from some fungi, can

release chloromethane (Fabian 1986; Harper 1985; Harper and Hamilton 1988; Harper et al. 1988).

Research also suggests that members of the so-called white rot fungus family may degrade (mineralize)

chloromethane (Harper et al. 1990). These same fungi (especially Phanerochaete chrysosporium) can also

dehalogenate aliphatic halocarbons such as chloroform, dichloromethane, and carbon tetrachloride
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(Khindaria et al. 1995) possibly forming chloromethane as an intermediate product that, in turn, could be

further dehalogenated.

Doronina et al. (1996) isolated eight strains of non-methane-utilizing bacteria that are able to grow on

chloromethane as the carbon and energy source. The new isolates were classified as Hyphomicrobium spp.

(strains CMl, CM2, CM9, CM29,CM35) and Methylbacterium spp. (strains CM4, CM30, CM34). All

strains possessed an inducible but unknown enzyme that catalyzed the conversion of chloromethane to HCI

and formaldehyde. The formaldehyde was oxidized via formate to CO2 or assimilated through icl+ or icl-

variants of the serine pathway. Vanelli et al. (1998) found that Methylobacterium sp. (strain CM4)

metabolized chloromethane quantitatively with a molar yield of 2.8 g of whole-cell protein/mol of C. Based

on the protein yield data and the properties of the transposon mutants, they proposed a pathway for

chloromethane metabolism that depends on methyltransferase and dehydrogenase activities.

Under anaerobic conditions as encountered in deeper soil profiles or in many sediments, a bacterial strain

called MC isolated from municipal anaerobic digester sludge flora seems capable of metabolizing

chloromethane into acetate (Messmer et al. 1993; Zitomer and Speece 1995). It is not clear, however, that

such anaerobic biodegradation processes are common around waste sites with chloromethane site

contamination. The biochemistry of chloroaliphatics degradation in the newer aerobic isolates is largely

unexplored, but progress has been made in understanding some of the anaerobic dehalogenation reactions

(Leisinger 1996).

5.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT

Reliable evaluation of the potential for human exposure to chloromethane depends in part on the reliability

of supporting analytical data from environmental samples and biological specimens. In reviewing data on

chloromethane levels monitored or estimated in the environment, it should also be noted that the amount of

chemical identified analytically is not necessarily equivalent to the amount that is bioavailable.

5.4.1 Air

Chloromethane has been the subject of numerous studies conducted to determine the atmospheric chloride

balance. In the development of a database for ambient air monitoring, more than 242 sites in the United

States were monitored for chloromethane during a 5-year period (Eichler and Mackey 1986).
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In accordance with provisions of the Clean Air Act Amendments (CAAAs) of 1990, chloromethane (or

methyl chloride) was among 189 compounds designated as hazardous air pollutants (HAPS). Aside from the

public health impacts from direct exposures to these chemicals, most of the HAPS are VOCs that, in

combination with other air pollutants, can lead to the formation of ozone and photochemical smog. The

EPA has collected available ambient measurements to compile an HAP database (Kelly et al. 1994). This

database adds monitoring information to earlier databases that focused on VOCs. The national median

ambient air concentration from the HAP database for chloromethane is 1.3 µg/m3 (629 ppt [v/v]).

5.4.2 Water

Chloromethane has been detected in surface water, groundwater, drinking water, municipal and hazardous

waste landfill leachate, and industrial effluents (Table 5-3). When detected, concentrations appear to be in

the ppb-ppt range, possibly due to the rapid volatilization of chloromethane. Chloromethane apparently is

formed during the chlorination of drinking water. It was 1 of 13 compounds found in the drinking water of

all five cities (Philadelphia, Pennsylvania; Miami, Florida; Seattle, Washington; Ottumwa, Iowa; and

Cincinnati, Ohio) studied as part of the EPA National Organics Reconnaissance Survey (NORS) (Coleman

et al. 1976). Most of the compounds detected were reported to be highly specific to the locality and raw

water supply. Those compounds found in all supplies studied may be widespread.

No specific information concerning sources of chloromethane in fresh surface water was located in the

literature. Chloromethane concentrations in surface water may be the result of rain as well as human

activity (e.g., industrial effluents, chlorinated secondary effluent from POTWs). Industrial effluents may be

a significant source. Seven positive detections of chloromethane in industrial effluents out of more than

4,000 samples from 46 industrial categories and subcategories were reported in the EPA database (Bursey

and Pellizzari 1982). Concentrations ranged from 6 to 4,194 mg/L in these effluents. Thirty-four species of

fungi can produce chloromethane biosynthetically (Harper et al. 1988). The presence of these fungi near

lakes and streams may be a source of chloromethane. The significance of this source to surface water,

however, cannot currently be estimated.

In a study of groundwater samples from 479 active waste disposal sites, chloromethane was detected at 20

of these sites (Plumb 1991). Information from HazDat (1998) documents at least 100 current or past NPL

sites with detections in groundwater. There is virtually no reporting of actual concentration values or ranges

for groundwater detections in the available literature. The presence of chloromethane in groundwater may
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result from both natural and anthropogenic sources. Since chloromethane has been detected in the

groundwater near municipal waste sites containing the chemical (Sabel and Clark 1984), waste deposits of

chloromethane on land may lead to groundwater contamination. Chloromethane appears to be a constituent

of both municipal and industrial waste landfills. In these landfills, volatilization may be hindered and

leaching to groundwater could become an important transport pathway. Chloromethane may also be a

product from the anaerobic metabolism of higher chlorinated methanes present in the soil (Vogel et al.

1987).

5.4.3 Sediment and Soil

Information from HazDat (1998) documents the presence of chloromethane in soils at 34 waste sites and in

sediments at 13 waste sites. Information on background levels in soils and sediments is very limited in the

available literature. The only information located in the literature concerning the presence of chloromethane

in soil was the natural formation of chloromethane by a number of fungi (Harper et al. 1988) and its

presence in both landfill leachate and groundwater.

5.4.4 Other Environmental Media

As presented in Section 5.2.1, chloromethane is released from wood smoke, burning coal, volcanoes, and

burning plastic (Chopra 1972; Crutzen et al. 1979; Edgerton et al. 1984, 1986; Fabian 1986; Kadaba et al.

1978; Khalil et al. 1985; Kleindienst et al. 1986; Palmer 1976; Rasmussen et al. 1980; Singh et al. 1982;

Tassios and Packham 1985). Palmer (1976) suggested that 1 cm3 of chloromethane gas (2.2 mg) was

produced for each gram of cellulose burned (glowing combustion). Concentrations of chloromethane in

smoke from combustion processes, however, are highly variable and depend on both the fuel (i.e., the

amount of inorganic chlorine present in the fuel) and the temperature of the bum. Thus, quantification of

chloromethane in these media will be representative of the specific source and the exact conditions of the

burn rather than of general emission levels. Chloromethane has not been detected in auto exhaust (detection

limit of 1 ppm) (Hasanen et al. 1979).

Chloromethane was present in the expired air of all 3 tested groups of 62 nonsmoking adults, including a

control, a prediabetic, and a diabetic group (Krotoszynski and O’Neill 1982). Since chloromethane is a

ubiquitous constituent of air, it is reasonable that it would be found in the expired air of virtually all
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humans. The chlorine solutions used to chlorinate drinking water did not contain chloromethane, but other

higher chloromethanes were present (Otson et al. 1986).

5.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE

Chloromethane is a ubiquitous low-level constituent of air and is probably found at very low concentrations

in many drinking water supplies that have used chlorine treatment for disinfection. As such, the general

population will be exposed to low background levels at all times, while those living in urban centers may be

exposed to slightly higher levels.

According to one report, persons living in Los Angeles, California; Phoenix, Arizona; and Oakland,

California; would have daily intakes of ≈ 140.4, 108.6, and 59.7 µg/day, respectively (Singh et al. 1981a),

based on a total respirable air volume of 23 m3/day at 25 °C and 1 atm pressure. Using the data of Shah

and Singh (1988) for remote, rural, suburban, and urban air masses, daily intakes are estimated to be = 31,

40, 28, and 35 µg/day, respectively. The intakes for rural and remote air masses are based on very small

sample sizes and may be inaccurate. Dermal exposure and exposures from drinking water containing

chloromethane are more difficult to estimate from the available information. Drinking water concentrations

are not well described in the literature and may vary considerably both seasonally and geographically.

Historically (30 years ago or longer), large exposures could have been associated with leaking refrigerators

that used chloromethane as a refrigerant. While refrigeration-grade chloromethane may still be available, it

is not known whether it is currently used to any significant degree in refrigeration equipment. Without this

information, potential exposures cannot be estimated.

Chloromethane is an impurity in vinyl chloride when the vinyl chloride is produced from the thermal

dehydrochlorination of 1,2-dichloroethane (Zaidman et al. 1991). Exposures to chloromethane could take

place during the manufacture of vinyl chloride or when vinyl chloride wastes have been released to the

environment or to waste sites. Information is lacking to make any firm estimates of such exposure

potentials. Of the 172 current or past NPL sites in HazDat (1998) showing site contamination with

chloromethane, 128 of these sites (about 75%) also showed site contamination related to vinyl chloride.

Current and empirically based estimates of exposures to chloromethane in various occupations are lacking.

Some insights can be gleaned from the National Institute for Occupational Safety and Health’s (NIOSH’s)
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National Occupational Hazard Survey (NOHS) database (the NOHS database is also called the National

Occupational Exposure Survey or NOES database) that estimates the number of potentially exposed

workers in a variety of manufacturing jobs (Sieber et al. 1991). Based on conditions typical of the mid-

1970s it was estimated that 39,343 workers had potential exposures to chloromethane (NOES 1991). The

majority of these potential exposures involved occupations where chloromethane could have been used as a

cleaner or pest control fumigant. There is virtually no mention in NOHS of current applications such as use

as a process chemical in the manufacture of silicone rubbers. While the NOHS data are of some historical

value, it is therefore doubtful whether they accurately reflect the potential number of workers subject to

current occupational exposures. A number of regulations, however, are in place to protect workers from

exposure to levels of chloromethane that are considered harmful.

5.6 EXPOSURES OF CHILDREN

This section focuses on exposures from conception to maturity at 18 years in humans and briefly considers

potential pre-conception exposure to germ cells. Differences from adults in susceptibility to hazardous

substances are discussed in Section 2.6, Children’s Susceptibility.

Children are not small adults. A child’s exposure may differ from an adult’s exposure in many ways.

Children drink more fluids, eat more food, and breathe more air per kilogram of body weight, and have a

larger skin surface in proportion to their body volume. A child’s diet often differs from that of adults. The

developing human’s source of nutrition changes with age: from placental nourishment to breast milk or

formula to the diet of older children who eat more of certain types of foods than adults. A child’s behavior

and lifestyle also influence exposure. Children crawl on the floor; they put things in their mouths; they may

ingest inappropriate things such as dirt or paint chips; they spend more time outdoors. Children also are

closer to the ground, and they do not have the judgement of adults in avoiding hazards (NRC 1993).

Children are members of the general population and encounter the same exposures that are described in

Section 5.5. No data were found on the measurement of chloromethane or its metabolites in amniotic fluid,

meconium, cord blood, or neonatal blood that would indicate prenatal exposure. It is not known whether

chloromethane in the body can cross the placenta and enter into the developing young. Since chloromethane

is broken down and eliminated from the body quickly in adults, it is unlikely that chloromethane would be

stored in maternal tissues or mobilized during pregnancy or lactation. Chloromethane was present in 2 of 8

samples of mothers’ milk from Bayonne and Jersey City, New Jersey; Bridgeville, Pennsylvania; and Baton
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Rouge, Louisiana (Pellizzari et al. 1982). No concentrations were reported and no information was given

concerning the source of the chloromethane in the milk.

The levels that children could be exposed to through accidents involving chloromethane may be higher than

levels affecting adults because chloromethane is heavier than air (i.e., greater concentrations near the

ground).

Parents can inadvertently carry certain hazardous materials home from work on their clothes, skin, hair,

tools and in their vehicles. However, since chloromethane is so volatile, it is unlikely that children would be

exposed by this route. No incidents of home contamination by chloromethane were reported in the Workers’

Home Contamination Study conducted under the Workers’ Family Protection Act (29 U.S.C. 671a) (DHHS

1995).

5.7 POPULATIONS WITH POTENTIALLY HIGH EXPOSURES

All humans are probably exposed to low concentrations of chloromethane. Those with potentially higher

than average exposures include workers employed in the manufacturing and use (by analogy) industries. In

addition to individuals occupationally exposed to chloromethane (see Section 5.5), there are several groups

within the general population that could have exposures higher than background levels. These populations

include individuals living in proximity to sites where chloromethane was produced or disposed, and

individuals living near one of the 172 NPL hazardous waste sites where chloromethane has been detected in

some environmental media (HazDat 1998). Chloromethane may also be a constituent in other materials

such as vinyl chloride. Chloromethane exposure risks may be of concern to individuals working or living in

the vicinity of sites where vinyl chloride was produced or where there is evidence vinyl chloride has been

disposed.

People with very old refrigeration equipment in which chloromethane is used as a refrigerant are a

population with potentially very high exposures. These refrigerators can leak and result in very high local

air concentrations of chloromethane. This population is, however, likely to be small since the number of

refrigerators using chloromethane has been decreasing.
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5.8 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether adequate

information on the health effects of chloromethane is available. Where adequate information is not

available, ATSDR, in conjunction with the NTP, is required to assure the initiation of a program of research

designed to determine the health effects (and techniques for developing methods to determine such health

effects) of chloromethane.

The following categories of possible data needs have been identified by a joint team of scientists from

ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would

reduce the uncertainties of human health assessment. This definition should not be interpreted to mean that

all data needs discussed in this section must be filled. In the future, the identified data needs will be

evaluated and prioritized, and a substance-specific research agenda will be proposed.

5.8.1 Identification of Data Needs

Physical and Chemical Properties. Data regarding physical and chemical properties are essential

for estimating the partitioning of a chemical in the environment. Most of the necessary data on physical and

chemical properties are available for chloromethane, and many of these have experimental descriptions

accompanying them so that accuracy can be evaluated. The data on known physical and chemical

properties form the basis of many of the input requirements for environmental models that predict the

behavior of a chemical under specific conditions including hazardous waste landfills.

Production, Import/Export, Use, Release, and Disposal. Production methods for chloromethane

are well-described in the literature (including the patent literature) and there does not appear to be a need for

further information. Uses of chloromethane have been documented, although a detailed description of all

uses is not available. This information is useful for estimating the potential for environmental releases from

manufacturing and use industries as well as the potential environmental burden; however, it is difficult to

obtain this information in the detail desired since generally it is considered to be confidential business

information (CBI) for those industries that manufacture chloromethane. Release information, which can be

used to estimate environmental burdens and potentially exposed populations, is also not obtained easily.
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According to the Emergency Planning and Community Right-to-Know Act of 1986,42 U.S.C. Section

11023, industries are required to submit chemical release and off-site transfer information to the EPA. The

Toxics Release Inventory (TRI), which contains this information for 1996, became available in May of

1998. This database will be updated yearly and should provide a list of industrial production facilities and

emissions.

Environmental Fate. The fate of chloromethane in air is well-described because extensive air

photolysis and photo-oxidation studies are available that characterize these processes. Biodegradation

studies in surface water and groundwater are not as complete. These kinds of studies are important because

they would provide information about fundamental removal mechanisms for chloromethane in the

environment and might aid in understanding the behavior of chloromethane at hazardous waste sites or

municipal landfills. The vapor pressure of chloromethane and its presence in groundwater suggest that these

processes are important, particularly at hazardous waste sites, and may account for some of the losses of

chloromethane from the site. Limited research suggests that common soil fungi may be able to generate

chloromethane as well as to dehalogenate, and thus degrade, it. Since these wood rot fungi can also break

down other halogenated aliphatic compounds, there is the possibility that some of the chloromethane found

at waste sites could have been produced through the action of such fungi on other waste compounds. More

research is needed to document the importance of these biodegradation mechanisms and to determine

whether the net effects tend toward a progressive reduction in the levels of chloromethane found in

contaminated soils and sediments at waste sites.

Bioavailability from Environmental Media. Experimental inhalation studies in animals and humans

indicate that chloromethane is bioavailable from the atmosphere. Studies for the oral and dermal routes of

exposure may be of lesser research importance than studies on inhalation pathways and the bioavailability of

chloromethane from water, soil, and other environmental media.

Food Chain Bioaccumulation. The log Kow for chloromethane is in the range of 0.91 to 1.086 (see

Chapter 3, Table 3-2). Such low values generally mean that the BCF will be low, suggesting that

chloromethane will not tend to concentrate in aquatic organisms. However, no information was identified on

experimental determinations of BCF levels for chloromethane. Determinations of BCF values for

organisms at various trophic levels are needed to estimate human dietary intake of chloromethane.
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Exposure Levels in Environmental Media. Extensive environmental monitoring data are available

for chloromethane in air, while the available data are very limited for drinking water, surface water, and

groundwater. The air monitoring data describe the concentrations that populations are exposed to through

inhalation of ambient air. The data for water are not sufficient to accurately characterize the concentrations

of chloromethane present in drinking water, surface water, or groundwater. Almost no data are available for

soils. These data are needed to determine the ambient concentrations of chloromethane so that exposure of

the general population as well as of terrestrial and aquatic organisms can be estimated.

Reliable monitoring data for the levels of chloromethane in contaminated media at hazardous waste sites are

needed to assess the potential risk of adverse health effects in populations living in the vicinity of hazardous

waste sites.

Exposure Levels in Humans. The database for chloromethane exposure levels in humans is limited to

determinations of chloromethane in breast milk. A more complete database is needed to determine the

current exposure levels and to estimate the average daily dose associated with various scenarios (e.g., living

near a hazardous waste site). An environmental media monitoring program may provide the necessary

information for estimating environmental exposures, while workplace monitoring at use sites, using personal

dosimeters and remote sensing devices, would probably provide useful workplace information. The

available NOES database of potential occupational exposures was assembled in the late 1980s and is

becoming outdated. An update to this statistically based database of potential occupational exposures is

needed.

Exposures of Children. Chloromethane was present in 2 of 8 samples of mothers’ milk from Bayonne

and Jersey City, New Jersey; Bridgeville, Pennsylvania; and Baton Rouge, Louisiana (Pellizzari et al. 1982).

No concentrations were reported and no information was given concerning the source of the chloromethane

in the milk. Studies to determine current chloromethane residues and sources in breast milk of women in the

general population and in the work force are needed. Well water surveys should be conducted in areas near

landfills where chloromethane has been detected at significant levels. Ingestion of chloromethanecontaminated

drinking water could be an important route of exposure in children.

Current information on whether children are different in their weight-adjusted intake of chloromethane via

oral and dermal exposures was not available. A study to determine this information is needed.
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Exposure Registries. An exposure registry for chloromethane is not available. The development of a

registry of exposures is needed to assess exposure levels and frequency. In addition, a registry would allow

assessment of variations in exposure resulting from such variables as geography, season, regulatory actions,

presence of hazardous waste landfills, or presence of manufacturing and use facilities.

Although chloromethane is not currently one of the compounds for which a subregistry has been established

in the National Exposure Registry, it will be considered in the future. The information that is amassed in the

National Exposure Registry facilitates the epidemiological research needed to assess adverse health

outcomes that may be related to exposure to this substance.

5.8.2 Ongoing Studies

A project carried out at Cambridge Analytical Associates, Inc., under the direction of Dr. Samuel Fogel with

NSF support will study the biodegradation of chlorinated aliphatic compounds by methane-utilizing bacteria

(FEDRIP 1998).
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The purpose of this chapter is to describe the analytical methods that are available for detecting, and/or

measuring, and/or monitoring chloromethane, its metabolites, and other biomarkers of exposure and effect to

chloromethane. The intent is not to provide an exhaustive list of analytical methods. Rather, the intention is

to identify well established methods that are used as the standard methods of analysis. Many of the

analytical methods used for environmental samples are the methods approved by federal agencies and

organizations such as EPA and the National Institute for Occupational Safety and Health (NIOSH). Other

methods presented in this chapter are those that are approved by groups such as the Association of Official

Analytical Chemists (AOAC) and the American Public Health Association (APHA). Additionally,

analytical methods are included that modify previously used methods to obtain lower detection limits, and/or

to improve accuracy and precision.

6.1 BIOLOGICAL SAMPLES

Methods used to analyze biological samples for chloromethane are summarized in Table 6-1. S-methyl-

cysteine may be a urinary metabolite of chloromethane in some humans (Nolan et al. 1985; van Doorn et al.

1980). S-methylcysteine can be analyzed by diluting urine with water and treating the resulting solution

with a buffer and a phthaldialdehyde solution to derivatize the S-methylcysteine (DeKok and Antheunius

1981) Analysis is performed on a reversed-phase high-performance liquid chromatography (HPLC) column

using methanol and sodium hydrogen phosphate buffer gradient elution with a fluorescence detector. The

reported detection limit is 1 mg/L. S-methylcysteine, along with other methylthio- compounds, can also be

analyzed as methanethiol following alkaline hydrolysis and acidification (van Doom et al. 1980).

Breast milk was analyzed for chloromethane by expressing a 60 mL sample into a wide-mouth bottle and

then freezing until analysis (Pellizzari et al. 1982). Analysis was performed by warming the sample and

then purging it with helium and directing the chloromethane and other volatilized compounds through a

Tenax adsorbant. The analytes were thermally desorbed from the Tenax onto a gas chromatography (GC)

column and analyzed by mass spectrometry (MS). No recovery or accuracy information was reported. A

headspace analysis for chloromethane in blood has been described (Landry et al. 1983a) as has a method for

chloromethane in exhaled air (Nolan et al. 1985). No limits of detection (LODs) or recovery information

were available for these methods.
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6.2 ENVIRONMENTAL SAMPLES

Methods for the determination of chloromethane in environmental samples are presented in Table 6-2. In

air, chloromethane can be analyzed by NIOSH Method 1001 (NIOSH 1994). This method involves drawing

a 0.4-3 L sample through a coconut charcoal tube followed by methylene chloride desorption and analysis

by GC with flame ionization detection (FID). The method has a working range of 66-670 mg/m3 for a

1.5 L sample and an LOD of 0.01 mg/tube. The method of Oliver et al. (1996) also uses a preconcentration

approach, but analyte recovery is accomplished via thermal desorption. The large sample concentration

factor combined with the sensitivity of the ion trap detector (ITD) provides for an LOD of less than 1 ppb.

Chloromethane can also be trapped cryogenically from an aliquot of air collected into an evacuated canister

followed by determination using GC with either electron capture or mass spectrometric detection (EPA

19888). LODs were reported to be in the low ppb range. Loss of chloromethane from air samples stored in

canisters can impact the accuracy of the determination. Kelly and Holdren (1995) reported a 17% loss for

chloromethane at 2.1 ppb stored for 33 days. On the other hand, Brymer et al. (1996) showed a loss of

approximately 5% over a 30-day period for chloromethane in a canister at 2.3 ppb (v/v). They also

reported a method detection limits of 0.82 ppbv and a recovery of 124%. Potential changes in analyte

concentration as function of time after sample collection indicates that field control samples should be used.

Field controls are always appropriate regardless of the collection approach used. Fukui and Doskey (1996)

reported using a canister-based approach to collect chloromethane and other volatile compounds emitted

from grasslands. Extreme care must be taken, especially at very low air concentrations, to ensure that no

contamination is introduced into the sampling and analysis method; method blanks must always be used to

verify the cleanliness of the sample collection and analysis system.

Chloromethane can be analyzed in municipal and industrial waste water by EPA Test Method 601-

Purgeable Halocarbons or EPA Test Method 624Purgeables (EPA 1982a). Both methods are adequate for

measuring chloromethane in waste waters. However, care must be exercised during sample collection

because chloromethane is volatile and some of the chemical might be lost during the sampling process.

Method 601 involves purging the sample with an inert gas and passing the gas through a trap containing

2,6-diphenylene oxide polymer (Tenax GC), silica gel, and coconut charcoal to adsorb the purged

chloromethane and other halocarbons (called the “purge and trap” method). After the purging is complete,

the trap is heated to desorb the chloromethane. The desorbed chloromethane is analyzed by GC using an

electrolytic conductivity (EC) or microcoulometric detector. Method 624 is similar to Method 601, but the

trap material is made of 3% methyl silicone (OV-1) on packing material, 2,6-diphenylene oxide polymer
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(Tenax GC), and silica gel; analysis is made by GC/MS. Overpurging the sample may result in loss of

some chloromethane. The average recovery from reagent water and effluents was 91.4±13.4% for Method

601 and 99±24% from waste water for Method 624. The Contract Laboratory Program analytical method

involves screening the sample for component concentrations by rapidly transferring the room temperature

sample to a volumetric flask; adding hexadecane; extracting the volatiles, including chloromethane, for

1 minute; and then qualitatively analyzing the sample by GC/FID (EPA 1988a). The quantitative analysis

method for the sample is by GC/MS and is essentially identical to EPA Method 624 (EPA 1982a).

Three additional purge-and-trap approaches with LODs as low as 0.01 µg/L (0.01 ppb) have also been

described for drinking water: Standard Method 6210D (Greenberg et al. 1992a), Method 502.1 (EPA

1989a), and Method 524.2 (EPA 1989b). A purge-and-trap approach to the determination of chloromethane

in an aqueous culture medium provided an LOD of 0.35 ppt (Tait and Moore 1995). A technique known as

solid-phase microextraction (SPME) has been demonstrated to be applicable to low ppb chloromethane

concentrations in a water matrix (Shirey 1995). In this method, a polymer-coated fiber is equilibrated in a

water sample until the chloromethane partitions into the polymer coating. The fiber is withdrawn and

inserted into the hot injection port of a GC, where the analyte is thermally desorbed onto the GC column.

EPA Method 5030 for analysis of chloromethane in soil and solid waste (EPA 1986b) involves the direct

purge-and-trap method for low-level samples or the methanolic extraction for high-level samples, based on a

hexadecane extraction as described above. For low-level samples, the soil and solid waste are placed in a

purge impinger, mixed with water, purged with an inert gas, and trapped on a Tenax GC and silica gel (EPA

1988a) or on a OV-1, Tenax GC, and silica gel column (EPA 1986b). The trap column is heated and

purged to desorb the chloromethane and other volatiles onto the GC column. For medium-level samples, the

soil and solid waste are mixed with methanol and shaken. An aliquot of the methanol is removed, diluted

with water, and purged as described above for water samples. Overpurging the sample may result in loss of

some chloromethane. Analysis is performed by EPA Method 8000 (Gas Chromatography/Mass

Spectrometry for Volatile Organics) and Method 8010B (Halogenated Volatile Organics) or by Method

8240 (GC/MS for Volatile Organics) (EPA 1986b). Method 8010 uses GC with an electrolytic conductivity

detector. EPA Method 8021A uses analysis by GC with photoionization detection and electron capture

detection in series (EPA 1986c). LODs range from 0.03 µg/L with chloromethane in water (Method

8021A) (EPA 1986c) to 12.5 µg/kg for high-concentration soils and sludges (Method 8010B) (EPA 1986b).

Other method characteristics are shown in Table 6-2.
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No methods for chloromethane in foods were found. However, a purge-and-trap method applicable to the

determination of trihalomethanes in liquid and viscous foods has been published by researchers at the U.S.

Food and Drug Administration (FDA) (McNeal et al. 1995). This method is a modification of EPA

Method 524.2 (EPA 1989b) and should be applicable to the determination of chloromethane in foods.

However, this method has not been validated for chloromethane.

6.3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether adequate

information on the health effects of chloromethane is available. Where adequate information is not

available, ATSDR, in conjunction with the NTP, is required to assure the initiation of a program of research

designed to determine the health effects (and techniques for developing methods to determine such health

effects) of chloromethane.

The following categories of possible data needs have been identified by a joint team of scientists from

ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would

reduce the uncertainties of human health assessment. This definition should not be interpreted to mean that

all data needs discussed in this section must be filled. In the future, the identified data needs will be

evaluated and prioritized, and a substance-specific research agenda will be proposed.

6.3.1 Identification of Data Needs

Methods for Determining Biomarkers of Exposure and Effect. No biomarker that can be

associated quantitatively with exposure to chloromethane has been identified (see Section 2.6). Methods are

available for the analysis of chloromethane in blood, expired air, and breast milk. In addition, a method

exists for the analysis of the metabolite S-methylcysteine in urine. Quantitative relationships have not been

established between exposure and measurement of chloromethane or S-methylcysteine in these biological

media. The observed variability of metabolism (see the discussion of the metabolism of chloromethane in

Section 2.3.3) suggests that a correlation of chloromethane levels in tissues with levels of chloromethane

exposure is not likely to be found. It may be possible to use levels of yet unidentified metabolites in blood or

urine as biomarkers of exposure. If reliable biomarkers of exposure were available, it would allow both

investigators and reviewers to assess the accuracy and uncertainty of the methods used in toxicological
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studies. Furthermore, the ready availability of tested analytical methods for the biomarkers, including

sample preservation, would permit a standardized approach to the analysis of biological materials to assist

in measuring human exposure and monitoring effects in humans. Thus, methods for biomarkers of exposure

and effect are needed.

Methods for Determining Parent Compounds and Degradation Products in Environmental

Media. Methods appear to be available for the analysis of chloromethane in all environmental media.

Methods for drinking water, groundwater, surface water, and waste water (Bauer and Solyom 1994; EPA

1982, 1989a, 1989b; Greenberg et al. 1992a, 1992b; Shirey 1995) have LODs as low as 0.01 ppb; methods

for soil and solid waste (EPA 1989b, 1989c), and for workplace and ambient air (EPA 19888; NIOSH

1994; Oliver et al. 1996) have LODs in the 0.5 to 1.5 ppb range. The MRL for chronic inhalation exposure

to chloromethane is 0.05 ppm and all of the methods reported for air are adequate. No MRLs have been

established for ingestion exposures. No methods were identified for chloromethane in foods; the need for

analytical methods would be driven by oral MRLs. Chloromethane degrades to a number of products in the

environment, including methanol and formaldehyde, both of which are natural products. While analytical

methods exist for these compounds, they cannot be used as indicators of chloromethane degradation since

methanol and formaldehyde have large natural sources.

6.3.2 Ongoing Studies

No ongoing studies were located in which new methods for chloromethane might be developed.
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The international, national, and state regulations and guidelines regarding chloromethane in air, water and

other media are summarized in Table 7-1.

An acute inhalation MRL of 0.5 ppm was derived from a NOAEL of 50 ppm for motor coordination and

damage to the cerebellar granule cells in a study by Landry et al. (1985).

An intermediate inhalation MRL of 0.2 ppm was derived from a LOAEL of 51 ppm for increased liver

enzymes in male mice at the 6-month time point in a 2-year study by CIIT (1981).

A chronic inhalation MRL of 0.05 ppm was derived from a LOAEL of 51 ppm for axonal swelling in male

mice in a 2-year study by CIIT (1981).

The risk assessments for establishing a reference concentration (RfC) for chronic inhalation exposures and a

reference dose (RfD) for chronic oral exposures to chloromethane are undergoing review by an EPA work

group (IRIS 1997). However, the EPA Office of Water reports an RfD of 0.004 mg/kg/day (EPA 1996a).

The EPA has not assigned a carcinogenicity classification for chloromethane (IRIS 1997). Health

advisories published by the EPA Office of Water assign chloromethane to cancer group C, which indicates

that the substance is a possible human carcinogen (EPA 1996a). The International Agency for Research on

Cancer (IARC) has classified chloromethane as Group 3; not classifiable as to its carcinogenicity to humans

(IARC 1987). The National Toxicology Program (NTP) has not classified the chemical for carcinogenicity.

The National Institute for Occupational Safety and Health (NIOSH) recommends that chloromethane be

treated as a potential occupational carcinogen (NIOSH 1992).

Chloromethane is on the list of chemicals subject to the requirements of “The Emergency Planning and

Community Right-to-Know Act of 1986 (EPCRA) (EPA 1988c). Section 313 of Title III of EPCRA,

requires owners and operators of certain facilities that manufacture, import, process, or otherwise use the

chemicals on this list to report annually their release of those chemicals to any environmental media (U.S.

Congress 1986).
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OSHA requires employers of workers who are occupationally exposed to chloromethane to institute

engineering controls and work practices to reduce and maintain employee exposure at or below permissible

exposure limits (PELs). The employer must use controls and practices, if feasible, to reduce exposure to or

below an g-hour time-weighted average (TWA) of 100 ppm (OSHA 1974). The acceptable ceiling

concentration for chloromethane is 200 ppm. The acceptable maximum peak above this ceiling

concentration is 300 ppm. Therefore, during an g-hour work shift a person may be exposed to a

concentration of chloromethane measuring 200 ppm or greater, but never more than 300 ppm and only for a

maximum period of 5 minutes within any 3-hour period. An exposure such as this must be compensated by

exposures to concentrations less than 100 ppm so that the cumulative exposure for the g-hour shift does not

exceed the 100 ppm exposure limit (OSHA 1974).

The EPA regulates chloromethane under the Clean Air Act (CAA) and has designated chloromethane as a

hazardous air pollutant (HAP). The major source category for which chloromethane emissions are

controlled is the synthetic organic chemicals manufacturing industry (SOCMI) and includes equipment leaks

(EPA 1983b) distillation operations (EPA 1990), and reactor processes (EPA 1993a).

Chloromethane is regulated by the Clean Water Effluent Guidelines in Subchapter N of Title 40 of the Code

of Federal Regulations. Electroplating is the points source category for which chloromethane is controlled

as a total toxic organic (EPA 1981a). The point source categories for which chloromethane has specific

regulatory performance standards include organic chemicals, plastics, and synthetic fibers (EPA 1987b,

1987c, 1987d, 1987e, 1987f, 19878, 1987h, 19871, 1987j, 1987k), steam electric power generators (EPA

1982c), metal finishing (EPA 1983c).

The Resource Conservation and Recovery Act (RCRA) identifies chloromethane as a hazardous waste from

non-specific sources and has assigned it the hazardous waste numbers F024 and F025 (EPA 1981c).

Under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), owners

of vessels or facilities are required to immediately report release of chloromethane equal to or greater than

the reportable quantity of 100 pounds (45.4 kg) (EPA 1985).
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Absorption-The taking up of liquids by solids, or of gases by solids or liquids.

Acute Exposure-Exposure to a chemical for a duration of 14 days or less, as specified in the
Toxicological Profiles.

Adsorption-The adhesion in an extremely thin layer of molecules (as of gases, solutes, or liquids) to the
surfaces of solid bodies or liquids with which they are in contact.

Adsorption Coefficient (Koc)-The ratio of the amount of a chemical adsorbed per unit weight of organic
carbon in the soil or sediment to the concentration of the chemical in solution at equilibrium.

Adsorption Ratio (Kd)-The amount of a chemical adsorbed by a sediment or soil (i.e., the solid phase)
divided by the amount of chemical in the solution phase, which is in equilibrium with the solid phase, at a
fixed solid/solution ratio. It is generally expressed in micrograms of chemical sorbed per gram of soil or
sediment.

Benchmark Dose (BMD)-is usually defined as the lower confidence limit on the dose that produces a
specified magnitude of changes in a specified adverse response. For example, a BMD,, would be the dose
at the 95% lower confidence limit on a 10% response, and the benchmark response (BMR) would be 10%.
The BMD is determined by modeling the dose response curve in the region of the dose response relationship
where biologically observable data are feasible.

Benchmark Dose Model-is a statistical dose-response model applied to either experimental toxicological
or epidemiological data to calculate a BMD.

Bioconcentration Factor (BCF)-The quotient of the concentration of a chemical in aquatic organisms at a
specific time or during a discrete time period of exposure divided by the concentration in the surrounding
water at the same time or during the same period.

Biomarkers-are broadly defined as indicators signaling events in biologic systems or samples. They have
been classified as markers of exposure, markers of effect, and markers of susceptibility.

Cancer Effect Level (CEL)-The lowest dose of chemical in a study, or group of studies, that produces
significant increases in the incidence of cancer (or tumors) between the exposed population and its
appropriate control.

Carcinogen-A chemical capable of inducing cancer.

Case-Control Study-A type of epidemiological study which examines the relationship between a
particular outcome (disease or condition) and a variety of potential causative agents (such as toxic
chemicals). In a case-controlled study, a group of people with a specified and well-defined outcome is
identified and compared to a similar group of people without outcome.

Case Report-describes a single individual with a particular disease or exposure. These may suggest some
potential topics for scientific research but are not actual research studies.



CHLOROMETHANE 236
9. GLOSSARY

Case Series-describes the experience of a small number of individuals with the same disease or exposure.
These may suggest potential topics for scientific research but are not actual research studies.

Ceiling Value-A concentration of a substance that should not be exceeded, even instantaneously.

Chronic Exposure-Exposure to a chemical for 365 days or more, as specified in the Toxicological
Profiles.

Cohort Study-A type of epidemiological study of a specific group or groups of people who have had a
common insult (e.g., exposure to an agent suspected of causing disease or a common disease) and are
followed forward from exposure to outcome. At least one exposed group is compared to one unexposed
group.

Cross-sectional Study-A type of epidemiological study of a group or groups which examines the
relationship between exposure and outcome to a chemical or to chemicals at one point in time.

Data Needs-substance-specific informational needs that if met would reduce the uncertainties of human
health assessment.

Developmental Toxicity-The occurrence of adverse effects on the developing organism that may result
from exposure to a chemical prior to conception (either parent), during prenatal development, or postnatally
to the time of sexual maturation. Adverse developmental effects may be detected at any point in the life
span of the organism.

Dose-Response Relationship--the quantitative relationship between the amount of exposure to a toxicant
and the incidence of the adverse effects.

Embryotoxicity and Fetotoxicity-Any toxic effect on the conceptus as a result of prenatal exposure to a
chemical; the distinguishing feature between the two terms is the stage of development during which the
insult occurs. The terms, as used here, include malformations and variations, altered growth, and
in utero death.

Environmental Protection Agency (EPA) Health Advisory-An estimate of acceptable drinking water
levels for a chemical substance based on health effects information. A health advisory is not a legally
enforceable federal standard, but serves as technical guidance to assist federal, state, and local officials.
Epidemiology-refers to the investigation of factors that determine the frequency and distribution of disease
or other health-related conditions within a defined human population during a specified period.

Genotoxicity-A specific adverse effect on the genome of living cells that, upon the duplication of affected
cells, can be expressed as a mutagenic, clastogenic or carcinogenic event because of specific alteration of the
molecular structure of the genome.

Half-life-A measure of rate for the time required to eliminate one half of a quantity of a chemical from the
body or environmental media.
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Immediately Dangerous to Life or Health (IDLH)-The maximum environmental concentration of a
contaminant from which one could escape within 30 minutes without any escape-impairing symptoms or
irreversible health effects.

Incidence-The ratio of individuals in a population who develop a specified condition to the total number of
individuals in that population who could have developed that condition in a specified time period.

Intermediate Exposure-Exposure to a chemical for a duration of 15-364 days, as specified in the
Toxicological Profiles.

Immunological Effects-are functional changes in the immune response.

Immunologic Toxicity- The occurrence of adverse effects on the immune system that may result from
exposure to environmental agents such as chemicals.

In Vitro-Isolated from the living organism and artificially maintained, as in a test tube.

In Vivo-Occurring within the living organism.

Lethal Concentration(LO) (LCLO)-The lowest concentration of a chemical in air which has been reported
to have caused death in humans or animals.

Lethal Concentration(50) ( LC50)-A calculated concentration of a chemical in air to which exposure for a
specific length of time is expected to cause death in 50% of a defined experimental animal population.

Lethal Dose(LO) (LDLO)-The lowest dose of a chemical introduced by a route other than inhalation that has
been reported to have caused death in humans or animals.

Lethal Dose(50) (LD50)-The dose of a chemical which has been calculated to cause death in 50% of a
defined experimental animal population.

Lethal Time(50) (LT50)-A calculated period of time within which a specific concentration of a chemical is
expected to cause death in 50% of a defined experimental animal population.

Lowest-Observed-Adverse-Effect Level (LOAEL)-The lowest exposure level of chemical in a study, or
group of studies, that produces statistically or biologically significant increases in frequency or severity of
adverse effects between the exposed population and its appropriate control.

Lymphoreticular Effects-represent morphological effects involving lymphatic tissues such as the lymph
nodes, spleen, and thymus.

Malformations-Permanent structural changes that may adversely affect survival, development, or
function.

Minimal Risk Level (MRL) -An estimate of daily human exposure to a hazardous substance that is likely
to be without an appreciable risk of adverse noncancer health effects over a specified route and duration of
exposure.
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Modifying Factor (MF)-A value (greater than zero) that is applied to the derivation of a minimal risk
level (MRL) to reflect additional concerns about the database that are not covered by the uncertainty factors
The default value for a MF is 1.

Morbidity-State of being diseased; morbidity rate is the incidence or prevalence of disease in a specific
population.

Mortality-Death; mortality rate is a measure of the number of deaths in a population during a specified
interval of time.

Mutagen-A substance that causes mutations. A mutation is a change in the DNA sequence of a cell’s
DNA. Mutations can lead to birth defects, miscarriages, or cancer.

Necropsy-The gross examination of the organs and tissues of a dead body to determine the cause of death
or pathological conditions.

Neurotoxicity-The occurrence of adverse effects on the nervous system following exposure to a chemical.

No-Observed-Adverse-Effect Level (NOAEL)-The dose of a chemical at which there were no
statistically or biologically significant increases in frequency or severity of adverse effects seen between the
exposed population and its appropriate control. Effects may be produced at this dose, but they are not
considered to be adverse.

Octanol-Water Partition Coeffkient (Kow)-The equilibrium ratio of the concentrations of a chemical in
n-octanol and water, in dilute solution.

Odds Ratio-a means of measuring the association between an exposure (such as toxic substances and a
disease or condition) which represents the best estimate of relative risk (risk as a ratio of the incidence
among subjects exposed to a particular risk factor divided by the incidence among subjects who were not
exposed to the risk factor). An odds ratio of greater than 1 is considered to indicate greater risk of disease in
the exposed group compared to the unexposed.

Organophosphate or Organophosphorus Compound-A phosphorus containing organic compound and
especially a pesticide that acts by inhibiting cholinesterase.

Permissible Exposure Limit (PEL)-An Occupational Safety and Health Administration (OSHA)
allowable exposure level in workplace air averaged over an &hour shift of a 40 hour workweek.
Pesticide--general classification of chemicals specifically developed and produced for use in the control of
agricultural and public health pests.

Pharmacokinetics-is the science of quantitatively predicting the fate (disposition) of an exogenous
substance in an organism. Utilizing computational techniques, it provides the means of studying the
absorption, distribution, metabolism and excretion of chemicals by the body.
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Pharmacokinetic Model-is a set of equations that can be used to describe the time course of a parent
chemical or metabolite in an animal system. There are two types of pharmacokinetic models: data-based
and physiologically-based. A data-based model divides the animal system into a series of compartments
which, in general, do not represent real, identifiable anatomic regions of the body whereby the
physiologically-based model compartments represent real anatomic regions of the body.

Physiologically Based Pharmacodynamic (PBPD) Model-is a type of physiologically-based doseresponse
model which quantitatively describes the relationship between target tissue dose and toxic end
points. These models advance the importance of physiologically based models in that they clearly describe
the biological effect (response) produced by the system following exposure to an exogenous substance.

Physiologically Based Pharmacokinetic (PBPK) Model-is comprised of a series of compartments
representing organs or tissue groups with realistic weights and blood flows. These models require a variety
of physiological information: tissue volumes, blood flow rates to tissues, cardiac output, alveolar ventilation
rates and, possibly membrane permeabilities. The models also utilize biochemical information 4such as
air/blood partition coefficients, and metabolic parameters. PBPK models are also called biologically based
tissue dosimetry models.

Prevalence-The number of cases of a disease or condition in a population at one point in time.

Prospective Study-A type of cohort study in which the pertinent observations are made on events
occurring after the start of the study. A group is followed over time.

q1*-The upper-bound estimate of the low-dose slope of the dose-response curve as determined by the
multistage procedure. The q1* can be used to calculate an estimate of carcinogenic potency, the incremental
excess cancer risk per unit of exposure (usually µg/L for water, mg/kg/day for food, and µg/m3 for air).

Recommended Exposure Limit (REL)-A National Institute for Occupational Safety and Health
(NIOSH) time-weighted average (TWA) concentrations for up to a lo-hour workday during a 40-hour
workweek.

Reference Concentration (RfC)-An estimate (with uncertainty spanning perhaps an order of magnitude)
of a continuous inhalation exposure to the human population (including sensitive subgroups) that is likely to
be without an appreciable risk of deleterious noncancer health effects during a lifetime. The inhalation
reference concentration is for continuous inhalation exposures and is appropriately expressed in units of
mg/m3 or ppm.

Reference Dose (RfD)-An estimate (with uncertainty spanning perhaps an order of magnitude) of the
daily exposure of the human population to a potential hazard that is likely to be without risk of deleterious
effects during a lifetime. The RfD is operationally derived from the No-Observed-Adverse-Effect Level
(NOAEL- from animal and human studies) by a consistent application of uncertainty factors that reflect
various types of data used to estimate RfDs and an additional modifying factor, which is based on a
professional judgment of the entire database on the chemical. The RfDs are not applicable to nonthreshold
effects such as cancer.
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Reportable Quantity (RQ)-The quantity of a hazardous substance that is considered reportable under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). Reportable
quantities are (1) 1 pound or greater or (2) for selected substances, an amount established by regulation
either under CERCLA or under Section 311 of the Clean Water Act. Quantities are measured over a
24-hour period.

Reproductive Toxicity-The occurrence of adverse effects on the reproductive system that may result from
exposure to a chemical. The toxicity may be directed to the reproductive organs and/or the related endocrine
system. The manifestation of such toxicity may be noted as alterations in sexual behavior, fertility,
pregnancy outcomes, or modifications in other functions that are dependent on the integrity of this system.

Retrospective Study-A type of cohort study based on a group of persons known to have been exposed at
some time in the past. Data are collected from routinely recorded events, up to the time the study is
undertaken. Retrospective studies are limited to casual factors that can be ascertained from existing records
and/or examining survivors of the cohort.

Risk-the possibility or chance that some adverse effect will result from a given exposure to a chemical.

Risk Factor-An aspect of personal behavior or lifestyle, an environmental exposure, or an inborn or
inherited characteristic, that is associated with an increased occurrence of disease or other health-related
event or condition.

Risk Ratio-The ratio of the risk among persons with specific risk factors compared to the risk among
persons without risk factors. A risk ratio greater than 1 indicates greater risk of disease in the exposed
group compared to the unexposed.

Short-Term Exposure Limit (STEL)-The American Conference of Governmental Industrial Hygienists
(ACGIH) maximum concentration to which workers can be exposed for up to 15 min continually. No more
than four excursions are allowed per day, and there must be at least 60 min between exposure periods. The
daily Threshold Limit Value - Time Weighted Average (TLV-TWA) may not be exceeded.

Target Organ Toxicity-This term covers a broad range of adverse effects on target organs or
physiological systems (e.g., renal, cardiovascular) extending from those arising through a single limited
exposure to those assumed over a lifetime of exposure to a chemical.

Teratogen-A chemical that causes structural defects that affect the development of an organism.

Threshold Limit Value (TLV)-An American Conference of Governmental Industrial Hygienists
(ACGIH) concentration of a substance to which most workers can be exposed without adverse effect. The
TLV may be expressed as a Time Weighted Average (TWA), as a Short-Term Exposure Limit (STEL), or
as a ceiling limit (CL).

Time-Weighted Average (TWA)-An allowable exposure concentration averaged over a normal g-hour
workday or 40-hour workweek.

Toxic Dose(50) ( TD50)-A calculated dose of a chemical, introduced by a route other than inhalation, which
is expected to cause a specific toxic effect in 50% of a defined experimental animal population.
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Toxicokinetic-The study of the absorption, distribution and elimination of toxic compounds in the living
organism.

Uncertainty Factor (UF)-A factor used in operationally deriving the Minimal Risk Level (MRL) or
Reference Dose (RfD) or Reference Concentration (RfC) from experimental data. UFs are intended to
account for (1) the variation in sensitivity among the members of the human population, (2) the uncertainty
in extrapolating animal data to the case of human, (3) the uncertainty in extrapolating from data obtained in
a study that is of less than lifetime exposure, and (4) the uncertainty in using Lowest-Observed-Adverse-
Effect Level (LOAEL) data rather than No-Observed-Adverse-Effect Level (NOAEL) data. A default for
each individual UF is 10; if complete certainty in data exists, a value of one can be used; however a reduced
LF of three may be used on a case-by-case basis, three being the approximate logarithmic average of 10
and 1.

Xenobiotic-any chemical that is foreign to the biological system.





CHLOROMETHANE A-1

APPENDIX A

ATSDR MINIMAL RISK LEVELS AND WORKSHEETS

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) [42 U.S.C.

9601 et seq.], as amended by the Superfund Amendments and Reauthorization Act (SARA) [Pub. L.

99-4991, requires that the Agency for Toxic Substances and Disease Registry (ATSDR) develop jointly

with the U.S. Environmental Protection Agency (EPA), in order of priority, a list of hazardous substances

most commonly found at facilities on the CERCLA National Priorities List (NPL); prepare toxicological

profiles for each substance included on the priority list of hazardous substances; and assure the initiation of

a research program to fill identified data needs associated with the substances.

The toxicological profiles include an examination, summary, and interpretation of available toxicological

information and epidemiologic evaluations of a hazardous substance. During the development of

toxicological profiles, Minimal Risk Levels (MRLs) are derived when reliable and sufficient data exist to

identify the target organ(s) of effect or the most sensitive health effect(s) for a specific duration for a given

route of exposure. An MRL is an estimate of the daily human exposure to a hazardous substance that is

likely to be without appreciable risk of adverse noncancer health effects over a specified duration of

exposure. MRLs are based on noncancer health effects only and are not based on a consideration of cancer

effects. These substance-specific estimates, which are intended to serve as screening levels, are used by

ATSDR health assessors to identify contaminants and potential health effects that may be of concern at

hazardous waste sites. It is important to note that MRLs are not intended to define clean-up or action levels.

MRLs are derived for hazardous substances using the no-observed-adverse-effect level/uncertainty factor

approach. They are below levels that might cause adverse health effects in the people most sensitive to such

chemical-induced effects. MRLs are derived for acute (1-14 days), intermediate (15-364 days), and

chronic (365 days and longer) durations and for the oral and inhalation routes of exposure. Currently,

MRLs for the dermal route of exposure are not derived because ATSDR has not yet identified a method

suitable for this route of exposure. MRLs are generally based on the most sensitive chemical-induced end

point considered to be of relevance to humans. Serious health effects (such as irreparable damage to the

liver or kidneys, or birth defects) are not used as a basis for establishing MRLs. Exposure to a level above

the MRL does not mean that adverse health effects will occur.
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MRLs are intended only to serve as a screening tool to help public health professionals decide where to look

more closely. They may also be viewed as a mechanism to identify those hazardous waste sites that are not

expected to cause adverse health effects. Most MRLs contain a degree of uncertainty because of the lack of

precise toxicological information on the people who might be most sensitive (e.g., infants, elderly,

nutritionally or immunologically compromised) to the effects of hazardous substances. ATSDR uses a

conservative (i.e., protective) approach to address this uncertainty consistent with the public health principle

of prevention. Although human data are preferred, MRLs often must be based on animal studies because

relevant human studies are lacking. In the absence of evidence to the contrary, ATSDR assumes that

humans are more sensitive to the effects of hazardous substance than animals and that certain persons may

be particularly sensitive. Thus, the resulting MRL may be as much as a hundredfold below levels that have

been shown to be nontoxic in laboratory animals.

Proposed MRLs undergo a rigorous review process: Health Effects/MRL Workgroup reviews within the

Division of Toxicology, expert panel peer reviews, and agencywide MRL Workgroup reviews, with

participation from other federal agencies and comments from the public. They are subject to change as new

information becomes available concomitant with updating the toxicological profiles. Thus, MRLs in the

most recent toxicological profiles supersede previously published levels. For additional information

regarding MRLs, please contact the Division of Toxicology, Agency for Toxic Substances and Disease

Registry, 1600 Clifton Road, Mailstop E-29, Atlanta, Georgia 30333.
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MINIMAL RISK LEVEL (MRL) WORKSHEET

Chemical name(s): Chloromethane
CAS number(s): 74-87-3
Date: November 1998
Profile status: Draft 2 Post-Public Comment
Route: [X] Inhalation [ ] Oral
Duration: [X] Acute [ ] Intermediate [ ] Chronic
Key to figure: 43
Species: Mouse

Minimal Risk Level: 0.5 [ ] mg/kg/day [X] ppm [ ] mg/m3

Reference: Landry DL, Quast JF, Gushow TS, Mattsson. 1985. Neurotoxicity of methyl chloride in
continuously versus intermittently exposed female C57BL/6 mice. Fundamental and Applied Toxicology
5:87-98.

Experimental design: An acute MRL of 0.5 ppm was derived from a NOAEL of 50 ppm for no effect on
motor coordination or damage to the cerebellar granule cells. Landry et al. (1985) evaluated the neurologic
effects of continuous versus intermittent chloromethane exposure in female C57BL/6 mice. Groups of 12
mice each were exposed to chloromethane in whole body inhalation chambers for 11 days either
continuously 22 hours/day at 0, 15, 50, 100, 150, 200, or 400 ppm or intermittently 5.5 hours/day at 0,
150, 400, 800, 1,600, or 2,400 ppm. The mice were subjected to neurofunctional testing (ability to stay on
a rotating 4 cm diameter rod) on days 4, 8, and 11. Mice were weighed prior to exposure, on exposure days
4 and 8, and at necropsy. Animals were sacrificed at various times during the experiment, and the following
tissues were collected, weighed, and prepared for histological evaluation: brain (cerebellum, cerebrum, brain
stem), sciatic nerve, vertebral bone with spinal cord, liver, kidneys, and thymus.

Effects noted in study and corresponding doses: The MRL was derived from effects observed in the
continuously exposed mice. The 400 ppm exposed mice died or were sacrificed by day 4, and the 200 ppm
group by day 5, due to severe toxicity. Mice exposed to 150 ppm were sacrificed in moribund condition by
day 10.5. At 200 ppm, the mice were ataxic and fell on their sides after 3 days. At 150 to 400 ppm, the
mice developed motor incoordination. Performance on a rotating rod was significantly decreased at 150 ppm
and greater. No effects were seen at 50 ppm or below. Histologically, degenerative changes in the
cerebellum granule cells were seen at ≥100 ppm, and consisted of nuclear pyknosis and karyorrhexis. At
150 ppm on day 4, there was a moderate intracellular and extracellular cerebellar vacuolation in the
Purkinje and/or molecular cell layer and in the white matter. This vacuolation was transient and not seen
after day 6 or later. These effects were more pronounced in the 400 ppm mice. Similar effects were seen in
mice exposed to higher concentrations intermittently (see separate entries). The apparent greater
susceptibility to continuous exposure may be related to the conversion of chloromethane to a toxic
metabolite, to decreased respiration at concentrations that are intolerable when exposure is continuous,
and/or to diurnal susceptibility.

15 and 50 ppm = No neurologic effects or histopathologic damage observed.

100 ppm = Slight degenerative changes in the cerebellum granule cells with nuclear pyknosis  and
karyorrhexis.

150 ppm = Moderate cerebellar lesions and severe performance decrement on neuromotor tests.
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200 ppm = Incapacitated after 4 days, severe cerebellar lesions.
400 ppm = Incapacitated after 2 days, severe cerebellar lesions.

Dose end ooint used for MRL derivation: 50 ppm; no neurological effects or histopathologic damage
observed

[X] NOAEL [ ]LOAEL

Uncertainty factors used in MRL derivation:

[ ]1 [ ]3 [  ]  10 (for use of a LOAEL)
[ ]1 [ ]3 [X] 10 (for extrapolation from animals to humans)
[ ]1 [ ]3 [X] 10 (for human variability)

Was a conversion factor used from prim in food or water to a mg/body weight dose?
If so explain: No conversion factor used.

Was a conversion used from intermittent to continuous exposure?
If so, explain: No adjustment made for the acute exposure NOAEL. Chloromethane is readily absorbed
from the lungs in humans and animals and rapidly (within 1 hour) reaches equilibrium with levels in blood
and expired air approximately proportional to the exposure concentrations (Landry et al. 1983a, 1983b;
Nolan et al. 1985; Putz-Andersen et al. 1981a, 1981b).

If an inhalation studv in animals, list conversion factors used in determining human equivalent dose:
The human equivalent dose (HEC) was calculated using Formula 4-48a from Methods for Derivation of
Inhalation Reference Concentrations and Application of Inhalation Dosimetry (EPA 1994b). Though
chloromethane is a category 2 gas, the formula in the EPA 1994b document for extrarespiratory effects of
category 2 gases is presently under review and the recommended equation is that for category 3 gases:

NOAEL[HEC] (ppm) = NOAEL[ADJ] (ppm) x (Hb/g)A

(Hb/g)H

= 50 ppm x [1] = 50 ppm

where,

NOAEL[HEC] = the NOAEL human equivalent concentration
NOAEL[ADJ] = the NOAEL adjusted for duration
Hb/g = the blood:gas (air) partition coefficient [the default value of 1.0 is used for the ratio of

(Hb/g),/(Hb/g), if these partition coefficients are not known]
A, H  = the subscripts A and H refer to animal and human, respectively.

Additional studies or pertinent information that lend support to this MRL: Neurological effects have been
described in numerous case reports of humans exposed to chloromethane vapors as a result of industrial
leaks and leaks from defective refrigerators (Baird 1954; Gudmundsson 1977; Hansen et al. 1953; Hartman
et al. 1955; Kegel et al. 1929; MacDonald 1964; McNally 1946; Jones 1942; Raalte and van Velzen 1945;
Spevak et al. 1976; Wood 1951). Depending on the extent of exposure and the availability of medical
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treatment, the signs and symptoms can range from staggering and blurred vision to coma, convulsions, and
death.

Severe neurological signs (ataxia, tremors, limb paralysis, incoordination, convulsions) have been observed
in rats, mice, rabbits, guinea pigs, dogs, cats, and monkeys exposed acutely by inhalation to high
concentrations of chloromethane (Burek et al. 1981; Chellman et al. 1986a, 1986b; Landry et al. 1985;
McKenna et al. 198 la; Morgan et al. 1982; Smith and von Oettingen 1947b). Cerebellar lesions have also
been observed microscopically in guinea pigs and rats (Kolkmann and Volk 1975; Morgan et al. 1982).
Mice are more susceptible than rats (Morgan et al. 1982; CIIT 1981), and more sensitive to neurological
effects after continuous exposure to low concentrations than after intermittent exposure to higher
concentrations of chloromethane (Landry et al. 1985). The greater sensitivity of mice to continuous
exposure makes the mouse a good model for the neurotoxicological effects seen in humans.

Agency Contact (Chemical Manager): Alfred Dorsey
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MINIMAL RISK LEVEL (MRL) WORKSHEET

Chemical name(s): Chloromethane
CAS number(s): 74-87-3
Date: November 1998
Profile status: Draft 2 Post-Public Comment
Route: [X] Inhalation [ ] Oral
Duration: [ ] Acute [X] Intermediate [ ] Chronic
Key to figure: 73
Species: Mouse

Minimal Risk Level: 0.2 [ ] mg/kg/day [Xl ppm [ ] mg/m3

Reference: CIIT. 1981. Final report on a chronic inhalation toxicology study in rats and mice exposed to
methyl chloride. Unpublished study prepared by Battelle-Columbus Laboratories, Columbus, OH. OTS
Submission Document ID 408120717. Microfiche 511310.

Experimental design: An intermediate MRL of 0.2 ppm (rounded to one significant figure from 0.17) was
derived from a LOAEL of 51 ppm for significantly increased serum levels of alanine amino transferase
(indicative of hepatotoxicity) in male mice at the 6 month time point in a 2-year study. The objective of the
study was to evaluate the toxicologic and oncogenic effects of inhaled chloromethane in male and female
Fischer 344 rats and B6C3F1 mice. Animals (120 per sex per exposure level) were exposed to
chloromethane in whole body inhalation exposure chambers at target concentrations of 0 (control), 50, 225,
or 1,000 ppm, 6 hours/day, 5 days/week for up to two years. Necropsies were completed at 6, 12, 18, or
24 months after the initial exposure (n=10, 10, 20, 80 for rats; and n=10, 10, 10, 90 for mice; respectively).
Actual measured concentrations averaged for the 24-month exposure overall were 0.3±4, 51±9, 224±6, and
997±65 ppm. All animals were observed twice daily for signs of toxicity, abnormal behavior, anorexia, or
abnormal physical condition. Body weights were collected weekly for 6 months and biweekly thereafter.
Ophthalmic exams were performed at baseline and at sacrifice. Prior to the 18- and 24-month sacrifices,
neurofunction exams were performed. Blood samples were collected from selected animals at each
scheduled necropsy period for hematological and clinical chemistry evaluations; 16-hour urine samples were
collected from the same animals for urinalysis. At necropsy, a gross pathology examination was performed,
organs (heart, brain, gonads, liver, kidneys, and lungs) were weighed and tissue samples were collected.
Histological evaluation of tissues was performed only on tissues collected from the high dose and control
animals. Target organ tissues in rats (reproductive tissues, kidney liver, lung) and mice (liver, kidney,
spleen) were histologically evaluated in animals of all dose groups.

Effects noted in study and corresponding doses: A dose-response effect for liver toxicity was observed in
male mice. Females also had increased ALT, but the increase was not associated with treatment-related
histopathological changes in the liver. Liver necrosis and other pathological changes in the liver of high
dose male mice was also observed at 12, 18, and 24 months.

51 ppm = Increased ALT levels in male mice; no histopathological changes in the liver.

224 ppm = Increased ALT levels in male mice; no histopathological changes in the liver.

997 ppm = Increased ALT levels; histopathological changes including necrosis, karyomegaly,
polykarocytes.
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Dose end point used for MRL derivation:51 ppm; increased ALT levels.

[ ] NOAEL [X] LOAEL

Uncertainty factors used in MRL derivation:

[ ] 1 [ X ] 3 [ ] 10 (for use of a minimal LOAEL)
[ ] 1 [ ] 3 [ X ] 10 (for extrapolation from animals to humans)
[ ] 1 [ ] 3 [ X ] 10 (for human variability)

Was a conversion factor used from ppm in food or water to a mg/bodv weight dose?
If so explain: No conversion factor used.

Was a conversion used from intermittent to continuous exposure?
If so, explain: No adjustment made for the intermediate exposure LOAEL. Chloromethane is readily
absorbed from the lungs in humans and animals and rapidly (within 1 hour) reaches equilibrium with levels
in blood and expired air approximately proportional to the exposure concentrations (Landry et al. 1983a,
1983b; Nolan et al. 1985; Putz-Andersen et al. 1981a, 1981b). The LOAEL[ADJ]  = LOAEL = 51 ppm.

If an inhalation study in animals, list conversion factors used in determining human equivalent dose:
The human equivalent dose (HEC) was calculated using Formula 4-48a from Methods for Derivation of
Inhalation Reference Concentrations and Application of Inhalation Dosimetry (EPA 1994b). Though
chloromethane is a category 2 gas, the formula in the EPA 1994b document for extrarespiratory effects of
category 2 gases is presently under review and the recommended equation is that for category 3 gases:

LOAEL[HEC]  (ppm) = LOAEL[ADJ] (ppm) x (Hb/g)A

(Hb/g)H

= 51 ppm x [1] = 51 ppm

LOAEL[HEC] = the LOAEL human equivalent concentration
LOAEL[ADJ] = the LOAEL adjusted for duration (see above)
Hb/g = the blood:gas (air) partition coefficient [the default value of 1.0 is used for the ratio of

   (Hb/g),/(Hb/g), if these partition coefficients are not known]
A H = the subscripts A and H refer to animal and human, respectively.

Additional studies or pertinent information that lend support to this MRL:
Case reports of humans exposed to chloromethane vapors have described clinical jaundice and cirrhosis of
the liver (Kegel et al. 1929; Mackie 1961; Weinstein 1937; Wood 195 l), but exposure concentrations were
not known.

Hepatic effects have been observed in animals exposed by inhalation to chloromethane at concentrations
>l,000 ppm in acute, intermediate, and chronic duration experiments (Burek et al. 1981; Chellman et al.
1986a; CIIT 1981; Landry et al. 1985; Mitchell et al. 1979; Morgan et al. 1982). Milder liver effects
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occurred in mice exposed acutely to an intermittent but relatively high concentration than to a low but
continuous concentration (Landry et al. 1985). The greater susceptibility to continuous exposure may result
from relatively greater metabolism to a toxic intermediate or from diurnal susceptibility. Hepatic effects
were more severe in mice (necrosis and degeneration) than in rats (cloudy swelling, fatty infiltration,
increased ALT and AST with no necrosis). Furthermore, no hepatic lesions were observed in rats over the
course of 2 years of inhalation exposure to 1,000 ppm, while mice similarly exposed had necrotic lesions
after 6 months (CIIT 1981). The greater susceptibility of mice to the hepatotoxic effects of chloromethane
may be related to the greater ability of chloromethane to conjugate with hepatic glutathione in mice than in
rats (Dodd et al. 1982; Kornbrust and Bus 1984). The reaction of chloromethane with glutathione appears
to be toxifying rather than detoxifying (Chellman et al. 1986b). While the exact mechanism for the
hepatotoxic effects of chloromethane is unclear, chloromethane can elicit lipid peroxidation as a secondary
consequence of depletion of glutathione (Kornbrust and Bus 1984). Comparison of lipid peroxidation in the
S-9 fraction from mouse and rat livers revealed much greater lipid peroxidation in mouse liver than in rat
liver. The finding that mice exposed to 2,500 ppm chloromethane expired ethane to an extent comparable to
that produced by 2 mL/kg carbon tetrachloride, and developed moderate to severe hepatocellular hydropic
degeneration provide further evidence that the mechanism of hepatotoxicity may involve lipid peroxidation.

Agency Contact (Chemical Manager): Alfred Dorsey
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MINIMAL RISK LEVEL (MRL) WORKSHEET

Chemical name(s): hloromethane
CAS number(s): 74-87-3
Date: November 1998
Profile status: Draft 2 Post-Public Comment
Route: [X] Inhalation [ ] Oral
Duration: [ ] Acute [ ] Intermediate [X] Chronic
Key to figure: 115
Species: Mouse

Minimal Risk Level: 0.05 [ ] mg/kg/day [X] ppm [ ] mg/m3

Reference: CIIT. 1981. Final report on a chronic inhalation toxicology study in rats and mice exposed to
methyl chloride. Unpublished study prepared by Battelle-Columbus Laboratories, Columbus, OH. OTS
Submission Document ID 40-8120717. Microfiche 511310.

Experimental design: A chronic MRL of 0.05 ppm (rounded to one significant figure from 0.051) was
derived from a LOAEL of 51 ppm for neurological effects (swelling and degeneration of the axons of the
spinal cord) in male and female mice at 18 months in a 2-year study. The objective of the study was to
evaluate the toxicologic and oncogenic effects of inhaled chloromethane in male and female Fischer 344 rats
and B6C3F1 mice. Animals (120 per sex per exposure level) were exposed to chloromethane in whole body
inhalation exposure chambers at target concentrations of 0 (control), 50, 225, or 1,000 ppm, 6 hours/day,
5 days/week for up to 2 years. Necropsies were completed at 6, 12, 18, or 24 months after the initial
exposure (n=10, 10, 20, 80 for rats; and n=10, 10, 10, 90 for mice; respectively). Actual measured
concentrations averaged for the 24-month exposure overall were 0.3±4, 51±9, 224±16, and 997±65 ppm.
All animals were observed twice daily for signs of toxicity, abnormal behavior, anorexia, or abnormal
physical condition. Body weights were measured weekly for 6 months and biweekly thereafter.
Ophthalmic exams were performed at baseline and at sacrifice. Prior to the 18- and 24-month sacrifices,
neurofunction exams were performed. Blood samples were collected from selected animals at each
scheduled necropsy period for hematological and clinical chemistry evaluations; 16-hour urine samples were
collected from the same animals for urinalysis. At necropsy, a gross pathology examination was performed,
organs (heart, brain, gonads, liver, kidneys, and lungs) were weighed and tissue samples were collected.
Histological evaluation of tissues was performed only on tissues collected from the high dose and control
animals. Target organ tissues in rats (reproductive tissues, kidney liver, lung) and mice (liver, kidney,
spleen) were histologically evaluated in animals of all dose groups.

Effects noted in study and corresponding doses: There was a consistent dose-response for neurological
effects in male and female mice. At the high dose, there was a mild reduction in the number of neurons in
the granular cell layer of the cerebellum with decreased width of the granular cell layer. In the high, mid,
and low dose groups, axonal swelling and degeneration of minimal severity was observed in the spinal
nerves and the cauda equina associated with the lumbar spinal cord.

51 ppm = Swelling and degeneration of axons in the spinal cord.

224 ppm = Swelling and degeneration of axons in the spinal cord.
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997 ppm = Tremor, paralysis, mild reduction in the number of cerebellar neurons in the granular cell
layer.

Dose end point used for MRL derivation:51 ppm; axonal swelling and slight degeneration of axons in the
spinal cord

[ ] NOAEL [X] LOAEL

Uncertainty factors used in MRL derivation:

[ ] 1 [ ] 3 [ X ] 10 (for use of a LOAEL)
[ ] 1 [ ] 3 [ X ] 10 (for extrapolation from animals to humans)
[ ] 1 [ ] 3 [ X ] 10 (for human variability)

Was a conversion factor used from ppm in food or water to a mg/bodv weight dose?
If so explain: No conversion factor used.

Was a conversion used from intermittent to continuous exposure?
If so, explain: No adjustment made for the chronic exposure LOAEL. Chloromethane is readily absorbed
from the lungs in humans and animals and rapidly (within 1 hour) reaches equilibrium with levels in blood
and expired air approximately proportional to the exposure concentrations (Landry et al. 1983a, 1983b;
Nolan et al. 1985; Putz-Andersen et al. 1981a, 1981b).

If an inhalation study in animals, list conversion factors used in determining human equivalent dose:
The human equivalent dose (HEC) was calculated using Formula 4-48a from Methods for Derivation of
Inhalation Reference Concentrations and Application of Inhalation Dosimetry (EPA 1994b). Though
chloromethane is a category 2 gas, the formula in the EPA 1994b document for extrarespiratory effects of
category 2 gases is presently under review and the recommended equation is that for category 3 gases:

LOAEL[HEC] (ppm) = LOAEL[ADJ] (ppm) x (Hb/g)A

(Hb/g)H

= 51 ppm x [1] = 51 ppm

where,

LOAEL[HEC] = the LOAEL human equivalent concentration
LOAEL[ADJ] = the LOAEL adjusted for duration (see above)
Hb/g = the blood:gas (air) partition coefficient [the default value of 1.0 is used for the ratio

of (Hb/g),/(Hb/g), if these partition coefficients are not known]
A,H = the subscripts A and H refer to animal and human, respectively.

Additional studies or pertinent information that lend support to this MRL: Neurological effects have been
described in numerous case reports of humans exposed to chloromethane vapors as a result of industrial
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leaks and leaks from defective home refrigerators (Baird 1954; Hansen et al. 1953; Hartman et al. 1955;
Kegel et al. 1929; MacDonald 1964; McNally 1946; Jones 1942; Raalte and van Velzen 1945; Spevak et al.
1976; Wood 1951). Depending on the extent of exposure and the availability of medical treatment, the signs
and symptoms can range from staggering and blurred vision to coma, convulsions, and death.

Severe neurological signs (ataxia, tremors, limb paralysis, incoordination, convulsions) have been observed
in rats, mice, rabbits, guinea pigs, dogs, cats, and monkeys exposed acutely by inhalation to high
concentrations of chloromethane (Burek et al. 1981; Chellman et al. 1986a, 1986b; Landry et al. 1985;
McKenna et al. 1981a; Morgan et al. 1982; Smith and von Oettingen 1947b). Cerebellar lesions have also
been observed microscopically in guinea pigs and rats (Kolkmann and Volk 1975; Morgan et al. 1982).
Mice are more susceptible than rats (Morgan et al. 1982; CIIT 1981), and more sensitive to neurological
effects after continuous exposure to low concentrations than after intermittent exposure to higher
concentrations of chloromethane (Landry et al. 1985). The greater sensitivity of mice to continuous
exposure makes the mouse a good model for the neurotoxicological effects seen in humans.

Agency Contact (Chemical Manager): Alfred Dorsey
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USER’S GUIDE

Chapter 1

Public Health Statement

This chapter of the profile is a health effects summary written in non-technical language. Its intended
audience is the general public especially people living in the vicinity of a hazardous waste site or chemical
release. If the Public Health Statement were removed from the rest of the document, it would still
communicate to the lay public essential information about the chemical.

The major headings in the Public Health Statement are useful to find specific topics of concern. The topics
are written in a question and answer format. The answer to each question includes a sentence that will
direct the reader to chapters in the profile that will provide more information on the given topic.

Chapter 2

Tables and Figures for Levels of Significant Exposure (LSE)

Tables (2-1, 2-2, and 2-3) and figures (2-l and 2-2) are used to summarize health effects and illustrate
graphically levels of exposure associated with those effects. These levels cover health effects observed at
increasing dose concentrations and durations, differences in response by species, minimal risk levels (MRLs)
to humans for noncancer end points, and EPA’s estimated range associated with an upper-bound individual
lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000. Use the LSE tables and figures for a quick review of
the health effects and to locate data for a specific exposure scenario. The LSE tables and figures should
always be used in conjunction with the text. All entries in these tables and figures represent studies that
provide reliable, quantitative estimates of No-Observed-Adverse- Effect Levels (NOAELs),
Lowest-Observed-Adverse-Effect Levels (LOAELs), or Cancer Effect Levels (CELs).

The legends presented below demonstrate the application of these tables and figures. Representative
examples of LSE Table 2-1 and Figure 2-1 are shown. The numbers in the left column of the legends
correspond to the numbers in the example table and figure.

LEGEND

See LSE Table 2-1

(1) Route of Exposure One of the first considerations when reviewing the toxicity of a substance using
these tables and figures should be the relevant and appropriate route of exposure. When sufficient
data exists, three LSE tables and two LSE figures are presented in the document. The three LSE
tables present data on the three principal routes of exposure, i.e., inhalation, oral, and dermal (LSE
Table 2-1, 2-2, and 2-3, respectively). LSE figures are limited to the inhalation (LSE Figure 2-1) and
oral (LSE Figure 2-2) routes. Not all substances will have data on each route of exposure and will not
therefore have all five of the tables and figures.
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(2) Exposure Period Three exposure periods - acute (less than 15 days), intermediate (15-364 days), and
chronic (365 days or more) are presented within each relevant route of exposure. In this example, an
inhalation study of intermediate exposure duration is reported. For quick reference to health effects
occurring from a known length of exposure, locate the applicable exposure period within the LSE
table and figure.

(3) Health Effect The major categories of health effects included in LSE tables and figures are death,
systemic, immunological, neurological, developmental, reproductive, and cancer. NOAELs and
LOAELs can be reported in the tables and figures for all effects but cancer. Systemic effects are
further defined in the “System” column of the LSE table (see key number 18).

(4) Key to Figure Each key number in the LSE table links study information to one or more data points
using the same key number in the corresponding LSE figure. In this example, the study represented
by key number 18 has been used to derive a NOAEL and a Less Serious LOAEL (also see the 2 “18r”
data points in Figure 2-l).

(5) Species The test species, whether animal or human, are identified in this column. Section 2.5,
“Relevance to Public Health,” covers the relevance of animal data to human toxicity and Section 2.3,
“Toxicokinetics,” contains any available information on comparative toxicokinetics. Although
NOAELs and LOAELs are species specific, the levels are extrapolated to equivalent human doses to
derive an MRL.

(6) Exposure Frequency/Duration The duration of the study and the weekly and daily exposure regimen
are provided in this column. This permits comparison of NOAELs and LOAELs from different
studies. In this case (key number 1 S), rats were exposed to 1,1,2,2-tetrachloroethane via inhalation
for 6 hours per day, 5 days per week, for 3 weeks. For a more complete review of the dosing regimen
refer to the appropriate sections of the text or the original reference paper, i.e., Nitschke et al. 1981.

(7) System This column further defines the systemic effects. These systems include: respiratory,
cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal, and dermal/ocular.
“Other” refers to any systemic effect (e.g., a decrease in body weight) not covered in these systems.
In the example of key number 18, 1 systemic effect (respiratory) was investigated.

(8) NOAEL A No-Observed-Adverse-Effect Level (NOAEL) is the highest exposure level at which no
harmful effects were seen in the organ system studied. Key number 18 reports a NOAEL of 3 ppm
for the respiratory system which was used to derive an intermediate exposure, inhalation MRL of
0.005 ppm (see footnote “b”).

(9) LOAEL A Lowest-Observed-Adverse-Effect Level (LOAEL) is the lowest dose used in the study that
caused a harmful health effect. LOAELs have been classified into “Less Serious” and “Serious”
effects. These distinctions help readers identify the levels of exposure at which adverse health effects
first appear and the gradation of effects with increasing dose. A brief description of the specific
endpoint used to quantify the adverse effect accompanies the LOAEL. The respiratory effect reported
in key number 18 (hyperplasia) is a Less serious LOAEL of 10 ppm. MRLs are not derived from
Serious LOAELs.

(10) Reference The complete reference citation is given in chapter 8 of the profile.
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(11) CEL A Cancer Effect Level (CEL) is the lowest exposure level associated with the onset of
carcinogenesis in experimental or epidemiologic studies. CELs are always considered serious effects.
The LSE tables and figures do not contain NOAELs for cancer, but the text may report doses not
causing measurable cancer increases.

(12) Footnotes Explanations of abbreviations or reference notes for data in the LSE tables are found in the
footnotes. Footnote “b” indicates the NOAEL of 3 ppm in key number 18 was used to derive an MRL
of 0.005 ppm.

LEGEND

See Figure 2-l

LSE figures graphically illustrate the data presented in the corresponding LSE tables. Figures help the
reader quickly compare health effects according to exposure concentrations for particular exposure periods.

(13) Exposure Period The same exposure periods appear as in the LSE table. In this example, health
effects observed within the intermediate and chronic exposure periods are illustrated.

(14) Health Effect These are the categories of health effects for which reliable quantitative data exists.
The same health effects appear in the LSE table.

(15) Levels of Exposure concentrations or doses for each health effect in the LSE tables are graphically
displayed in the LSE figures. Exposure concentration or dose is measured on the log scale “y” axis.
Inhalation exposure is reported in mg/m3 or ppm and oral exposure is reported in mg/kg/day.

(16) NOAEL In this example, 18r NOAEL is the critical endpoint for which an intermediate inhalation
exposure MRL is based. As you can see from the LSE figure key, the open-circle symbol indicates to
a NOAEL for the test species-rat. The key number 18 corresponds to the entry in the LSE table. The
dashed descending arrow indicates the extrapolation from the exposure level of 3 ppm (see entry 18 in
the Table) to the MRL of 0.005 ppm (see footnote “b” in the LSE table).

(17) CEL Key number 38r is 1 of 3 studies for which Cancer Effect Levels were derived. The diamond
symbol refers to a Cancer Effect Level for the test species-mouse. The number 38 corresponds to the
entry in the LSE table.

(18) Estimated Upper-Bound Human Cancer Risk Levels This is the range associated with the
upper-bound for lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000. These risk levels are derived
from the EPA’s Human Health Assessment Group’s upper-bound estimates of the slope of the cancer
dose response curve at low dose levels (q1*).

(19) Key to LSE Figure The Key explains the abbreviations and symbols used in the figure.







CHLOROMETHANE B-6
APPENDIX B

Chapter 2 (Section 2.5)

Relevance to Public Health

The Relevance to Public Health section provides a health effects summary based on evaluations of existing
toxicologic, epidemiologic, and toxicokinetic information. This summary is designed to present interpretive,
weight-of-evidence discussions for human health end points by addressing the following questions.

1. What effects are known to occur in humans?
2 . What effects observed in animals are likely to be of concern to humans?
3 . What exposure conditions are likely to be of concern to humans, especially around

hazardous waste sites?

The section covers end points in the same order they appear within the Discussion of Health Effects by
Route of Exposure section, by route (inhalation, oral, dermal) and within route by effect. Human data are
presented first, then animal data. Both are organized by duration (acute, intermediate, chronic). In vitro
data and data from parenteral routes (intramuscular, intravenous, subcutaneous, etc.) are also considered in
this section. If data are located in the scientific literature, a table of genotoxicity information is included.

The carcinogenic potential of the profiled substance is qualitatively evaluated, when appropriate, using
existing toxicokinetic, genotoxic, and carcinogenic data. ATSDR does not currently assess cancer potency
or perform cancer risk assessments. Minimal risk levels (MRLs) for noncancer end points (if derived) and
the end points from which they were derived are indicated and discussed.

Limitations to existing scientific literature that prevent a satisfactory evaluation of the relevance to public
health are identified in the Data Needs section.

Interpretation of Minimal Risk Levels

Where sufficient toxicologic information is available, we have derived minimal risk levels (MRLs) for
inhalation and oral routes of entry at each duration of exposure (acute, intermediate, and chronic). These
MRLs are not meant to support regulatory action; but to acquaint health professionals with exposure levels
at which adverse health effects are not expected to occur in humans. They should help physicians and
public health officials determine the safety of a community living near a chemical emission, given the
concentration of a contaminant in air or the estimated daily dose in water. MRLs are based largely on
toxicological studies in animals and on reports of human occupational exposure.

MRL users should be familiar with the toxicologic information on which the number is based. Chapter 2.5,
“Relevance to Public Health,” contains basic information known about the substance. Other sections such
as 2.8, “Interactions with Other Substances,” and 2.9, “Populations that are Unusually Susceptible” provide
important supplemental information.

MRL users should also understand the MRL derivation methodology. MRLs are derived using a modified
version of the risk assessment methodology the Environmental Protection Agency (EPA) provides (Barnes
and Dourson 1988) to determine reference doses for lifetime exposure (RfDs).



CHLOROMETHANE B-7
APPENDIX B

To derive an MRL, ATSDR generally selects the most sensitive endpoint which, in its best judgement,
represents the most sensitive human health effect for a given exposure route and duration. ATSDR cannot
make this judgement or derive an MRL unless information (quantitative or qualitative) is available for all
potential systemic, neurological, and developmental effects. If this information and reliable quantitative data
on the chosen endpoint are available, ATSDR derives an MRL using the most sensitive species (when
information from multiple species is available) with the highest NOAEL that does not exceed any adverse
effect levels. When a NOAEL is not available, a lowest-observed-adverse-effect level (LOAEL) can be
used to derive an MRL, and an uncertainty factor (UF) of 10 must be employed. Additional uncertainty
factors of 10 must be used both for human variability to protect sensitive subpopulations (people who are
most susceptible to the health effects caused by the substance) and for interspecies variability (extrapolation
from animals to humans). In deriving an MRL, these individual uncertainty factors are multiplied together.
The product is then divided into the inhalation concentration or oral dosage selected from the study.
Uncertainty factors used in developing a substance-specific MRL are provided in the footnotes of the LSE
Tables.
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ii CHROMIUM 

DISCLAIMER 

The use of company or product name(s) is for identification only and does not imply endorsement by the 
Agency for Toxic Substances and Disease Registry. 

This information is distributed solely for the purpose of pre dissemination public comment under 
applicable information quality guidelines.  It has not been formally disseminated by the Agency for Toxic 
Substances and Disease Registry.  It does not represent and should not be construed to represent any 
agency determination or policy. 
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UPDATE STATEMENT 

A Toxicological Profile for Chromium was released in 2000.  This present edition supersedes any 
previously released draft or final profile.  

Toxicological profiles are revised and republished as necessary.  For information regarding the update 
status of previously released profiles, contact ATSDR at: 

Agency for Toxic Substances and Disease Registry
 
Division of Toxicology and Environmental Medicine/Applied Toxicology Branch
 

1600 Clifton Road NE
 
Mailstop F-32
 

Atlanta, Georgia 30333
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v CHROMIUM 

FOREWORD 


This toxicological profile is prepared in accordance with guidelines developed by the Agency for Toxic 
Substances and Disease Registry (ATSDR) and the Environmental Protection Agency (EPA).  The 
original guidelines were published in the Federal Register on April 17, 1987.  Each profile will be revised 
and republished as necessary. 

The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse health effects 
information for the hazardous substance described therein.  Each peer-reviewed profile identifies and 
reviews the key literature that describes a hazardous substance’s toxicologic properties.  Other pertinent 
literature is also presented, but is described in less detail than the key studies.  The profile is not intended 
to be an exhaustive document; however, more comprehensive sources of specialty information are 
referenced. 

The focus of the profiles is on health and toxicologic information; therefore, each toxicological profile 
begins with a public health statement that describes, in nontechnical language, a substance’s relevant 
toxicological properties.  Following the public health statement is information concerning levels of 
significant human exposure and, where known, significant health effects.  The adequacy of information to 
determine a substance’s health effects is described in a health effects summary.  Data needs that are of 
significance to protection of public health are identified by ATSDR and EPA. 

Each profile includes the following: 

(A) The examination, summary, and interpretation of available toxicologic information and 
epidemiologic evaluations on a hazardous substance to ascertain the levels of significant human 
exposure for the substance and the associated acute, subacute, and chronic health effects; 

(B) A determination of whether adequate information on the health effects of each substance 
is available or in the process of development to determine levels of exposure that present a 
significant risk to human health of acute, subacute, and chronic health effects; and 

(C) Where appropriate, identification of toxicologic testing needed to identify the types or 
levels of exposure that may present significant risk of adverse health effects in humans. 

The principal audiences for the toxicological profiles are health professionals at the Federal, State, and 
local levels; interested private sector organizations and groups; and members of the public.  We plan to 
revise these documents in response to public comments and as additional data become available. 
Therefore, we encourage comments that will make the toxicological profile series of the greatest use. 

Comments should be sent to: 

Agency for Toxic Substances and Disease Registry
 
Division of Toxicology and Environmental Medicine
 

1600 Clifton Road NE
 
Mail Stop F-32
 

Atlanta, Georgia 30333
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Background Information 

The toxicological profiles are developed in response to the Superfund Amendments and Reauthorization 
Act (SARA) of 1986 (Public Law 99 499) which amended the Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 (CERCLA or Superfund).  This public law directed ATSDR to 
prepare toxicological profiles for hazardous substances most commonly found at facilities on the 
CERCLA National Priorities List and that pose the most significant potential threat to human health, as 
determined by ATSDR and the EPA.  The availability of the revised priority list of 275 hazardous 
substances was announced in the Federal Register on December 7, 2005 (70 FR 72840).  For prior 
versions of the list of substances, see Federal Register notices dated April 17, 1987 (52 FR 12866); 
October 20, 1988 (53 FR 41280); October 26, 1989 (54 FR 43619); October 17,1990 (55 FR 42067); 
October 17, 1991 (56 FR 52166); October 28, 1992 (57 FR 48801); February 28, 1994 (59 FR 9486); 
April 29, 1996 (61 FR 18744); November 17, 1997 (62 FR 61332); October 21, 1999(64 FR 56792); 
October 25, 2001 (66 FR 54014) and November 7, 2003 (68 FR 63098).  Section 104(i)(3) of CERCLA, 
as amended, directs the Administrator of ATSDR to prepare a toxicological profile for each substance on 
the list. 

This profile reflects ATSDR’s assessment of all relevant toxicologic testing and information that has been 
peer-reviewed. Staff of the Centers for Disease Control and Prevention and other Federal scientists have 
also reviewed the profile.  In addition, this profile has been peer-reviewed by a nongovernmental panel 
and was made available for public review.  Final responsibility for the contents and views expressed in 
this toxicological profile resides with ATSDR. 

Howard Frumkin M.D., Dr.P.H. Julie Louise Gerberding, M.D., M.P.H. 
Director Administrator 

National Center for Environmental Health/ Agency for Toxic Substances and 
Agency for Toxic Substances and Disease Registry 

Disease Registry 
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vii CHROMIUM 

QUICK REFERENCE FOR HEALTH CARE PROVIDERS 

Toxicological Profiles are a unique compilation of toxicological information on a given hazardous 
substance.  Each profile reflects a comprehensive and extensive evaluation, summary, and interpretation 
of available toxicologic and epidemiologic information on a substance.  Health care providers treating 
patients potentially exposed to hazardous substances will find the following information helpful for fast 
answers to often-asked questions. 

Primary Chapters/Sections of Interest 

Chapter 1: Public Health Statement: The Public Health Statement can be a useful tool for educating 
patients about possible exposure to a hazardous substance.  It explains a substance’s relevant 
toxicologic properties in a nontechnical, question-and-answer format, and it includes a review of 
the general health effects observed following exposure. 

Chapter 2:  Relevance to Public Health: The Relevance to Public Health Section evaluates, interprets, 
and assesses the significance of toxicity data to human health. 

Chapter 3:  Health Effects: Specific health effects of a given hazardous compound are reported by type 
of health effect (death, systemic, immunologic, reproductive), by route of exposure, and by length 
of exposure (acute, intermediate, and chronic).  In addition, both human and animal studies are 
reported in this section. 
NOTE: Not all health effects reported in this section are necessarily observed in the clinical 
setting.  Please refer to the Public Health Statement to identify general health effects observed 
following exposure. 

Pediatrics:  Four new sections have been added to each Toxicological Profile to address child health 
issues: 
Section 1.6 How Can (Chemical X) Affect Children?
 
Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)?
 
Section 3.7 Children’s Susceptibility
 
Section 6.6 Exposures of Children
 

Other Sections of Interest: 
Section 3.8 Biomarkers of Exposure and Effect 
Section 3.11 Methods for Reducing Toxic Effects 

ATSDR Information Center 
Phone: 1-800-CDC-INFO (800-232-4636) or 1-888-232-6348 (TTY) Fax: (770) 488-4178 
E-mail: cdcinfo@cdc.gov Internet: http://www.atsdr.cdc.gov 

The following additional material can be ordered through the ATSDR Information Center: 

Case Studies in Environmental Medicine: Taking an Exposure History—The importance of taking an 
exposure history and how to conduct one are described, and an example of a thorough exposure 
history is provided.  Other case studies of interest include Reproductive and Developmental 

***DRAFT FOR PUBLIC COMMENT*** 
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viii CHROMIUM 

Hazards; Skin Lesions and Environmental Exposures; Cholinesterase-Inhibiting Pesticide 
Toxicity; and numerous chemical-specific case studies. 

Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene 
(prehospital) and hospital medical management of patients exposed during a hazardous materials 
incident.  Volumes I and II are planning guides to assist first responders and hospital emergency 
department personnel in planning for incidents that involve hazardous materials.  Volume III— 
Medical Management Guidelines for Acute Chemical Exposures—is a guide for health care 
professionals treating patients exposed to hazardous materials. 

Fact Sheets (ToxFAQs) provide answers to frequently asked questions about toxic substances. 

Other Agencies and Organizations 

The National Center for Environmental Health (NCEH) focuses on preventing or controlling disease, 
injury, and disability related to the interactions between people and their environment outside the 
workplace.  Contact:  NCEH, Mailstop F-29, 4770 Buford Highway, NE, Atlanta, 
GA 30341-3724 • Phone: 770-488-7000 • FAX: 770-488-7015. 

The National Institute for Occupational Safety and Health (NIOSH) conducts research on occupational 
diseases and injuries, responds to requests for assistance by investigating problems of health and 
safety in the workplace, recommends standards to the Occupational Safety and Health 
Administration (OSHA) and the Mine Safety and Health Administration (MSHA), and trains 
professionals in occupational safety and health.  Contact: NIOSH, 200 Independence Avenue, 
SW, Washington, DC 20201 • Phone: 800-356-4674 or NIOSH Technical Information Branch, 
Robert A. Taft Laboratory, Mailstop C-19, 4676 Columbia Parkway, Cincinnati, OH 45226-1998 
• Phone: 800-35-NIOSH. 

The National Institute of Environmental Health Sciences (NIEHS) is the principal federal agency for 
biomedical research on the effects of chemical, physical, and biologic environmental agents on 
human health and well-being.  Contact:  NIEHS, PO Box 12233, 104 T.W. Alexander Drive, 
Research Triangle Park, NC 27709 • Phone: 919-541-3212. 

Referrals 

The Association of Occupational and Environmental Clinics (AOEC) has developed a network of clinics 
in the United States to provide expertise in occupational and environmental issues.  Contact: 
AOEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 • Phone: 202-347-4976 
• FAX:  202-347-4950 • e-mail: AOEC@AOEC.ORG • Web Page:  http://www.aoec.org/. 

The American College of Occupational and Environmental Medicine (ACOEM) is an association of 
physicians and other health care providers specializing in the field of occupational and 
environmental medicine.  Contact: ACOEM, 25 Northwest Point Boulevard, Suite 700, Elk 
Grove Village, IL 60007-1030 • Phone:  847-818-1800 • FAX:  847-818-9266. 

***DRAFT FOR PUBLIC COMMENT*** 
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ix CHROMIUM 

CONTRIBUTORS 

CHEMICAL MANAGER(S)/AUTHOR(S): 

Sharon Wilbur, M.A.
 
Henry Abadin, M.S.P.H.
 
Mike Fay, Ph.D.
 
Dianyi Yu, M.D.
 
Brian Tencza M.S.
 
ATSDR, Division of Toxicology and Environmental Medicine, Atlanta, GA
 

Julie Klotzbach, Ph.D.
 
Shelly James, Ph.D.
 
Syracuse Research Corporation, North Syracuse, NY
 

THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS: 

1.	 Health Effects Review.  The Health Effects Review Committee examines the health effects 
chapter of each profile for consistency and accuracy in interpreting health effects and classifying 
end points. 

2.	 Minimal Risk Level Review.  The Minimal Risk Level Workgroup considers issues relevant to 
substance-specific Minimal Risk Levels (MRLs), reviews the health effects database of each 
profile, and makes recommendations for derivation of MRLs. 

3.	 Data Needs Review.  The Applied Toxicology Branch reviews data needs sections to assure 
consistency across profiles and adherence to instructions in the Guidance. 

4.	 Green Border Review.  Green Border review assures the consistency with ATSDR policy. 
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xi CHROMIUM 

PEER REVIEW
 

A peer review panel was assembled for chromium.  The panel consisted of the following members: 

1.	 Dr. Detmar Beyersmann, Professor Emeritus of Biochemistry, University of Bremen, Germany, 

2.	 John Pierce Wise, Sr., Ph.D., Director, Maine Center for Toxicology and Environmental Health, 
Professor of Toxicology and Molecular Epidemiology, Department of Applied Medical Sciences, 
University of Southern Maine, 96 Falmouth St., Portland, ME 04104-9300, and 

3.	 Richard Sedman, Ph.D., Toxicologist, Office of Environmental Health Hazard Assessment, 
California Environmental Protection Agency, Oakland, CA. 

These experts collectively have knowledge of chromium's physical and chemical properties, 
toxicokinetics, key health end points, mechanisms of action, human and animal exposure, and 
quantification of risk to humans.  All reviewers were selected in conformity with the conditions for peer 
review specified in Section 104(I)(13) of the Comprehensive Environmental Response, Compensation, 
and Liability Act, as amended. 

Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed the peer 
reviewers' comments and determined which comments will be included in the profile.  A listing of the 
peer reviewers' comments not incorporated in the profile, with a brief explanation of the rationale for their 
exclusion, exists as part of the administrative record for this compound.  

The citation of the peer review panel should not be understood to imply its approval of the profile's final 
content.  The responsibility for the content of this profile lies with the ATSDR. 
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1 CHROMIUM 

1.  PUBLIC HEALTH STATEMENT 

This public health statement tells you about chromium and the effects of exposure to it. 

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in the 

nation.  These sites are then placed on the National Priorities List (NPL) and are targeted for long-term 

federal clean-up activities.  Chromium has been found in at least 1,127 of the 1,699 current or former 

NPL sites.  Although the total number of NPL sites evaluated for this substance is not known, the 

possibility exists that the number of sites at which chromium is found may increase in the future as more 

sites are evaluated.  This information is important because these sites may be sources of exposure and 

exposure to this substance may harm you. 

When a substance is released either from a large area, such as an industrial plant, or from a container, 

such as a drum or bottle, it enters the environment.  Such a release does not always lead to exposure.  You 

can be exposed to a substance only when you come in contact with it.  You may be exposed by breathing, 

eating, or drinking the substance, or by skin contact. 

If you are exposed to chromium, many factors will determine whether you will be harmed.  These factors 

include the dose (how much), the duration (how long), and how you come in contact with it.  You must 

also consider any other chemicals you are exposed to and your age, sex, diet, family traits, lifestyle, and 

state of health. 
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CHROMIUM 2 

1.  PUBLIC HEALTH STATEMENT 

1.1 WHAT IS CHROMIUM? 

Description Chromium is a naturally-occurring element found in rocks, animals, plants, 
and soil. 

The three main forms of chromium are chromium(0), chromium(III), and 
chromium(VI).  Small amounts of chromium(III) are considered to be a 
necessity for human health. 

Uses 
• manufacturing 

• consumer 
products 

Chromium is widely used in manufacturing processes. 

Chromium can be found in many consumer products such as: 
• wood treated with copper dichromate. 
• leather tanned with chromic sulfate. 
• stainless steel cookware. 

1.2  WHAT HAPPENS TO CHROMIUM WHEN IT ENTERS THE ENVIRONMENT?
 

Sources Chromium can be found in air, soil, and water after release from the 
manufacture, use, and disposal of chromium-based products, and during 
the manufacturing process. 

Break down 
• air 

• water and soil 

Chromium does not usually remain in the atmosphere, but is deposited 
into the soil and water. 

Chromium can change from one form to another in water and soil, 
depending on the conditions present. 
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1.3   HOW MIGHT I BE EXPOSED TO CHROMIUM? 
 

Air exposure You can be exposed to chromium by breathing air containing it or drinking 
water containing chromium.  Releases of chromium into the air can occur 
from:  
 
 • industries using or manufacturing chromium 
 • living near a hazardous waste facility that contains chromium 
 • cigarette smoke 
 
Rural or suburban air generally contains lower concentrations of chromium 
than urban air.   
 
 • <10 ng/m3 in rural areas 
 • 0–30 ng/m3 in urban areas  
 • as a result of smoking, indoor air contaminated with chromium can be 

10–400 times greater than outdoor air concentrations 
 

Water and soil Chromium is occasionally detected in groundwater, drinking water, or soil 
samples.  Some ways to be exposed to chromium include:   
 
 • drinking water containing chromium 
 • bathing in water containing chromium 
 

Workplace air A large number of workers are potentially exposed to chromium.  The 
highest potential exposure occurs in the metallurgy and tanning industries, 
where workers may be exposed to high air concentrations.   
 

Food The general population is most likely to be exposed to trace levels 
chromium in the food that is eaten.  Low levels of chromium(III) occur 
naturally in a variety of foods, such as fruits, vegetables, nuts, beverages, 
and meats.   
 

 

1.4   HOW CAN CHROMIUM ENTER AND LEAVE MY BODY? 
 

Enter your body  
 • inhalation 

 
 

 • ingestion 
 
 
 • dermal 

contact 

When you breathe air containing chromium, some of the chromium will enter 
your body through your lungs.  Some forms of chromium can remain in the 
lungs for several years or longer. 
 
A small percentage of ingested chromium will enter the body through the 
digestive tract.   
 
When your skin comes in contact with chromium, small amounts of 
chromium will enter your body. 
 

Leave your body  Chromium(VI) is changed to chromium(III) in the body.  Most of the 
chromium leaves the body in the urine within a week, although some may 
remain in cells for several years or longer. 
 

 



   
 

   
 
 

 
 
 
 

  

     
 

  

 

   
 

 
   

 
 

 
 

 
 

   
 

 
 

 
 

 
 

 

   
 

 
 

  
 

 
   

   
 

  

  
 

 
 

  
 

 

CHROMIUM 4 

1.  PUBLIC HEALTH STATEMENT 

1.5 HOW CAN CHROMIUM AFFECT MY HEALTH? 

This section looks at studies concerning potential health effects in animal and human studies. 

Respiratory tract Chromium(VI) compounds are more toxic than chromium(III) compounds. 
The most common health problem in workers exposed to chromium 
involves the respiratory tract.  These health effects include irritation of the 
lining of the nose, runny nose, and breathing problems (asthma, cough, 
shortness of breath, wheezing). Workers have also developed allergies to 
chromium compounds, which can cause breathing difficulties and skin 
rashes. 

The concentrations of chromium in air that can cause these effects may be 
different for different types of chromium compounds, with effects occurring 
at much lower concentrations for chromium(VI) compared to chromium(III) .  
However, the concentrations causing respiratory problems in workers are at 
least 60 times higher than levels normally found in the environment. 

Respiratory tract problems similar to those observed in workers have been 
seen in animals exposed to chromium in air. 

Stomach and Small The main health problems seen in animals following ingestion of 
Intestine chromium(VI) compounds are to the stomach and small intestine (irritation 

and ulcer) and the blood (anemia).  Chromium(III) compounds are much 
less toxic and do not appear to cause these problems. 

Male Reproductive 
System 

Sperm damage and damage to the male reproductive system have also 
been seen in laboratory animals exposed to chromium(VI). 

Cancer The International Agency for Research on Cancer (IARC) has determined 
that chromium(VI) compounds are carcinogenic to humans. The National 
Toxicology Program 11th Report on Carcinogens classifies chromium(VI) 
compounds as known to be human carcinogens. 

In workers, inhalation of chromium(VI) has been shown to cause lung 
cancer. An increased in stomach tumors was observed in humans exposed 
to chromium(VI) in drinking water. 

In laboratory animals, chromium(VI) compounds have been shown to cause 
tumors to the stomach,intestinal tract and lung. 

***DRAFT FOR PUBLIC COMMENT*** 



CHROMIUM  5 
 

1.  PUBLIC HEALTH STATEMENT 
 
 

 
 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

1.6   HOW CAN CHROMIUM AFFECT CHILDREN? 
 

This section discusses potential health effects in humans from exposures during the period from 

conception to maturity at 18 years of age.  

 

Effects in children  There are no studies that have looked at the effects of chromium exposure 
on children.  It is likely that children would have the same health effects as 
adults.  We do not know whether children would be more sensitive than 
adults to the effects of chromium. 
 

Birth defects There are no studies showing that chromium causes birth defects in 
humans.  In animals, some studies show that exposure to high doses during 
pregnancy may cause miscarriage, low birth weight, and some changes in 
development of the skeleton and reproductive system.  Birth defects in 
animals may be related, in part, to chromium toxicity in the mothers. 
 

 

1.7   HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO CHROMIUM? 
 

Avoid tobacco 
smoke 
 
 
Avoid older 
pressure treated 
lumber 
 
 
 
Launder clothing 
from work sites 

Chromium is a component of tobacco smoke.  Avoid smoking in enclosed 
spaces like inside the home or car in order to limit exposure to children and 
other family members. 
 
In the past, pressure treated wood used chromated copper arsenate; 
however, the use of this product in residential settings was discontinued 
effective December 31, 2003.  Avoiding older pressure treated lumber can 
reduce your risk of exposure to chromium.  You may also have your water 
tested to ensure that you are not exposed to high levels of chromium.  
 
Clothing or items removed from the workplace may contain chromium if you 
are employed in a setting where occupational exposure is significant.  
Therefore, common sense hygiene and laundry practices may help avoid 
unnecessary exposures. 
 

 



   
 

   
 
 

 
 
 
 

  

      
 

 

  

 

   
    

 

 
  

 
 

 
 

     
 

 

    

  

 

  

 

  

 

 

 

   

  

 

  

 

   

 

CHROMIUM	 6 

1.  PUBLIC HEALTH STATEMENT 

1.8	 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN EXPOSED TO 
CHROMIUM? 

Scientists use many tests to protect the public from harmful effects of toxic chemicals and to find ways 

for treating persons who have been harmed. 

Detecting exposure Since chromium is a required nutrient in the body and is normally present in 
food, chromium is normally present in blood, urine, and body tissues. 

Measuring 
exposure 

Higher than normal levels of chromium in blood or urine may indicate that a 
person has been exposed to chromium.  However, increases in blood and 
urine chromium levels cannot be used to predict the kind of health effects 
that might develop from that exposure. 

1.9	 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO 
PROTECT HUMAN HEALTH? 

The federal government develops regulations and recommendations to protect public health.  Regulations 

can be enforced by law.  The EPA, the Occupational Safety and Health Administration (OSHA), and the 

Food and Drug Administration (FDA) are some federal agencies that develop regulations for toxic 

substances.  Recommendations provide valuable guidelines to protect public health, but cannot be 

enforced by law.  The Agency for Toxic Substances and Disease Registry (ATSDR) and the National 

Institute for Occupational Safety and Health (NIOSH) are two federal organizations that develop 

recommendations for toxic substances. 

Regulations and recommendations can be expressed as “not-to-exceed” levels.  These are levels of a toxic 

substance in air, water, soil, or food that do not exceed a critical value.  This critical value is usually based 

on levels that affect animals; they are then adjusted to levels that will help protect humans.  Sometimes 

these not-to-exceed levels differ among federal organizations because they used different exposure times 

(an 8-hour workday or a 24-hour day), different animal studies, or other factors. 

Recommendations and regulations are also updated periodically as more information becomes available.  

For the most current information, check with the federal agency or organization that provides it. 
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7 CHROMIUM 

1.  PUBLIC HEALTH STATEMENT 

Some regulations and recommendations for chromium include the following: 

Levels in drinking 
water set by EPA 

The EPA has determined that exposure to chromium in drinking water at 
concentrations of 1 mg/L for 1 day or 10 days is not expected to cause any 
adverse effects in a child. 

Levels in bottled 
water set by FDA 

The FDA has determined that the chromium concentration in bottled 
drinking water should not exceed 0.1 mg/L. 

Levels in workplace 
air set by OSHA 

OSHA set a legal limit for chromium(VI) of 0.0005 mg/m3 chromium in air 
averaged over an 8-hour work day, for chromium(III) of 0.5 mg/m3 chromium 
in air averaged over an 8-hour work day, and for chromium(0) of 1.0 mg/m3 

chromium in air averaged over an 8-hour work day. 

1.10 WHERE CAN I GET MORE INFORMATION? 

If you have any more questions or concerns, please contact your community or state health or 

environmental quality department, or contact ATSDR at the address and phone number below. 

ATSDR can also tell you the location of occupational and environmental health clinics. These clinics 

specialize in recognizing, evaluating, and treating illnesses that result from exposure to hazardous 

substances. 

Toxicological profiles are also available on-line at www.atsdr.cdc.gov and on CD-ROM.  You may 

request a copy of the ATSDR ToxProfilesTM CD-ROM by calling the toll-free information and technical 

assistance number at 1-800-CDCINFO (1-800-232-4636), by e-mail at cdcinfo@cdc.gov, or by writing 

to: 

Agency for Toxic Substances and Disease Registry
 
Division of Toxicology and Environmental Medicine
 
1600 Clifton Road NE
 
Mailstop F-32
 
Atlanta, GA 30333
 
Fax: 1-770-488-4178
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8 CHROMIUM 

1.  PUBLIC HEALTH STATEMENT 

Organizations for-profit may request copies of final Toxicological Profiles from the following: 

National Technical Information Service (NTIS) 
5285 Port Royal Road 
Springfield, VA 22161 
Phone: 1-800-553-6847 or 1-703-605-6000 
Web site:  http://www.ntis.gov/ 
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9 CHROMIUM 

2. RELEVANCE TO PUBLIC HEALTH 

2.1  	 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO CHROMIUM IN THE 
UNITED STATES 

Chromium is a naturally occurring element present in the earth’s crust.  Chromium is released to the 

environment from natural and anthropogenic sources, with the largest release occurring from industrial 

releases.  The industries with the largest contribution to chromium release include metal processing, 

tannery facilities, chromate production, stainless steel welding, and ferrochrome and chrome pigment 

production.  The estimated atmospheric concentrations of chromium in U.S. urban and nonurban areas 

typically contains mean total chromium concentrations ranging from 5 to 525 ng/m3. The levels of 

chromium in U.S. fresh waters typically range from <1 to 30 μg/L, with a median value of 10 μg/L.  

Typical U.S. drinking water supplies contain total chromium levels within a range of 0.2–35 μg/L 

however, most supplies in the United States contain <5 µg/L of chromium. Recent monitoring data of 

drinking water supplies in California indicated that 86% of the sources tested had levels of chromium 

(reported for chromium(VI)) below 10 μg/L. U.S. soil levels of total chromium range from 1 to 

2,000 mg/kg, with a mean level of 37 mg/kg.  In ocean water, the mean chromium concentration is 

0.3 μg/L.  . 

The general population is exposed to chromium by inhaling ambient air, ingesting food, and drinking 

water containing chromium.  Dermal exposure of the general public to chromium can occur from skin 

contact with certain consumer products or soils that contain chromium.  The primary route of 

nonoccupational workers, however, is food ingestion.  Chromium content in foods varies greatly and 

depends on the processing and preparation.  In general, most fresh foods typically contain chromium 

levels ranging from <10 to 1,300 μg/kg.  Present-day workers in chromium-related industries can be 

exposed to chromium concentrations 2 orders of magnitude higher than the general population.  

2.2  	 SUMMARY OF HEALTH EFFECTS 

Chromium as an Essential Nutrient.  Chromium(III) is an essential nutrient required for normal energy 

metabolism.  The Institute of Medicine (IOM) of the National Research Council (NRC) determined an 

adequate intake (e.g., a level typically consumed by healthy individuals) of 20–45 μg chromium(III)/day 

for adolescents and adults.  IOM reported average plasma chromium concentrations of 2–3 nmol/L 

(equivalent to 0.10–16 μg/L) and an average urinary chromium excretion of 0.22 μg/L or 0.2 μg/day.  
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Currently, the biological target for the essential effects of chromium(III) is unknown.  Chromodulin, also 

referred to as glucose tolerance factor (GTF), has been proposed as one possible candidate. The function 

of chromodulin, an oligopeptide complex containing with four chromic ions, has not been established; 

however, a possible mechanism is that chromodulin facilitates the interaction of insulin with its cellular 

receptor sites, although this has not been proven. 

Whether chromium(III) should be considered an essential element remains controversial.  Reports of 

chromium(III) deficiency are rare and there is no recognized disease that is attributed to chromium 

deficiency as there is with most other essential minerals (e.g., Wilson’s disease for people with copper 

deficiency). Evidence of overt signs of apparent chromium deficiency in humans is limited to a few case 

reports.  In one such case report, a woman receiving total parenteral nutrition for 3 years exhibited 

peripheral neuropathy, weight loss, and impaired glucose metabolism.  Administration of insulin did not 

improve glucose tolerance.  Administration of 250 μg/day chromium without exogenous insulin resulted 

in normal glucose tolerance of an oral load of glucose and the absence of peripheral neuropathy.  Thus, 

direct evidence of chromium(III) deficiency in humans is lacking.  In animals, severe chromium 

deficiency is also difficult to induce, but when it was induced hyperglycemia, decreased weight gain, 

elevated serum cholesterol levels, aortic plaques, corneal opacities, impaired fertility, and lethality were 

observed.  Administration of inorganic trivalent chromium compounds or extracts of brewers' yeast 

resulted in decreased blood glucose levels and cholesterol levels and regression of atherosclerotic plaques.  

Improved insulin sensitivity also resulted in an increased incorporation of amino acids into proteins and 

cell transport of amino acid in rats receiving supplemental chromium. Thus, whether chromium is a true 

essential element or a pharmacological agent is still under debate. 

Studies have shown that chromium supplementation (Brewer's yeast, extracts of brewer's yeast, synthetic 

chromium compounds with biological activity, chromium(III) picolinate, and inorganic trivalent 

chromium) in deficient and marginally deficient subjects can result in improved glucose, protein, and 

lipid metabolism.  In general, these studies have demonstrated improved glucose tolerance to an oral 

glucose load in Type II diabetics (adult onset) and nondiabetic elderly subjects receiving a 4–200 μg/day 

chromium supplement and improved plasma lipid profiles (e.g., decreased total cholesterol, LDL-

cholesterol, and serum lipids and increased in HDL-cholesterol); improvements in serum lipids and 

cholesterol levels may be secondary to the decreased serum glucose levels. 

Chromium picolinate has been used as a dietary supplement to aid in weight loss and increase lean body 

mass; however, the role of chromium in the regulation of lean body mass, percentage body fat, and weight 

***DRAFT FOR PUBLIC COMMENT*** 
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reduction is highly controversial with negative and positive results being reported in the literature.  

Numerous studies have evaluated the relationship between weight loss or increases in lean body mass in 

active and sedentary adults and chromium picolinate supplementation, with mixed results reported. 

Information on adverse health effects of chromium(III) compounds, including dietary supplements, in 

humans and animals is reviewed below.  However, based on a limited number case studies reporting 

adverse effects in humans ingesting high-dose chromium(III) supplements, individuals using chromium 

supplements are cautioned to avoid taking more than recommended doses. 

Chromium Toxicokinetics. The toxicokinetics of a given chromium compound depend on the valence 

state of the chromium atom and the nature of its ligands.  For inhaled chromium compounds of any 

valence state, the amount and location of deposition of inhaled chromium will be determined by factors 

that influence convection, diffusion, sedimentation, and interception of particles in the airways. In 

general, less water-soluble chromium compounds that deposit in the pulmonary region can be expected to 

have a longer retention time in the lung than more soluble forms. Most quantitative studies of the 

gastrointestinal absorption of chromium in humans have estimated the absorption fraction to be <10% of 

the ingested dose.  In general, these studies suggest that the absorption fraction of soluble chromium 

compounds is higher than insoluble forms (e.g., CrCO3), and is higher for soluble chromium(VI) 

compounds (e.g., K2Cr2O7) than soluble chromium(III) (e.g., CrCl3).  Chromium(VI) is reduced in the 

stomach to chromium(III), which lowers the absorbed dose from ingested chromium(VI).  Absorption is 

also affected by nutritional status; the absorption fraction is higher when dietary intakes are lower. 

Chromium(III) and chromium(VI) can penetrate human skin to some extent, especially if the skin is 

damaged. 

Absorbed chromium distributes to nearly all tissues, with the highest concentrations found in kidney and 

liver.  Bone is also a major depot and may contribute to long-term retention kinetics or chromium.  

Chromium(VI) is reduced to chromium(III) via the intermediate forms of chromium(V), chromium(IV).  

Reduction of chromium(VI) to chromium(III) can give rise to reactive intermediates, chromium adducts 

with proteins and deoxyribonucleic acid (DNA), and secondary free radicals.  Chromium(VI) in blood is 

taken up into red blood cells, where it undergoes reduction and forms stable complexes with hemoglobin 

and other intracellular proteins, which are retained for a substantial fraction of the red blood cell lifetime.  

Absorbed chromium can be transferred to fetuses through the placenta and to infants via breast milk.  

Absorbed chromium is excreted predominantly in urine. Chromium has been shown to be secreted in bile 

of animals following parenteral (e.g., intravenous) injection of chromium(VI) or chromium (III) 

compounds. Chromium can also be eliminated by transfer to hair and nails. 
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Health Effects of Chromium.  The health effects associated with exposures to chromium(VI), 

chromium(III) and chromium (IV) are reviewed in detail in Chapter 3.  In general, chromium(VI) 

compounds are more toxic than chromium(III) compounds.  The higher toxic potency of chromium(VI) 

compared to chromium(III) is complex.  Chromium(VI) enters cells by facilitated uptake, whereas 

chromium(III) crosses cell membranes by simple diffusion; thus, cellular uptake of chromium(VI) is more 

effective than of chromium(III).  Furthermore, in biological systems, reduction of chromium(VI) to 

chromium(III) results in the generation of free radicals, which can form complexes with intracellular 

targets. Health effects of chromium compounds can vary with route of exposure, with certain effects 

specific for the portal of entry.  For example, respiratory effects are associated with inhalation of 

chromium compounds, but not with oral and dermal exposures, and gastrointestinal effects are primarily 

associated with oral exposure.  However, as described below, effects of chromium are not limited to the 

portal of entry, with hematological, immunological, and reproductive systems also identified as targets for 

chromium.  In addition to noncancer health effects, results of occupational exposure studies and chronic-

duration animal studies indicate that inhalation and oral exposures to chromium(VI) compounds are 

associated with respiratory and gastrointestinal system cancers, respectively (see discussion under 

chromium(VI) below for additional information). 

Chromium(VI) 

The primary effects associated with exposure to chromium(VI) compounds are respiratory, 

gastrointestinal, immunological, hematological, reproductive, and developmental.  In addition, dermal and 

ocular irritation may occur from direct contact.  Based on available dose-response data in humans and 

animals, the most sensitive noncancer effects of chromium(VI) compounds are respiratory (nasal and lung 

irritation, altered pulmonary function), gastrointestinal (irritation, ulceration and nonneoplastic lesions of 

the stomach and small intestine), hematological (microcytic, hypochromic anemia), and reproductive 

(effects on male reproductive organs, including decreased sperm count and histopathological change to 

the epididymis).  As reviewed below, respiratory and gastrointestinal effects appear to be portal-of-entry 

effects for inhalation and oral exposure, respectively.  Similarly, chromium sensitization, the major 

immunological effect of chromium(VI), typically presents as allergic contact dermatitis resulting from 

dermal exposures in sensitized individuals, although respiratory effects of sensitization (asthma) may also 

occur. Accidental or intentional ingestion of extremely high doses of chromium(VI) compounds by 

humans has resulted in severe respiratory, cardiovascular, gastrointestinal, hematological, hepatic, renal, 
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and neurological effects as part of the sequelae leading to death or in patients who survived because of 

medical treatment. 

Respiratory Effects. The respiratory tract is the major target of inhalation exposure to chromium(VI) 

compounds in humans and animals.  Respiratory effects have been observed in workers in the following 

chromium-related industries:  chrome plating, chromate and dichromate production, stainless steel 

welding, and possibly ferrochromium production and chromite mining.  Respiratory effects due to 

inhalation exposure are probably due to direct action of chromium at the site of contact.  Intermediate-

and chronic-duration exposure of workers to chromium(VI) compounds has resulted in epistaxis, chronic 

rhinorrhea, nasal itching and soreness, nasal mucosal atrophy, perforations and ulceration of the nasal 

septum, bronchitis, pneumonoconiosis, decreased pulmonary function, and pneumonia.  In some 

chromium-sensitive patients, inhalation of airborne chromium(VI) compounds in the workplace has 

resulted in asthma. Nasal irritation and mucosal atrophy and decreases in pulmonary function have 

occurred at occupational exposure levels ≥0.002 mg chromium(VI)/m3 as chromium trioxide mist.  

Autopsies of humans who died from cardiopulmonary arrest after ingesting chromium(VI) compounds 

have revealed pleural effusion, pulmonary edema, bronchitis, and acute bronchopneumonia.  Respiratory 

effects due to ingestion of nonlethal doses are not likely to occur. It is not certain whether skin contact 

with chromium compounds could result in respiratory effects. 

Adverse effects on the respiratory system following inhalation exposure to chromium(VI) have also been 

observed in animals.  Acute- and intermediate-duration exposure to moderate levels of chromium(VI) 

compounds generally caused mild irritation, accumulation of macrophages, hyperplasia, inflammation, 

and impaired lung function.  A lowest-observed-adverse-effect level (LOAEL) of 0.025 mg 

chromium(VI)/m3 as potassium dichromate particles for increased percentage of lymphocytes in 

bronchoalveolar lavage (BAL) fluid in rats exposes for 28 or 90 days was identified.  Obstructive 

respiratory dyspnea at ≥0.2 mg chromium(VI)/m3, fibrosis at ≥0.1 mg chromium(VI)/m3, and hyperplasia 

at ≥0.05 mg chromium(VI)/m3 were found in the lungs of rats exposed to sodium dichromate for 30 or 

90 days.  The fibrosis and hyperplasia were reversible.  Increases in the levels of total protein, albumin, 

and activity of lactate dehydrogenase and β-glucuronidase were observed in the bronchoalveolar lavage 

fluid. Nasal septum perforation, hyperplasia and metaplasia of the larynx, trachea, and bronchus, and 

emphysema developed in mice exposed to chromium trioxide mists for 1 year.  Mice exposed chronically 

to 4.3 mg chromium(VI)/m3 as calcium chromate also had epithelial necrosis and hyperplasia of the 

bronchiolar walls. 
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Gastrointestinal Effects. Acute oral exposure of humans to lethal or near-lethal doses of 

chromium(VI) has produced adverse gastrointestinal effects, including abdominal pain, vomiting, 

gastrointestinal ulceration, hemorrhage and necrosis, and bloody diarrhea.  Gastrointestinal effects have 

also been reported in association with chronic oral exposure of humans to chromium(VI).  In a cross-

sectional study conducted in 1965 of 155 people whose well water contained 20 mg chromium(VI)/L as a 

result of pollution from an alloy plant in the People's Republic of China, associations were found between 

drinking the contaminated water and oral ulcer, diarrhea, abdominal pain, indigestion, and vomiting.  

Epigastric pain, irritation, and ulceration have been reported in occupational studies of chrome plating and 

chromate production workers.  Exposures in these studies included inhalation and ingestion of chromium 

(e.g., mucocilliary clearance of inhaled chromium particles to the gastrointestinal tract and/or ingestion 

secondary to hand-to-mouth activity) and outcomes may have been influenced by other factors, such as 

stress and diet.  Gastrointestinal effects from dermal exposures or absorption of inhaled chromium(VI) are 

not anticipated. 

Studies in animals show that the gastrointestinal system is a primary target of intermediate- and chronic-

duration oral exposure to chromium(VI).  Adverse effects were observed in the gastrointestinal tract of 

F344/N rats and B6C3F1 mice exposed to sodium dichromate dihydrate in drinking water for 14 weeks, 

with LOAEL values of 3.5 mg chromium(VI)/kg/day for duodenal histiocytic infiltration of the 

duodenum in male and female rats and of 3.1 mg chromium(VI)/kg/day for epithelial hyperplasia in mice.  

At a higher dose (20.9 mg chromium(VI)/kg/day), more severe effects (ulcer and epithelial hyperplasia 

and metaplasia of the glandular stomach) were observed in rats.  Histopathological changes of the 

duodenum (epithelial hyperplasia and histiocytic cellular infiltrate) were also reported in a 3-month 

comparative study in male B6C3F1, BALB/c, and C57BL/6 mice exposed to sodium dichromate 

dihydrate in drinking water for 14 weeks, a LOAEL values of 2.8 mg chromium(VI)/kg/day. After 

exposure for 2 years, histopathogical changes were observed in the gastrointestinal tract of rats and mice. 

In male and female rats exposed to 0.77 and 2.4 chromium(VI)/kg/day, respectively, histiocytic 

infiltration of the duodenum was observed.  In mice, duodenal epithelial hyperplasia was observed in 

males and females at 0.38 mg chromium(VI)/kg/day and histiocytic cellular infiltration of the duodenum 

was observed in males at 2.4 mg chromium(VI)/kg/day and in females at 3.1 mg chromium(VI)/kg/day. 

Results of intermediate-duration inhalation studies in animals yield mixed results regarding the potential 

for gastrointestinal effects.  Although rats exposed by inhalation to ≤0.2 mg chromium(VI)/m3 as sodium 

dichromate for ≤90 days did not have histopathological changes in the gastrointestinal tract, mice exposed 

chronically to 4.3 mg chromium(VI)/m3 were reported to have occasional small ulcerations in the 
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stomach and intestinal mucosa; however, the potential of oral exposure via grooming behavior cannot be 

excluded. 

Immunological Effects.  Exposure to chromium(VI) compounds may lead to allergic sensitization in 

some individuals.  Sensitization to chromium is produced through two types of hypersensitivity reactions: 

type I, an immediate onset, IgE-mediated immune mechanism, and type IV, a delayed, cell-mediated 

immune mechanism.  Following an induction phase during which the individual becomes sensitized, 

subsequent exposures result in an allergic response, with symptoms typically presenting as dermatitis or 

asthma.  Sensitization may occur from inhalation, oral, and/or dermal exposure.  Estimates of the 

prevalence of chromium sensitivity in the general U.S. population range from 0.08 to 7%, depending 

upon the population evaluated.  For dermal responses, the allergic response following direct skin contact 

with chromium compounds is characterized by eczema or dermatitis; typically, chromium-induced 

allergic contact dermatitis is isolated to areas at the site of contact, rarely occurring in areas remote from 

the point of contact.  However, oral exposure to chromium(VI) has been shown to exacerbate dermatitis 

of sensitive individuals.  The acute response phase lasts for a few days to a few weeks and is 

characterized by erythema, edema, and small and large blisters; the chronic phase exhibits similar clinical 

features, but may also include thickened, scaly, and fissured skin.  Exposure to chromium compounds in 

chromium-related occupations appears to be the major cause of chromium contact dermatitis.  Patch 

testing has identified chromium-sensitized workers in the printing and lithography industry, in automobile 

factories where assemblers handled nuts, bolts, and screws, in wet sandpapering of primer paint where 

workers were exposed to zinc chromate, in the cement industry, in railroad systems and diesel locomotive 

repair shops where antirust diesel-engine coolants and radiator fluids contained sodium chromate, in 

tanneries, and in the welding, plating, wood, and paper industries.  Other sources of chromium that have 

resulted in chromium sensitivity include dichromate-containing detergents and bleach, glues, machine 

oils, foundry sand, match heads, boiler linings, and magnetic tapes.  Exposure to low levels of chromium 

as found in consumer products could result in sensitization or a reaction in sensitized individuals; 

therefore, in hypersensitive individuals may develop rashes and erythema from contact with consumer 

products containing chromium.  Oral doses of potassium dichromate exacerbated the dermatitis of 

sensitive individuals. 

Several studies have estimated the exposure level required to elicit a dermal response in chromium-

sensitized individuals; exposure levels of 4–25 ppm produced sensitization and elicitation of chromium-

induced allergic dermatitis.  However, confounding factors, such as variability in testing methods 

(including different chromium compounds used in challenge testing) and individual sensitivity, 
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complicate interpretation of results.  Furthermore, the response of an individual to dermal challenge may 

vary over time due to changes in exposure to the sensitizing agents; if an individual is removed from 

exposure, circulating IgE levels may decrease, resulting in decreased sensitivity to dermal challenge.  

Therefore, it is anticipated that the exposure level required to elicit a dermal response in sensitized 

individuals will be highly variable. 

Asthmatic attacks have occurred in chromium-sensitive individuals exposed by inhalation in occupational 

settings to chromium trioxide vapors and chromium fumes from stainless steel welding.  When 

challenged with sodium chromate or potassium dichromate via nebulizer, chromium-sensitive patients 

displayed anaphylactoid reactions, characterized by dermatitis, facial angioedema and erythema, 

nasopharyngeal pruritus, cough, wheezing, bronchospasms, increased plasma histamine levels, urticaria, 

and decreased forced expiratory volume.  While chromium-induced asthma might occur in some 

sensitized individuals exposed to elevated concentrations of chromium in air, the number of sensitized 

individuals is low, and the number of potentially confounding variables in the chromium industry is high. 

Studies in animals also indicate that the immune system is a target for inhaled and ingested chromium(VI) 

compounds.  Effects reported include stimulation of the humoral immune system and increased 

phagocytic activity of macrophages, increased proliferative responses of splenocytes to T- and B-cell 

mitogens and to the antigen mitomycin C and histopathological alteration (histiocytic cellular infiltration) 

of pancreatic lymph nodes; contact dermatitis has been elicited in guinea pigs and mice. 

Hematological Effects. As discussed above (Chromium Toxicokinetics), chromium(VI) is 

distributed to and accumulated by the erythrocyte; once inside the cell, it is rapidly reduced to 

chromium(III) via the reactive intermediates chromium(V) and chromium(IV), and binds to hemoglobin 

and other ligands.  The chromium-hemoglobin complex is relatively stable and remains sequestered 

within the cell over the life-span of the erythrocyte, with approximately 1% of chromium eluting from the 

erythrocyte daily.  Occupational studies and other studies in humans have not consistently reported 

hematological effects, although microcytic, hyprochromic anemia has been reported in several recent 

animals studies on chromium(VI) compounds (detailed discussion follows).  However, it is possible that 

small, exposure-related changes in hematological parameters may not have been detected in occupational 

exposure studies, if values were within normal clinical ranges.  Hematological findings in humans 

exposed to lethal doses of chromium(VI) compounds are difficult to interpret in the context of multiple 

systemic effects observed leading up to death, including hemorrhage.  
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Results of acute-, intermediate-, and chronic-duration studies in animals identify the hematological 

system as one of the most sensitive effects of oral exposure to chromium(VI).  Microcytic, hypochromic 

anemia, characterized by decreased mean cell volume (MCV), mean corpuscular hemoglobin (MCH), 

hematocrit (Hct), and hemoglobin (Hgb), was observed in rats and mice orally exposed to chromium(VI) 

compounds for exposure durations ranging from 4 days to 1 year. The severity of anemia exhibited dose-

and duration-dependence, with maximum effects observed after approximately 3 weeks of exposure; with 

increasing exposures durations (e.g., 14 weeks–1 year), anemia is less severe, presumably due to 

compensatory hematopoietic responses.  In general, effects observed in rats were more severe than those 

in mice. 

Acute exposure of male rats to sodium dichromate dihydrate in drinking water for 4 days, produced a 

slight, but statistically significant decrease (2.1%) in MCH in rats exposed to 2.7 mg chromium(VI)/ 

kg/day, but not at 0.7 mg chromium(VI)/kg/day.  With increasing doses (≥7.4 mg chromium(VI)/kg/day), 

additional decreases in MCH and decreased MCV were observed.  Similar effects were observed in male 

and female rats exposed for 5 days, with effects observed at 4.0 and 4.1 chromium(VI)/kg/day, 

respectively; a no-observed-adverse-effect level (NOAEL) was not established.  Although the magnitude 

of changes to hematological parameters after acute exposure was minimal, since severe effects on 

hematological parameters were observed following intermediate exposure durations, with severity 

peaking at exposure durations of 22 days to 3 months, the minimal hematological alterations observed 

following acute exposure are considered to be indicative of adverse hematological effects.  

More severe microcytic, hypochromic anemia occurred in rats and mice following exposure to sodium 

dichromate dihydrate in drinking water for 22 or 23 days.  Decreased Hct, Hgb, MCV, and MCH 

occurred at ≥0.77 mg chromium(VI)/kg/day, with decreases exhibiting dose-dependence; effects were not 

observed at 0.21 mg chromium(VI)/kg/day.  After exposure for 3 months to 1 year, microcytic, 

hypochromic anemia in rats and mice was less severe than that observed after 22 or 23 days.  

Hematological effects, including decreased hematocrit, hemoglobin, and erythrocyte count, have also 

been reported in rats exposed to chromium trivalent oxide mist for 90 days, with a LOAEL value of 

0.23 mg chromium(VI)/m3. 

Reproductive Effects. Results of studies in humans and animals suggest that chromium(VI) causes 

adverse reproductive effects, although evidence from studies in animals is much stronger than from 

studies in humans.  Although information regarding reproductive effects in humans is limited, the 

following effects have been reported: a significant increase in the number of morphologically abnormal 
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sperm; significant decreases on sperm count and motility; and greater incidences of complications during 

pregnancy and childbirth (toxicosis and postnatal hemorrhage).  There no evidence of reproductive effects 

in humans environmentally exposed to chromium(VI). 

 

Studies in laboratory animals show that acute- and intermediate-duration exposure to chromium(VI) 

produces adverse reproductive effects, with the male reproductive system exhibiting the highest 

sensitivity.  Following a 6-day gavage administration of ≥5.2 mg chromium(VI)/kg/day as chromic acid 

to Wister rats, decreased sperm count, increased percentage of abnormal sperm, and morphological 

changes to seminiferous tubules (decreased diameter of seminiferous tubules and germ cell 

rearrangement) were observed (observations were made 6 weeks after completion of treatment); a 

NOAEL was not defined in this study.  The male reproductive system was identified as a target for oral 

chromium(VI) exposure in intermediate-duration studies in monkeys, rats, and rabbits.  Decreased sperm 

count and motility and histopathological changes to the epididymis (ductal obstruction, development of 

microcanals, depletion of germ cells, hyperplasia of Leydig cells, and Sertoli cell fibrosis) have been 

reported in monkeys exposed to 2.1 mg chromium(VI)/kg/day as potassium dichromate in drinking water 

for 180 days.  Effects on male reproductive organs and sexual behavior in rats and mice have been 

reported at doses of ≥2.6 mg chromium(VI)/kg/day.   

 

In NTP studies designed to confirm or refute these findings, the reproductive effects of different 

concentrations of chromium(VI) as potassium dichromate in the diet on BALB/c mice and Sprague-

Dawley rats were investigated.  Microscopic examinations of the testes and epididymis for Sertoli nuclei 

and preleptotene spermatocyte counts in stage X or XI tubules did not reveal any treatment-related effects 

at daily doses up to 32.2 mg chromium(VI)/kg/day.  Similarly, exposure to sodium dichromate dihydrate 

in drinking water did not produce morphological changes to male reproductive organs of B6C3F1 mice 

exposed to 27.9 or 5.9 mg chromium(VI)/kg/day for 3 months or 2 years, respectively, or affect sperm 

count or motility in male B6C3F1, BALB/c, and C57BL/6N mice exposed to 8.7 mg chromium(VI)/

kg/day for 3 months. 

 

Other reproductive effects reported in rats and mice include altered weights of female reproductive 

organs, decreased number of follicles and ova, increased pre- and/or postimplantation losses, and 

increased resorptions at doses of ≥5 mg chromium(VI)/kg/day.  Mixed results have been found in studies 

designed to assess the effects of chromium(VI) exposure on fertility.  No effects on fertility were 

observed in mice were exposed to ≤37 mg chromium(VI)/kg/day as potassium dichromate in the diet.  

Decreased mating and fertility, increased preimplantation losses, and increased resorptions have been 
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observed in rats and mice exposed to ≥37 mg chromium(VI)/kg/day or 52 mg chromium(VI)/kg/day as 

potassium dichromate in drinking water for 20 or 90 days prior to mating.  Pre- and postimplantation loss 

and decreased litter size was also observed in mice exposed to ≥46 mg chromium(VI)/kg/day as 

potassium dichromate in drinking water throughout gestation.  Significant decreases in the number of 

implantations and viable fetuses were observed when male mice exposed to 6 mg chromium(VI)/kg/day 

as potassium dichromate in drinking water for 12 weeks were mated with unexposed female mice; 

however, sperm count was not measured and the classification of non-viable fetuses was not presented in 

this report.  However, a similarly designed study did not find any alterations in the number of 

implantations or viable fetuses in unexposed female rats mated with males exposed to 42 mg 

chromium(VI)/kg/day as potassium dichromate in drinking water for 12 weeks.  It is not known if the 

species difference contributed to these conflicting results.  Decreases in the number of implantations and 

viable fetuses and an increase in the number of animals with resorptions were also seen in females 

exposed for 12 weeks to 6 mg chromium(VI)/kg/day as potassium dichromate mated with unexposed 

males. 

Developmental Effects. No studies were located regarding developmental effects in humans after 

exposure to chromium compounds.  A number of oral exposure animal studies have shown that 

chromium(VI) is a developmental toxicant following premating and/or in utero exposure.  In 

developmental studies in rats and mice, gestational exposure produced increased postimplantation loss, 

decreased number of live fetuses/litter, decreased fetal weight, internal and skeletal malformations, and 

delayed sexual maturation in offspring; however, these effects were observed at relatively high doses 

(e.g., ≥35 mg chromium(VI)/kg/day).  In mated female rats administered 35.7 mg chromium(VI)/mg/day 

as potassium dichromate by gavage on gestational days 1–3, a decreased number of pregnancies were 

observed; exposure on gestational days 4–6 resulted in decreased number of viable fetuses and increased 

number of resorptions, but did not alter the number of pregnancies.  Exposure of female rats to ≥37mg 

chromium(VI)/kg/day and mice to ≥52 mg chromium(VI)/kg/day to potassium dichromate(VI) in 

drinking water for 20 or 90 days followed by mating to unexposed males resulted in fetal mortality 

(postimplantation losses, resorptions, and decreased number of live fetuses), decreased growth (decreased 

fetal body weights and crown-rump length), reduced ossification, subdermal hemorrhagic patches, and 

kinky tails.  Similar effects (increased resorptions, increased postimplantation losses, subdermal 

hemorrhages, decreased cranial ossification, tail kinking, and decreased fetal body weight and decreased 

crown-rump length) were observed in the offspring of mice exposed to 46 mg chromium(VI)/kg/day as 

potassium dichromate in drinking water during gestation.  In mice exposed to 53 mg chromium(VI)/ 

kg/day as potassium dichromate in drinking water during gestational days 6–14, fetal mortality, 
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subdermal hemorrhagic patches, and reduced ossification were observed in the offspring.  Impaired 

development of the reproductive system (delayed vaginal opening) was observed in the offspring of mice 

exposed to 66 mg chromium(VI)/kg/day as potassium dichromate in the drinking water on gestation day 

12 through lactation day 20. 

Dermal Effects. Chromium(VI) compounds can produce effects on the skin and mucous membranes.  

These include irritation, burns, ulcers, and an allergic type of dermatitis.  Irritation of respiratory mucosal 

tissues, nasal septum ulcers, and perforation are reviewed above under Respiratory Effects and allergic 

dermatitis is reviewed above under Respiratory Effects and Immunological Effects.  Most dermal effects 

reported were either due to occupational intermediate-chronic exposure or acute exposure to high levels 

of chromium compounds.  Environmental exposure to chromium compounds is not likely to result in 

dermal effects.  Acute dermal exposure to chromium(VI) compounds can cause skin burns.  Application 

of a salve containing potassium chromate to the skin of some individuals to treat scabies resulted in 

necrosis and sloughing of the skin, and some individuals even died as a result of infections of these areas.  

A worker whose skin came into direct contact with the chromic acid as a result of an industrial accident 

developed extensive skin burns. 

Although skin contact with chromate salts may cause rashes, untreated ulcers or sores (also called chrome 

holes) on the skin can be a major problem because they can deeply penetrate the skin with prolonged 

exposure.  For example, in an early case of a tannery worker, the penetration extended into the joint, 

necessitating amputation of the finger.  However, chrome sores heal if exposure is discontinued, leaving a 

scar.  Chrome sores are more often associated with occupational exposure to chromium(VI) compounds.  

Although chrome sores are more likely associated with direct dermal contact with solutions of chromates, 

exposure of the skin to airborne fumes and mists of chromium(VI) compounds may contribute to the 

development.  Industries that have been associated with the development of chrome sores in workers 

include chromate and dichromate production, chrome plating, leather tanning, planographic printing, and 

chromite ore processing.  Among the chromium(VI) compounds that workers in these industries are 

exposed to are chromium trioxide, potassium dichromate, sodium dichromate, potassium chromate, 

sodium chromate, and ammonium dichromate. 

In addition, tonsillitis, pharyngitis, atrophy of the larynx, and irritation and ulceration of mouth structures 

and buccal mucosa can occur from exposure to high levels of chromium(VI) compounds.  These effects 

were seen in workers in chrome plating plants, where excessively high concentrations of chromium 

trioxide fumes were present.  High incidences of inflammation of oral structures, keratosis of the lips, 
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gingiva, and palate, gingivitis, and periodontis were also observed in chromate production workers.  Oral 

doses of potassium dichromate exacerbated the dermatitis of chromium sensitized individuals. 

Dermal effects observed in animals after direct application of potassium dichromate to their skin include 

inflammation, necrosis, corrosion, eschar formation, and edema in rabbits and skin ulcers in guinea pigs. 

Ocular Effects. Ocular effects can occur as a result of direct contact of eyes with chromium(VI) 

compounds.  Effects reported include corneal vesication in a man with ocular exposure to a drop or 

crystal of potassium dichromate and congestion of the conjunctiva, discharge, corneal scar, and burns in 

chromate production workers as a result of accidental splashes. 

Genotoxicity. Numerous studies have evaluated the genotoxicity of chromium(VI) compounds.  

Results of occupational exposure studies in humans, although somewhat compromised by concomitant 

exposures to other potential genotoxic compounds, provide evidence of chromium(VI)-induced DNA 

strand breaks, chromosome aberrations, increased sister chromatid exchange, unscheduled DNA 

synthesis, and DNA-protein crosslinks.  Although most of the older occupational exposure studies gave 

negative or equivocal results, more recent studies have identified chromosomal effects in exposed 

workers.  Findings from occupational exposure studies are supported by results of in vivo studies in 

animals, in vitro studies in human cell lines, mammalian cells, yeast and bacteria, and studies in cell-free 

systems. 

Cancer. Occupational exposure to chromium(VI) compounds in various industries has been associated 

with increased risk of respiratory system cancers, primarily bronchogenic and nasal.  Among the 

industries investigated in retrospective mortality studies are chromate production, chromate pigment 

production and use, chrome plating, stainless steel welding, and ferrochromium alloy production.  

Numerous studies of cancer mortality among chromate production workers have been reported.  

Collectively, these studies provide evidence for associations between lung cancer mortality and 

employment in chromate production, with risks declining with improved industrial hygiene.  Less 

consistently, nasal cancers have been observed.  In chromate pigment and chrome plating workers, 

elevated lung cancer rates in comparison to reference populations (e.g., standard mortality ratios [SMRs]) 

and increased lung cancer rates in association with increased potential for chromium exposure (e.g., job 

type, employment duration) have been reported.  Workers in the stainless steel welding and 

ferrochromium alloy industries are exposed to chromium(VI) compounds, as well as other chemical 

hazards that could contribute to cancer (e.g., nickel); however, results of studies of cancer mortality in 
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these populations have been mixed. Environmental exposure of humans to chromium(VI) in drinking 

water resulted in statistically significant increases in stomach cancer.  

Chronic inhalation studies provide evidence that chromium(VI) is carcinogenic in animals.  Mice exposed 

to 4.3 mg chromium(VI)/m3 as calcium chromate had a 2.8-fold greater incidence of lung tumors, 

compared to controls. In addition, numerous animal studies using the intratracheal, intrapleural, and 

intrabronhical routes of exposure show that chromium(VI) produces respiratory tract tumors. However, 

no carcinogenic effects were observed in rats, rabbits, or guinea pigs exposed to 1.6 mg chromium(VI)/m3 

as potassium dichromate or chromium dust 4 hours/day, 5 days/week. 

Exposure rats and mice to sodium dichromate dihydrate in drinking water for 2 years resulted in cancers 

of the gastrointestinal tract.  In male and female rats, the incidences of neoplasms of the squamous 

epithelium of the oral mucosa and tongue were significantly increased in males (7.0 mg chromium(VI)/ 

kg/day) and females (5.9 mg chromium(VI)/kg/day); in mice, the incidence of neoplastic lesions of the 

small intestine (duodenum, jejunum, and ileum) was increased in males at 2.4 mg chromium(VI)/kg/day 

and females at 3.1 mg chromium(VI)/kg/day.  The National Toxicology Program (NTP) concluded that 

results demonstrate clear evidence of carcinogenic activity in male and female F344/N rats (increased 

incidences of squamous cell neoplasms of the oral cavity) and in male and female B6C3F1 mice 

(increased incidences of neoplasms of the duodenum, jejunum, or ileum). Mice exposed to 

chromium(VI) as potassium chromate (9 mg chromium(VI)/kg/day) in drinking water for three 

generations (880 days) showed statistically significant increases in the incidence of forestomach adenoma 

or carcinomas of the forestomach and in the incidence of forestomach adenomas alone, compared to 

control; however, study authors concluded that evidence of carcinogenicity was equivocal. 

NTP lists certain chromium compounds as substances that are known to be human carcinogens. This 

classification is based on sufficient evidence for a number of chromium(VI) compounds (calcium 

chromate, chromium trioxide, lead chromate, strontium chromate, and zinc chromate).  The International 

Agency for Research on Cancer (IARC) classified chromium(VI) as carcinogenic to humans (Group 1) 

and metallic chromium and chromium(III) compounds as not classifiable as to their carcinogenicity to 

humans (Group 3). EPA has classified chromium(VI) as a known human carcinogen by the inhalation 

route of exposure. 
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Chromium(III) 

Although much less information is available on the health effects of chromium(III) compounds compared 

to that for chromium(VI) compounds, chromium(III) compounds appear to be less toxic than 

chromium(VI) compounds.  Health effects associated with exposure to chromium(III) compounds have 

been reported in studies of occupationally exposed populations and individuals; however, interpretation of 

study results is complicated by concomitant exposures to chromium(VI) or other compounds that can 

induce adverse health effects.  Similarly, interpretation of findings in case reports of exposures to dietary 

supplements containing high-dose chromium(III) are also complicated, since most supplements contain 

numerous chemicals; thus, the most reliable information on adverse health effects of chromium(III) is 

obtained from studies in animals. Chromium(III) picolinate, a dietary supplement, has been shown to be 

mutagenic in bacterial and mammalian cells in vitro. 

The primary effects of chromium(III) compounds are on the respiratory and immunological systems.  As 

described below, respiratory effects appear to be portal-of-entry effects for inhalation exposure.  

Similarly, chromium allergic dermatitis, the major immunological effect of chromium(III), is typically 

elicited by dermal contact in sensitized individuals; however, initial sensitization may result from 

inhalation, oral, or dermal exposure or from a combination of these exposure routes.  Conflicting results 

of studies in animals have been reported in developmental and reproductive studies of chromium(III) 

compounds; however, results provide evidence of adverse effects on the developing and adult 

reproductive system. Evidence of developmental or reproductive effects of chromium(III) in humans has 

not been identified. Based on results of chronic-duration oral studies in animals, chromium(III) 

compounds (chromium acetate, chromium chloride, chromium nicotinate, chromium oxide, chromium 

picolinate) do not appear to produce gastrointestinal, hematological, hepatic, renal, cardiovascular, 

endocrine, or musculoskeletal effects.  This is in contrast to chromium(VI) compounds which produce 

effects in the gastrointestinal, hematological, hepatic and renal systems. 

Respiratory Effects. Occupational exposure studies and case reports indicate that respiratory effects 

occur from exposure of humans to chromium(III) compounds; however, results of these studies are 

difficult to interpret since most study populations were also exposed to chromium(VI) compounds or 

other compounds associated with respiratory effects, and/or the studies were not adequately controlled for 

other confounding factors (e.g., respiratory diseases).  Acute- and chronic-duration studies in animals 

indicate that the respiratory tract is the primary target of inhaled chromium(III).  Analysis of BAL fluid 

from rats exposed for 5 days to 3–30 mg chromium(III)/m3 as basic chromium sulfate (soluble) showed 
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alterations, including increased amounts of cell debris and lysed cells and significant decreases in 

nucleated cells and in the percentage of segmented neutrophils and mononuclear cells; cytoplasmic 

accumulation of a yellow crystalline material in mononuclear cells was observed in BAL fluid of rats 

exposed to 3–30 mg chromium(III)/m3 as chromic oxide (insoluble).  With longer exposure (13 weeks), 

histopathological changes to respiratory tissues and increased lung weights were observed in rats exposed 

to ≥3 mg chromium(III)/m3chromic oxide or basic chromium sulfate.  However, differences were 

observed in severity and location of respiratory effects produced by insoluble chromic oxide and soluble 

basic chromium sulfate; effects of chromic oxide were less severe and isolated to the lung and respiratory 

lymph tissues, whereas the effects of basic chromium sulfate were more severe and observed throughout 

the respiratory tract (e.g., nose, larynx, lung, and respiratory lymph tissues).  Differences in the 

respiratory toxicity of these compounds may be due to differences in chemical-physical properties (e.g., 

solubility, acidity).  Studies examining respiratory effects from chronic-duration inhalation exposure were 

not identified.  Respiratory effects from oral or dermal exposure to chromium(III) compounds have not 

been reported.  

Immunological Effects.  As discussed above for chromium(VI) compounds, exposure to chromium 

compounds may induce allergic sensitization in some individuals.  In patients with known chromium-

induced allergic dermatitis, positive results have been reported using patch tests with chromium(III) 

compounds as the challenge agent, suggesting that allergic sensitization to chromium(III) can occur.  In 

sensitized patients, dermal responses were elicited using a concentration of 1 mg chromium(III)/L as 

chromium trichloride.  However, since positive responses were also observed on challenge with 

chromium(VI) compounds, it is unclear if individuals were sensitized to both chromium(VI) and 

chromium(III) or if cross-sensitivity occurs between chromium(VI) and chromium(III).  Studies in 

animals show that chromium(III) can induce sensitization and that cross-reactivity occurs between 

chromium(VI) and chromium(III).  Sensitization to chromium(III) was observed in guinea pigs treated 

with a series of intradermal injections of 0.004 mg chromium(III)/kg as chromium trichloride.  In guinea 

pigs sensitized with chromium(III), cross-sensitivity with chromium(VI) was observed on patch test 

challenge. 

Reproductive Effects. Adverse reproductive effects have been observed in rats and mice exposed 

orally to chromium(III) compounds, although conflicting results have been reported.  Adverse 

reproductive effects have been reported following acute- and intermediate-duration exposure of animals 

to chromium(III) by gavage or in drinking water; effects include decreased number of pregnancies in 

female rats administered 33.6 mg chromium(III)/kg/day, alterations in sexual behavior, aggressive 
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behavior toward other males, and significantly lower absolute weight of testes, seminal vesicles, and 

preputial glands in male Sprague-Dawley rats (40 mg chromium(III)/kg/day), decreased number of 

pregnant female Swiss mice following the mating of unexposed females to exposed males (13 mg 

chromium(III)/kg/day), impaired fertility in exposed female mice (5 mg chromium(III)/kg/day) mated to 

unexposed males, and increased testes and ovarian weights and decreased preputial gland and uterine 

weights in mice (5 mg chromium(III)/kg/day).  Decreased spermatogenesis was observed in BALB/c 

mice treated with 9.1 mg chromium(III)/kg/day as chromium sulfate in drinking water for 7 weeks.. 

 

In contrast to the reproductive effects of chromium(III) chloride in drinking water, dietary exposure to 

chromium picolinate or chromium nicotinate has not been associated with reproductive effects.  Exposure 

to chromium picolinate in the diet for 3 months did not produce adverse effects on reproductive tissues, as 

assessed by organ weights, gross and histopathological examinations, sperm count, sperm motility, 

duration of estrous cycle stages, and estrous cycle length at doses up to 505 and 506 mg chromium(III)/

kg/day in male and female rats, respectively, or at doses up to 1,415 and 1,088 mg chromium(III)/kg/day 

in male and female mice.  No morphological changes to reproductive organs, as assessed by 

histopathological examination, were observed in male and female Sprague-Dawley rats exposed to 

chromium nicotinate in the diet at 1.2 and 1.5 mg chromium(III)/kg/day, respectively for 2 months or 

0.22 and 0.25 mg chromium(III)/kg/day, respectively, for 1 year. 

 

In summary, conflicting results on reproductive effects of chromium(III) compounds have been reported.  

It is unclear if differences in results are related to experimental methods, including exposure media 

(drinking water versus feed), or to differences in toxicity of the specific chromium(III) compounds 

evaluated. 

 

Developmental Effects.    Little information is available on the potential developmental effects of 

chromium(III) compounds, although results of available studies are conflicting.  Chromium(III) did not 

produce developmental effects in offspring of rats fed 1,806 mg chromium(III)/kg/day as chromium oxide 

for 60 days before mating and throughout the gestational period.  Significant decreases were observed in 

the relative weights of reproductive tissues (testes, seminal vesicles, and preputial glands in males and 

ovaries and uterus in females) of offspring of BALB/c mice exposed to 74 mg chromium(III)/kg/day as 

chromium(III) chloride in the drinking water on gestation day 12 through lactation day 20; however, 

fertility was not affected when these exposed offspring were mated with unexposed animals.  The number 

of pregnancies was decreased in rats administered 33.6 mg chromium(III)/kg/day (only dose tested) by 

gavage as chromium chloride on gestational days 1–3, although when exposed on gestational days 4–6, 
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no effects on pregnancy rates, implantations, viable fetuses, or resorptions were observed. Thus, the 

available evidence does not indicate that exposure to chromium(III) consistently produces adverse 

developmental effects. 

Cancer. No studies evaluating the carcinogenic activity of chromium(III) compounds in humans were 

identified.  In male rats exposed to dietary chromium picolinate for 2 years, the incidence of preputial 

gland adenoma was significantly increased in males at 61 mg chromium(III)/kg/day, with the incidence 

also exceeding the historical control ranges; however, the incidence was not increased at a higher dose 

(313 mg chromium(III)/kg/day) and similar lesions were not observed in corresponding tissues in female 

rats or in male and female mice.  Therefore, NTP considered the evidence of carcinogenic activity to be 

equivocal.  The relationship of preputial gland adenoma to male reproductive function in this study was 

not defined. 

2.3  MINIMAL RISK LEVELS (MRLs) 

Estimates of exposure levels posing minimal risk to humans (MRLs) have been made for chromium.  An 

MRL is defined as an estimate of daily human exposure to a substance that is likely to be without an 

appreciable risk of adverse effects (noncarcinogenic) over a specified duration of exposure.  MRLs are 

derived when reliable and sufficient data exist to identify the target organ(s) of effect or the most sensitive 

health effect(s) for a specific duration within a given route of exposure.  MRLs are based on 

noncancerous health effects only and do not consider carcinogenic effects.  MRLs can be derived for 

acute, intermediate, and chronic duration exposures for inhalation and oral routes.  Appropriate 

methodology does not exist to develop MRLs for dermal exposure. 

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990a), 

uncertainties are associated with these techniques.  Furthermore, ATSDR acknowledges additional 

uncertainties inherent in the application of the procedures to derive less than lifetime MRLs.  As an 

example, acute inhalation MRLs may not be protective for health effects that are delayed in development 

or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic 

bronchitis.  As these kinds of health effects data become available and methods to assess levels of 

significant human exposure improve, these MRLs will be revised. 
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Inhalation MRLs—Chromium(VI) 

Acute.  The inhalation database for acute-duration exposure of humans to inhaled chromium(VI) 

compounds is limited to a few studies reporting signs of respiratory irritation (dyspnea, cough, wheezing, 

sneezing, rhinorrhea, choking sensation), dizziness, and headaches in individuals or small numbers of 

workers (n≤5) exposed to high concentrations of chromium(VI) (Lieberman 1941; Meyers 1950; Novey 

et al. 1983).  In addition, acute inhalation exposure of individuals previously sensitized to chromium 

compounds has produced symptoms of asthma and signs of respiratory distress consistent with a type I 

allergic response (decreased forced expiratory volume, facial erythema, nasopharyngeal pruritus, blocked 

nasal passages, cough, and wheeze) (Leroyer et al. 1998; Olaguibel and Basomba 1989); however, the 

available data are not adequate to characterize the exposure-response relationship for effects of acute 

inhalation challenge in sensitized individuals.  No other effects of acute inhalation exposure of humans to 

chromium(VI) have been reported. 

The acute toxicity of inhaled chromium(VI) in animals has not been well investigated, and most studies 

are 4-hour lethality studies (American Chrome and Chemicals 1989; Gad et al. 1986).  Nasal hemorrhage 

was observed in two of five rats after inhalation for 10 days to 1.15 mg chromium(VI)/m3 during a 

13-week exposure study (Kim et al. 2004), with no nasal effects observed at 0.49 mg chromium(VI)/m3. 

However, only a small number of animals were evaluated and histopathological evaluations of the 

respiratory tract (or other tissues) were not conducted following the acute-duration period; thus, data are 

not suitable for defining NOAEL or LOAEL values for respiratory effects.  Although longer duration 

inhalation studies show that the respiratory tract is a sensitive target of inhaled chromium(VI), the data 

are insufficient to determine acute-duration exposure levels that would produce respiratory tract, or other 

effects.  In the absence of studies that could be used to identify the targets of low level exposure, an acute-

duration inhalation MRL for hexavalent chromium was not derived. 

Intermediate 

•	 An inhalation MRL of 5x10-6 mg chromium(VI)/m3 has been derived for intermediate (15– 
364 days) exposure for dissolved hexavalent chromium aerosols and mists. 

The available data on inhalation exposure of humans and animals to chromium(VI) compounds indicate 

that dissolved chromium(VI) compounds (aerosols and mists) and particulate chromium(VI) compounds 

have different toxic potencies for producing adverse respiratory effects.  Although the respiratory system 

is the most sensitive target for inhalation exposure to both types of chromium(VI) compounds, the 
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primary respiratory effects of inhaled chromic acid mists are observed in the nose (see the following 

discussion), while the effects of inhaled particulate chromium(VI) compounds occur throughout the 

respiratory tract.  Since toxic potencies of these compounds appear to be different and the likelihood for 

environmental exposure to chromium trioxide (e.g., chromic acid mist) and other soluble chromium(VI) 

compound mists is less than the likelihood for environmental exposure to particulate chromium(VI) 

compounds, distinct intermediate-duration inhalation MRLs have been derived for dissolved 

chromium(VI) compounds (aerosols and mists) and particulate chromium(VI) compounds. 

The intermediate-duration inhalation database for humans exposed to dissolved chromium(VI) aerosols 

and mists consists of occupational exposure studies on chromium trioxide mists (Gibb et al. 2000a, 

2000b; Gomes 1972; Kleinfeld and Rosso 1965; Lindberg and Hedenstierna 1983); these studies identify 

the upper respiratory tract as the primary target of exposure.  Upper respiratory effects include nasal 

irritation, ulceration, and mucosal atrophy and rhinorrhea, with LOAEL values ranging from 0.002 to 

0.1 mg chromium(VI)/m3. Other effects (e.g., non-respiratory) specific for dissolved chromium(VI) 

aerosols and mists in humans have not been reported.  Exposure to chromium(VI) compounds (not 

compound-specific) can produce allergic sensitization, which may manifest as symptoms of asthma upon 

subsequent inhalation exposures (Keskinen et al. 1980; Leroyer et al. 1998; Moller et al. 1986; Olaguibel 

and Basomba 1989).  The exposure route for the initial sensitization in an occupational setting is most 

likely a combination of inhalation, oral, and dermal exposures; however, the available data do not define 

the exposure-response relationship for chromium sensitization by inhalation. 

Available animal studies on the effects of intermediate-duration exposure to dissolved chromium(VI) 

aerosols and mists identify the respiratory tract as the primary target, with LOAEL values ranging from 

0.49 to 3.63 mg chromium(VI)/m3 (Adachi 1987; Adachi et al. 1986; Kim et al. 2004).  Respiratory 

effects reported in animals exposed to chromium(VI) trioxide include alveolar inflammation in rats (Kim 

et al. 2004) and nasal septal perforation and symptoms of emphysema in mice (Adachi 1987; Adachi et al. 

1986).  The only other effect (e.g., non-respiratory) observed in animal studies on dissolved 

chromium(VI) aerosols and mists were hematological effects and decreased body weight in rats exposed 

to chromium trioxide mist for 13 weeks.  Hematological effects include decreased in hematocrit at 

≥0.23 and 1.15 mg chromium(VI)/m3 (but not 0.49 mg chromium(VI)/m3) decreased hemoglobin at 

≥0.49 mg chromium(VI)/m3 and decreased erythrocyte count at 1.15 mg chromium(VI)/m3 (Kim et al. 

2004).  In this study, body weight gain was also decreased by ~9%, with NOAEL and LOAEL values of 

0.49 and 1.15 mg chromium(VI)/m3, respectively. 
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Based on a comparison of LOAEL values for respiratory effects, hematological effects, and decreased 

body weight gain, the respiratory tract was identified as the most sensitive effect of intermediate-duration 

inhalation exposure to dissolved chromium(VI) aerosols and mists.  The lowest LOAEL value of 

0.002 mg chromium(VI)/m3 was reported for nasal irritation, mucosal atrophy, and ulceration and 

decreases in spirometric parameters observed in workers exposed to chromic acid mist (Lindberg and 

Hedenstierna (1983); therefore, this value was selected as the basis for derivation of the intermediate-

duration inhalation MRL for dissolved chromium(VI) aerosols and mists.  The population evaluated by 

Lindberg and Hedenstierna (1983) included 85 male and 19 female chrome plating workers exposed to 

chromic acid and a reference group of 119 auto mechanics not exposed to chromium.  Workers were 

assessed for nose, throat, and chest symptoms, were inspected for effects in nasal passages, and were 

given pulmonary function tests.  The length of worker exposures to chromic acid ranged from 0.1 to 

36 years, with a mean of 2.5 years, spanning both intermediate and chronic durations.  Since the study 

population included workers exposed for an intermediate duration, data are considered appropriate for 

derivation of the intermediate-duration inhalation MRL.  Nasal irritation (p<0.05), mucosal atrophy 

(p<0.05), and ulceration (p<0.01), and decreases in spirometric parameters (forced vital capacity, forced 

expired volume in 1 second, and forced mid-expiratory flow) were observed in workers occupationally 

exposed to ≥0.002 mg chromium(VI)/m3 as chromic acid.  Approximately 60% of the exposed subjects 

were smokers, but no consistent association between exposure and cigarette smoking was observed.  

Additional details on study methods and results are provided in Appendix A. 

The LOAEL of 0.002 mg chromium(VI)/m3 was multiplied by 8 hour/24 hour and by 5 days/7 days to 

yield a duration-adjusted LOAEL (LOAELADJ) of 0.0005 mg chromium(VI)/m3. The intermediate-

duration MRL of 5x10-6 was obtained by dividing the LOAELADJ (0.0005 mg chromium(VI)/m3) by an 

uncertainty factor of 100 (10 for human variability and 10 for extrapolating from a LOAEL). 

•	 An inhalation MRL of 0.0003 mg chromium(VI)/m3 was derived for intermediate exposures 
to particulate chromium(VI) compounds. 

As discussed above, available data on inhalation exposure of humans and animals to chromium(VI) 

compounds indicate that dissolved chromium(VI) compounds (aerosols and mists) and particulate 

chromium(VI) compounds have different toxic potencies for producing adverse respiratory effects (the 

primary target organ).  Furthermore, since the likelihood for environmental exposure to chromium 

trioxide and other soluble chromium(VI) compound mists is less than the likelihood for environmental 

exposure to particulate chromium(VI) compounds, distinct intermediate-duration inhalation MRLs have 
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been derived for dissolved chromium(VI) compounds (aerosols and mists) and particulate chromium(VI) 

compounds. 

Although few animal studies have reported adverse effects of intermediate-duration inhalation exposure 

to particulate chromium(VI) compounds (Cohen et al. 1998; Glaser et al. 1985, 1990), results of available 

studies conducted in rats indicate that the respiratory tract is the primary target organ.  In rats exposed to 

inhaled sodium dichromate for 30–90 days, adverse respiratory effects included obstructive respiratory 

dyspnea, increased lung weights, hyperplasia of the lung, focal inflammation of the upper airway, and 

alterations to BAL fluid concentrations of lactate dehydrogenase, protein, and albumin, with a LOAEL 

value of 0.2 mg chromium(VI)/m3 (Glaser et al. 1990).  Other effects reported in the Glaser et al. (1985, 

1990) studies were an increased percentage of lymphocytes in BAL fluid (LOAEL of 0.025 mg 

chromium(VI)/m3), increased serum phospholipids and triglycerides (NOAEL and LOAEL values of 

0.1 and 0.2 mg chromium(VI)/m3, respectively), increased white blood cell count (LOAEL value of 

0.05 mg chromium(VI)/m3), decreased body weight gain (NOAEL and LOAEL values of 0.1 and 0.2 mg 

chromium(VI)/m3), and an enhanced immune response to sheep erythrocytes (LOAEL 0.025 mg 

chromium(VI)/m3); however, the toxicological significance of these finding is uncertain.  Effects that may 

be indicative of altered immune function (altered white blood cell counts and cytokine levels in BAL 

fluid) were observed in rats exposed to 0.36 mg chromium(VI)/m3 as potassium chromate or barium 

chromate for 2–4 weeks (Cohen et al. 1998); however, results of this study are difficult to interpret, since 

effects were not clearly adverse, only one exposure level was evaluated, and histopathological assessment 

of respiratory tissues (or other tissues) was not conducted. 

Based on the available data, respiratory effects were identified as the most sensitive target of 

intermediate-duration exposure to particulate chromium(VI) compounds, with the study by Glaser et al. 

(1990) selected as the critical study.  In this study, 8-week-old male Wistar rats (30 animals/group) were 

exposed 22 hours/day, 7 days/week to 0, 0.05, 0.1, 0.2, or 0.4 mg chromium(VI)/m3 as sodium 

dichromate aerosol particulates. Detailed discussion of study methods is presented in Appendix A. No 

deaths or abnormal clinical signs occurred at any of the exposures.  Obstructive respiratory dyspnea 

occurred at ≥0.2 mg chromium(VI)/m3 after 30 and 90 days.  Mean lung weight was increased in all 

exposure groups and was statistically increased at 0.05 mg chromium(VI)/m3 for 30 days, and at 0.1 mg 

chromium(VI)/m3 for 90 days and in the 90-day plus recovery period group.  Histological examination 

revealed slight hyperplasia in high incidence at 0.05 mg chromium(VI)/m3 at 30 days.  Lung fibrosis 

occurred at 0.1 mg chromium(VI)/m3 for 30 days, but was not seen in rats exposed for 90 days.  

Accumulation of macrophages was observed in all exposed rats, regardless of exposure concentration or 
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duration.  Histology of upper airways revealed focal inflammation.  Results of bronchoalveolar lavage 

(BAL) analysis provided further information of the irritation effect.  Total protein in BAL fluid was 

significantly increased in all exposed groups, but declined in the recovery period.  Albumin in BAL fluid 

increased in a dose-related manner at all concentrations in the 30-day group, but recovery started during 

90-day exposure and continued during the 30-day observation period.  The activities of lactate 

dehydrogenase and β-glucuronidase, measures of cytotoxicity, were elevated at 0.2 and 0.4 mg 

chromium(VI)/m3 for 30 and 90 days, but returned to control values during the recovery period.  The 

number of macrophages in the BAL fluid had significantly increased after 30 and 90 days, but normalized 

during the recovery period.  The macrophages were undergoing cell division or were multinucleate and 

larger. This activation of macrophages was not observed in the recovered rats. Additional details on 

study results are presented in Appendix A. 

Results of the benchmark concentration (BMC) analysis of the Glaser et al. (1990) data conducted by 

Malsch et al. (1994) were identified as the basis for derivation of an intermediate-duration inhalation 

MRL for hexavalent chromium particulate compounds.  Using the 90-day exposure data (as described 

above), Malsch et al. (1994) developed BMCLs (defined as the 95% lower limit on the concentration 

corresponding to a 10% relative change in the end point compared to the control) for lung weight and 

BAL fluid levels of lactate dehydrogenase, protein, and albumin.  Prior to conducting the benchmark 

analysis, Malsch et al. (1994) adjusted the dose-response data for intermittent exposure (22 hours/day).  

Duration-adjusted data were then fitted to a polynomial mean response regression model by the maximum 

likelihood method to derive BMCLs.  The lowest BMCL, 0.016 mg chromium(VI)/m3 for alterations in 

lactate dehydrogenase levels in BAL fluid, was selected to derive the intermediate-duration inhalation 

MRL.  The BMCL of 0.016 mg chromium(VI)/m3 was converted to a human equivalent concentration 

(BMCLHEC) of 0.010 mg chromium(VI)/m3 using the regional deposited dose ratio (RDDR) program 

(EPA 1994c) (see Appendix A for details). 

The intermediate-duration inhalation MRL of 0.0003 mg chromium (VI)/m3 for hexavalent chromium 

particulate compounds was derived by dividing the BMCLHEC of 0.010 mg chromium(VI)/m3 by a 

composite uncertainty factor of 30 (3 for extrapolation from animals to humans and 10 for human 

variability). 
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Chronic 

•	 An inhalation MRL of 5x10-6 mg chromium(VI)/m3 has been derived for chronic (≥365 days) 
exposure for dissolved hexavalent chromium aerosols and mists. 

The chronic-duration inhalation database for humans exposed to dissolved chromium(VI) aerosols and 

mists consists of occupational exposure studies on chromium trioxide mists, reporting effects to the 

respiratory, renal, and gastrointestinal systems (Franchini and Mutti 1988; Gibb et al. 2000a, 2000b; 

Hanslian et al. 1967; Lindberg and Hedenstierna 1983; Lucas and Kramkowski 1975).  Respiratory 

effects included bleeding nasal septum, nasal mucosal atrophy, nasal septal ulceration and perforation, 

epitaxis, rhinorrhea, and decreased lung function, with LOAEL values ranging from 0.002 to 0.414 mg 

chromium(VI)/m3. Effects indicative of renal toxicity include increased retinol binding protein and 

tubular antigen and increased urinary β-2-microglobulin (Franchini and Mutti 1988; Lindberg and 

Hedenstierna 1983); LOAEL values for these effects range from 0.004 to 0.05 mg chromium(VI)/m3. 

Gastrointestinal effects reported in workers include stomach pains, cramps, and ulcers, with a LOAEL 

value of 0.004 mg chromium(VI)/m3 (Lucas and Kramkowski 1975).  Other effects specific for dissolved 

chromium(VI) aerosols and mists in humans exposed for chronic exposure durations have not been 

reported.  Exposure to chromium(VI) compounds (not compound-specific) can produce allergic 

sensitization, which may manifest as symptoms of asthma upon subsequent inhalation exposures 

(Keskinen et al. 1980; Leroyer et al. 1998; Moller et al. 1986; Olaguibel and Basomba 1989).  The 

exposure route for the initial sensitization in an occupational setting is most likely a combination of 

inhalation, oral, and dermal exposures; however, the available data do not define the exposure-response 

relationship for chromium sensitization by inhalation. Studies in animals evaluating the effects of 

chronic-duration exposure to dissolved chromium(VI) aerosols and mists were not identified. 

Based on a comparison of LOAEL values for respiratory, renal and gastrointestinal effects in workers, the 

respiratory tract was identified as the most sensitive effect of chronic-duration inhalation exposure to 

dissolved chromium(VI) aerosols and mists.  The lowest LOAEL value of 0.002 mg chromium(VI)/m3 

was reported for nasal irritation, mucosal atrophy, and ulceration and decreases in spirometric parameters 

in workers occupationally exposed to chromic acid mist (Lindberg and Hedenstierna (1983); therefore, 

this value was selected as the basis for derivation of the chronic-duration inhalation MRL for dissolved 

chromium(VI) aerosols and mists.  The population evaluating in this study had a mean exposure duration 

of 2.5 years, with a range of 0.1–23.6 years, spanning both intermediate and chronic durations.  A 

description of study methods and results is provided above under the discussion of Intermediate-Duration 

Inhalation MRL for Particulate Hexavalent Chromium Compounds and in Appendix A. 
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The LOAEL of 0.002 mg chromium(VI)/m3 was multiplied by 8 hour/24 hour and by 5 days/7 days to 

yield a duration-adjusted LOAEL (LOAELADJ) of 0.0005 mg chromium(VI)/m3. The chronic-duration 

MRL of 5x10-6 was obtained by dividing the LOAELADJ (0.0005 mg chromium(VI)/m3) by an uncertainty 

factor of 100 (10 for human variability and 10 for extrapolating from a LOAEL). 

Few studies have evaluated the effects of chronic inhalation exposure to particulate hexavalent chromium 

compounds.  In workers chronically exposed to inhaled chromium(VI) compounds at 0.0042 mg 

chromium(VI)/m3, the prevalence of high urinary N-acetyl-β-glucosamidase was increased, indicating 

possible renal damage (Liu et al. 1998); however, since the chemical form of chromium(VI) was not 

reported, data from this study are not suitable as the basis for the chronic-duration inhalation MRL 

specific for particulate hexavalent chromium compounds.  The chronic-duration database in animals 

consists of studies that either did not identify adverse effects of chronic inhalation exposure to particulate 

hexavalent chromium compounds (Glaser et al. 1986, 1988; Lee et al. 1989) or older studies that did not 

report sufficient experimental details (Nettesheim and Szakal 1972; Steffee and Baetjer 1965).  Thus, due 

to inadequate data, a chronic-duration inhalation MRL for particulate hexavalent chromium compounds 

was not derived. 

Oral MRLs—Chromium(VI) 

Acute.  Studies on the acute toxicity of orally-administered chromium(VI) in humans are mostly limited 

to case reports on ingestion of fatal doses (Clochesy 1984; Iserson et al. 1983; Kaufman et al. 1970; 

Loubieres et al. 1999; Saryan and Reedy 1988).  At lower doses (≥0.036 mg chromium (IV)/kg as 

potassium dichromate), oral exposure to chromium(VI) has been shown to enhance dermatitis in 

individuals with known chromium sensitivity (Goitre et al. 1982; Kaaber and Veien 1977). 

In animals, acute-duration studies on oral exposure to chromium(VI) compounds have shown effects on 

hematology and clinical chemistry (NTP 2007, 2008a), male reproductive organs (Li et al. 2001) and 

development (Elsaieed and Nada 2002; Junaid et al. 1996b); however, the available studies did not 

evaluate comprehensive toxicological end points.  Decreased MCV, MCH, and reticulocyte count were 

observed in rats exposed to ≥0.70 mg chromium (VI)/kg/day after 4–5 days of exposure (NTP 2007, 

2008a); however, the magnitude of changes was small and may not yet represent an adverse effect of 

chromium(VI).  Significant alterations in the serum activities of liver enzymes (alanine aminotransferase 

[ALT] and aspartate aminotransferase [AST]) and creatine kinase were observed at ≥4.0–4.1 mg 
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chromium(VI)/kg/day in rats exposed for 4–5 days (NTP 2007, 2008a).  Effects on male reproductive 

organs, including decreased sperm count, increased percentage of abnormal sperm, and morphological 

change to seminiferous tubules (decreased diameter of seminiferous tubules and germ cell rearrangement) 

were observed in Wister rats following a 6-day gavage administration of ≥5.2 mg chromium(VI)/kg/day 

as chromic acid; observations were made 6 weeks after the dosing period (Li et al. 2001).  A NOAEL was 

not defined in this study. 

Developmental effects, including increased pre- and postimplantation loss, resorptions, dead fetuses/litter, 

and skeletal (incomplete ossification of skull bone) and visceral (renal pelvis dilatation) malformations 

were observed in Wister rats exposed to 8 mg chromium(VI)/kg/day (the only dose tested) as potassium 

chromate in drinking water (Elsaieed and Nada 2002).  Other studies reported total litter loss, decreased 

viable fetuses and increased resorptions in rats (Bataineh et al. 2007) and increased resorptions in mice 

(Junaid et al. 1996b) exposed at higher doses. 

Results of acute-duration studies in animals show that exposure to oral chromium(VI) compounds may 

cause hematological (NTP 2007, 2008a), reproductive (Li et al. 2001), and developmental effects 

(Elsaieed and Nada 2002; Junaid et al. 1996b).  However, since the available studies did not evaluate 

comprehensive toxicological end points, data are inadequate for derivation of an acute-duration oral MRL 

for chromium(VI).  Therefore, an acute-duration oral MRL for hexavalent chromium was not derived. 

Intermediate 

•	 An oral MRL of 0.005 mg chromium(VI)/kg/day has been derived for intermediate (15– 
364 days) exposure to hexavalent chromium compounds. 

Hematological effects (microcytic, hypochromic anemia) in male rats and female mice observed after 

exposure for 22 days in the NTP (2008a) 2-year study were identified as the most sensitive effect of 

intermediate-duration oral exposure to chromium(VI) for the purpose of derivation of an intermediate-

duration oral MRL for chromium(VI) compounds of 0.005 mg chromium(VI)/kg/day.  The basis for this 

determination is as follows. 

No human intermediate-duration studies on chromium(VI) were identified.  Numerous animal studies 

examining systemic, neurological, reproductive, and developmental toxicity have reported effects 

following oral exposure to chromium(VI) compounds, with hematological effects (microcytic, 

hypochromic anemia) identified as the most sensitive.  Microcytic, hypochromic anemia, characterized by 
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decreased MCV, MCH, Hct, and Hgb, was observed in rats and mice exposed to chromium(VI) 

compounds in drinking water or feed for intermediate-duration exposures ranging from 22 days to 

6 months (NTP 1996a, 1996b, 1997, 2007, 2008a).  The lowest reported LOAEL values for 

hematological effects were 0.77 mg chromium(VI)/kg/day (with a NOAEL value of 0.21 mg 

chromium(VI)/kg/day) for decreased Hct, Hgb, MCV, and MCH in male rats; and 0.38 mg 

chromium(VI)/kg/day (a NOAEL was not established) for decreased MCV and MCH in female mice 

exposed to sodium dichromate dihydrate in drinking water for 22 days (NTP 2008a).  Slightly higher 

LOAEL values were observed for hematological effects in rats and mice exposed to dietary potassium 

dichromate for 9 weeks (NTP 1996a, 1996b, 1997). 

The duration-dependence of hematological effects was evaluated in rats and mice exposed to sodium 

dichromate dihydrate in drinking water from 23 days up to 6 months (NTP 2007, 2008a).  Results of both 

studies show that the severity of microcytic, hypochromic anemia was dose-dependent, with maximum 

effects observed after 22–23 days of exposure. For all intermediate-duration exposures (22 days to 

6 months), NOAEL and LOAEL values in male rats for hematological effects were 0.21 and 0.77 mg 

chromium(VI)/kg/day, respectively. In female mice, microcytic, hypochromic anemia was also observed, 

with LOAEL values of 0.38, 1.4, and 3.1 mg chromium(VI)/kg/day at the 22-day, 3-month, and 6-month 

assessments, respectively, with effects less severe than those observed in rats. 

Studies examining systemic toxicity in animals have reported numerous effects, including hepatotoxicity 

(Achaya et al. 2001; Kumar and Rana 1982, Kumar et al. 1985; NTP 1996a, 2007), gastrointestinal 

effects (NTP 2007), renal toxicity (Acharya et al. 2001; Diaz-Mayans et al. 1986; Kumar and Rana 1982, 

1984), lymphatic and immunological effects (NTP 2007; Snyder and Valle 1991), and decreased body 

weight (Bataineh et al. 1997; Chowdhury and Mitra 1995; Elbetieha and Al-Hamood 1997; Kanojia et al. 

1996, 1998; NTP 2007; Quinteros et al. 2007; Trivedi et al. 1989). However, LOAEL values for these 

effects were higher than those producing hematopoietic effects. Studies on reproductive toxicity in 

animals identify the male reproductive system as a target for intermediate-duration exposure to oral 

chromium(VI) (Aruldhas et al. 2004, 2005, 2006; Bataineh et al. 1997; Chowdhury and Mitra 1995; 

Subramanian et al. 2006; Yousef et al. 2006; Zahid et al. 1990), although these effects are less sensitive 

than hematological effects.  In developmental studies in rats and mice, gestational exposure produced 

increased postimplantation loss, decreased number of live fetuses/litter, decreased fetal weight, internal 

and skeletal malformations, and delayed sexual maturation in offspring; however, these effects were 

observed high doses (e.g., ≥35 mg chromium(VI)/kg/day) (Al-Hamood et al. 1998; Bataineh et al. 2007; 

Junaid et al. 1996a; Kanojia et al. 1998; Trivedi et al. 1989). 
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Hematological effects (microcytic, hypochromic anemia) in male rats observed after exposure for 22 days 

in the NTP (2008a) 2-year study were identified as the most sensitive effect of intermediate-duration oral 

exposure to chromium(VI).  In this study, male F344/N rats (6–7 weeks old) were exposed to sodium 

dichromate dihydrate in drinking water in a 2-year toxicology and carcinogenicity study, with 

hematological assessments conducted at 22 days, 3 months, 6 months, and 1 year (see Appendix A for a 

detailed description of study methods and results).  To determine the point of departure for derivation of 

the intermediate-duration oral MRL, available continuous-variable models in the EPA Benchmark Dose 

(version 1.4.1) were fit to the data for Hct, Hgb, MCV, and MCH in male rats (NTP 2008a) (detailed 

results of the benchmark dose analysis are provided in Appendix A).  Because several hematological 

parameters are used to define the clinical picture of anemia, the BMDL2sd values for hemoglobin, MCV, 

and MCH (none of the models provided an adequate fit for hematocrit) were averaged resulting in a 

BMDL2sd of 0.52 mg chromium(VI)/kg/day.  The intermediate-duration MRL of 0.005 mg 

chromium(VI)/kg/day was derived by dividing the average BMDL2sd by a composite uncertainty factor of 

100 (10 or extrapolation from animals to humans and 10 for human variability). 

Chronic 

•	 An oral MRL of 0.001 mg chromium(VI)/kg/day has been derived for chronic (≥1 year) 
exposure to hexavalent chromium compounds. 

Nonneoplastic lesions of the duodenum observed in mice in an chronic drinking water (NTP 2008a) was 

selected as the critical effect for derivation of a chronic-duration MRL for chromium(VI) compounds of 

0.001 mg chromium(VI)/kg/day.  The rationale for this determination is as follows. 

The chronic-duration oral toxicity database in drinking water in humans consists of ecological studies of 

an area near a ferrochromium production plant in the Liaoning Province, China comparing cancer 

mortality in locations that had relatively high or low chromium concentrations in well water (Beaumont et 

al. 2008; Zhang and Li 1987). Evaluations of cancer mortality rates (cancers deaths per person-year in an 

8-year observation period) show that the adjusted stomach cancer mortality rate was higher for the 

exposed population compared to the control population (Beaumont et al. 2008).  However, it was not 

possible to estimate exposure levels based on the description of the pollution process.  Thus, available 

human data are not adequate as the basis for the chronic-duration oral MRL. 

***DRAFT FOR PUBLIC COMMENT*** 



   
 

   
 
 

 
 
 
 

  

  

  

  

  

    

     

    

  

   

 

 

    

   

    

   

 

 

    

   

 

  

    

    

 

    

 

  

  

 

 

 

 

   

  

37 CHROMIUM 

2. RELEVANCE TO PUBLIC HEALTH 

Chronic-duration oral toxicity studies have been conducted in rats and mice (Mackenzie et al. 1958; NTP 

2008a).  No hematological, hepatic, or renal effects or changes in body weight were observed in study in 

Sprague-Dawley rats exposed to 3.6 chromium(VI)/kg/day as potassium chromate in drinking water for 

1 year (Mackenzie et al. 1958).  NTP (2008a) exposed groups of F344/N rats (50/sex/group) and B6C3F1 

mice (50/sex/group) to sodium dichromate dihydrate in drinking water in a 2-year toxicology and 

carcinogenicity study (see Appendix A for a detailed description of all study methods and results). 

Results of this study identify several chromium(VI)-induced effects, including microcytic, hypochromic 

anemia, and nonneoplastic lesions of the liver, duodenum, mesenteric and pancreatic lymph nodes, 

pancreas, and salivary gland.  Based on comparison of LOAEL values, the lowest LOAELs were 

observed for histopathological changes of the liver (chronic inflammation in female rats and histiocytic 

cellular infiltration in female mice), duodenum (diffuse epithelial hyperplasia in male and female mice), 

mesenteric lymph node (histiocytic cellular infiltration in male and female mice), and pancreas 

(cytoplasm cellular alteration of acinar epithelial cells in female mice), with effects occurring in all 

treatment groups (see Appendix A for incidence data for all nonneoplastic lesions).  Therefore, all effects 

with LOAEL values of the lowest dose tested were considered as the possible the critical effect for 

derivation of the chronic-duration oral MRL.  

To determine the specific end point for derivation of the chronic-duration oral MRL, all available 

dichotomous models in the EPA Benchmark Dose Software (BMDS version 1.4.1) were fit to the 

incidence data for selected end points in female rats and male and female mice exposed to sodium 

dichromate dihydrate in drinking water for 2 years (NTP 2008a) (details of benchmark dose analysis are 

presented in Appendix A). Based on the lowest BMDL10 value of 0.09 mg chromium(VI)/kg/day, diffuse 

epithelial hyperplasia of the duodenum in female mice was selected as the point of departure for 

derivation of the chronic-duration oral MRL.  The chronic-duration MRL of 0.001 mg chromium(VI)/ 

kg/day was derived by dividing the BMDL10 by a composite uncertainty factor of 100 (10 for 

extrapolation from animals to humans and 10 for human variability).  The chronic-duration oral MRL 

based on nonneoplastic lesions of the duodenum in female mice is expected to be protective for all other 

adverse effects observed in the 2-year drinking water study (e.g., hematological effects and lesions of the 

liver, lymph nodes, pancreas and salivary gland). 

Inhalation MRLs—Chromium(III) 

Acute.  Studies evaluating the effects of acute exposure of humans to chromium(III) compounds were not 

identified.  Acute-duration exposure studies in rats and hamsters indicate that the respiratory tract is a 
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target of inhaled chromium(III) compounds (Derelanko et al. 1999; Henderson et al. 1979).  Derelanko et 

al. (1999) evaluated effects of acute exposure to chromium(III) as chromic oxide (insoluble) or basic 

chromium sulfate (soluble) in rats (5 rats/sex/group) on composition of BAL fluid.  After exposure of rats 

for 5 days (6 hours/day) to 3, 10, or 30 mg chromium(III)/m3 as chromic oxide (insoluble), analysis of 

BAL fluid revealed cytoplasmic accumulation of a yellow crystalline material in mononuclear cells of all 

exposure groups; however, it is not clear if this observation represents an adverse effect.  No other BAL 

parameters were affected (nucleated cell count and differential, protein, and BAL fluid activities of 

β-glucuronidase, lactic dehydrogenase, and glutathione reductase).  In rats treated for 5 days (6 hours/day) 

with 3, 10, or 30 mg chromium(III)/m3 as basic chromium sulfate (soluble), BAL fluid analysis showed 

significant decreases in nucleated cells at all doses in males and females and decreases in the percentage 

of segmented neutrophils and mononuclear cells at 30 mg chromium(III)/m3 in males.  Increased amounts 

of cellular debris and lysed cells were present in BAL fluid of rats treated with ≥3 mg chromium(III)/m3 

as basic chromium sulfate (incidence data were not reported).  In Syrian hamsters, changes in BAL fluid 

and lung tissue enzyme activities were observed following exposure to inhaled chromium trichloride for 

30 minutes (Henderson et al. 1979); effects included “sporadic changes” in activities of acid phosphatase 

and alkaline phosphatase in the BAL fluid at 25 mg chromium(III)/m3 and increased acid phosphatase 

activity in lung tissue at 0.9 mg chromium(III)/m3. In addition, histological examination of the lung 

revealed focal accumulations of macrophages and polymorphonuclear cells.  However, it is not clear that 

the effects observed in this study are toxicologically significant.  Thus, results of acute-duration studies in 

rats and hamsters show that inhaled chromium(III) compounds produce alterations in BAL fluid 

composition and lung tissue enzyme activities; however, data are not adequate to characterize the 

exposure-response relationship for respiratory effects.  Therefore, an acute-duration inhalation MRL for 

trivalent chromium was not derived. 

Intermediate.  Studies evaluating the effects of intermediate-duration exposure of humans to 

chromium(III) compounds were not identified.  In animals exposed to inhaled chromium(III) compounds 

for intermediate durations, the respiratory tract has been identified as the primary target organ, based on 

results of a 13-week study in rats exposed to chromic oxide (insoluble) or basic chromium sulfate 

(soluble) (Derelanko et al. 1999).  In this study, which examined comprehensive toxicological end points, 

male and female CDF rats (15/sex/group) were exposed by nose-only inhalation to 0, 3, 10, or 30 mg 

chromium(III)/m3 as chromic oxide or as basic chromium sulfate for 6 hours/day, 5 days/week for 

13 weeks.  Of the 15 rats/sex/group, 10 rats/sex/group were sacrificed after 13 weeks of exposure and 

5 rats/sex/group were sacrificed after an additional 13-week recovery period (e.g., no exposure).  

Assessments made in this study included mortality; clinical signs of toxicity; body weight; hematology; 
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clinical chemistry; urinalysis; sperm morphology, count and motility; gross necropsy; microscopic 

examination of comprehensive tissues for all animals in the control and 30 mg chromium(III)/m3 groups; 

and microscopic examination of respiratory tissues (nasal tissues, trachea, lungs, larynx, and mediastinal 

and mandibular lymph nodes) in all animals.  Both chromic oxide and basic chromium sulfate produced 

adverse respiratory effects (histopathological changes to respiratory tissues and increased lung weights) in 

male and female rats, with no adverse effects in other tissues.  However, differences between the two 

compounds were observed with respect to severity and location of respiratory effects; effects of chromic 

oxide were less severe and isolated to the lung and respiratory lymph tissues, whereas the effects of basic 

chromium sulfate were more severe and observed throughout the respiratory tract (e.g., nose, larynx, lung, 

and respiratory lymph tissues).  The study authors suggested that differences in the respiratory toxicity of 

these compounds may be related to differences in chemical-physical properties (e.g., solubility, acidity).  

The only other intermediate-duration inhalation study in animals was conducted in rabbits exposed to 

0.6 mg chromium(III)/m3 as chromium nitrate for 4–6 weeks (6 hours/day, 5 days/week) (Johansson et al. 

1986b).  Results of this study showed effects on pulmonary macrophages (altered functional and 

metabolic activities); however, the toxicological significance of this finding is uncertain and animals were 

not examined for other effects.  Thus, the 13-week inhalation study by Derelanko et al. (1999) was 

selected as the critical study for derivation of intermediate-duration inhalation MRLs for chromium(III) 

compounds.  Based on the differences in respiratory toxicity between insoluble chromic oxide and soluble 

basic chromium sulfate, distinct intermediate-duration inhalation MRLs were derived for insoluble and 

soluble trivalent chromium particulate compounds.  Additional details of respiratory effects produced by 

chromic oxide and basic chromium sulfate are described below under derivation of intermediate-duration 

inhalation MRLs for insoluble trivalent chromium compounds and for soluble trivalent chromium 

compounds, respectively.  

•	 An inhalation MRL of 0.005 mg chromium(III)/m3 has been derived for intermediate (15– 
364 days) exposure to insoluble trivalent chromium particulate compounds. 

The lung and respiratory lymphatic tissues were identified as the target tissues for inhaled insoluble 

trivalent chromium particulate compounds, based on observations reported in the study by Derelanko et 

al. (1999) (as discussed above).  Similar effects were observed in male and female rats exposed to 

chromic oxide for 13 weeks, with histopathological changes to the respiratory lymphatic tissue occurring 

at ≥3 mg chromium(III)/m3 and to the lung at ≥10 mg chromium(III)/m3. Lymphoid hyperplasia of the 

mediastinal node was observed in rats of all treatment groups (severity not reported).  In rats exposed to 

10 and 30 mg chromium(III)/m3, trace-to-mild chronic interstitial inflammation of the lung, characterized 

by inflammatory cell infiltration, was observed in alveolar septa, and hyperplasia of Type II pneumocytes 

***DRAFT FOR PUBLIC COMMENT*** 



   
 

   
 
 

 
 
 
 

  

  

 

 

 

    

 

 

     

 

   

  

  

   

 

 

  

   

   

  

   

    

 

 

 

 

 

  

   

    

    

    

 

 

40 CHROMIUM 

2. RELEVANCE TO PUBLIC HEALTH 

(severity not reported) were observed.  Histopathological changes were isolated to the lungs and 

respiratory lymphatic tissues and were not observed in other tissues, including nasal tissues and the 

larynx.  

For evaluations conducted at the end of the 13-week treatment period, a LOAEL of 3 mg 

chromium(III)/m3 for hyperplasia of the mediastinal node was identified for both males and females; the 

severity of this effect was not reported.  Following a 13-week posttreatment recovery period, trace-to

mild septal cell hyperplasia and trace-to-mild chronic interstitial inflammation of the lung were observed 

at ≥3 mg chromium(III)/m3 in males and at ≥10 mg chromium(III)/m3 in females.  In addition, pigmented 

macrophages and black pigment in peribronchial lymphatic tissues and the mediastinal lymph node in 

animals from all treatment groups were also observed; this finding, although not considered adverse, 

indicates that the test material had not been completely cleared from the lung during the treatment-free 

recovery period.  Thus, for evaluations conducted at the 13-week posttreatment recovery period, a 

minimal LOAEL (based on severity) of 3 mg chromium(III)/m3 for trace-to-mild septal cell hyperplasia 

and chronic interstitial inflammation of the lung in male rats was identified. 

The LOAEL of 3 mg chromium(III)/m3 for hyperplasia of the mediastinal node in males and females 

(observed at the end of the 13-week treatment period) and the minimal LOAEL of 3 mg chromium(III)/m3 

for trace-to-mild septal cell hyperplasia and chronic interstitial inflammation of the lung in males 

(observed at the end of the 13-week recovery period) were considered as potential critical effects for 

derivation of the intermediate-duration inhalation MRL for insoluble trivalent chromium particulate 

compounds.  A benchmark concentration for these effects could not be determined since incidence data 

for lesions of the lung and respiratory lymphatic tissue were not reported; thus, a NOAEL/LOAEL 

approach was used.  To determine the point of departure, the LOAEL value of 3 mg chromium(III)/m3 

was first adjusted for intermittent and converted to human equivalent concentrations (LOAELHEC) (see 

Appendix A for details). 

Based on the lowest LOAELHEC of 0.43 mg chromium(III)/m3, trace-to-mild septal cell hyperplasia and 

chronic interstitial inflammation of the lung in male rats were selected as the critical effect. The 

intermediate-duration inhalation MRL for insoluble trivalent chromium particulate compounds of 

0.005 mg chromium(III)/m3 was derived by dividing the minimal LOAELHEC of 0.43 mg 

chromium(III)/m3 by a composite uncertainty factor of 90 (3 for use of a minimal LOAEL, 3 for 

extrapolation from animals to humans, and 10 for human variability). 
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•	 An inhalation MRL of 0.0001 mg chromium(III)/m3 has been derived for intermediate (15– 
364 days) exposure to soluble trivalent chromium particulate compounds. 

The lung and respiratory lymphatic tissues were identified as the target tissues for inhaled soluble 

trivalent chromium particulate compounds, based on observations reported in the study by Derelanko et 

al. (1999) (as discussed above).  Similar effects were observed in male and female rats exposed to inhaled 

basic chromium sulfate for 13 weeks, with histopathological changes to the nose, larynx, lung, and 

respiratory lymphatic tissues and increased relative lung weight occurring at ≥3 mg chromium(III)/m3. 

Microscopic examination of the lung revealed the following changes in all treatment groups:  chronic 

inflammation of the alveoli; alveolar spaces filled with macrophages, neutrophils, lymphocytes, and 

cellular debris; foci of “intense” inflammation and thickened alveolar walls; chronic interstitial 

inflammation with cell infiltration; hyperplasia of Type II pneumocytes; and granulomatous 

inflammation, characterized by infiltration of macrophages and multinucleated giant cells.  Macrophage 

infiltration and granulomatous inflammation of the larynx, acute inflammation, and suppurative and 

mucoid exudates of nasal tissues and histiocytosis and hyperplasia of peribronchial lymphoid tissues and 

the mediastinal lymph node were also observed in all treatment groups. Thus, data for histopathological 

changes in various regions of the respiratory tract and increased relative lung weights were evaluated to 

determine the specific end point for derivation of the intermediate-duration MRL for soluble trivalent 

chromium particulate compounds. 

Benchmark dose analysis could not be conducted for respiratory tract lesions, since incidence data were 

not reported by Derelanko et al. (1999); therefore, a NOAEL/LOAEL approach was used, with 

adjustment of the LOAEL for intermittent exposure and human equivalent concentrations (see 

Appendix A for details).  Data for relative lung weights in males and females (presented in Appendix A) 

were modeled using all available continuous-variable models in the EPA Benchmark Dose program 

(version 1.4.1).  The BMC and the 95% lower confidence limit (BMCL) calculated were estimated for 

doses associated with a change of 1 standard deviation from the control mean (BMDL1sd). The BMCL1sd 

values for the best fitting models in male and female rats were adjusted for intermittent exposure and 

human equivalent concentrations, yielding BMCL1sd, HEC values of 0.17 and 0.34 mg chromium(III)/m3 in 

males and females, respectively (see Appendix A for detail of benchmark dose analysis). 

Based on comparison of LOAELHEC values for respiratory tract lesions and BMCL1sd, HEC values for 

increased lung weight, the lowest value of 0.04 mg chromium(III)/m3 (the LOAELHEC for lesions of the 

larynx and nose in female rats) was selected as the point of departure. The intermediate-duration 

inhalation MRL for soluble trivalent chromium particulate compounds of 0.0001 mg chromium(III)/m3 
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was derived by dividing the LOAELHEC of 0.04 mg chromium(III)/m3 by a composite uncertainty factor 

of 300 (10 for use of a LOAEL, 3 for pharmacodynamic variability between animals to humans, and 

10 for human variability). It should not be concluded from comparison of the intermediate-duration 

MRLs for soluble particulate chromium(VI) and soluble particulate chromium(III) compounds that 

chromium(III) is more toxic than chromium(VI). 

The respiratory tract is the major target of inhalation exposure to chromium compounds in humans and 

animals.  Respiratory effects due to inhalation exposure are probably due to direct action of chromium at 

the site of contact.  For chronic exposure of humans, the available occupational studies for exposure to 

chromium(III) compounds include or likely include concomitant exposure to chromium(VI) compounds 

and other compounds that may produce respiratory effects (Langård 1980; Mancuso 1951; Osim et al. 

1999).  Thus, while the available data in humans suggest that respiratory effects occur following 

inhalation exposure to chromium(III) compounds, the respiratory effects of inhaled chromium(VI) and 

other compounds are confounding factors in estimating exposure levels for these effects for the purpose 

of deriving MRLs. 

Chronic.  No studies evaluating the effects of chronic-duration inhalation exposure of animals to 

chromium(III) compounds alone were identified.  Exposure to mixtures of chromium(VI) and 

chromium(III) compounds (3:2 mixture of chromium(VI) trioxide and chromium(III) oxide) have resulted 

in adverse respiratory effects in Wistar rats, including increased lung weight and histopathological 

changes to lung tissues (interstitial fibrosis and thickening of the septa of the alveolar lumens; Glaser et 

al. 1986, 1988).  However, these data not appropriate as the basis for a chronic-duration inhalation MRL 

for chromium(III) compounds due to concomitant exposure to chromium(VI). 

Oral MRLs—Chromium(III) 

No acute-, intermediate-, or chronic-duration oral MRLs were derived for chromium(III) because studies 

evaluating the effects of chromium(III) in humans and animals following acute, intermediate, and chronic 

oral exposure were inadequate for establishing the exposure concentrations associated with adverse health 

effects (as discussed below).  The IOM has recommended an adequate intake level of 20–45 μg 

chromium(III) for adolescents and adults, equivalent to 0.28–0.64 μg chromium(III)/kg/day (0.0003– 

0.0006 mg chromium(III)/kg/day), assuming a 70-kg body weight (IOM 2001). 
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Little information is available on the effects of acute-duration oral exposure to chromium (III) 

compounds.  Information on the effects of intermediate-duration oral exposure of humans is limited to 

case reports of renal failure (Wani et al. 2006; Wasser et al. 1997) and rhabdomyolysis (Martin and Fuller 

1998) following ingestion of dietary supplements containing chromium(III).  In animals, acute exposure 

of rats to dietary chromium(III) picolinate did not produce alterations in hematology or clinical chemistry.  

Following acute exposure of mated rats, an increase in total litter loss was observed in female rats (at 33.6 

mg chromium(III)/kg/day) (Bataineh et al. 2007).  In a study evaluating effects of chromium(III) on 

maturation of the reproductive system in mice (74 mg chromium(III)/kg/day), significant decreases in the 

relative weights of reproductive tissues (testes, seminal vesicles, and preputial glands in males; ovaries 

and uterus in females) and a significant delay in timing of vaginal opening in the female offspring were 

observed  (Al-Hamood et al. 1998).  However, gestational exposure studies on chromium(III) compounds 

were conducted at high daily doses and do not provide sufficient information to characterize the dose-

response relationship for adverse developmental effects.  Thus, the data are inadequate for derivation of 

an acute-duration oral MRL.  

Information on adverse effects of intermediate-duration oral exposure of humans to chromium(III) 

compounds was not identified.  Results of most animal studies show no adverse effects associated with 

intermediate-duration oral exposure to chromium(III) compounds (chromium chloride, chromium 

nicotinate, chromium oxide, chromium picolinate, and chromium potassium sulfate) (Anderson et al. 

1997b; De Flora et al. 2006; Ivankovic and Preussmann 1975; NTP 2008b; Rhodes et al. 2005; Shara et 

al. 2005, 2007), even at very high daily doses.  In the study conducted by NTP (2008b; Rhodes et al. 

2005), daily doses of up to 506 and 1,415 mg chromium(III)/mg/day as chromium picolinate were 

evaluated in rats and mice, respectively, and in the Ivankovic and Preussmann (1975) study, daily doses 

up to 1,806 mg chromium(III)/kg/day as chromium oxide were evaluated in rats. 

Adverse reproductive effects have been reported following intermediate-duration exposure of animals to 

chromium(III) as chromium chloride administered by gavage or in drinking water.  A series of studies by 

the same research group evaluated reproductive effects of exposure to chromium(III) as chromium 

chloride in drinking water for 12 weeks (Al-Hamood et al. 1998; Bataineh et al. 1997, 2007; Elbetieha 

and Al-Hamood 1997).  Reproductive effects observed included alterations in sexual behavior (reductions 

in the number of mounts, increased postejaculatory interval, and decreased rates of ejaculation), 

aggressive behavior toward other males, and significantly lower absolute weight of testes, seminal 

vesicles, and preputial glands in male Sprague-Dawley rats (40 mg chromium(III)/kg/day; only dose 

tested) (Bataineh et al. (1997); decreased number of pregnant female Swiss mice following the mating of 
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unexposed females to exposed males (13 mg chromium(III)/kg/day) (Elbetieha and Al-Hamood 1997); 

impaired fertility in exposed female mice (5 mg chromium(III)/kg/day) mated to unexposed males 

(Elbetieha and Al-Hamood 1997); and increased testes and ovarian weights and decreased preputial gland 

and uterine weights in mice (5 mg chromium(III)/kg/day) (Elbetieha and Al-Hamood 1997). Results of 

the study by Elbetieha and Al-Hamood (1997) should be interpreted with caution due to concerns 

regarding experimental methods, including decreased water consumption in the higher concentration 

group (resulting in a potential overestimate of exposure and uncertainty regarding daily dose 

calculations); the study was not conducted using a standard mating protocol; sperm counts were not 

conducted; and the definition and classification of non-viable fetuses was not described. Decreased 

spermatogenesis was observed in BABL/c mice treated with 9.1 mg chromium(III)/kg/day as chromium 

sulfate in drinking water for 7 weeks (Zahid et al. 1990); however, sensitivity of methods used to evaluate 

spermatogonia in this study have been questioned by NTP (1996a).  NOAEL values for reproductive 

effects were not identified in these studies. In studies designed to confirm or refute the findings of the 

Zahid et al. (1990) study, the reproductive effects of different concentrations of chromium(VI) as 

potassium dichromate in the diet on BALB/c mice and Sprague-Dawley rats were investigated (NTP 

1996a, 1996b).  Groups of 24 of each species were fed potassium dichromate(VI) in their feed 

continuously for 9 weeks followed by an 8-week recovery period.  The average daily ingestions of 

chromium(VI) were 1.05, 3.5, 7.5, and 32.2 mg/kg/day for male mice and were 0.35, 1.05, 2.1, and 

8.4 mg/kg/day for rats (NTP 1996b).  Microscopic examinations of the testes and epididymis for Sertoli 

nuclei and preleptotene spermatocyte counts in stage X or XI tubules did not reveal any treatment-related 

effects.  Similarly, exposure to sodium dichromate dihydrate in drinking water did not produce 

morphological changes to male reproductive organs of B6C3F1 mice exposed to 27.9 or 5.9 mg 

chromium(VI)/kg/day for 3 months or 2 years, respectively, or affect sperm count or motility in male 

B6C3F1, BALB/c, and C57BL/6N mice exposed to 8.7 mg chromium(VI)/kg/day for 3 months (NTP 

2007, 2008a). 

In contrast to the reproductive effects of chromium chloride in drinking water, dietary exposure to 

chromium(III) picolinate has not been associated with reproductive effects.  Exposure to chromium 

picolinate in the diet for 3 months did not produce adverse effects on reproductive tissues, as assessed by 

organ weights, gross and histopathological examinations, sperm count, sperm motility, duration of estrous 

cycle stages and estrous cycle length at doses up to 505 and 506 mg chromium(III)/kg/day in male and 

female rats, respectively, or at doses up to 1,415 and 1,088 mg chromium(III)/kg/day in male and female 

mice (NTP 2008b).  No morphological changes to reproductive organs, as assessed by histopathological 

examination, were observed in male and female Sprague-Dawley rats exposed to chromium nicotinate in 
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the diet at 1.2 and 1.5 mg chromium(III)/kg/day, respectively for 2 months or at 0.22 and 0.25 mg 

chromium(III)/kg/day, respectively for 1 year (Shara et al. 2005, 2007).  In summary, conflicting results 

on reproductive effects of chromium(III) compounds have been reported.  It is unclear if differences in 

results are related to experimental methods, including exposure media (drinking water versus feed) or to 

differences in toxic potency of the specific chromium(III) compounds evaluated.  Thus, available data are 

not sufficient define the dose-response relationship for adverse reproductive effects of chromium(III) 

compounds. 

Little information is available on the potential developmental effects of chromium(III) compounds.  No 

developmental effects were observed in the offspring of rats fed 1,806 mg chromium(III)/kg/day as 

chromium oxide for 60 days before mating and throughout the gestational period (Ivankovic and 

Preussmann 1975). 

Results of studies in animals exposed to oral chromium(III) compounds indicate that adverse reproductive 

effects may occur.  However, the available data are do not identify NOAEL values for effects and, 

therefore, are not sufficient to characterize the dose-response relationship. Thus, data are inadequate for 

derivation of an intermediate-duration oral MRL. 

Chronic-duration studies on oral exposure of humans to chromium(III) compounds were not identified.  

Several animals studies show no adverse effects associated with chronic-duration oral exposure to 

chromium(III) compounds (chromium acetate, chromium chloride, chromium nicotinate, chromium 

oxide, chromium picolinate) (Ivankovic and Preussmann 1975; Mackenzie et al. 1958; Schroeder et al. 

1965; Shara et al. 2007), even at very high daily doses.  Thus, in the absence of data showing adverse 

effects of chronic oral exposure, a chronic-duration oral MRL for chromium(III) compounds was not 

derived. 
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3.1  INTRODUCTION 

The primary purpose of his chapter is to provide public health officials, physicians, toxicologists, and 

other interested individuals and groups with an overall perspective on the toxicology of chromium.  It 

contains descriptions and evaluations of toxicological studies and epidemiological investigations and 

provides conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health. 

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile. 

Chromium is a naturally occurring element found in animals, plants, rocks, and soil and in volcanic dust 

and gases. Chromium has oxidation states (or "valence states") ranging from chromium(-II) to 

chromium(VI).  Elemental chromium (chromium(0)) does not occur naturally.  Chromium compounds are 

stable in the trivalent state and occur in nature in this state in ores, such as ferrochromite.  The hexavalent 

(VI) form is the second-most stable state.  However, chromium(VI) rarely occurs naturally, but is usually 

produced from anthropogenic sources (EPA 1984a). 

Trivalent chromium compounds, except for acetate, nitrate, and chromium(III) chloride-hexahydrate salts, 

are generally insoluble in water.  Some hexavalent compounds, such as chromium trioxide (or chromic 

acid) and the ammonium and alkali metal (e.g., sodium, potassium) salts of chromic acid are readily 

soluble in water.  The alkaline metal (e.g., calcium, strontium) salts of chromic acid are less soluble in 

water.  The zinc and lead salts of chromic acid are practically insoluble in cold water.  Chromium(VI) 

compounds are reduced to chromium(III) in the presence of oxidizable organic matter.  However, in 

natural waters where there is a low concentration of reducing materials, chromium(VI) compounds are 

more stable (EPA 1984a).  For more information on the physical and chemical properties of chromium, 

see Chapter 4. 

In humans and animals, chromium(III) is an essential nutrient that plays a role in glucose, fat, and protein 

metabolism by potentiating the action of insulin (Anderson 1981). The biologically active form of 

chromium, called chromodulin, is an oligopeptide complex containing with four chromic ions (Jacquamet 

et al. 2003).  Both humans and animals are capable of converting inactive inorganic chromium(III) 

compounds to physiologically active forms.  The nutritional role of chromium is further discussed in 

Section 3.4.3.  Although chromium(III) has been reported to be an essential nutrient, exposure to high 

***DRAFT FOR PUBLIC COMMENT*** 



   
 

    
 
 

 
 
 
 

  

  

   

 

 

 

   

    

   

  

     

   

  

  

  

 

   

 

 

   
 

     

   

 

    

 

  

 

  

    

  

48 CHROMIUM 

3. HEALTH EFFECTS 

levels via inhalation, ingestion, or dermal contact may cause some adverse health effects.  Most of the 

studies on health effects discussed below involve exposure to chromium(III) and chromium(VI) 

compounds.  In addition, chromium(IV) was used in an inhalation study to determine permissible 

exposure levels for workers involved in producing magnetic tape (Lee et al. 1989). 

Several factors should be considered when evaluating the toxicity of chromium compounds.  The purity 

and grade of the reagent used in the testing is an important factor.  Both industrial- and reagent-grade 

chromium(III) compounds can be contaminated with small amounts of chromium(VI) (Levis and Majone 

1979).  Thus, interpretation of occupational and animal studies that involve exposure to chromium(III) 

compounds is difficult when the purity of the compounds is not known.  In addition, it is difficult to 

distinguish between the effects caused by chromium(VI) and those caused by chromium(III) since 

chromium(VI) is rapidly reduced to chromium(III) after penetration of biological membranes and in the 

gastric environment (Petrilli et al. 1986b; Samitz 1970).  However, whereas chromium(VI) can readily be 

transported into cells, chromium(III) is much less able to cross cell membranes.  The reduction of 

chromium(VI) to chromium(III) inside of cells may be an important mechanism for the toxicity of 

chromium compounds, whereas the reduction of chromium(VI) to chromium(III) outside of cells is a 

major mechanism of protection. 

3.2  DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE 

To help public health professionals and others address the needs of persons living or working near 

hazardous waste sites, the information in this section is organized first by route of exposure (inhalation, 

oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive, 

developmental, genotoxic, and carcinogenic effects).  These data are discussed in terms of three exposure 

periods:  acute (14 days or less), intermediate (15–364 days), and chronic (365 days or more). 

Levels of significant exposure for each route and duration are presented in tables and illustrated in 

figures.  The points in the figures showing no-observed-adverse-effect levels (NOAELs) or lowest

observed-adverse-effect levels (LOAELs) reflect the actual doses (levels of exposure) used in the studies.  

LOAELs have been classified into "less serious" or "serious" effects.  "Serious" effects are those that 

evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress 

or death).  "Less serious" effects are those that are not expected to cause significant dysfunction or death, 

or those whose significance to the organism is not entirely clear.  ATSDR acknowledges that a 

considerable amount of judgment may be required in establishing whether an end point should be 
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classified as a NOAEL, "less serious" LOAEL, or "serious" LOAEL, and that in some cases, there will be 

insufficient data to decide whether the effect is indicative of significant dysfunction.  However, the 

Agency has established guidelines and policies that are used to classify these end points.  ATSDR 

believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between 

"less serious" and "serious" effects.  The distinction between "less serious" effects and "serious" effects is 

considered to be important because it helps the users of the profiles to identify levels of exposure at which 

major health effects start to appear.  LOAELs or NOAELs should also help in determining whether or not 

the effects vary with dose and/or duration, and place into perspective the possible significance of these 

effects to human health.  

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and 

figures may differ depending on the user's perspective.  Public health officials and others concerned with 

appropriate actions to take at hazardous waste sites may want information on levels of exposure 

associated with more subtle effects in humans or animals (LOAELs) or exposure levels below which no 

adverse effects (NOAELs) have been observed.  Estimates of levels posing minimal risk to humans 

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike. 

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) are indicated in 

Tables 3-1 and 3-3 and Figures 3-1 and 3-3 for chromium(VI).  

A User's Guide has been provided at the end of this profile (see Appendix B).  This guide should aid in 

the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs. 

3.2.1 Inhalation Exposure 

Due to the extremely high boiling point of chromium, gaseous chromium is rarely encountered.  Rather, 

chromium in the environment occurs as particle-bound chromium or chromium dissolved in droplets.  As 

discussed in this section, chromium(VI) trioxide (chromic acid) and soluble chromium(VI) salt aerosols 

may produce different health effects than insoluble particulate compounds.  For example, exposure to 

chromium(VI) trioxide results in marked damage to the nasal mucosa and perforation of the nasal septum, 

whereas exposure to insoluble(VI) compounds results in damage to the lower respiratory tract. 
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3.2.1.1  Death 

No studies were located regarding death in humans after acute inhalation of chromium or chromium 

compounds.  An increased risk of death from noncancer respiratory disease was reported in retrospective 

mortality studies of workers in a chrome plating plant (Sorahan et al. 1987) and chromate production 

(Davies et al. 1991; Taylor 1966) (see Section 3.2.1.2, Respiratory Effects).  However, a number of 

methodological deficiencies in these studies prevent the establishment of a definitive cause-effect 

relationship.  Retrospective mortality studies associating chromium exposure with cancer are discussed in 

Section 3.2.1.7. 

Acute inhalation LC50 values in rats for several chromium(VI) compounds (sodium chromate, sodium 

dichromate, potassium dichromate, and ammonium dichromate) ranged from 29 to 45 mg 

chromium(VI)/m3 for females and from 33 to 82 mg chromium(VI)/m3 for males (Gad et al. 1986).  Acute 

inhalation LC50 values for chromium trioxide were 87 and 137 mg chromium(VI)/m3 for female and male 

rats, respectively (American Chrome and Chemicals 1989).  Female rats were more sensitive than males 

to the lethal effects of most chromium(VI) compounds except sodium chromate, which was equally toxic 

in both sexes.  Signs of toxicity included respiratory distress, irritation, and body weight depression (Gad 

et al. 1986).  The LC50 values for chromium(VI) are recorded in Table 3-1 and plotted in Figure 3-1. 

3.2.1.2  Systemic Effects 

No studies were located regarding musculoskeletal effects in humans or animals after inhalation exposure 

to chromium or its compounds.  Respiratory, cardiovascular, gastrointestinal, hematological, hepatic, 

renal, endocrine, dermal, ocular, and body weight effects are discussed below.  The highest NOAEL 

values and all reliable LOAEL values for each systemic effect in each species and duration category are 

recorded in Table 3-1 and plotted in Figure 3-1 for chromium(VI) and recorded in Table 3-2 and plotted 

in Figure 3-2 for chromium(III). 

Respiratory Effects. The respiratory tract in humans is a major target of inhalation exposure to 

chromium compounds.  Chromate sensitive workers acutely exposed to chromium(VI) compounds may 

develop asthma and other signs of respiratory distress.  Five individuals who had a history of contact 

dermatitis to chromium were exposed via a nebulizer to an aerosol containing 0.035 mg 

chromium(VI)/mL as potassium dichromate.  A 20% decrease in the forced expiratory volume of the 

lungs was observed and was accompanied by erythema of the face, nasopharyngeal pruritus, nasal 

blocking, coughing, and wheezing (Olaguibel and Basomba 1989). 
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0.49 1.15

5173

0.025

Table 3-1 Levels of Significant Exposure to Chromium Vl - Inhalation 

C
H

R
O

M
IU

M

Exposure/ LOAEL 
Duration/ 

a 
Key to 
Figure 

Species 
(Strain) 

Frequency 
(Route) 

ACUTE EXPOSURE 
Death 
1 Rat 

(Fischer- 344) 
4 hr 

System 
NOAEL 
(mg/m³) 

Less Serious 
(mg/m³) 

Serious 
(mg/m³) 

137 M (LC50) 

87 F (LC50) 

2 Rat 
(Fischer- 344) 

4 hr 82 M (LC50) 

45 F (LC50) 

3 Rat 
(Fischer- 344) 

4 hr 35 M (LC50) 

29 F (LC50) 

4 Rat 
(Fischer- 344) 

4 hr 70 M (LC50) 

31 F (LC50) 

5 Rat 
(Fischer- 344) 

4 hr 

Systemic 
6 Rat 

(Sprague-
Dawley) 

10 d 
5 d/wk 
6 hr/d 

INTERMEDIATE EXPOSURE 
Systemic 
7 Human <90 d 

(occup) 

Resp 

Resp 

0.49 M 1.15 M (nasal hemorrhage) 

0.025 M (irritated nasal septum) 

33 (LC50) 

Reference 
Chemical Form Comments 

American Chrome and 
Chemicals 1989 
CrO3 (VI) 

Gad et al. 1986 
(NH4)2Cr2O7 (VI) 

Gad et al. 1986 
K2Cr2O7 (VI) 

Gad et al. 1986 
Na2Cr2O7.2H2O (VI) 

Gad et al. 1986 
Na2CrO4 (VI) 

Kim et al. 2004 
CrO3 (VI) 

Gibb et al. 2000a 
CrO3 (VI) 
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0.1

133

0.09
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0.002

Table 3-1 Levels of Significant Exposure to Chromium Vl - Inhalation (continued) 

C
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M
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N
T***

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 
(mg/m³) 

Less Serious 
(mg/m³) 

LOAEL 

Serious 
(mg/m³) 

Reference 
Chemical Form Comments 

8 Human 90 d- 1 yr 
(occup) 

Resp 

Other 

0.033 M perforated nasal septum 

0.036 M perforated eardrum 

Gibb et al. 2000a 
CrO3 (VI) 

9 Human <1 yr 
5 d/wk 
8 hr/d 
(occup) 

Resp 0.1 (epitaxis rhinorrhea, 
nasal ulceration and 
perforation) 

Gomes 1972 
CrO3 (VI) 

10 Human 0.5-12 mo 
6 mo avg 
5 d/wk 
8 hr/d 
(occup) 

Resp 0.09 M (epitaxis, rhinorrhea 
ulceration of nasal 
septum) 

Kleinfield and Rosso 1965 
CrO3 (VI) 

11 Human 0.2-23.6 yr 
avg 2.5 yr 
5 d/wk 
8 hr/d 
(occup) 

Resp 
b 

0.002 (nasal mucosa atrophy 
and ulceration, mild 
decreased lung function) 

Lindberg and Hedenstierna 
1983 
CrO3 (VI) 
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0.2

0.2

0.2

0.2

301
0.025

0.2

0.2

0.1

0.2

0.2

0.2

Table 3-1 Levels of Significant Exposure to Chromium Vl - Inhalation (continued) 

C
H

R
O

M
IU

M
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A
FT FO

R
 P

U
B

LIC
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O
M

M
E

N
T***

Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

12 Rat 
(Wistar) 

28 d 
7 d/wk 
22 hr/d 

13 Rat 
(Wistar) 

90 d 
7 d/wk 
22 hr/d 

System 

Resp 

Gastro 

Hemato 

Hepatic 

Renal 

Bd Wt 

Resp 

Gastro 

Hemato 

Hepatic 

Renal 

Bd Wt 

LOAEL 

NOAEL 
(mg/m³) 

Less Serious 
(mg/m³) 

Serious 
(mg/m³) 

Reference 
Chemical Form Comments 

0.025 M (increased percentage of 
lymphocytes in 
bronchoalveolar lavage 
fluid) 

Glaser et al. 1985 
Na2Cr2O7.2H2O (VI) 

0.2 M 

0.2 M 

0.2 M 

0.2 M 

0.2 M 

0.025 M (increased percentage of 
lymphocytes in bronchial 
alveolar lavage fluid) 

Glaser et al. 1985 
Na2Cr2O7.2H2O (VI) 

0.2 M 

0.2 M 

0.1 M 0.2 M (increased levels of 
serum phospholipids and 
triglycerides) 

0.2 M 

0.2 M 
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0.1
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5170

0.23

0.49

1.15

0.23

1.15

1.15

1.15

1.15

Table 3-1 Levels of Significant Exposure to Chromium Vl - Inhalation (continued) 

C
H

R
O
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M
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LIC
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O
M

M
E

N
T***

Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

14 Rat 
(Wistar) 

30 or 90 d 
7 d/wk 
22 hr/d 

15 Rat 
(Sprague-
Dawley) 

13 wk 
5 d/wk 
6 hr/d 

System 

Resp 

Gastro 

Hemato 

Hepatic 

Renal 

Bd Wt 

Resp 

Cardio 

Hemato 

Hepatic 

Renal 

Endocr 

Bd Wt 

LOAEL 

NOAEL 
(mg/m³) 

Less Serious 
(mg/m³) 

Serious 
(mg/m³) 

Reference 
Chemical Form Comments 

c 
0.05 M (increased lung weight, 

hyperplasia, macrophage 
infiltration, increased 
protein, albumin, lactate 
dehydrogenase in BAL 
fluid) 

Glaser et al. 1990 
Na2Cr2O7.2H2O (VI) 

0.4 M 

0.05 M (increased white blood 
cell count) 

0.4 M 

0.4 M 

0.1 M 0.2 M (28% decreased body 
weight gain) 

0.23 M 0.49 M (inflammation and 
macrophage aggregation 
in alveolar regions of the 
lung) 

Kim et al. 2004 
CrO3 (VI) 

1.15 M 

1.15 M 

0.23 M (decreased hematocrit) 

1.15 M 

1.15 M 

1.15 M 
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17

0.9
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0.36
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Table 3-1 Levels of Significant Exposure to Chromium Vl - Inhalation (continued) 
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a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 
(mg/m³) 

LOAEL 

Less Serious 
(mg/m³) 

Serious 
(mg/m³) 

Reference 
Chemical Form Comments 

16 Mouse 
(C57BL) 

12 mo 
2 d/wk 
120 min/d 

Resp 1.81 F (emphysema, nasal 
septum perforation) 

Adachi 1987 
CrO3 (VI) 

17 Mouse 
(ICR) 

12 mo 
2 d/wk 
30 min/d 

Resp 3.63 F (emphysema, nasal 
septum perforation) 

Adachi et al. 1986 
CrO3 (VI) 

18 Rabbit 
(NS) 

4-6 wk 
5 d/wk 
6 hr/d 

Immuno/ Lymphoret 
19 Rat 

(Fischer- 344) 
2-4 wk 
5 d/wk 
5 hr/d 

Resp 0.9 M 

0.36 (increased neutrophils, 
monocytes, and 
decreased macrophages 
in BAL fluid; decreased 
cytokine levels) 

Johansson et al. 1986b 
Na2CrO4 (VI) 

Cohen et al. 1998 
K2CrO4 (VI) 

20 Rat 
(Fischer- 344) 

2-4 wk 
5 d/wk 
5 hr/d 

0.36 (decreased tumor 
necrosis factor-alpha 
levels and production of 
superoxide anion and 
hydrogen peroxide and 
increased nitric oxide 
production) 

Cohen et al. 1998 
BaCrO4 (VI) 
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0.025

299
0.025

5171

1.15

300

0.2

5172

1.15

65
0.05

Table 3-1 Levels of Significant Exposure to Chromium Vl - Inhalation (continued) 

C
H

R
O

M
IU

M

***D
R

A
FT FO

R
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LIC
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O
M

M
E

N
T***

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 
(mg/m³) 

Less Serious 
(mg/m³) 

LOAEL 

Serious 
(mg/m³) 

Reference 
Chemical Form Comments 

21 Rat 
(Wistar) 

28 d 
7 d/wk 
22 hr/d 

0.025 M (increased response to 
sheep red blood cells, 
increased percentage of 
lymphocytes in 
bronchoalveolar lavage 
fluid) 

Glaser et al. 1985 
Na2Cr2O7.2H2O (VI) 

22 Rat 
(Wistar) 

90 d 
7 d/wk 
22 hr/d 

0.025 M (increased response to 
sheep RBC, increased % 
of lymphocytes in 
bronchoalveolar lavage 
fluid, increased % of 
macrophages in 
telophase, increased 
activity of macrophages) 

Glaser et al. 1985 
Na2Cr2O7.2H2O (VI) 

Neurological 
23 Rat 

(Sprague-
Dawley) 

13 wk 
5 d/wk 
6 hr/d 

1.15 M Kim et al. 2004 
CrO3 (VI) 

Reproductive 
24 Rat 

(Wistar) 
90 d 
7 d/wk 
22 hr/d 

0.2 M Glaser et al. 1985 
Na2Cr2O7.2H2O (VI) 

25 Rat 
(Sprague-
Dawley) 

13 wk 
5 d/wk 
6 hr/d 

CHRONIC EXPOSURE 
Systemic 
26 Human 7 yr avg 

5 d/wk 
8 hr/d 
(occup) 

Renal 

1.15 M 

0.05 M (increase in retinol 
binding protein and 
tubular antigen) 

Kim et al. 2004 
CrO3 (VI) 

Franchini and Mutti 1988 
CrO3 (VI) 
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0.025

0.049

482
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0.414

304

0.002

390

0.004

5027
0.0042

Table 3-1 Levels of Significant Exposure to Chromium Vl - Inhalation (continued) 

C
H
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O
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M

***D
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E
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T***

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 
(mg/m³) 

Less Serious 
(mg/m³) 

LOAEL 

Serious 
(mg/m³) 

Reference 
Chemical Form Comments 

27 Human >1 yr 
(occup) 

Resp 

Ocular 

0.025 M (bleeding nasal septum) 

0.049 M 

Gibb et al. 2000a 
CrO3 (VI) 

28 Human (occup) Resp 0.414 (nasal septum 
perforation, chronic 
pharyngitis, atrophy of 
larynx) 

Hanslian et al. 1967 
CrO3 (VI) 

Gastro 0.414 (chronic tonsilitis) 

29 Human 0.2-23.6 yr 
avg 2.5 yr 
5 d/wk 
8 hr/d 
(occup) 

Resp 
b 

0.002 (nasal mucosa atrophy 
and ulceration, mild 
decreased lung function) 

Lindberg and Hedenstierna 
1983 
CrO3 (VI) 

30 Human 0.1-26 yr 
5.3 yr avg 
5 d/wk 
8 hr/d 
(occup) 

Renal 0.004 M (increased urinary 
beta-2-microglobulin) 

Lindberg and Vesterberg 
1983b 
CrO3 (VI) 

31 Human (occup) Renal 0.0042 (increased prevalence of 
high N-acetyl-
B-glucosamindase 
levels) 

Liu et al. 1998 
Cr(VI) 
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0.004

0.004

29

0.1

0.1

0.1

0.1

0.1

0.1

498
1.6

37
4.3

Table 3-1 Levels of Significant Exposure to Chromium Vl - Inhalation (continued) 

C
H

R
O
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M

***D
R
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T***

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 
(mg/m³) 

Less Serious 
(mg/m³) 

LOAEL 

Serious 
(mg/m³) 

Reference 
Chemical Form Comments 

32 Human 7.5 yr avg 
(range 3-16 yr) 
(occup) 

Resp 0.004 M (epitaxis, rhinorrhea, 
nasal septum ulceration 
and perforation) 

Lucas and Kramkowski 1975 
CrO3 (VI) 

Gastro 0.004 M (stomach pains and 
cramps, ulcers) 

33 Rat 
(Wistar) 

18 mo 
7 d/wk 
22 hr/d 

Resp 

Hemato 

Hepatic 

Renal 

Endocr 

Bd Wt 

0.1 M 

0.1 M 

0.1 M 

0.1 M 

0.1 M 

0.1 M 

Glaser et al. 1986, 1988 
Na2Cr2O7.2H2O (VI) 

34 Rat 
(Wistar) 

2 yr 
4 d/wk 
4-5 hr/d 

Resp 1.6 (granulomata, giant cells, 
bronchopneumonia, 
abscesses) 

Steffee and Baetjer 1965 
Finely ground chromium roast 
(VI) 

35 Mouse 
(C57BL/6) 

18 mo 
5 d/wk 
5.5 hr/d 

Resp 4.3 (epithelial necrosis, 
hyperplasia) 

Nettesheim and Szakal 1972 
CaCrO4 (VI) 
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1.6

5205
0.001

263

0.5

452

0.5

274

0.25

270

0.1

Table 3-1 Levels of Significant Exposure to Chromium Vl - Inhalation (continued) 

C
H

R
O

M
IU

M

Exposure/ LOAEL 
Duration/ 

a 
Key to 
Figure 

Species 
(Strain) 

Frequency 
(Route) 

System 
NOAEL 
(mg/m³) 

Less Serious 
(mg/m³) 

Serious 
(mg/m³) 

36 Gn Pig 
(NS) 

4.5 yr 
4 d/wk 
4-5 hr/d 

Resp 1.6 (alveolar and interstitial 
inflammation; alveolar 
hyperplasia, interstitial 
fibrosis) 

Immuno/ Lymphoret 
37 Human 5.8 yr 

(Occup) 
0.001 (increased response of 

peripheral blood 
mononucleocytes to 
concavalin A) 

Cancer 
38 Human 1 mo- 29 yr 

5 d/wk 
8 hr/d 
(occup) 

0.5 M (CEL: lung cancer) 

39 Human 4-19 yr 
5 d/wk 
8 hr/d 
(occup) 

0.5 (CEL: lung cancer) 

40 Human 1-7 yr 
5 d/wk 
8 hr/d 
(occup) 

0.25 (CEL: lung cancer) 

41 Human 1 mo- 29 yr 
5 d/wk 
8 hr/d 
(occup) 

0.1 M (CEL: lung cancer) 

Reference 
Chemical Form Comments 

Steffee and Baetjer 1965 
Mixed chromium roast 
K2Cr2O7, Na2CrO4 (VI) 

Mignini et al. 2004 
Cr (VI) 

Hayes et al. 1989 
PbCrO4 and ZnCrO4 (VI) 

Langård and Norseth 1975 
PbCrO4 and ZnCrO4 (VI) 

Mancuso 1975 
Soluble Cr(VI) 

Sheffet et al. 1982 
PbCrO4 and ZnCrO4 (VI) 
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28
4.3

Table 3-1 Levels of Significant Exposure to Chromium Vl - Inhalation (continued) 

C
H

R
O

M
IU

M

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 
(mg/m³) 

Less Serious 
(mg/m³) 

LOAEL 

Serious 
(mg/m³) 

Reference 
Chemical Form Comments 

42 Rat 
(Wistar) 

18 mo 
7 d/wk 
22 hr/d 

0.1 M (CEL: lung tumors) Glaser et al. 1986, 1988 
Na2Cr2O7.2H2O (VI) 

43 Mouse 
(C57BL/6) 

18 mo 
5 d/wk 
5 hr/d 

4.3 (CEL: alveologenic 
adenomas and 
adenocarcinomas) 

Nettesheim et al. 1971 
CaCrO4 (VI) 
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a The number corresponds to entries in Figure 3-1. 

b Used to derive an intermediate and chronic inhalation minimal risk level (MRL) of 0.000005 mg chromium(Vl)/m3 for chromium (VI) trioxide and soluble chromium (VI) compounds. 
Exposure concentration adjusted for intermittent exposure and divided by an uncertainty factor of 100 (10 for human variability and 10 for extrapolating from a LOAEL). 

c Used to derive an intermediate inhalation minimal risk level (MRL) of 0.0003 mg chromium(Vl)/m3 for particulate chromium (VI) compounds. Benchmark concentration of 0.016 mg 
chromium (Vl)/m3 was divided by an uncertainty factor of 30 (3 for pharmacodynamic variability between species and 10 for human variability). 

(VI) = hexavalent; avg = average; BaCrO4 = barium chromate; BAL = bronchoalveolar lavage; Bd Wt = body weight; CaCrO4 = calcium chromate; Cardio = cardiovascular; CEL = 
cancer effect level; Cr = chromium; CrCI3 = chromium trichloride; Cr(NO3)3SH2O = chromium nitrate; CrO2 = chromium dioxide; CrO3 = chromium trioxide; Cr2O3 = chromium 
oxide; Cr2(SO)3 = chromium sulfate; d = day(s); Endocr = endocrine; F = female; Gastro = gastrointestinal; Gn Pig = guinea pig; Hemato = hematological; hr = hour(s); 
Immuno/Lymphoret = immunological/lymphoreticular; K2Cr2O7 = potassium dichromate; LC50 = lethal concentration, 50% kill; LOAEL = lowest-observed-adverse-effect level; M = 
male; min = minute(s); mo = rnonth(s); Na2CrO4 = sodium chromate; Na2Cr2O7H2O = sodium dichromate dihydrate; (NH4)2Cr2O7 = ammonium dichromate; NS = not specified; 
NOAEL = no-observed-adverse-effect level; occup = occupational; PbCrO4 = lead chromate; RBC = red blood cell; Resp = respiratory; WBC =white blood cell; wk = week(s); x = 
times; yr = year(s); ZnCrO4 = zinc chromate 
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Figure 3-1 Levels of Significant Exposure to Chromium VI - Inhalation 
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Figure 3-1 Levels of Significant Exposure to Chromium VI - Inhalation (Continued)
 
Intermediate (15-364 days)
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Figure 3-1 Levels of Significant Exposure to Chromium VI - Inhalation (Continued)
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Figure 3-1 Levels of Significant Exposure to Chromium VI - Inhalation (Continued) 
Chronic (≥365 days) 
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Table 3-2 Levels of Significant Exposure to Chromium Ill - Inhalation 

C
H

R
O

M
IU

M

Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

ACUTE EXPOSURE 
Systemic 
1 Hamster 30 min 

(Syrian) 

INTERMEDIATE EXPOSURE 
Systemic 
2 Rat 13 wk 

6 hr/d(CDF) 
5 d/wk 

System 

Resp 

Resp 

Cardio 

Gastro 

Hemato 

Hepatic 

Renal 

Endocr 

Ocular 

Bd Wt 

LOAEL 

NOAEL 
(mg/m³) 

Less Serious 
(mg/m³) 

Serious 
(mg/m³) 

Reference 
Chemical Form Comments 

0.9 (increased acid 
phosphatase activity in 
lung tissue) 

Henderson et al. 1979 
CrCl3 (III) 

3 F 
b 
3 M (septal cell hyperplasia 

and interstitial 
inflammation of the lung; 
increased absolute and 
relative lung weight at 30 
mg/m3) 

Derelanko et al. 1999 
Cr2O3 (III) 

10 F (interstitial inflammation 
and hyperplasia of 
alveolar septa) 

30 

30 

30 

30 

30 

30 

30 

30 
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5167
3

30

30

30

30

30

30

3

10

18
0.6

5165
3

5168
3

Table 3-2 Levels of Significant Exposure to Chromium Ill - Inhalation	 (continued) 

C
H

R
O

M
IU

M

LOAEL 

System 
NOAEL 
(mg/m³) 

Less Serious 
(mg/m³) 

Serious 
(mg/m³) 

a 
Key to 
Figure 

3 

4 

Species 
(Strain) 

Rat 
(CDF) 

Rabbit 
(NS) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

13 wk 
6 hr/d 
5 d/wk 

4-6 wk 
5 d/wk 
6 hr/d 

c 
Resp 3	 (inflammation of lung; 

nasal tissues and larynx 
lesions; increased lung 
weight) 

Cardio 30 

Gastro 30 

Hepatic 30 

Renal 30 

Endocr 30 

Ocular 30 

Bd Wt 3 M 10 M (~10% decreased in body 
weight) 

Resp 0.6 M (decreased macrophage 
activity) 

3	 (hyperplasia of 
mediastinal lymph node) 

3	 (histiocytosis, lymphoid 
hyperplasia and 
enlargement of 
peribronchial and 
mediastinal lymph nodes) 

Reference 
Chemical Form Comments 

Derelanko et al. 1999 
Cr2(OH)x(SO4)yNaSO4.2H2O 
(III) 

Johansson et al. 1986b 
Cr(NO3)39H2O(III) 

Derelanko et al. 1999 
Cr2O3 (III) 

Derelanko et al. 1999 
Cr2(OH)x(SO4)yNaSO4.2H2O 
(III) 

***D
R

A
FT FO

R
 P

U
B

LIC
 C

O
M

M
E

N
T***

3.  H
E

A
LTH

 E
FFE

C
TS

Immuno/ Lymphoret 
5 Rat 13 wk 

6 hr/d(CDF) 
5 d/wk 

6 Rat	 13 wk 
6 hr/d(CDF) 
5 d/wk 
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5176

30

5177

30

5166

30

5169

30

14

0.075

338

1.99

Table 3-2 Levels of Significant Exposure to Chromium Ill - Inhalation (continued) 

C
H

R
O

M
IU

M

***D
R

A
FT FO

R
 P

U
B

LIC
 C

O
M

M
E

N
T***

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 
(mg/m³) 

Less Serious 
(mg/m³) 

LOAEL 

Serious 
(mg/m³) 

Reference 
Chemical Form Comments 

Neurological 
7 Rat 

(CDF) 
13 wk 
6 hr/d 
5 d/wk 

30 Derelanko et al. 1999 
Cr2(OH)x(SO4)yNaSO4.2H2O 
(III) 

8 Rat 
(CDF) 

13 wk 
6 hr/d 
5 d/wk 

30 Derelanko et al. 1999 
Cr2O3 (III) 

Increased absolute and 
relative lung weight in 
males at 30 mg/m3. 

Reproductive 
9 Rat 

(CDF) 
13 wk 
6 hr/d 
5 d/wk 

30 Derelanko et al. 1999 
Cr2O3 (III) 

10 Rat 
(CDF) 

13 wk 
6 hr/d 
5 d/wk 

CHRONIC EXPOSURE 
Systemic 
11 Human 2-12 yr 

5 d/wk 
8 hr/d 
(occup) 

Renal 

30 

0.075 M 

Derelanko et al. 1999 
Cr2(OH)x(SO4)yNaSO4.2H2O 
(III) 

Foa et al. 1988 
Cr2O3 (III) 

12 Human (occup) Resp 1.99 Korallus et al. 1974a 
Cr2O3 and Cr2(SO4)3 (III) 
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1.99

Table 3-2 Levels of Significant Exposure to Chromium Ill - Inhalation (continued) 

Exposure/ LOAEL 
Duration/ 

a 
Key to Species Frequency NOAEL Less Serious Serious Reference 

(Route)Figure (Strain) System (mg/m³) (mg/m³) (mg/m³) Chemical Form Comments 

C
H

R
O

M
IU

M

Hemato 1.99 

***D
R

A
FT FO

R
 P

U
B

LIC
 C

O
M

M
E

N
T***

a The number corresponds to entries in Figure 3-2. 

b Used to derive an intermediate-duration inhalation MRL of 0.005 mg chromium(III)/m3 as insoluble trivalent chromium particulate compounds.  The minimal LOAEL of 3 mg 
chromium(III)/m3 was adjusted for intermittent exposure, converted to a human equivalent concentration (0.43 mg chromium(III)/m3), and divided by a composite uncertainty factor of 
90 (3 for use of a minimal LOAEL, 3 for extrapolation from animals to humans and 10 for human variability). 

c Used to derive an intermediate-duration inhalation MRL of 0.0001 mg chromium(III)/m3 as soluble trivalent chromium particulate compounds.  The LOAEL of 3 mg chromium(III)/m3 
was duration-adjusted for intermittent exposure, converted to a human equivalent concentration (0.04 mg chromium(III)/m3) and divided by a composite uncertainty factor of 300 (10 
for use of a LOAEL, 3 for variability between animals to humans and 10 for human variability). 

Bd Wt = body weight; Cardio = cardiovascular; d = day(s); Endocr = endocrine; F = female; Hemato = hematological; hr = hour(s); Immuno/Lymphoret = 
immunological/lymphoreticular; LOAEL = lowest-observed-adverse-effect level; M = male; NOAEL = no-observed-adverse-effect level; NS = not specified; occup = occupational; 
Resp = respiratory; wk = week(s); yr = year(s) 
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Figure 3-2 Levels of Significant Exposure to Chromium III - Inhalation
	
Acute (≤14 days)
	

Systemic
mg/m³

C
H

R
O

M
IU

M

***D
R

A
FT FO

R
 P

U
B

LIC
 C

O
M

M
E

N
T***

1 

1s 

0.1 

3.  H
E

A
LTH

 E
FFE

C
TS

c-Cat -Humans f-Ferret n-Mink Cancer Effect Level-Animals  Cancer Effect Level-Humans  LD50/LC50
d-Dog k-Monkey j-Pigeon o-Other  LOAEL, More Serious-Animals  LOAEL, More Serious-Humans  Minimal Risk Level 
r-Rat m-Mouse e-Gerbil LOAEL, Less Serious-Animals  LOAEL, Less Serious-Humans  for effects
p-Pig h-Rabbit s-Hamster NOAEL - Animals  NOAEL - Humans  other than
q-Cow a-Sheep g-Guinea Pig Cancer 

69



Re
spi
rat
ory
 

Ca
rdio
vas
cul
ar 

Ga
stro
inte
stin
al 

He
ma
tolo
gic
al 

He
pat
ic 

Re
nal
 

En
doc
rine
 

Oc
ula
r 

Bo
dy 
We
igh
t 

Imm
uno
/Ly
mp
hor
 

Ne
uro
log
ica
l 

Figure 3-2 Levels of Significant Exposure to Chromium III - Inhalation (Continued)
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Figure 3-2 Levels of Significant Exposure to Chromium III - Inhalation (Continued)
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73 CHROMIUM 

3. HEALTH EFFECTS 

Dyspnea, cough, and wheezing were reported in two cases in which the subjects inhaled "massive 

amounts" of chromium(VI) trioxide.  Marked hyperemia of the nasal mucosa without nasal septum 

perforation was found in both subjects upon physical examination (Meyers 1950).  In a chrome plating 

plant where poor exhaust resulted in excessively high concentrations of chromium trioxide fumes, 

workers experienced symptoms of sneezing, rhinorrhea, labored breathing, and a choking sensation when 

they were working over the chromate tanks.  All five of the subjects had thick nasal and postnasal 

discharge and nasal septum ulceration or perforation after 2–3 months of exposure (Lieberman 1941).  

Asthma developed in a man who had been well until 1 week after beginning employment as an 

electroplater.  When challenged with an inhalation exposure to a sample of chromium(III) sulfate, he 

developed coughing, wheezing, and decreased forced expiratory volume.  He also had a strong asthmatic 

reaction to nickel sulfate (Novey et al. 1983).  Thus, chromium-induced asthma may occur in some 

sensitized individuals exposed to elevated concentrations of chromium in air, but the number of sensitized 

individuals is low and the number of potentially confounding variables in the chromium industry is high. 

Intermediate- to chronic-duration occupational exposure to chromium(VI) may cause an increased risk of 

death due to noncancer respiratory disease.  In a retrospective mortality study of 1,288 male and 

1,401 female workers employed for at least 6 months in a chrome plating and metal engineering plant in 

the United Kingdom between 1946 and 1975, a statistically significant excess of death from diseases of 

the respiratory system (noncancer) were obtained for men (observed/expected [O/E]=72/54.8, standard 

mortality ratio [SMR]=131, p<0.05) and men and women combined (O/E=97/76.4, SMR=127, p<0.05), 

but not for women alone.  Exposure was mainly to chromium trioxide, but exposure concentrations were 

not precisely known.  The contribution of nickel exposure to the effects was found to be unimportant, 

while data on smoking habits were not available (Sorahan et al. 1987).  Similarly, a high SMR was found 

for noncancer respiratory disease among 1,212 male chromate workers who were employed for at least 

3 months in three chromate plants in the United States during the years 1937–1960 and followed for 

24 years (O/E=19/7.843, SMR=242) (Taylor 1966).  The increased risk of death from respiratory effects 

correlated with duration of employment in chromate production, but no information on exposure levels, 

smoking habits, or exposure to other chemicals was provided.  The nature of the respiratory diseases was 

not further described in either of these reports.  Chromate production workers in the United Kingdom who 

were first employed before 1945 had a high risk of death from chronic obstructive airways disease 

(O/E=41/28.66, SMR=143, p<0.05) (Davies et al. 1991).  Exposure concentrations were not known, and 

reliable smoking data were not available. 
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74 CHROMIUM 

3. HEALTH EFFECTS 

Occupational exposure to chromium(VI) as chromium trioxide in the electroplating industry caused upper 

respiratory problems.  A case history of nine men in a chrome plating facility reported seven cases of 

nasal septum ulceration.  Signs and symptoms included rhinorrhea, nasal itching and soreness, and 

epistaxis.  The men were exposed from 0.5 to 12 months to chromium trioxide at concentrations ranging 

from 0.09 to 0.73 mg chromium(VI)/m3 (Kleinfeld and Rosso 1965).  Electroplating workers in Sao 

Paulo, Brazil, exposed to chromium trioxide vapors while working with hot chromium trioxide solutions 

had frequent incidences of coughing, expectoration, nasal irritation, sneezing, rhinorrhea, and nose-bleed 

and developed nasal septum ulceration and perforation.  The workers had been employed for <1 year, and 

most of the workers had been exposed to concentrations >0.1 mg chromium(VI)/m3 (Gomes 1972).  Nose 

and throat irritation, rhinorrhea, and nose-bleed also occurred at higher incidence in chrome platers in 

Singapore than in controls (Lee and Goh 1988). 

Numerous studies of workers chronically exposed to chromium(VI) compounds have reported nasal 

septum perforation and other respiratory effects.  Workers at an electroplating facility exposed to 0.0001– 

0.0071 mg chromium(VI)/m3 as chromium trioxide for an average of 26.9 months complained of 

excessive sneezing, rhinorrhea, and epistaxis.  Many of the workers had ulcerations and/or perforations of 

the nasal mucosa (Cohen et al. 1974).  A study using only questionnaires, which were completed by 

997 chrome platers and 1,117 controls, found a statistically significant increase in the incidence of 

chronic rhinitis, rhinitis with bronchitis, and nasal ulcers and perforations in workers exposed to 

chromium(VI) in the chrome plating industry in 54 plants compared to the control population (Royle 

1975b). The workers had been exposed to chromium(VI) in air and in dust.  The air levels were generally 

<0.03 mg chromium(VI)/m3, and dust levels were generally between 0.3 and 97 mg chromium(VI)/g.  

The exposure levels at which effects first occurred could not be determined.  A NIOSH Health Hazard 

Evaluation of an electroplating facility in the United States reported nasal septum perforation in 4 of 

11 workers employed for an average of 7.5 years and exposed to mean concentrations of 0.004 mg 

chromium(VI)/m3. Many of the workers had epistaxis, rhinitis, and nasal ulceration (Lucas and 

Kramkowski 1975).  Nasal mucosal changes ranging from irritation to perforation of the septum were 

found among 77 employees of eight chromium electroplating facilities in Czechoslovakia where the mean 

level in the breathing zone above the plating baths was 0.414 mg chromium(VI)/m3 (Hanslian et al. 

1967).  The incidence of olfactory cleft obstruction, dry nose, feelings of nasal obstruction, and nasal 

crusting was significantly increased in workers employed at chromium plating factories (mean 

employment duration of 7.9 years) in An-San, Korea compared to an unexposed control group (Kitamura 

et al. 2003).  Air concentrations of chromium(VI) ranged from 0.005 to 0.03 mg chromium(VI)/m3 and of 

chromium(III) ranged from 0.005 to 0.06 mg chromium(III)/m3. Increased incidences of nasal septum 
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75 CHROMIUM 

3. HEALTH EFFECTS 

perforation, nasal septum ulcer, and nasal obstruction were observed in workers at chromium 

electroplating facilities exposed for a mean duration of 6.1 years, as compared to workers at zinc 

electroplating facilities (Kuo et al. 1997a).  The chromium electroplating workers had 31.7 and 43.9 times 

greater risks of developing nasal septum ulcers or nasal perforations, respectively, than the zinc workers.  

A significant relationship between duration of exposure and the risk of nasal septum ulcers was also 

found; the chromium electroplating workers with a work duration of >9 years had a risk 30.8 times higher 

than those with a work duration of <2 years. Duration did not significantly affect the risk of nasal 

perforation.  Statistically significant decreases in vital capacity, forced vital capacity (FVC), and forced 

expiratory volume in 1 second (FEV1) were also observed in the chromium workers.  Alterations in lung 

function were also reported in a study of 44 workers at 17 chromium electroplating facilities (Bovet et al. 

1977).  Statistically significant decreases in forced expiratory volume in 1 second and forced expiratory 

flow were observed; vital capacity was not altered.  Lower lung function values were found among 

workers with high urinary chromium levels (exposure levels were not reported), and it was determined 

that cigarette smoking was not a confounding variable. 

A study of respiratory effects, lung function, and changes in the nasal mucosa in 43 chrome plating 

workers in Sweden exposed to chromium(VI) as chromium trioxide for 0.2–23.6 years 

(median=2.5 years) reported respiratory effects at occupational exposure levels of 0.002 mg 

chromium(VI)/m3. Signs and symptoms of adverse nasal effects were observed and reported at mean 

exposure levels of 0.002–0.2 mg chromium(VI)/m3. Effects noted at ≤0.002 mg chromium(VI)/m3 

included a smeary and crusty septal mucosa and atrophied mucosa.  Nasal mucosal ulceration and septal 

perforation occurred in individuals exposed at peak levels of 0.02–0.046 mg chromium(VI)/m3; nasal 

mucosal atrophy and irritation occurred in individuals exposed at peak levels of 0.0025–0.011 mg 

chromium(VI)/m3; and no significant nasal effects were observed in individuals exposed at peak levels of 

0.0002–0.001 mg chromium(VI)/m3. Workers exposed to mean concentrations of 0.002–0.02 mg 

chromium(VI)/m3 had slight, transient decreases in FVC, forced expired volume in 1 second (FEV1), and 

forced mid-expiratory flow during the workday.  Workers exposed to <0.002 mg chromium(VI)/m3 

showed no effects on lung function (Lindberg and Hedenstierna 1983).  The concentrations at which 

minor lung function changes were observed (0.002–0.02 mg chromium(VI)/m3) and those at which no 

changes were observed (<0.002 mg chromium(VI)/m3) are similar to those for nasal effects (0.0025– 

0.011 mg chromium(VI)/m3).  The effects observed in this study may not have resulted from exposure 

levels actually measured, but may have resulted from earlier exposure under unknown conditions. 

Furthermore, poor personal hygiene practices resulting in transfer of chromium(VI) in chrome plating 

solutions from the hands to the nose could contribute to the development of nasal ulceration and 
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76 CHROMIUM 

3. HEALTH EFFECTS 

perforation (Cohen et al. 1974; Lucas and Kramkowski 1975), perhaps leading to an underestimation of 

airborne levels of chromium(VI) necessary to cause these effects.  Despite these considerations, the study 

by Lindberg and Hedenstierna (1983) is useful because it indicates concentration-responses of 

chromium(VI) compounds that cause significant nasal and respiratory effects.  The LOAEL of 0.002 mg 

chromium(VI)/m3 for respiratory effects in humans was used to calculate an inhalation MRL of 5x10-6 mg 

chromium(VI)/m3 for intermediate-duration exposure to chromium(VI) as chromium trioxide mists and 

other dissolved hexavalent chromium aerosols or mists as described in the footnotes in Table 3-1. 

Occupational exposure to chromium(VI) and/or chromium(III) in other chromium-related industries has 

also been associated with respiratory effects.  These industries include chromate and dichromate 

production, stainless steel welding, and possibly ferrochromium production and chromite mining. 

In a survey of a facility engaged in chromate production in Italy, where exposure concentrations were 

≥0.01 mg chromium(VI)/m3, high incidences of nasal septum perforation, septal atrophy and ulcerations, 

sinusitis, pharyngitis, and bronchitis were found among 65 men who worked in the production of 

dichromate and chromium trioxide for at least 1 year (Sassi 1956).  Medical records of 2,307 male 

workers (all nonsmokers) employed at a chromate production plant in Baltimore, Maryland between 1950 

and 1974 were evaluated to determine the percentage of workers reporting clinical symptoms, mean time 

of employment to first diagnosis of symptoms, and mean exposure to chromium(VI) at the time of first 

diagnosis (exposure for each worker was the annual mean in the area of employment during the year of 

first diagnosis) (Gibb et al. 2000a).  The most frequently reported clinical symptoms were irritation and 

ulcerated nasal septum, occurring in 68.1 and 62.9% of the cohort, respectively.  For irritation of the nasal 

septum, the mean time of employment to first diagnosis was 89 days and the mean annual exposure level 

during the year of first diagnosis was 0.025 mg chromium(VI)/m3; for nasal septal ulceration, the mean 

time of employment to first diagnosis was 86 days and the mean annual exposure level during the year of 

first diagnosis was 0.028 mg chromium(VI)/m3. Other nasal effects had a longer time to first diagnosis.  

The time to first diagnosis for perforated nasal septum was 313 days, occurring in 17.3% of the cohort at 

a mean exposure level of 0.033 mg chromium(VI)/m3, and for bleeding nasal septum, the time to first 

diagnosis was 418 days, occurring in 12.1% of the cohort at a mean exposure level of 0.025 mg 

chromium(VI)/m3. In a study of 97 workers from a chromate plant exposed to a mixture of insoluble 

chromite ore containing chromium(III) and soluble chromium(VI) as sodium chromate and dichromate, 

evaluation for respiratory effects revealed that 63% had perforations of the nasal septum, 86.6% had 

chemical rhinitis, 42.3% had chronic chemical pharyngitis, 10.35% had laryngitis, and 12.1% had sinus, 

nasal, or laryngeal polyps.  The number of complaints and clinical signs increased as the exposure to 
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77 CHROMIUM 

3. HEALTH EFFECTS 

respirable chromium(VI) and chromium(III) compounds increased, but exposure levels at which effects 

first occurred were not clearly defined (Mancuso 1951).  An extensive survey to determine the health 

status of chromate workers in seven U.S. chromate production plants found that effects on the lungs 

consisted of bilateral hilar enlargement.  Various manufacturing processes in the plants resulted in 

exposure of workers to chromite ore (mean time-weighted concentration of 0–0.89 mg 

chromium(III)/m3); water-soluble hexavalent chromium compounds (0.005–0.17 mg chromium(VI)/m3); 

and acid-soluble/water-insoluble chromium compounds (including basic chromium sulfate), which may 

or may not entirely represent trivalent chromium (0–0.47 mg chromium/m3) (PHS 1953).  Challenge tests 

with fumes from various stainless steel welding processes indicated that the asthma observed in two 

stainless steel welders was probably caused by chromium or nickel, rather than by irritant gases 

(Keskinen et al. 1980).  In a study of 54 male miners in Zimbabwe exposed to chrome ore dust, decreases 

in pulmonary function, as indicated by measures of FVC, FEV1, peak expiratory flow rate (PEFR), and 

FEV1%, was observed compared to an unexposed control (e.g., non-mining) population (Osim et al. 

1999).  Exposure levels were reported only as respirable dust, not as chromium specifically, and the 

mining company did not employ industrial hygiene practices to reduce exposure.  In this same study, no 

changes in lung function were observed in a group of 46 male miners working for a company following 

industrial hygiene procedures (again, specific chromium exposure levels were not reported). The analysis 

controlled for smoking and infectious respiratory diseases.  In a report of 10 cases of pneumoconiosis in 

underground workers in chromite mines in South Africa, radiographic analysis revealed fine nodulation 

and hilar shadows.  Chromium in the chromite ore in South Africa was in the form of chromium(III) 

oxide.  The cause of the pneumoconiosis was considered to be deposition of insoluble radio-opaque 

chromite dust in the tissues, rather than fibrosis (Sluis-Cremer and du Toit 1968).  In a case report of a 

death of a sandblaster in a ferrochromium department of an iron works, the cause of death was silicosis, 

but autopsy also revealed diffuse enlargement of alveolar septae and chemical interstitial and alveolar 

chronic pneumonia, which were attributed to inhalation of chromium(III) oxide (Letterer 1939).  In an 

industrial hygiene survey of 60 ferrochromium workers exposed to chromium(III) and chromium(VI) 

(0.02–0.19 mg total chromium/m3) conducted in 1975, appreciably higher incidences of subjective 

symptoms of coughing, wheezing, and dyspnea were reported compared with controls.  These workers 

had been employed at the plant for at least 15 years.  The control group consisted of workers employed at 

the same plant for <5 years.  Statistically significant decreased mean FVC (p<0.01) and FEV1 (p<0.05) 

were found in the ferrochromium workers compared with controls.  Two of the ferrochromium workers 

had nasal septum perforations, which were attributed to previous exposure to hexavalent chromium.  A 

major limitation of this study is that the control group was significantly younger than the study cohort.  In 

addition, the weekly amount of tobacco smoked by the control group was slightly greater than that 
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78 CHROMIUM 

3. HEALTH EFFECTS 

smoked by the study groups, and the controls began smoking 5 years earlier than the study groups.  

Therefore, the increase in subjective respiratory symptoms and decreased pulmonary function parameters 

cannot unequivocally be attributed to chromium exposure (Langård 1980).  However, no increase in the 

prevalence of respiratory illness was found in a study of 128 workers from two factories that produced 

chromium(III) oxide or chromium(III) sulfate (Korallus et al. 1974b) or in 106 workers at a factory that 

produced these chromium(III) compounds where workroom levels were ≤1.99 mg chromium(III)/m3 

(Korallus et al. 1974a).  Similar results were reported in a cross-sectional study that was conducted to 

determine whether occupational exposure to trivalent chromium or hexavalent chromium caused 

respiratory diseases, decreases in pulmonary function, or signs of pneumoconiosis in stainless steel 

production workers (Huvinen et al. 1996).  The median personal exposure levels were 0.0005 μg/m3 for 

chromium(VI) and 0.022 μg/m3 for chromium(III); the 221 workers were employed for >8 years with an 

average potential exposure of 18 years.  Spirometry measurements were taken and chest radiographic 

examinations were conducted.  There were no significant differences in the odds ratios between the 

exposed workers and the 95 workers in the control group.  The deficits in lung function shown in both 

populations could be explained by age and smoking habits. In a follow-up study of these workers 

(Huvinen et al. 2002a), no adverse respiratory effects were observed (as assessed by spirometry, chest 

x-ray ,and self-reported symptoms) in workers in the chromium(VI) group (n=104) compared to controls 

(n=81).  Workers exposed to chromium(III) in the sintering and crushing departments (n=68) reported an 

increase in respiratory symptoms (phlegm production, shortness of breath on exertion) compared to 

control, but no differences in spirometry or chest x-ray.  Workers exposed to chromium(III) as chromite 

ore (n=31) had lower lung function tests, although smoking was a confounding factor.  In addition to 

chromium, workers were also exposed to nickel and molybdenum. In a study of stainless steel workers 

(all nonsmokers) exposed for a minimum of 14 years to chromium(VI) (n=29), chromium(III) (n=14), or 

chromite(III) ore (n=5), no increase was observed in the incidence of nasal diseases or nasal symptoms in 

exposed chromium-exposed workers compared to a control population of 39 workers (Huvinen et al. 

2002b).  However, although an exposure-related increase in the incidence of clinical signs of nasal 

irritation was not observed, anterior rhinoscopy revealed a slight increase in the incidence of 

inflammatory changes in the nasal mucosa of workers exposed to chromium(VI) (risk ratio=2.4) or 

chromium(III) (risk ratio=2.3), compared to control.  The mean exposure level for the chromium(VI) 

group was 0.5 μg Cr(VI)/m3, for the chromium(III) group was 248 μg total Cr/m3 (concentration of 

chromium(III) not reported) and for the chromite ore group was 22 μg Cr(III)/m3. 

The respiratory system in animals is also a primary target for acute- and intermediate-duration inhalation 

exposure to chromium(VI) and chromium(III).  Rats exposed to sodium dichromate for 28 or 90 days had 
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increased lung weight but no histopathological abnormalities at concentrations ≤0.2mg 

chromium(VI)/m3. The percentage of lymphocytes was increased in the bronchoalveolar lavage fluid at 

≥0.025 mg/m3. A decrease in macrophage activity was observed in the 0.2 mg chromium(VI)/m3 group 

exposed for 90 days.  Clearance of iron oxide from the lungs decreased in rats exposed to 0.2 mg 

chromium(VI)/m3 for 42 days prior to and 49 days after challenge with iron oxide particles when 

compared to controls.  The decreased clearance of iron oxide correlated with the decrease in macrophage 

activity (Glaser et al. 1985).  In a similar but more extensive study, obstructive respiratory dyspnea was 

observed in rats exposed to sodium dichromate at ≥0.2 mg chromium(VI)/m3 for 30 or 90 days, and mean 

lung weight was increased at ≥0.05 mg chromium(VI)/m3. Slight hyperplasia was observed at high 

incidence in rats at ≥0.05 mg chromium(VI)/m3. Lung fibrosis occurred at low incidence in the rats 

exposed to ≥0.1 mg chromium(VI)/m3 for 30 days, but not in the 0.05 mg/m3 or the control groups.  The 

incidence of both these lesions declined after longer exposure, indicating repair.  Accumulation of 

macrophages and inflammation occurred at ≥0.05 mg chromium(VI)/m3 regardless of duration.  Results 

of bronchoalveolar lavage (BAL) analysis provided further evidence of an irritation effect that was 

reversible (Glaser et al. 1990).  The data from the Glaser et al. (1990) study was used to develop 

benchmark concentrations (BMCs) (Malsch et al. 1994).  The BMC of 0.016 mg chromium(VI)/m3 for 

alterations in lactate dehydrogenase levels in BAL fluid was used to calculate an inhalation MRL of 

0.0003 mg chromium(VI)/m3 for intermediate-duration exposure to chromium(VI) as particulate 

hexavalent compounds as described in the footnote of Table 3-1. 

Male Sprague-Dawley rats exposed to 1.15 mg chromium(VI)/m3 as chromium trioxide mist developed 

nasal hemorrhage after 10 days (lasting for 4 weeks) during a 90-day inhalation study (Kim et al. 2004).  

"Peculiar sounds" during respiration were noted starting after 1 week of exposure and resolving by 

week 8 in rats exposed to ≥0.23 mg chromium(VI)/m3; however, no additional information on this 

observation was reported.  After 90 days, histopathological changes to respiratory tissue included 

macrophage aggregation and foamy cells, and inflammation of alveolar regions; however, no 

abnormalities were observed in nasal tissue at 0.49 mg chromium(VI)/m3 (incidence data were not 

reported).  Mice exposed to chromium trioxide mist at concentrations of 1.81 and 3.63 mg 

chromium(VI)/m3 intermittently for ≤12 months developed perforations in the nasal septum, hyperplastic 

and metaplastic changes in the larynx, trachea, and bronchus, and emphysema (Adachi 1987; Adachi et 

al. 1986). 

The respiratory effects of chromium(III) compounds were investigated in male and female CDF rats 

exposed to insoluble chromic oxide or soluble basic chromium sulfate by nose-only inhalation at 3, 10, or 
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30 mg chromium(III)/m3 for 6 hours/day, 5 days/week for 13 weeks (Derelanko et al. 1999).  After 5 days 

of exposure, BAL was conducted on a subgroup of animals.  In rats treated with chromic oxide, a yellow 

crystalline material was observed in the cytoplasm of mononuclear cells of all exposure groups; however, 

it is not clear if this observation represents an adverse effect.  No other BAL parameters were affected 

(nucleated cell count and differential, protein and BAL fluid activities of β-glucuronidase, lactic 

dehydrogenase, and glutathione reductase).  In rats treated with basic chromium sulfate, BAL fluid 

analysis showed significant decreases in nucleated cells at all doses in males and females and decreases in 

the percentage of segmented neutrophils and mononuclear cells at 30 mg chromium(III)/m3 in males.  

Increased amounts of cell debris and lysed cells were present in all basic chromium sulfate groups 

(incidence data were not reported).  In rats exposed to chromic oxide for 13 weeks, absolute and relative 

lung weights were increased by 12 and 13%, respectively, in males exposed to 30 mg chromium(III)/m3 

as chromic oxide; no change was observed in females.  Histopatholgical examination of respiratory 

tissues showed pigmented macrophages containing a dense black substance, presumably the test 

substance, throughout the terminal bronchioles and alveolar spaces in rats from all treatment groups; this 

finding is consistent with normal physiological clearance mechanisms for particulates deposited in the 

lung and is not considered to be adverse.  At concentrations of 10 and 30 mg chromium(III)/m3, trace to 

mild chronic interstitial inflammation, characterized by inflammatory cell infiltrates, and septal cell 

hyperplasia was observed.  No lesions were observed in the nasal cavity. Following a 13-week recovery 

period, microscopic examination of respiratory tissues of rats treated with chromic oxide showed 

pigmented macrophages and black pigment in peribronchial tissues and the mediastinal lymph node in all 

treatment groups and septal cell hyperplasia and chronic interstitial inflammation of the lung, both trace

to-mild in severity, in males of all treatment groups and in females exposed to 10 and 30 mg 

chromium(III)/m3. In rats treated with basic chromium sulfate, a dose-related increase in absolute and 

relative lungs weights was observed in all treatment groups.  Histopathological examination of respiratory 

tract tissues revealed chronic inflammation of the lung (characterized by cell infiltration and debris in 

alveolar spaces and intense inflammation) and alveolar wall hyperplasia in all treatment groups.  In 

addition, inflammation and suppurative and mucoid exudates of nasal tissues and granulomatous 

inflammation of the larynx were observed in all treatment groups.  Incidence data for histopathological 

findings were not reported.  Following the 13-week recovery period for rats treated with basic chromium 

sulfate, enlargement of the mediastinal lymph node was observed on gross necropsy in all treatment 

groups.  Microscopic examination of respiratory tissues showed changes to the lung (chronic alveolar 

inflammation, interstitial inflammation, septal cell hyperplasia, and granulomatous inflammation) in all 

treatment groups, larynx (granulomatous inflammation) in the 10 and 30 mg chromium(III)/m3 groups, 

nasal tissues (trace suppurative exudates) in one to two animals in each groups, and mediastinal lymph 
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node (histiocytosis and hyperplasia) in all treatment groups chromium(III)/m3 groups.  Results of this 

study demonstrate differences in the respiratory effects of inhaled chromium oxide and inhaled basic 

chromium sulfate.  Effects of soluble basic chromium sulfate were more severe and were observed 

throughout the respiratory tract, while effects of chromic oxide were more mild and limited to the lung; 

these observations may be related to differences in chemical-physical properties of the test compounds. 

Data from the Derelanko et al. (1999) study was used as the basis for intermediate-duration inhalation 

MRLs for chromium(III) compounds.  Since soluble and insoluble chromium(III) compounds exhibited 

different effects in the respiratory tract, distinct intermediate-duration MRLs were derived for insoluble 

and soluble trivalent chromium particulates.  For insoluble chromium(III) compounds (chromic oxide), 

the minimal LOAEL of 3 mg chromium(III)/m3 was used to calculate an intermediate-duration inhalation 

MRL of 0.005 mg chromium(III)/m3 for exposure to trivalent chromium particulates as described in the 

footnote of Table 3-2.  For soluble chromium(III) (basic chromium sulfate) compounds, the LOAEL of 

3 mg chromium(III)/m3 was used to calculate an intermediate-duration inhalation MRL of 0.0001 mg 

chromium(III)/m3 for exposure to trivalent chromium particulates as described in the footnote of 

Table 3-2. 

Pulmonary fluid from hamsters exposed to 0.9 or 25 mg chromium(III)/m3 as chromium trichloride for 

30 minutes revealed sporadic changes in activities of acid phosphatase and alkaline phosphatase in the 

lavage fluid at 25 mg chromium(III)/m3. In the lung tissue, a 75% increase in the acid phosphatase 

activity was found at 0.9 mg chromium(III)/m3 and in the β-glucuronidase activity at an unspecified 

concentration.  Histological examination revealed alterations representing mild nonspecific irritation but 

no morphological damage (Henderson et al. 1979).  In rabbits exposed to 0.6 mg chromium(III)/m3 as 

chromium nitrate intermittently for 4–6 weeks, changes in the lungs were confined to nodular 

accumulations of macrophages in the lungs.  Macrophage morphology demonstrated black inclusions and 

large lysosomes.  These changes represent normal physiological responses of the macrophages to the 

chromium particle.  Phagocytosis and the reduction of nitroblue tetrazolium to formazan was impaired by 

chromium(III), indicating a decrease in the functional and metabolic activity of the macrophage 

(Johansson et al. 1986a, 1986b).  

Chronic exposure to chromium(VI) compounds and mixtures of chromium(VI) and chromium(III) 

compounds have also resulted in adverse respiratory effects in animals.  Experiments in which rats were 

exposed to either chromium(VI) alone as sodium dichromate or a 3:2 mixture of chromium(VI) trioxide 

and chromium(III) oxide for 18 months showed similar loading of macrophages and increases in lung 

weight.  However, histopathology of rats exposed to 0.1 mg/m3 of chromium(III) and chromium(VI) 
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together revealed interstitial fibrosis and thickening of the septa of the alveolar lumens due to the large 

accumulation of chromium in the lungs, whereas histopathology of the lungs was normal in rats exposed 

only to chromium(VI) (Glaser et al. 1986, 1988).  Mice exposed to 4.3 mg chromium(VI)/m3 as calcium 

chromate dust intermittently for 18 months had epithelialization of alveoli.  Histopathology revealed 

epithelial necrosis and marked hyperplasia of the large and medium bronchi, with numerous openings in 

the bronchiolar walls (Nettesheim and Szakal 1972).  Significantly increased incidences of pulmonary 

lesions (lung abscesses, bronchopneumonia, giant cells, and granulomata) were found in rats exposed 

chronically to a finely ground, mixed chromium roast material that resulted in airborne concentrations of 

1.6–2.1 mg chromium(VI)/m3 compared with controls.  In the same study, guinea pigs exposed 

chronically to the chromium roast material along with mists of potassium dichromate or sodium chromate 

solutions that also resulted in 1.6–2.1 mg chromium(VI)/m3 had significantly increased incidences of 

alveolar and interstitial inflammation, alveolar hyperplasia, and interstitial fibrosis, compared with 

controls.  Similarly, rabbits were also exposed and also had pulmonary lesions similar to those seen in the 

rats and guinea pigs, but the number of rabbits was too small for meaningful statistical analysis (Steffee 

and Baetjer 1965).  

In the only study of chromium(IV) exposure, all rats treated with 0.31 or 15.5 mg chromium(IV)/m3 as 

chromium dioxide dust for 2 years had discolored mediastinal lymph nodes and lungs, and dust laden 

macrophages.  Lung weight was increased at 12 and 24 months in the 15.5 mg chromium(IV)/m3 group 

(Lee et al. 1989).  The increased lung weight and macrophage effects probably represent the increased 

lung burden of chromium dioxide dust and normal physiological responses of macrophages to dust. 

Cardiovascular Effects. Information regarding cardiovascular effects in humans after inhalation 

exposure to chromium and its compounds is limited.  In a survey of a facility engaged in chromate 

production in Italy, where exposure concentrations were ≥0.01 mg chromium(VI)/m3, electrocardiograms 

were recorded for 22 of the 65 workers who worked in the production of dichromate and chromium 

trioxide for at least 1 year.  No abnormalities were found (Sassi 1956).  An extensive survey to determine 

the health status of chromate workers in seven U.S. chromate production plants found no association 

between heart disease or effects on blood pressure and exposure to chromates.  Various manufacturing 

processes in the plants resulted in exposure of workers to chromite ore (mean time-weighted 

concentration of 0–0.89 mg chromium(III)/m3); water-soluble chromium(VI) compounds (0.005–0.17 mg 

chromium(VI)/m3); and acid-soluble/water-insoluble chromium compounds (including basic chromium 

sulfate), which may or may not entirely represent trivalent chromium (0–0.47 mg chromium/m3) (PHS 

1953).  No excess deaths were observed from cardiovascular diseases and ischemic heart disease in a 
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cohort of 4,227 stainless steel production workers from 1968 to 1984 when compared to expected deaths 

based on national rates and matched for age, sex, and calendar time (Moulin et al. 1993).  No measure

ments of exposure were provided.  In a cohort of 3,408 individuals who had worked in four facilities that 

produced chromium compounds from chromite ore in northern New Jersey sometime between 1937 and 

1971, where the exposure durations of workers ranged from <1 to >20 years, and no increases in 

atherosclerotic heart disease were evident (Rosenman and Stanbury 1996).  The proportionate mortality 

ratios for white and black men were 97 (confidence limits 88–107) and 90 (confidence limits 72–111), 

respectively. 

Cardiovascular function was studied in 230 middle-aged workers involved in potassium dichromate 

production who had clinical manifestations of chromium poisoning (96 with respiratory effects and 

134 with gastrointestinal disorders) and in a control group of 70 healthy workers of similar age.  Both 

groups with clinical manifestations had changes in the bioelectric and mechanical activity of the 

myocardium as determined by electrocardiography, kinetocardiography, rheocardiography, and 

ballistocardiography.  These changes were more pronounced in the workers with respiratory disorders due 

to chromium exposure than in the workers with chromium-induced gastrointestinal effects.  The changes 

in the myocardium could be secondary to pulmonary effects and/or to a direct effect on the blood vessels 

and myocardium (Kleiner et al. 1970). 

For intermediate-duration exposures, no histopathological changes to the heart were observed in male 

Sprague-Dawley rats exposed to 1.15 mg chromium(VI)/m3 as chromium trioxide (Kim et al. 2004) or in 

male and female CDF rats exposed to 30 mg chromium(III)/m3 as chromic oxide or basic chromium 

sulfate for 3 months, (Derelanko et al. 1999).  No histopathological lesions were found in the hearts of 

rats exposed chronically to chromium dioxide at 15.5 mg chromium(IV)/m3 (Lee et al. 1989).  Additional 

information regarding cardiovascular effects in animals after exposure to chromium or chromium 

compounds was not located. 

Gastrointestinal Effects. Gastrointestinal effects have been associated with occupational exposure 

of humans to chromium compounds.  In a report of two cases of acute exposure to "massive amounts" of 

chromium trioxide fumes, the patients complained of abdominal or substernal pain, but further 

characterization was not provided (Meyers 1950). 

In a NIOSH Health Hazard Evaluation of an electroplating facility in the United States, 5 of 11 workers 

reported symptoms of stomach pain, 2 of duodenal ulcer, 1 of gastritis, 1 of stomach cramps, and 1 of 
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frequent indigestion.  The workers were employed for an average of 7.5 years and were exposed to mean 

concentrations of 0.004 mg chromium(VI)/m3 (Lucas and Kramkowski 1975).  These workers were not 

compared to a control group.  An otolaryngological examination of 77 employees of eight chromium 

electroplating facilities in Czechoslovakia, where the mean level in the breathing zone above the plating 

baths was 0.414 mg chromium(VI)/m3, revealed 12 cases of chronic tonsillitis, 5 cases of chronic 

pharyngitis, and 32 cases of atrophy of the left larynx (Hanslian et al. 1967).  In a study of 97 workers 

from a chromate plant exposed to a mixture of insoluble chromite ore containing chromium(III) and 

soluble chromium(VI) as sodium chromate and dichromate, gastrointestinal radiography revealed that 

10 of the workers had ulcer formation, and of these, 6 had hypertrophic gastritis.  Nearly all of the 

workers breathed through the mouth while at work and swallowed the chromate dust, thereby directly 

exposing the gastrointestinal mucosa.  Only two cases of gastrointestinal ulcer were found in 41 control 

individuals, who had the same racial, social, and economic characteristics as the chromium-exposed 

group (Mancuso 1951).  In a survey of a facility engaged in chromate production in Italy where exposure 

concentrations were ≥0.01 mg chromium(VI)/m3, 15.4% of the 65 workers who worked in the production 

of dichromate and chromium trioxide for at least 1 year had duodenal ulcers and 9.2% had colitis.  The 

ulcers were considered to be due to exposure to chromium (Sassi 1956).  Gastric mucosa irritation leading 

to duodenal ulcer was found in 21 of 90 workers engaged in the production of chromium salts. 

Symptoms of gastrointestinal pathology appeared about 3–5 years after the workers' initial contact 

(Sterekhova et al. 1978).  Most of these studies reporting gastrointestinal effects did not compare the 

workers with appropriate controls.  Although the gastrointestinal irritation and ulceration due to exposure 

to chromium(VI) in air could be due to a direct action of chromium(VI) on the gastrointestinal mucosa 

from swallowing chromium as a result of mouth breathing (or transfer via hand-to-mouth activity), other 

factors, such as stress and diet, can also cause gastrointestinal effects.  While occupational exposure to 

chromium(VI) may result in gastrointestinal effects, a lower than expected incidence of death from 

diseases of the digestive tract was found among a cohort of 2,101 employees who had worked for at least 

90 days during the years 1945–1959 in a chromium production plant in Baltimore, Maryland, and were 

followed until 1977.  The rate (O/E=23/36.16, SMR=64) is based on comparison with mortality rates for 

Baltimore (Hayes et al. 1979).  In contrast to findings with chromium(VI) compounds, no indication was 

found that exposure to chromium(III) resulted in stomach disorders in workers employed in two factories 

that produced chromium(III) oxide or chromium(III) sulfate (Korallus et al. 1974b). 

Information regarding gastrointestinal effects in animals after inhalation exposure to chromium or its 

compounds is limited.  For intermediate-duration exposures, no histopathological changes to 

gastrointestinal tissues in male and female CDF rats exposed to 30 mg chromium(III)/m3 as chromic 
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oxide or basic chromium sulfate for 3 months, (Derelanko et al. 1999).  Histological examination of the 

stomachs of rats exposed to sodium dichromate dihydrate at ≤0.2 mg chromium(VI)/m3 for 28 or 90 days 

revealed no abnormalities (Glaser et al. 1985).  In mice exposed intermittently to 4.3 mg 

chromium(VI)/m3 as calcium chromate for 18 months, small ulcerations in the stomach and intestinal 

mucosa were reported to occur occasionally, but the incidence in the treated mice or controls and other 

details regarding these lesions were not reported (Nettesheim et al. 1971).  No treatment-related 

histopathological lesions were found in the stomach, large intestine, duodenum, jejunum, or ileum of rats 

chronically exposed to chromium dioxide at 15.5 mg chromium(IV)/m3 (Lee et al. 1989). 

Hematological Effects. Hematological evaluations of workers occupationally exposed to chromium 

compounds have yielded equivocal results.  Ninety-seven workers from a chromate plant were exposed to 

a mixture of insoluble chromite ore containing chromium(III) and soluble sodium chromate and 

dichromate.  Hematological evaluations revealed leukocytosis in 14.4% or leukopenia in 19.6% of the 

workers.  The leukocytosis appeared to be related primarily to monocytosis and eosinophilia, but controls 

had slight increases in monocytes and occasional increases in eosinophils without leukocytosis.  

Decreases in hemoglobin concentrations and slight increases in bleeding time were also observed 

(Mancuso 1951).  Whether these hematological findings were significantly different from those seen in 

controls was not stated, but the effects were attributed to chromium exposure.  In a survey of a facility 

engaged in chromate production in Italy where exposure concentrations were ≥0.01 mg 

chromium(VI)/m3, hematological evaluation of workers who worked in the production of dichromate and 

chromium trioxide for at least 1 year were unremarkable or inconclusive (Sassi 1956).  In an extensive 

survey to determine the health status of chromate workers in seven U.S. chromate production plants, 

hematological evaluations revealed no effects on red blood cell counts, hemoglobin, hematocrit, or white 

blood cell counts.  The sedimentation rate of red cells was higher than that of controls, but the difference 

was not statistically significant.  Various manufacturing processes in the plants resulted in exposure of 

workers to chromite ore (mean time-weighted concentration of 0–0.89 mg chromium(III)/m3); water-

soluble chromium(VI) compounds (0.005–0.17 mg chromium(VI)/m3); and acid-soluble/water-insoluble 

chromium compounds (including basic chromium sulfate), which may or may not entirely represent 

chromium(III) (0–0.47 mg chromium/m3) (PHS 1953).  Likewise, no effects on red blood cell counts, 

white blood cell counts, hemoglobin levels, or sedimentation rate were found in a case control study of 

17 male manual metal arc stainless steel welders from six industries with mean occupational durations of 

20 years (Littorin et al. 1984).  The relationship between serum and urine chromium levels and blood 

hemoglobin was examined in workers exposed to chromium(III) at a tannery plant in Leon, Mexico 

(Kornhauser et al. 2002).  Groups of workers were classified as unexposed (control; n=11), moderately 
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exposed (n=14) or highly exposed (n=11) based on job type; exposure levels were not reported.  Blood 

chromium levels of 0.13, 0.25, and 0.39 μg/L and urine chromium levels of 1.35, 1.43, and 1.71 μg/L 

were observed in the control, moderate, and high exposure groups, respectively; statistically significant 

differences were observed between the control group and both chromium groups for blood chromium and 

between the control and the high exposure groups for urine chromium.  An inverse relationship was 

observed between urine chromium and blood hemoglobin (r=-0.530), serum chromium and urine iron 

(r=-0.375) and the chromium/iron ratio in urine and hemoglobin (r=-0.669; <0.05).  Results indicate a 

potential effect of chromium(III) exposure on hemoglobin; however, due to small group size, definitive 

conclusions cannot be made.  No hematological disorders were found among 106 workers in a 

chromium(III) producing plant where workroom levels were ≤1.99 mg chromium(III)/m3 as 

chromium(III) oxide and chromium(III) sulfate (Korallus et al. 1974a). 

Results from hematological evaluations in rats yielded conflicting results.  Hematological effects were 

observed in male Sprague-Dawley rats exposed to chromium trioxide mist for 90 days; changes included 

significant decreases in hematocrit (at 0.23 and 1.15, but not 0.49 mg chromium(VI)/m3), hemoglobin (at 

0.49 and 1.15 mg chromium(VI)/m3) and erythrocyte count (at 1.15 mg chromium(VI)/m3) (Kim et al. 

2004).  Hematological evaluations of rats exposed to sodium dichromate at 0.025–0.2 mg 

chromium(VI)/m3 for 28 or 90 days or 0.1 mg chromium(VI)/m3 for 18 months were unremarkable 

(Glaser et al. 1985, 1986, 1988).  However, increased white blood cell counts were found in rats exposed 

to ≥0.1 mg chromium(VI)/m3 as sodium dichromate for 30 days and at ≥0.05 mg chromium(VI)/m3 for 

90 days.  The white blood cell counts were not increased 30 days postexposure (Glaser et al. 1990).  Rats 

exposed to 0.1 mg chromium/m3 as a 3:2 mixture of chromium(VI) trioxide and chromium(III) oxide for 

18 months had increased red and white blood cell counts, hemoglobin content, and hematocrit (Glaser et 

al. 1986, 1988). 

No changes in hematological parameters were observed in rats exposed to 15.5 mg chromium(IV)/m3 as 

chromium dioxide for 2 years (Lee et al. 1989). 

In male and female CDF rats exposed to insoluble chromic oxide or soluble basic chromium sulfate by 

nose-only inhalation at 3, 10, or 30 mg chromium(III)/m3 for 6 hours/day, 5 days/week for 13 weeks, no 

adverse effects on hematological parameters were observed (Derelanko et al. 1999). 

Musculoskeletal Effects. No musculoskeletal effects have been reported in either humans or 

animals after inhalation exposure to chromium. 
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Hepatic Effects. Chromium(VI) has been reported to cause severe liver effects in four of five workers 

exposed to chromium trioxide in the chrome plating industry.  Derangement of the cells in the liver, 

necrosis, lymphocytic and histiocytic infiltration, and increases in Kupffer cells were reported.  

Abnormalities in tests for hepatic dysfunction included increases in sulfobromophthalein retention, 

gamma globulin, icterus, cephalin cholesterol flocculation, and thymol turbidity (Pascale et al. 1952).  In 

a cohort of 4,227 workers involved in production of stainless steel from 1968 to 1984, excess deaths were 

observed from cirrhosis of the liver compared to expected deaths (O/E=55/31.6) based on national rates 

and matched for age, sex, and calendar time having an SMR of 174 with confidence limits of 131– 

226 (Moulin et al. 1993).  No measurements of exposure were provided.  Based on limited information, 

however, the production of chromium compounds does not appear to be associated with liver effects.  As 

part of a mortality and morbidity study of workers engaged in the manufacture of chromium(VI) 

compounds (84%) and chromium(III) compounds (16%) derived from chromium(VI) in Japan, 

94 workers who had been exposed for 1–28 years were given a complete series of liver function tests 

3 years after exposure ended.  All values were within normal limits (Satoh et al. 1981).  In a survey of a 

facility engaged in chromate production in Italy, where exposure concentrations were ≥0.01 mg 

chromium(VI)/m3, 15 of 65 men who worked in the production of dichromate and chromium trioxide for 

at least 1 year had hepatobiliary disorders.  When the workers were given liver function tests, slight 

impairment was found in a few cases.  These disorders could have been due to a variety of factors, 

especially heavy alcohol use (Sassi 1956).  No indication was found that exposure to chromium(III) 

resulted in liver disorders in workers employed in two factories that produced chromium(III) oxide or 

chromium(III) sulfate (Korallus et al. 1974b). 

The hepatic effects observed in animals after inhalation exposure to chromium or its compounds were 

minimal and not considered to be adverse.  Rats exposed to as much as 0.4 mg chromium(VI)/m3 as 

sodium dichromate for ≤90 days did not have increased serum levels of alanine aminotransferase or 

alkaline phosphatase, cholesterol, creatinine, urea, or bilirubin (Glaser et al. 1990).  Triglycerides and 

phospholipids were increased only in the 0.2 mg chromium(VI)/m3 group exposed for 90 days (Glaser et 

al. 1985).  No histopathological changes to the liver were observed in male Sprague-Dawley rats exposed 

to 1.15 mg chromium(VI)/m3 as chromium trioxide (Kim et al. 2004) or in male and female CDF rats 

exposed to 30 mg chromium(III)/m3 as chromic oxide or basic chromium sulfate for 3 months, 

(Derelanko et al. 1999).  Chronic exposure of rats to 0.1 mg chromium(VI)/m3 as sodium dichromate, to 

0.1 mg total chromium/m3 as a 3:2 mixture of chromium(VI) trioxide and chromium(III) oxide, or to 
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15.5 mg chromium(IV)/m3 as chromium dioxide did not cause adverse hepatic effects as assessed by 

histological examination and liver function tests (Glaser et al. 1986, 1988; Lee et al. 1989). 

Renal Effects. No increases in genital/urinary disease were evident in a cohort of 3,408 workers from 

four former facilities that produced chromium compounds from chromite ore in northern New Jersey 

sometime between 1937 and 1971.  The proportionate mortality ratios for white and black men were 

71 (40–117) and 47 (15–111), respectively.  Exposure durations ranged from <1 to >20 years (Rosenman 

and Stanbury 1996). 

Renal function has been studied in workers engaged in chromate and dichromate production, in chrome 

platers, in stainless steel welders, in workers employed in ferrochromium production, in boilermakers, 

and in workers in an alloy steel plant.  Workers exposed to chromium(VI) compounds in a chromate 

production plant were found to have higher levels of a brush border protein antigen and retinol binding 

protein in the urine compared with controls (Mutti et al. 1985a).  A similar study was conducted in 

43 male workers in the chromate and dichromate production industry, where occupational exposures were 

between 0.05 and 1.0 mg chromium(VI)/m3 as chromium trioxide, and mean employment duration was 

7 years.  Workers with >15 μg chromium/g creatinine in the urine had increased levels of retinol binding 

protein and tubular antigens in the urine (Franchini and Mutti 1988).  These investigators believe that the 

presence of low molecular weight proteins like retinol binding protein or antigens in the urine are 

believed to be early indicators of kidney damage.  In an extensive survey to determine the health status of 

chromate workers in seven U.S. chromate production plants, analysis of the urine revealed a higher 

frequency of white blood cell and red blood cell casts than is usually found in an industrial population 

(statistical significance not reported).  Various manufacturing processes in the plants resulted in exposure 

of workers to chromite ore (mean time-weighted concentration of 0–0.89 mg chromium(III)/m3); water-

soluble chromium(VI) compounds (0.005–0.17 mg chromium(VI)/m3); and acid-soluble/water-insoluble 

chromium compounds (including basic chromium sulfate), which may or may not entirely represent 

chromium(III) (0–0.47 mg chromium/m3) (PHS 1953). 

Some studies of renal function in chromate production workers found negative or equivocal results.  In a 

survey of a facility engaged in chromate production in Italy, where exposure concentrations were 

≥0.01 mg chromium(VI)/m3, results of periodic urinalyses of workers who worked in the production of 

dichromate and chromium trioxide for at least 1 year were generally unremarkable, with the exception of 

one case of occasional albuminuria and a few cases of slight urobilinuria (Sassi 1956).  As part of a 

mortality and morbidity study of workers engaged in the manufacture of chromium(VI) compounds 
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(84%) and chromium(III) compounds (16%) derived from chromium(VI) in Japan, 94 workers who had 

been exposed for 1–28 years were given a complete series of kidney function tests (not further 

characterized) 3 years after exposure ended.  All values were within normal limits (Satoh et al. 1981). 

Studies of renal function in chrome platers, whose exposure is mainly to chromium(VI) compounds, have 

also yielded equivocal results.  A positive dose-response for elevated urinary levels of β2-microglobulin 

was found in chrome platers who were exposed to 0.004 mg chromium(VI)/m3, measured by personal air 

samplers, for a mean of 5.3 years.  However, since no increase in β2-microglobulin levels was found in 

ex-chrome platers who had worked for at least 1 year in an old chrome plating plant from 1940 to 1968, 

this effect may be reversible (Lindberg and Vesterberg 1983b).  Liu et al. (1998) similarly found 

significantly higher urinary β2-microglobulin and N-acetyl-β-glucosaminidase levels in hard-chrome 

electroplaters exposed to 0.0042 mg chromium/m3 for a mean of 5.8 years, as compared to aluminum 

anode-oxidation workers.  The prevalence of elevated levels (higher than reference values) was 

significantly increased for N-acetyl-β-glucosaminidase, but not for β2-microglobulin.  In another study, 

comparison of results of renal function tests between chrome platers and construction workers revealed 

that the chrome platers had significantly (p<0.001) increased levels of urinary chromium and increased 

clearance of chromium, but decreased (p<0.05) levels of retinol binding protein.  However, no differences 

were found for blood urea nitrogen, serum and urinary β2-microglobulin, serum immunoglobulin, total 

protein in the urine, urinary albumin, N-acetyl-β-D-glucosamidase, β-galactosidase, or lysozyme 

(Verschoor et al. 1988). 

Studies of renal function in stainless steel welders, whose exposure is mainly to chromium(VI) 

compounds, were negative.  Stainless steel welders had significantly increased (p<0.001) levels of urinary 

chromium, increased clearance of chromium, and increased serum creatinine compared with controls, but 

no differences were found in the levels of retinol binding protein, β2-microglobulin, or other indices of 

kidney damage (Verschoor et al. 1988).  Similar negative results were found in another group of stainless 

steel welders (Littorin et al. 1984). 

Occupational exposure to chromium(III) or chromium(0) does not appear to be associated with renal 

effects.  No renal impairment based on urinary albumin, retinol binding protein, and renal tubular antigens 

was found in 236 workers employed in the ferrochromium production industry where ferrochromite is 

reduced with coke, bauxite, and quartzite.  The mean airborne concentration of chromium in various 

sample locations was 0.075 mg chromium(III)/m3; chromium(VI) was below the detection limit of 

0.001 mg chromium(VI)/m3 at all locations (Foa et al. 1988).  Workers employed in an alloy steel plant 
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with a mean exposure of 7 years to metallic chromium at 0.61 mg chromium(0)/m3 and to other metals 

had normal urinary levels of total protein and β2-microglobulin, enzyme activities of alanine

aminopeptidase, N-acetyl-β-D-glucosaminidase, gammaglutamyl-transpeptidase, and β-galactosidase 

(Triebig et al. 1987).  In boilermakers exposed to chromium(0), no increase in urinary levels of 

chromium, and no differences in the levels of retinol binding protein, β2-microglobulin, or other indices of 

renal toxicity were found (Verschoor et al. 1988). 

In a group of 30 men and 25 women who were lifetime residents of an area in northern New Jersey 

contaminated with chromium landfill, signs of preclinical renal damage were assessed by examining the 

urinary levels of four proteins, intestinal alkaline phosphatase, tissue nonspecific alkaline phosphatase, 

N-acetyl-β-D-glucosaminidase, and microalbumin (Wedeen et al. 1996).  The mean urinary chromium 

concentrations were 0.2±0.1 μg/g creatinine for the women and 0.3 μg/g creatinine for the men.  None of 

the four proteins exceeded normal urinary levels in either men or women.  The authors concluded that 

long-term environmental exposure to chromium dust did not lead to tubular proteinurea or signs of 

preclinical renal damage. 

Exposure of rats to sodium dichromate at ≤0.4 mg chromium(VI)/m3 for ≤90 days did not cause 

abnormalities, as indicated by histopathological examination of the kidneys.  Serum levels of creatinine 

and urea and urine levels of protein were also normal (Glaser et al. 1985, 1990).  No changes in urinalysis 

parameters or histopathological changes to the kidneys were observed in male Sprague-Dawley rats 

exposed to 1.15 mg chromium(VI)/m3 as chromium trioxide (Kim et al. 2004) and no histopathological 

lesions were observed in the kidneys of male and female CDF rats exposed to 30 mg chromium(III)/m3 as 

chromic oxide or basic chromium sulfate for 3 months (Derelanko et al. 1999).  Furthermore, no renal 

effects were observed in rats exposed to 0.1 mg chromium/m3 as sodium dichromate (chromium(VI)) or 

as a 3:2 mixture of chromium(VI) trioxide and chromium(III) oxide for 18 months, based on histological 

examination of the kidneys, urinalysis, and blood chemistry (Glaser et al. 1986, 1988).  Rats exposed to 

15.5 mg chromium(IV)/m3 as chromium dioxide for 2 years showed no histological evidence of kidney 

damage or impairment of kidney function, as measured by routine urinalysis.  Serum levels of blood urea 

nitrogen, creatinine, and bilirubin were also normal (Lee et al. 1989). 

Endocrine Effects. Increased serum amylase activity (a marker for pancreatic function) was observed 

in a group of 50 chrome plating workers in Bangalore, India, compared to 50 workers with no history of 

chromium(VI) exposure.  Employment duration of exposed workers ranged from 15 to 20 years; exposure 

levels were not reported (Kalahasthi et al. 2007).  Serum amylase activity in exposed workers was 
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significantly correlated to urine chromium (r=0.289; p<0.05).  No studies were located regarding 

endocrine effects in humans following inhalation exposure to chromium(III) compounds. 

For intermediate-duration exposures, no histopathological changes to the endocrine tissues were observed 

in male Sprague-Dawley rats exposed to 1.15 mg chromium(VI)/m3 as chromium trioxide (Kim et al. 

2004) or in male and female CDF rats exposed to 30 mg chromium(III)/m3 as chromic oxide or basic 

chromium sulfate for 3 months (Derelanko et al. 1999).  Male rats exposed 22 hours/day for 18 months to 

0.1 mg chromium(VI)/m3 as sodium dichromate or exposed to a mixture of chromium(VI) and 

chromium(III) (0.06 mg chromium(VI)/m3 plus 0.04 mg chromium(III)/m3) as chromium(VI) trioxide and 

chromium(III) oxide did not result in any histopathological changes in adrenal glands (Glaser et al. 1986, 

1988).  Rats exposed to 15.5 mg chromium(IV)/m3 as chromium dioxide for 2 years showed no 

histopathological abnormalities in adrenals, pancreas, and thyroid glands (Lee et al. 1989). 

Dermal Effects. Acute systemic and dermal allergic reactions have been observed in chromium-

sensitive individuals exposed to chromium via inhalation as described in Sections 3.2.3.2 and 3.2.3.3. 

No studies were located regarding systemic dermal effects in animals after inhalation exposure to 

chromium(VI) or chromium(III) compounds. 

Ocular Effects. Effects on the eyes due to direct contact of the eyes with airborne mists, dusts, or 

aerosols or chromium compounds are described in Section 3.2.3.2.  Medical records of 2,307 male 

workers (all nonsmokers) employed at a chromate production plant in Baltimore, Maryland between 1950 

and 1974 were evaluated to determine the percentage of workers reporting clinical symptoms, mean time 

of employment to first diagnosis of symptoms, and mean exposure to chromium(VI) at the time of first 

diagnosis (exposure for each worker was the annual mean in the area of employment during the year of 

first diagnosis) (Gibb et al. 2000a).  Conjunctivitis was reported on 20.0% of the study population, at a 

mean exposure level of 0.025 mg Cr(VI)/m3 and a mean time-to-onset of 604 days. 

Opthalmoscopic examination did not reveal any changes in male and female CDF rats exposed to 30 mg 

chromium(III)/m3 as chromic oxide or basic chromium sulfate for 3 months (Derelanko et al. 1999). 

Histopathologic examination of rats exposed to 15.5 mg chromium(IV)/m3 as chromium dioxide for 

2 years revealed normal morphology of the ocular tissue (Lee et al. 1989). 
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Body Weight Effects. In a report of a case of acute exposure to "massive amounts" of chromium 

trioxide fumes, the patient became anorexic and lost 20–25 pounds during a 3-month period following 

exposure (Meyers 1950). 

In rats exposed to an aerosol of sodium dichromate for 30 or 90 days or for 90 days followed by an 

additional 30 days of nonexposure, body weight gain was significantly decreased at 0.2 and 0.4 mg 

chromium(VI)/m3 for 30 days (p<0.001), at 0.4 mg chromium(VI)/m3 for 90 days (p<0.05), and at 

0.2 (p<0.01) and 0.4 mg chromium(VI)/m3 (p<0.05) in the recovery group (Glaser et al. 1990).  There 

was no effect on body weight gain in rats exposed for 28 days to 0.2 mg/m3 (Glaser et al. 1985) or for 

≤18 months to 0.1 mg chromium(VI)/m3 as sodium dichromate (Glaser et al. 1986, 1988, 1990) or 0.1 mg 

chromium(III and VI)/m3 as a 3:2 mixture of chromium(VI) trioxide and chromium(III) oxide for 

18 months (Glaser et al. 1986, 1988).  Body weight was significantly decreased in male Sprague-Dawley 

rats exposed to 1.15 mg chromium(VI)/m3 as chromium trioxide mist for 90 days (Kim et al. 2004) and in 

male, but not female, rats exposed to 10 mg chromium(III)/m3 as chromic oxide for 13 weeks (Derelanko 

et al. 1999).  However, exposure of male and female rats to 30 mg chromium(III)/m3 as basic chromium 

sulfate for 13 weeks did not produce body weight changes (Derelanko et al. 1999).  Similarly, there was 

no effect on body weight gain in rats exposed to 15.5 mg chromium(IV)/m3 as chromium dioxide for 

2 years (Lee et al. 1989). 

3.2.1.3  Immunological and Lymphoreticular Effects 

Sensitization of workers, resulting in respiratory and dermal effects, has been reported in numerous 

occupational exposure studies.  Although the route of exposure for initial sensitization in an occupational 

setting is most likely a combination of inhalation, oral, and dermal routes, information on the exposure 

levels producing sensitization by the inhaled route was not identified.  Additional information on contact 

dermatitis in sensitized workers is provided in Section 3.2.3.3 (Dermal Exposure, Immunological and 

Lymphoreticular Effects). 

Acute reactions have been observed in chromium sensitive individuals exposed to chromium via 

inhalation as noted in several individual case reports.  A 29-year-old welder exposed to chromium vapors 

from chromium trioxide baths and to chromium and nickel fumes from steel welding for 10 years 

complained of frequent skin eruptions, dyspnea, and chest tightness.  Chromium sensitivity in the 

individual was measured by a sequence of exposures, via nebulizer, to chromium(VI) as sodium 

chromate.  Exposure to 0.029 mg chromium(VI)/mL as sodium chromate caused an anaphylactoid 
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reaction, characterized by dermatitis, facial angioedema, bronchospasms accompanied by a tripling of 

plasma histamine levels, and urticaria (Moller et al. 1986).  Similar anaphylactoid reactions were 

observed in five individuals who had a history of contact dermatitis to chromium, after exposure, via 

nebulizer, to an aerosol containing 0.035 mg chromium(VI)/mL as potassium dichromate.  Exposure 

resulted in decreased forced expiratory volume, facial erythema, nasopharyngeal pruritus, nasal blocking, 

cough, and wheezing (Olaguibel and Basomba 1989).  Challenge tests with fumes from various stainless 

steel welding processes indicated that the asthma observed in two stainless steel welders was probably 

caused by chromium or nickel, rather than by irritant gases produced by the welding process (Keskinen et 

al. 1980).  A 28-year-old construction worker developed work-related symptoms of asthma, which 

worsened during periods when he was working with (and sawing) corrugated fiber cement containing 

chromium.  A skin patch test to chromium was negative.  Asthmatic responses were elicited upon 

inhalation challenge with fiber cement dust or nebulized potassium chromate (Leroyer et al. 1998).  A 

40-year-old woman exposed to chromium and nickel in a metalworks company developed occupational 

asthma and tested positive to skin prick tests and bronchial challenge tests with potassium dichromate 

(Cruz et al. 2006).  In four male workers (two electroplating workers, one welder, and one cement 

worker) with work-related symptoms of asthma, two tested positive to skin prick tests with potassium 

dichromate and nickel sulfate and all tested positive to bronchial challenge tests with potassium 

dichromate and nickel sulfate (Fernandez-Nieto et al. 2006).  Chromium-induced asthma may occur in 

some sensitized individuals exposed to elevated concentrations of chromium in air, but the number of 

sensitized individuals is low and the number of potentially confounding variables in the chromium 

industry is high.  

Concentrations of some lymphocyte subpopulations (CD4+ helper-inducer, CD5--CD19+ B, 

CD3--CD25+ activated B, and CD3--HLA-DR+ activated B and natural killer lymphocytes) were 

significantly reduced (about 30–50%) in a group of 15 men occupationally exposed to dust containing 

several compounds (including hexavalent chromium as lead chromate) in a plastics factory.  Worker 

blood lead and urine chromium levels were significantly higher than those of 15 controls not known to be 

occupationally exposed to toxic agents.  Serum chromium concentrations and serum immunoglobulins 

IgA, IgG, and IgM were not significantly different between the two groups (Boscolo et al. 1997).  The 

immunological effects of chromium were evaluated in a small group tannery workers (n=20) in Italy, 

compared to a matched group of unexposed controls (n=24) (Mignini et al. 2004).  Exposure of individual 

workers was not reported, but monitoring of 20 factories with participating workers reported TWA 

concentrations of 0.09–0.10 mg total chromium/m3 and 0.001–0.002 mg chromium(VI)/m3. The mean 

time of employment of the exposed group was 5.8 years.  Urine chromium excretion was significantly 
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increased in workers, although no increased in plasma chromium was observed, compared to controls.  In 

workers, proliferative response of peripheral blood mononucleocytes (PBMC) in response to concavalin 

A was increased approximately 24% compared to controls; no difference between workers and controls 

were observed for the percent distribution of lymphocyte subsets (e.g., T lymphocytes, T helper 

lymphocytes, T cytotoxic lymphocytes, B lymphocytes, and natural killer cells). 

Immunological effects of exposure to chromic acid were evaluated in 46 electroplating workers in Taiwan 

(Kuo and Wu 2002).  The entire group was employed for an average of 6.1 years.  Workers were divided 

into low (n=19), moderate (n=17), and high (n=10) subgroups based on mean urine chromium excretion 

of <1.13, 1.14–6.40, and >6.40 μg chromium/g creatinine, respectively.  Airborne chromium was 

measured by personal samplers for all study participants for the duration of one 8-hour shift (data not 

reported); however, no information was reported on individual or group exposures over the time of 

employment.  A negative correlation was observed between urine chromium and B cell percentage and a 

positive correlation was observed between urine chromium and blood IL-8 concentration.  The study 

authors report that smoking was an important factor for lymphocyte subsets; thus, interpretation of these 

results is limited by confounding factors. 

An animal study was designed to examine the immunotoxic effects of soluble and insoluble hexavalent 

chromium agents released during welding (Cohen et al. 1998).  Rats exposed to atmospheres containing 

soluble potassium chromate at 0.36 mg chromium(VI)/m3 for 5 hours/day, 5 days/week for 2 or 4 weeks 

had significantly increased levels of neutrophils and monocytes and decreased alveolar macrophages in 

bronchoalveolar lavage than air-exposed controls.  Significantly increased levels of total recoverable cells 

were noted at 2 (but not 4) weeks of exposure.  In contrast, no alterations in the types of cells recovered 

from the bronchoalveolar lavage fluid were observed in rats exposed to 0.36 mg chromium(VI)/m3 as 

insoluble barium chromate, as compared to controls.  However, the cell types recovered did differ from 

those recovered from rats exposed to soluble chromium.  Changes seen in pulmonary macrophage 

functionality varied between the soluble and insoluble chromium(VI) exposure groups.  The production of 

interleukin (IL)-1 and tumor necrosis factor (TNF)-α cytokines were reduced in the potassium chromate 

exposed rats; only TNF-α was decreased in the barium chromate rats.  IL-6 levels were not significantly 

altered in either group.  Barium chromate affected zymosan-inducible reactive oxygen intermediate 

formation and nitric oxide production to a greater degree than soluble chromium(VI).  Insoluble 

chromium(VI) reduced the production of superoxide anion, hydrogen perodise, and nitric oxide; soluble 

chromium(VI) only reduced nitric oxide production. 
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Rats exposed to 0.025–0.2 mg chromium(VI)/m3 as sodium dichromate for 28 or 90 days had increased 

spleen weights at ≥0.05 mg chromium(VI)/m3 and increased response to sheep red blood cells at 

≥0.025 mg chromium(VI)/m3. In the 90-day study, serum immunoglobulin content was increased in the 

0.05 and 0.1 mg chromium(VI)/m3 groups but not in the 0.2 mg chromium(VI)/m3 group.  There was an 

increase in mitogen-stimulated T-cell response in the group exposed for 90 days to 0.2 mg 

chromium(VI)/m3. Bronchial alveolar lavage fluid had an increased percentage of lymphocytes in the 

groups exposed to 0.025 and 0.05 mg chromium(VI)/m3 and an increased percentage of granulocytes in 

the groups exposed to 0.05 mg chromium(VI)/m3 for 28 days.  The phagocytic activity of macrophages 

was increased in the 0.05 mg chromium(VI)/m3 group.  A higher number of macrophages in telophase 

was observed in the 0.025 and 0.05 mg chromium(VI)/m3 groups.  Bronchial alveolar lavage fluid from 

rats exposed for 90 days had an increased percentage of lymphocytes in the 0.025, 0.05, and 0.2 mg 

chromium(VI)/m3 groups and an increased percentage of granulocytes and number of macrophages in the 

0.05 mg chromium(VI)/m3 groups.  The phagocytic activity of the macrophages was increased in the 

0.025 mg and 0.05 mg chromium(VI)/m3 groups and decreased in the 0.2 mg chromium(VI)/m3 group.  A 

greater number of macrophages in telophase and an increase in their diameter were observed in the 0.025, 

0.05, and 0.2 mg chromium(VI)/m3 groups (Glaser et al. 1985). 

Low-level exposure to sodium dichromate seems to stimulate the humoral immune system (as indicated 

by the significant increase in total immunoglobin levels); exposure to 0.2 mg chromium(VI)/m3 ceases to 

stimulate the humoral immune system (significant decreases in total immunoglobin levels) but still may 

have effects on the T lymphocytes.  The depression in macrophage cell count and phagocytic activities 

correlated with a 4-fold lower rate of lung clearance for inhaled iron oxide in the 0.2 mg 

chromium(VI)/m3 group (Glaser et al. 1985). 

Intermediate-duration exposure of rats to inhaled chromium(III) compounds produces histopathological 

alterations to respiratory lymph nodes and tissues.  In male and female CDF rats, exposure to 3, 10, and 

30 mg chromium(III)/m3 as soluble basic chromium sulfate for 13 weeks resulted in histiocytic cellular 

infiltration and hyperplasia of peribronchial lymphoid tissue and mediastinal lymph nodes; lymph node 

enlargement was also observed on necropsy (Derelanko et al. 1999). Following a 13-week recovery 

period, enlargement, histiocytosis, and hyperplasia of the mediastinal lymph node was observed in rats 

exposed to 3, 10, and 30 chromium(III)/m3 as basic chromium sulfate.  Hyperplasia of the mediastinal 

lymph node was observed in male and female CDF rats exposed to chromium oxide at concentrations of 

3, 10, and 30 mg chromium(III)/m3 for 13 weeks (Derelanko et al. 1999). Following a 13-week recovery 
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period, black pigment (trace-to-mild) in peribronchial lymphoid tissue and mediastinal lymph nodes was 

found in all treatment groups. 

The LOAELs for immunological effects in rats are recorded in Table 3-1 and plotted in Figure 3-1 for 

chromium(VI) and recorded in Table 3-2 and plotted in Figure 3-2 for chromium(III). 

3.2.1.4  Neurological Effects 

In a chrome plating plant where poor exhaust resulted in excessively high concentrations of chromium 

trioxide fumes, workers experienced symptoms of dizziness, headache, and weakness when they were 

working over the chromate tanks (Lieberman 1941).  Such poor working conditions are unlikely to still 

occur in the United States because improvements in industrial hygiene have been made over the years. 

Results of olfactory perceptions tests conducted in workers employed at chromium plating factories in 

An-San Korea (mean employment duration of 7.9 years) indicate that olfactory recognition thresholds 

were significantly higher in exposed workers compared to controls (Kitamura et al. 2003). Air 

concentrations of chromium(VI) ranged from 0.005 to 0.03 mg chromium(VI)/m3 and of chromium(III) 

ranged from 0.005 to 0.06 mg chromium(III)/m3. Although the cause of this change was not determined, 

the study authors suggest that chromium may directly affect the olfactory nerve. 

No increases in vascular lesions in the central nervous system were evident in a cohort of 3,408 workers 

from four former facilities that produced chromium compounds from chromite ore in northern New Jersey 

(Rosenman and Stanbury 1996).  The proportionate mortality ratios for white and black men were 78 (61– 

98) and 68 (44–101), respectively.  The subjects were known to have worked in the four facilities 

sometime between 1937 and 1971 when the last facility closed.  Exposure durations ranged from <1 to 

>20 years. 

No information was located regarding neurological effects in humans or animals after inhalation exposure 

to chromium(III) compounds or in animals after inhalation exposure to chromium(VI) compounds.  No 

histopathological lesions were found in the brain of male Sprague-Dawley rats exposed to 1.15 mg 

chromium(VI)/m3 as chromium trioxide for 3 months or in male and female CDF rats exposed to 30 mg 

chromium(III)/m3 as chromic oxide or basic chromium sulfate for 3 months (Derelanko et al. 1999; Kim 

et al. 2004) or in the brain, spinal cord, or nerve tissues of rats exposed to 15.5 mg chromium(IV)/m3 as 

chromium dioxide for 2 years (Lee et al. 1989).  No neurological or behavioral tests were conducted in 

these studies. 
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3.2.1.5  Reproductive Effects 

Information regarding reproductive effects in humans after inhalation to chromium compounds is limited. 

Semen quality was evaluated in 61 workers in a chromium sulfate manufacturing plant in India (Kumar et 

al. 2005).  Employment duration and chromium exposure levels were not reported.  The study included a 

control group of 15 unexposed workers.  Chromium blood levels in the exposed group were significantly 

increased compared to the control group.  Although no effect was observed on semen volume, 

liquefaction time, or pH or on sperm viability, count, motility, or concentration, a significant increase was 

observed in the number of morphologically abnormal sperm in exposed workers.  In the exposed group, 

53% of subjects had less than 30% normal sperm; in the control group, only 10% of subject had <30% 

normal sperm.  A significant positive correlation (r=0.301; p=0.016) was observed between blood 

chromium and the percentage of abnormal sperm in exposed workers. Sperm count and motility were 

significantly decreased by 47 and 15%, respectively in a group of 21 workers employed at a chrome 

plating plant in Henan, China, compared to age-matched, unexposed controls (Li et al. 2001).  Serum 

follicle stimulating hormone (FSH) concentration was significantly increased by 204% and semen lactate 

dehydrogenase activity was significantly decreased by 30% in exposed compared to control workers, 

although no effect on serum luteinizing hormone (LH) concentration was observed.  Serum chromium 

levels were 11% higher in the exposed workers compared to control; however, the increase was not 

statistically significant.  Duration of employment for all study participants ranged from 1 to 15 years; no 

information on exposure levels or demographics of the exposed and control groups were reported. 

The effect of chromium(VI) on the course of pregnancy and childbirth was studied in women employees 

at a dichromate manufacturing facility in Russia.  Complications during pregnancy and childbirth (not 

further described) were reported in 20 of 26 exposed women who had high levels of chromium in blood 

and urine, compared with 6 of 20 women in the control group.  Toxicosis (not further described) was 

reported in 12 exposed women and 4 controls.  Postnatal hemorrhage occurred in four exposed and two 

control women (Shmitova 1980).  Similar results were reported in a more extensive study of 407 women 

who worked at a factory producing chromium compounds (not otherwise specified) compared with 

323 controls.  The frequency of birth complications was 71.4% in a subgroup of highly exposed women, 

77.4% in a subgroup of women with a lower level of exposure, and 44.2% in controls.  Toxicosis in the 

first half of pregnancy occurred in 35.1% of the high exposure group, 33.3% of the low exposure group, 

and 13.6% of the controls.  The frequency of postnatal hemorrhage was 19.0% for the high exposure 

group and 5.2% in controls (Shmitova 1978).  Because these studies were generally of poor quality and 
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the results were poorly reported, no conclusions can be made regarding the potential for chromium to 

produce reproductive effects in humans. 

The occurrence of spontaneous abortion among 2,520 pregnancies of spouses of 1,715 married Danish 

metal workers exposed to hexavalent chromium from 1977 through 1987 were examined (Hjollund et al. 

1995).  Occupational histories were collected from questionnaires and information on spontaneous 

abortion, live births, and induced abortion was obtained from national medical registers.  The number of 

spontaneous abortions was not increased for pregnant women whose spouses worked in the stainless steel 

welding industry when compared to controls (odds ratio 0.78, 95% confidence interval [CI] 0.55–1.1).  

The authors believed that the risk estimate was robust enough that factors such as maternal age and parity 

and smoking and alcohol consumptions were not confounders.  There was no association found in 

spontaneous abortions in women whose husbands were in the cohort subpopulations who were mild steel 

welders and metal-arc stainless steel welders, which would lead to higher exposures to welding fumes 

(workplace chromium exposures not provided).  This more recent study does not corroborate earlier 

findings (Bonde et al. 1992) that showed that wives of stainless steel welders were at higher risk of 

spontaneous abortions.  The current study was based on abortions recorded in a hospital register, while 

the earlier study was based on self-reporting data.  The latter study probably included more early 

abortions and was biased because the job exposure of male metal workers is apparently modified by the 

outcome of their partners’ first pregnancy.  

Histopathological examination of the testes of rats exposed to 0.2 mg chromium(VI)/m3 as sodium 

dichromate for 28 or 90 days (Glaser et al. 1985), to 0.1 mg chromium(VI)/m3 as sodium dichromate for 

18 months, or to 0.1 mg chromium/m3 as a 3:2 mixture of chromium(VI) trioxide and chromium(III) 

oxide for 18 months (Glaser et al. 1986, 1988) revealed no abnormalities.  For intermediate-duration 

exposures to chromium(III) compounds, no histopathological changes to the reproductive tissues in male 

and female CDF rats exposed to 30 mg chromium(III)/m3 as chromic oxide or basic chromium sulfate for 

3 months; treatment also had no effect on sperm count, motility, or morphology (Derelanko et al. 1999). 

No histopathological lesions were observed in the prostate, seminal vesicle, testes, or epididymis of male 

rats or in the uterus, mammary gland, or ovaries of female rats exposed to 15.5 mg chromium(IV)/m3 as 

chromium dioxide for 2 years (Lee et al. 1989). 

The NOAELs for reproductive effects in rats are recorded in Table 3-1 and plotted in Figure 3-1 for 

chromium(VI) and recorded in Table 3-2 and plotted in Figure 3-2 for chromium(III). 
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3.2.1.6  Developmental Effects 

No studies were located regarding developmental effects in humans or animals after inhalation exposure 

to chromium or its compounds. 

3.2.1.7  Cancer 

Occupational exposure to chromium(VI) compounds in various industries has been associated with 

increased risk of respiratory system cancers, primarily bronchogenic and nasal. Among the industries 

investigated in retrospective mortality studies are chromate production, chromate pigment production and 

use, chrome plating, stainless steel welding, ferrochromium alloy production, and leather tanning.  

Compilations and discussion of many of these studies can be found in reviews of the subject (Goldbohm 

et al. 2006; IARC 1990; Steenland et al. 1996). Studies of chromium workers have varied considerably in 

strength of design for determining cancer risks related to chromium exposure. The strongest designs have 

provided estimates of chromium(VI) (or exposure to other chromium species) for individual members of 

the cohorts, enabling application of dose-response analysis to estimate the contribution of chromium 

exposure to cancer risk. Studies that do not provide estimates of chromium exposure have relied on 

surrogate dose metrics (e.g., length of employment at job titles associated with chromium exposure) for 

exploring attribution of cancer risk to chromium exposure.  However, these surrogate measures are often 

strongly correlated with exposures to other work place hazards, making conclusions regarding possible 

associations with chromium exposures more uncertain.  Chromium dose-response relationships have been 

reported for chromate production workers, but not for other categories of chromium workers.  In studies 

of chromate production workers, increased risk of respiratory tract cancers have been found in association 

with increased cumulative exposure to chromium(VI) and several estimates of excess lifetime risk 

attributed to chromium exposure have been reported.  Studies of chrome platers, who were exposed to 

chromium(VI) and other carcinogenic chemicals, including nickel, have found significant elevations in 

lung cancer risk in association with surrogate indicators of chromium exposure, such as duration of 

employment at jobs in which exposure to chromium occurred; however, estimates of risk attributable to 

specifically to chromium exposure have not been reported.  Results of studies in stainless steel welders 

exposed to chromium(VI) and other chemicals, and in ferrochromium alloy workers, who were exposed 

mainly to chromium(0) and chromium(III), but also to some chromium(VI), have been mixed and are 

inconclusive with respect to work-associated elevations in cancer rates. Studies in leather tanners, who 

are exposed to chromium(III), have not found elevated cancer rates. 
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Chromate Production. Numerous studies of cancer mortality among chromate production workers have 

been reported (Alderson et al. 1981; Bidstrup and Case 1956; Buckell and Harvey 1951; Crump et al. 

2003; Davies et al. 1991; Enterline 1974; Gibb et al. 2000b; Korallus et al. 1982; Mancuso 1997a; Ohsaki 

et al. 1978; Park and Stayner 2006; Park et al. 2004; Pastides et al. 1994; PHS 1953; Rosenman and 

Stanbury 1996; Sassi 1956; Satoh et al. 1994; Taylor 1966).  Collectively, these studies provide evidence 

for associations between lung cancer mortality and employment in chromate production, with risks 

declining with improved industrial hygiene.  Less consistently, nasal cancers have been observed 

(Alderson et al. 1981; Rosenman and Stanbury 1996; Sassi 1956; Satoh et al. 1994).  Evidence for 

associations between exposure to chromium and cancer is strongest for lung cancer mortality, which has 

been corroborated and quantified in numerous studies. A meta-analysis of 49 epidemiology studies based 

on 84 papers of cancer outcomes, primarily among chromium workers, found SMRs ranging from 112 to 

279 for lung cancer, with and overall SMR of 141 (95% CI 135–147; Cole and Rodu 2005). When 

limited to high-quality studies controlled for smoking, the overall SMR for lung cancer was 112 (95% CI 

104–119).  SMRs for other forms of cancer from studies that controlled for confounders were not 

elevated.  Several studies have attempted to derive dose-response relationships for this association 

(Crump et al. 2003; Gibb et al. 2000b; Mancuso 1997a; Park and Stayner 2006; Park et al. 2004).  These 

studies are particularly important because they have included individual exposure estimates to chromium 

for each member of the cohort based on work place monitoring; dose-response modeling to ascertain the 

contribution of changing exposures to chromium to risk (in workers who were also exposed to other 

work-place hazards that could have contributed to cancer risk); and evaluation of the impacts of potential 

co-variables and confounders (e.g., age, birth cohort, and smoking) on chromium-associated risk. 

Gibb et al. (2000b) examined lung cancer mortality in a cohort of chromate production workers (n=2,357, 

males) in Baltimore, Maryland, who were first hired during the period 1950–1974, with mortality 

followed through 1992.  This cohort was the subject of numerous earlier studies, which found 

significantly increased lung cancer mortality (i.e., standard mortality ratios) among workers at the plant 

(Baetjer 1950b; Braver et al. 1985; Hayes et al. 1979; Hill and Ferguson 1979).  In the Gibb et al. (2000b) 

study, cumulative exposures to chromium(VI) or chromium(III) (mg/m3-year) were reconstructed for each 

member of the cohort from historical workplace air monitoring data and job title records (Gibb et al. 

2000b). Lung cancer for the entire group had a relative risk of 1.80 (95% CI 1.49–2.14). Relative risk of 

lung cancer mortality (adjusted for smoking) increased by a factor to 1.38 (95% CI 1.20–1.63) in 

association with a 10-fold increase in cumulative exposure to chromium(VI). The analogous relative risk 

for cumulative exposure to chromium(III) was 1.32 (95% CI 1.15–1.51).  Exposures to chromium(III) and 

chromium(VI) were highly correlated; therefore, discrimination of risks associated with either were 
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problematic.  However, in a combined model that included cumulative exposure to both chromium 

species, relative risk for chromium(VI) exposure remained significant (1.66, p=0.045), whereas relative 

risk for chromium(III) was negative (-0.17, p=0.4).  This outcome suggests that exposure to 

chromium(VI), rather than chromium(III), was the dominant (if not sole) contributor to lung cancer risk 

(after adjustments for smoking).  Park et al. (2004) reanalyzed the data for the Baltimore, Maryland 

cohort using a variety of dose-response models.  In the preferred model (linear with cumulative chromium 

exposure and log-linear for age, smoking, race), cancer rate ratio for a 45-year cumulative exposure to 

1 mg/m3-year of chromium(VI) was estimated to be 2.44 (95% CI 1.54–3.83).  This corresponded to an 

excess lifetime risk unit risk (i.e., additional lifetime risk from occupational exposure to 1 μg CrO3/m
3 or 

0.52 μg Cr(VI)/m3) of 0.003 (95% CI 0.001–0.006) or to 100 μg chromium(VI)/m3 of 0.255 (95% CI 

0.109–0.416).  Subsequent analyses conducted by Park and Stayner (2006) attempted to estimate possible 

thresholds for increasing lung cancer risk.  This analysis was able to exclude possible thresholds in excess 

of 16 μg/m3 chromium(VI) or 0.4 mg/m3-year cumulative exposure to chromium(VI). 

Several studies have examined cancer mortality in a cohort of chromate production workers in 

Painesville, Ohio, and have found increased lung cancer mortality (e.g., SMRs) among workers at the 

plant (Crump et al. 2003; Luippold et al. 2003; Mancuso 1997a; Mancuso and Hueper 1951).  Mancuso 

(1997a) reconstructed cumulative exposure histories of individual members of the cohort (n=332), hired 

during the period 1931–1937 and followed through 1993.  The exposure estimations were based on 

historical workplace air monitoring data for soluble and insoluble chromium and job title records. Age-

adjusted death rates from lung cancer were estimated for cumulative exposure strata, and increased with 

increasing cumulative exposure to total chromium, insoluble chromium, and soluble chromium (a dose 

response model was not reported).  The highest rates were observed in soluble chromium strata 

>4 mg/m3-years (2,848 per 100,000).  Death rates were not adjusted for smoking, which would have been 

a major contributor to lung cancer death rates in the cohort. Although the study discriminated exposures 

to soluble and insoluble chromium, these classifications are not adequate surrogates for exposures to 

trivalent or hexavalent chromium (Kimbrough et al. 1999; Mundt and Dell 1997); therefore, the study 

cannot attribute risk specifically to either species.  More recent studies of this cohort have attempted to 

reconstruct individual exposure histories to chromium(VI), based on species-specific air monitoring data, 

and have attempted to quantify the potential contribution of smoking to lung cancer risk (Crump et al. 

2003; Luippold et al. 2003).  These studies included workers (n=482) hired after 1940 and followed 

through 1997.  Increasing lung cancer risk was significantly associated with increasing cumulative 

exposure to chromium(VI).  Relative risk for lung cancer mortality was estimated to be 0.794 per mg/m3

year (90% CI 0.518–1.120).  The analogous additive risk was 0.00161 per mg/m3-year per person year 
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(90% CI 0.00107–0.00225).  These estimates correspond to unit risks (i.e., additional lifetime risk from 

occupational exposure to 1 μg/m3) of 0.00205 (90% CI 0.00134–0.00291), based on the relative risk 

Poison model, and 0.00216 (90% CI 0.00143–0.00302), based on the additional risk Poison model.  Risk 

estimates were not appreciably sensitive to birth cohort or to smoking designation (for the 41% of the 

cohort that could be classified).  The latter outcome suggests that smoking did not have a substantial 

effect on chromium(VI) associated lung cancer risk (i.e., smoking and chromium appeared to contribute 

independently to cancer risk). 

A meta-analysis of the Crump et al. (2003); Gibb et al. (2000b), and Mancuso (1997a) studies has also 

been reported (Goldbohm et al. 2006).  Excess lifetime risk of lung cancers was estimated from a life 

table analysis (using Dutch population vital statistics) and estimates of relative risk from each study, or in 

the case of Mancuso (1997a), estimated in the meta-analysis (approximately 0.0015 per mg/m3-year).  

Estimates of excess lifetime risks (deaths attributed to a 40-year occupational exposure to chromium(VI) 

at 1 g/m3, for survival up to age 80 years) were 0.0025, 0.0048, and 0.0133, based on Crump et al. 

(2003), Mancuso et al. (1997a), and Gibb et al. (2000b), respectively. 

In conclusion, despite limitations of some studies, occupational exposure to chromium(VI) in the 

chromate production industry is associated with increased risk of respiratory cancer.  Estimates of excess 

lifetime occupational risks range from 0.002 to 0.005 per g/m3 of chromium(VI).  Changes in production 

process and industrial hygiene appear to have reduced overall risk over the past 30–40 years. 

Chromate Pigments Production and Use. Studies of workers engaged in the production of chromate 

pigments provide evidence for increased risk of lung cancer associated with employment in work areas 

where exposure to chromium compounds occurred.  However, the contribution of chromium exposure to 

cancer risk in these cohorts remains uncertain for several reasons: (1) members of the cohorts 

experienced exposures to a variety of chemicals that may have contributed to cancer (e.g., nickel); 

(2) exposures of the individual cohort members to chromium were not quantified or subjected to 

exposure-response analysis; and (3) dose metrics used in dose-response analysis were measures of 

employment duration, which are highly correlated with exposures to chemical hazards other than 

chromium.  Nevertheless, these studies have found elevated lung cancer rates in chromium pigment 

workers in comparison to reference populations (e.g., SMRs) and, in some studies, increased lung cancer 

rates in association with increased potential (e.g., job type, employment duration) for exposure to 

chromium (Dalager et al. 1980; Davies 1979, 1984; Franchini et al. 1983; Frentzel-Beyme 1983; 
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Haguenoer et al. 1981; Hayes et al. 1989; Langård and Norseth 1975; Langård and Vigander 1983; 

Sheffet et al. 1982). 

Chrome Plating. Studies of chrome platers provide evidence for increased risk of lung cancer associated 

with employment in work areas where exposure to chromium compounds occurred.  However, the 

contribution of chromium exposure to cancer risk in these cohorts remains uncertain for several reasons: 

members of the cohorts experienced exposures to a variety of chemicals that may have contributed to 

cancer (e.g., nickel, sulfuric acid); (2) exposures of the individual cohort members to chromium were not 

quantified or subjected to exposure-response analysis; and (3) dose metrics used in dose-response analysis 

were measures of employment duration, which are highly correlated with exposures to chemical hazards 

other than chromium.  Nevertheless, these studies have founds elevated lung cancer rates in chrome bath 

workers in comparison to reference populations (e.g., standard mortality ratios) who were exposed 

primarily to soluble chromium(VI) (e.g., chromic acid mists) and, in some studies, increased lung cancer 

rates in association with increased potential (e.g., job type, employment duration) for exposure to 

chromium (Dalager et al. 1980; Guillemin and Berode 1978; Hanslian et al. 1967; Okubo and Tsuchiya 

1977, 1979; Royle 1975a; Silverstein et al. 1981; Sorahan et al. 1987, 1998; Takahashi and Okubo 1990). 

Sorahan et al. (1998) examined lung cancer risks in a cohort of nickel/chrome platters (n=1,762, hired 

during the period 1946–1975 with mortality follow-up through 1995).  The same cohort was studied by 

Royle (1975a).  Significant excess risks of lung cancer were observed among males and females working 

in the chrome bath area for <1 year (SMR=172; 95% CI 112–277; p<0.05) or >5 years (SMR=320; 95% 

CI 128–658; p<0.001), females working in the chrome bath area for <1 year (SMR=245; 95% CI 118– 

451; p<0.5), males starting chrome work in the period of 1951–1955 (SMR=210; 95% CI 132–317; 

p<0.01), and in male chrome workers 10–19 years after first chrome work (SMR=203; 95% CI 121–321; 

p<0.01).  A significant (p<0.01) positive trend for lung cancer mortality and duration of exposure was 

found for the male chrome bath workers, but not for the female workers.  Lung cancer mortality risks 

were also examined using an internal standard approach, in which mortality in chrome workers was 

compared to mortality in workers without chromium exposure.  After adjusting for sex, age, calendar 

period, year of starting chrome work, period from first chrome work, and employment status, a significant 

positive trend (p<0.05) between duration of chrome bath work and lung cancer mortality risk was found.  

Stainless Steel Welding. Workers in the stainless steel welding industry are exposed to chromium(VI) 

compounds, as well as other chemical hazards that could contribute to cancer (e.g., nickel); however, 

results of studies of cancer mortality in these populations have been mixed.  Some studies have found 
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increased cancer mortality rates among workers; however, examinations of possible associations with 

exposures to chromium have not been reported. A study of 1,221 stainless steel welders in the former 

Federal Republic of Germany found no increased risk of lung cancer or any other specific type of 

malignancy compared with 1,694 workers involved with mechanical processing (not exposed to airborne 

welding fumes) or with the general population of the former Federal Republic of Germany (Becker et al. 

1985).  A follow-up study (Becker 1999) which extended the observation period to 1995, found similar 

results for lung (includes bronchus and trachea) cancer (SMR=121.5, 95% CI 80.7–175.6).  An excess 

risk of pleura mesothelioma was observed (SMR=1,179.9; 95% CI=473.1–2430.5); however, this was 

attributed to asbestos exposure.  A study of 234 workers from eight companies in Sweden, who had 

welded stainless steel for at least 5 years during the period of 1950–1965 and followed until 1984, found 

five deaths from pulmonary tumors, compared with two expected (SMR=249), based on the national rates 

for Sweden.  The excess was not statistically significant.  However, when the incidence of lung cancer in 

the stainless steel welders was compared with an internal reference group, a significant difference was 

found after stratification for age.  The average concentration of chromium(VI) in workroom air from 

stainless steel welding, determined in 1975, was reported as 0.11 mg/m3 (Sjogren et al. 1987).  The cohort 

in this study was small, and stainless welders were also exposed to nickel fumes.  Smoking was probably 

not a confounding factor in the comparisons with the internal reference group. 

In a study of the mortality patterns in a cohort of 4,227 workers involved in the production of stainless 

steel from 1968 to 1984, information was collected from individual job histories, and smoking habits 

were obtained from interviews with workers still active during the data collection (Moulin et al. 1993).  

The observed number of deaths was compared to expected deaths based on national rates and matched for 

age, sex, and calendar time.  No significant excess risk of lung cancer was noted among workers 

employed in melting and casting stainless steel (SMR=104).  However, there was a significant excess 

among stainless steel foundry workers (SMR=229).  The SMR increased for workers with length of 

employment over 30 years to 334 (119–705).  No measurements of exposure were provided. 

Ferrochromium Production. Workers in the ferrochromium alloy industry are exposed to chromium(III) 

and chromium(VI) compounds, as well as other chemical hazards that could contribute to cancer; 

however, results of studies of cancer mortality in these populations have been mixed.  No significant 

increase in the incidence of lung cancer was found among 1,876 employees who worked in a 

ferrochromium plant in Sweden for at least 1 year from 1930 to 1975 compared with the expected rates 

for the county in which the factory was located. The workers had been exposed mainly to metallic 

chromium and chromium(III), but chromium(VI) was also present. The estimated levels ranged from 0 to 
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2.5 mg chromium(0) and chromium(III)/m3 and from 0 to 0.25 mg chromium(VI)/m3 (Axelsson et al. 

1980).  An excess of lung cancer was found in a study of 325 male workers employed for >1 year in a 

ferrochromium producing factory in Norway between 1928 and 1977 (Langård et al. 1980), and whose 

employment began before 1960 (SMR=850, p=0.026); however, in a follow-up of this cohort (n=379, 

hired before 1965 and followed through 1985), the SMR for lung cancer was not significant (SMR=154; 

Langård et al. 1990).  Workroom monitoring in 1975 indicated that the ferrochromium furnace operators 

worked in an atmosphere with 0.04–0.29 mg total chromium/m3, with 11–33% of the total chromium as 

chromium(VI) (Langård et al. 1980). 

An ecological study examined the distribution of lung cancer cases in Doln Kubin in the Slovak 

Republic where ferrochromium production facility was located.  Cases were stratified into three groups 

(males):  ferrochomium workers (n=59), workers (n=106) thought not to have been exposed to chromium, 

and residents (n=409) who were not thought to have had appreciable exposure to chromium.  Lung cancer 

rates were higher in the chromium workers (320 per 1,000 per year, 95% CI 318–323) compared to 

workers (112, 95% CI 109–113) and residents (79, 95% CI 76–80) who were not thought to have been 

exposed to chromium (relative risk=4.04 for chromium workers compared to residents).  Mean work shift 

air concentrations in the smelter were 0.03–0.19 mg/m3 for total chromium and 0.018–0.03 mg/m3 for 

chromium(VI).  Theses estimates were not adjusted for smoking or other potential co-variables that might 

have contributed to cancer rates in the chromium workers. 

Leather Tanning. Studies of workers in tanneries, where exposure is mainly to chromium(III), in the 

United States (0.002–0.054 mg total chromium/m3) (Stern et al. 1987), the United Kingdom (no 

concentration specified) (Pippard et al. 1985), and the Federal Republic of Germany (no concentration 

specified) (Korallus et al. 1974a) reported no association between exposure to chromium(III) and excess 

risk of cancer. 

Environmental Exposure. In addition to the occupational studies, a retrospective environmental 

epidemiology study was conducted of 810 lung cancer deaths in residents of a county in Sweden where 

two ferrochromium alloy industries are located.  No indication was found that residence near these 

industries is associated with an increased risk of lung cancer (Axelsson and Rylander 1980). 

A retrospective mortality study conducted on a population that resided in a polluted area near an alloy 

plant that smelted chromium in the People's Republic of China found increased incidences of lung and 

stomach cancer.  The alloy plant began smelting chromium in 1961 and began regular production in 1965, 
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at which time sewage containing chromium(VI) dramatically increased. The population was followed 

from 1970 to 1978.  The size of the population was not reported.  The adjusted mortality rates of the 

exposed population ranged from 71.89 to 92.66 per 100,000, compared with 65.4 per 100,000 in the 

general population of the district.  The adjusted mortality rates for lung cancer ranged from 13.17 to 

21.39 per 100,000 compared with 11.21 per 100,000 in the general population. The adjusted mortality 

rates for stomach cancer ranged from 27.67 to 55.17 per 100,000 and were reported to be higher than the 

average rate for the whole district (control rates not reported).  The higher cancer rates were found for 

those who lived closer to the dump site (Zhang and Li 1987).  Attempts to abate the pollution from 

chromium(VI) introduced in 1967 also resulted in additional pollution from sulfate and chloride 

compounds.  It was not possible to estimate exposure levels based on the description of the pollution 

process.  Exposure of this population was mainly due to chromium(VI) in drinking water, although air 

exposure cannot be ruled out. 

The studies in workers exposed to chromium compounds clearly indicate that occupational exposure to 

chromium(VI) is associated with an increased risk of respiratory cancer.  Using data from the Mancuso 

(1975) study and a dose-response model that is linear at low doses, EPA (1984a) derived a unit risk 

estimate of 1.2x10-2 for exposure to air containing 1 μg chromium(VI)/m3 (or potency of 

1.2x10-2 [μg/m3]-1) (IRIS 2008).  

Chronic inhalation studies provide evidence that chromium(VI) is carcinogenic in animals.  Mice exposed 

to 4.3 mg chromium(VI)/m3 as calcium chromate had a 2.8-fold greater incidence of lung tumors, 

compared to controls (Nettesheim et al. 1971).  Lung tumors were observed in 3/19 rats exposed to 

0.1 mg chromium(VI)/m3 as sodium dichromate for 18 months, followed by 12 months of observation.  

The tumors included two adenomas and one adenocarcinoma.  No lung tumors were observed in 

37 controls or the rats exposed to ≤0.05 mg chromium(VI)/m3 (Glaser et al. 1986, 1988).  The increased 

incidence of lung tumors in the treated rats was significant by the Fisher Exact Test (p=0.03) performed 

by Syracuse Research Corporation. 

Several chronic animal studies reported no carcinogenic effects in rats, rabbits, or guinea pigs exposed to 

≈1.6 mg chromium(VI)/m3 as potassium dichromate or chromium dust 4 hours/day, 5 days/week (Baetjer 

et al. 1959b; Steffee and Baetjer 1965). 

Rats exposed to ≤15.5 mg chromium(IV)/m3 as chromium dioxide for 2 years had no statistically 

significant increased incidence of tumors (Lee et al. 1989). 
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CHROMIUM 107 

3. HEALTH EFFECTS 

The Cancer Effect Levels (CELs) are recorded in Table 3-1 and plotted in Figure 3-1. 

3.2.2 Oral Exposure 
3.2.2.1  Death 

Cases of accidental or intentional ingestion of chromium that have resulted in death have been reported in 

the past and continue to be reported even in more recent literature.  In many cases, the amount of ingested 

chromium was unknown, but the case reports provide information on the sequelae leading to death.  For 

example, a 22-month-old boy died 18.5 hours after ingesting an unknown amount of a sodium dichromate 

solution despite gastric lavage, continual attempts to resuscitate him from cardiopulmonary arrest, and 

other treatments at a hospital.  Autopsy revealed generalized edema, pulmonary edema, severe bronchitis, 

acute bronchopneumonia, early hypoxic changes in the myocardium, liver congestion, and necrosis of the 

liver, renal tubules, and gastrointestinal tract (Ellis et al. 1982).  Another case report of a 1-year-old girl 

who died after ingesting an unknown amount of ammonium dichromate reported severe dehydration, 

caustic burns in the mouth and pharynx, blood in the vomitus, diarrhea, irregular respiration, and labored 

breathing.  The ultimate cause of death was shock and hemorrhage into the small intestine (Reichelderfer 

1968). 

Several reports were available in which the amount of ingested chromium (VI) compound could be 

estimated.  A 17-year-old male died after ingesting 29 mg chromium(VI)/kg as potassium dichromate in a 

suicide.  Despite attempts to save his life, he died 14 hours after ingestion from respiratory distress with 

severe hemorrhages.  Caustic burns in the stomach and duodenum and gastrointestinal hemorrhage were 

also found (Clochesy 1984; Iserson et al. 1983).  A 35-year-old female died after ingesting approximately 

25 g chromium(VI) (357 mg chromium(VI)/kg assuming 70 kg body weight) as chromic acid in a suicide 

(Loubieres et al. 1999).  The patient died of multiple organ failure.  Terminal laboratory analysis and 

autopsy revealed metabolic acidosis, gastrointestinal hemorrhage and necrosis, fatty degeneration of the 

liver, and acute renal failure and necrosis. 

A few reports have described death of humans after ingesting lower doses of chromium(VI).  In one case, 

a 14-year-old boy died 8 days after admission to the hospital following ingestion of 7.5 mg 

chromium(VI)/kg as potassium dichromate from his chemistry set.  Death was preceded by gastro

intestinal ulceration and severe liver and kidney damage (Kaufman et al. 1970).  In another case, a 
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CHROMIUM 108 

3. HEALTH EFFECTS 

44-year-old man died of severe gastrointestinal hemorrhage 1 month after ingesting 4.1 mg 

chromium(VI)/kg as chromic acid (Saryan and Reedy 1988). 

Acute oral LD50 values in rats exposed to chromium(III) or chromium(VI) compounds varied with the 

compound and the sex of the rat.  LD50 values for chromium(VI) compounds (sodium chromate, sodium 

dichromate, potassium dichromate, and ammonium dichromate) range from 13 to 19 mg 

chromium(VI)/kg in female rats and from 21 to 28 mg chromium(VI)/kg in male rats (Gad et al. 1986).  

LD50 values of 108 (female rats) and 249 (male rats) mg chromium(VI)/kg for calcium chromate were 

reported by Vernot et al. (1977).  The LD50 values for chromium trioxide were 25 and 29 mg 

chromium(VI)/kg for female and male rats, respectively (American Chrome and Chemicals 1989).  An 

LD50 of 811 mg chromium(VI)/kg as strontium chromate was reported for male rats (Shubochkin and 

Pokhodzie 1980).  Twenty percent mortality was observed when female Swiss Albino mice were exposed 

to potassium dichromate(VI) in drinking water at a dose of 169 mg chromium(VI)/kg/day (Junaid et al. 

1996a).  Similar exposure to a dose level of 89 mg chromium(VI)/kg/day resulted in 15% mortality 

among female rats of the Druckrey strain (Kanojia et al. 1998).  The disparity between this dose and the 

LD50 identified in the Gad et al. (1986) study may be due to the route of administration, drinking water 

versus gavage.  Chromium(III) compounds are less toxic than chromium(VI) compounds, with LD50 

values in rats of 2,365 mg chromium(III)/kg as chromium acetate (Smyth et al. 1969) and 183 and 200 mg 

chromium(III)/kg as chromium nitrate in female and male rats, respectively (Vernot et al. 1977).  The 

lower toxicity of chromium(III) acetate compared with chromium(III) nitrate may be related to solubility; 

chromium(III) acetate is less soluble in water than is chromium(III) nitrate.  Signs of toxicity included 

hypoactivity, lacrimation, mydriasis, diarrhea, and change in body weight.  Treatment with the 

chromium(III) dietary supplement chromium nicotinate of male and female rats resulted in no mortality at 

doses up to >621.6 mg/kg/day (Shara et al. 2005).  The LD50 values for chromium(VI) or chromium(III) 

compounds indicate that female rats are slightly more sensitive to the toxic effects of chromium(VI) or 

chromium(III) than male rats.  LD50 values in rats are recorded in Table 3-3 and plotted in Figure 3-3 for 

chromium(VI) and recorded in Table 3-4 and plotted in Figure 3-4 for chromium(III). 

Intermediate and chronic exposure of rats and mice to chromium(III) or chromium(VI) compounds did 

not decrease survival.  Survival was not affected in rats and mice exposed to chromium(VI) as sodium 

dichromate dihydrate in drinking water at doses up to 20.9 and 27.9 mg chromium(VI)/kg/day, 

respectively, for 3 months (NTP 2007) or at doses up to 7.0 and 8.7 mg chromium(VI)/kg/day, 
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5193

29

277

7.5

5148

357

280

4.1

318

29

25

Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

ACUTE EXPOSURE 
Death 
1 Human once 

(IN) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

29 M (death) 

Reference 
Chemical Form 

Clochesy 1984; Iserson et al. 
1983 
K2Cr2O7 (VI) 

2 Human once 
(IN) 

7.5 M (death) Kaufman et al. 1970 
K2Cr2O7 (VI) 

3 Human once 
(IN) 

357 F (death) Loubieres et al. 1999 
CrO3 (VI) 

4 Human once 
(IN) 

4.1 M Saryan and Reedy 1988 
CrO3 (VI) 

5 Rat 
(Fischer- 344) 

once 
(G) 

29 M (LD50) 

25 F (LD50) 

American Chrome and 
Chemicals 1989 
CrO3 (VI) 
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H
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M
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M
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A
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C
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A
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R
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O
M

M
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N
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Comments 

17-year-old, 60 kg boy 
ingested 5 g potassium 
dichromate [1,750 mg 
Cr(VI)]; dose = 29 mg 
Cr(VI)/kg. 

14-year-old boy 
ingested 1.5 g 
potassium dichromate 
[0.53 mg Cr(VI)]. 
Assuming 70 kg body 
weight, dose = 7.5 mg 
Cr(VI)/kg. 

35-year-old woman 
ingested chromic acid 
solution containing 25 
g Cr(VI). Assuming 70 
kg body weight, dose = 
357 mg Cr(VI)/kg. 

44-year-old man 
ingested ~2.8g Cr(VI) 
as chromium trioxide; 
~4.1 mg Cr(VI)/kg body 
weight. 



122

21

14

123

26

17

124

22

19

125

28

13

5015

89

513

811

266

249

108

Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral	 (continued) 

Exposure/ LOAEL 
Duration/ 

a 
Key to Species Frequency NOAEL Less Serious Serious Reference 
Figure (Strain) (Route) 

System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form Comments 

C
H

R
O

M
IU

M

3.  H
E

A
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 E
FFE
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110
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A
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R
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U
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O
M

M
E

N
T***

6	 Rat 
(Fischer- 344) 

7	 Rat 
(Fischer- 344) 

8	 Rat 
(Fischer- 344) 

9	 Rat 
(Fischer- 344) 

10	 Rat 
Druckrey 

11	 Rat 
(NS) 

12	 Rat 
(Sprague-
Dawley) 

once 
(GW) 

once 
(GW) 

once 
(GW) 

once 
(GW) 

2 wk 
(W) 

once 
(G) 

once 
(G) 

21 M 

14 F 

26 M 

17 F 

22 M 

19 F 

28 M 

13 F 

89 F 

811 M 

249 M 

108 F 

(LD50) 

(LD50) 

(LD50) 

(LD50) 

(LD50) 

(LD50) 

(LD50) 

(LD50) 

(15% mortality) 

(LD50) 

(LD50) 

(LD50) 

Gad et al. 1986 
Na2Cr2O7.2H2O (VI) 

Gad et al. 1986 
K2Cr2O7 (VI) 

Gad et al. 1986 
(NH4)2Cr2O7 (VI) 

Gad et al. 1986 
Na2CrO4 (VI) 

Kanojia et al. 1998 
K2Cr2O7 (VI) 

Shubochkin and Pokhodzie 
1980 
SrCrO4 (VI) 

Vernot et al. 1977 
CaCrO4 (VI) 
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29

29

29

29

29

487
0.04

309

0.036

Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

Systemic 
13 Human once 

(IN) 
Resp 29 M (congested lungs, pleural 

effusions) 
Clochesy 1984; Iserson et al. 
1983 
K2Cr2O7 (VI) 

17-year-old, 60 kg boy 
ingested 5 g potassium 
dichromate [1,750 mg 
Cr(VI)]; dose = 29 mg 
Cr(VI)/kg. 

Cardio 29 M (hemorrhage, cardiac 
arrest) 

Gastro 

Hemato 

Renal 

29 M (hemorrhage) 

29 M (inhibited coagulation) 

29 M (necrosis swelling of 
renal tubules) 

14 Human once 
(IN) 

Dermal 0.04 M (enhancement of 
dermatitis) 

Goitre et al. 1982 
K2Cr2O7 (VI) 

15 Human once 
(C) 

Dermal 0.036 (dermatitis) Kaaber and Veien 1977 
K2Cr2O7 (VI) 

C
H
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O

M
IU

M

3.  H
E

A
LTH

 E
FFE

C
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111
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279

7.5

7.5

5149

357

357

357

357

281

4.1

4.1

Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

16 Human once 
(IN) 

Gastro 7.5 M (abdominal pain and 
vomiting) 

Kaufman et al. 1970 
K2Cr2O7 (VI) 

14-year-old boy 
ingested 1.5 g 
potassium dichromate 
[0.53 mg Cr(VI)]. 
Assuming 70 kg body 
weight, dose = 7.5 mg 
Cr(VI)/kg. 

Hepatic 7.5 M (necrosis) 

17 Human once 
(IN) 

Gastro 357 F (intestinal hemorrhage 
and necrosis) 

Loubieres et al. 1999 
CrO3 (VI) 

35-year-old woman 
ingested chromic acid 
solution containing 25 
g Cr(VI). Assuming 70 
kg body weight, dose = 
357 mg Cr(VI)/kg. 

Hepatic 357 F (fatty degeneration) 

Renal 357 F (acute renal failure and 
renal necrosis) 

Metab 357 F (metabolic acidosis) 

18 Human once 
(IN) 

Gastro 4.1 M (gastrointestinal 
hemorrhage) 

Saryan and Reedy 1988 
CrO3 (VI) 

44-year-old man 
ingested ~2.8g Cr(VI) 
as chromium trioxide; 
~4.1 mg Cr(VI)/kg body 
weight. 

Renal 4.1 M (acute tubular necrosis) 

C
H

R
O

M
IU

M
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E

A
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 E
FFE

C
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112
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5066
4

15.9

8.2

31.8

16.4

4

5086

0.7

2.8

19.3

106

130

650

53.2

101.1 152.4

459
0.04

Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

19 Rat 
(Fischer- 344) 

5 d 
(W) 

Hemato 4 M (decreased mean cell 
volume, mean cell 
hemoglobin, and 
reticulocyte count) 

NTP 2007 
Na2Cr2O7.2H2O (VI) 

Musc/skel 15.9 M 

8.2 F 

31.8 M (serum creatine kinase 
activity increased by 
31%) 

16.4 F (serum creatine kinase 
activity increased by 
45%) 

Hepatic 4 M (serum ALT activity 
increased by 15%) 

20 Rat 
(Fischer- 344) 

4 d 
(W) 

Hemato 0.7 M 2.8 M (decreased mean cell 
hemoglobin) 

NTP 2008a 
Na2Cr2O7.2H2O (VI) 

Renal 19.3 M 

21 Rat 
(NS) 

once 
(G) 

Gastro 130 (hemorrhage) Samitz 1970 
K2Cr2O7 (VI) 

22 Mouse 
(Swiss albino) 

9 d 
Gd 6-14 
(W) 

Bd Wt 53.2 F 101.1 F (8.2% decrease in 
gestational weight gain) 

152.4 F (24.3% decrease in 
gestational weight gain) 

Junaid et al. 1996b 
K2Cr2O7 (VI) 

Immuno/ Lymphoret 
23 Human once 

(IN) 
0.04 M (enhancement of 

chromium dermatitis) 
Goitre et al. 1982 
K2Cr2O7 (VI) 

C
H
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O

M
IU

M
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A
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 E
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313

0.036

278

7.5

5179

35.7

5180
35.7

5127
5.2

Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

24 Human 

Neurological 
25 Human 

once 
(C) 

once 
(IN) 

0.036 (dermatitis) 

7.5 M (cerebral edema) 

Kaaber and Veien 1977 
K2Cr2O7 (VI) 

Kaufman et al. 1970 
K2Cr2O7 (VI) 

14-year-old boy 
ingested 1.5 g 
potassium dichromate 
[0.53 mg Cr(VI)]. 
Assuming 70 kg body 
weight, dose = 7.5 mg 
Cr(VI)/kg. 

Reproductive 
26 Rat 

(NS) 
3 d 
Gd 1-3 
(G) 

35.7 F (preimplanation loss) Bataineh et al. 2007 
K2Cr2O7 (VI) 

27 Rat 
(NS) 

3 d 
Gd 4-6 
(G) 

35.7 F (decreased number of 
viable fetuses; increased 
resorptions) 

Bataineh et al. 2007 
K2Cr2O7 (VI) 

28 Rat 
(Wistar) 

6 d 
(G) 

5.2 M (sperm count decreased 
by 76%, percentage of 
abnormal sperm 
increased by 143% and 
histopathological 
changes to seminiferous 
tubules) 

Li et al. 2001 
CrO3 (VI) 

C
H
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M
IU

M

3.  H
E

A
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5132
8

537

53.2

553

169

5121
1.3

1.3

Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 

C
H

R
O

M
IU

M

3.  H
E

A
LTH

 E
FFE

C
TS

115

***D
R

A
FT FO

R
 P

U
B

LIC
 C

O
M

M
E

N
T***

Exposure/ LOAEL 
Duration/ 

a 
Key to 
Figure 

Species 
(Strain) System 

Frequency 
(Route) 

NOAEL 
(mg/kg/day) 

Less Serious 
(mg/kg/day) 

Serious 
(mg/kg/day) 

Developmental 
29 Rat 

(Wistar) 
Gd 6-15 
(W) 

8 F (increased pre- and 
post-implantation loss, 
resorptions, dead 
fetuses/litter, skeletal and 
visceral malformations) 

30 Mouse 
(Swiss albino) 

9 d 
Gd 6-14 
(W) 

INTERMEDIATE EXPOSURE 
Death 
31 Mouse 

(Swiss albino) 
20 d 
(W) 

Systemic 
32 HepaticRat 

(Wistar) 
22 wk 
(W) 

53.2 F (increase in resorptions) 

169 F (3/15 died) 

1.3 M (increased serum ALT 
and AST and 
histopathological 
changes, including 
degeneration, 
vacuolization, increased 
sinusoidal space and 
necrosis) 

Renal 1.3 M (histopathological 
changes, including 
vacuolization in 
glomeruli, degeneration 
of basement membrane 
of Bowman's capsule 
and renal tubular 
epithelial degeneration) 

Reference 
Chemical Form Comments 

Elsaieed and Nada 2002 
K2CrO4 (VI) 

Junaid et al. 1996b 
K2Cr2O7 (VI) 

Junaid et al. 1996a 
K2Cr2O7 (VI) 

Acharya et al. 2001 
K2Cr2O2 (VI) 



5017
42

552

20

40

307

10 100

5011

37

70 87

5014

45

89 124

462

13.5

13.5

Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 

C
H
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O

M
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M

3.  H
E

A
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 E
FFE

C
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116
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A
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R
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O
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M
E

N
T***

Exposure/ LOAEL 
Duration/ 

a 
Key to 
Figure 

Species 
(Strain) 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 
Serious 
(mg/kg/day) 

33 Rat 
(Sprague-
Dawley) 

12 wk 
(W) 

Bd Wt 42 M (19% lower final body 
weight) 

34 Rat 
Charles 
Foster 

90 d 
1 x/d 
(G) 

Bd Wt 20 M 40 M (57% decreased body 
weight) 

35 

36 

Rat 
(Wistar) 

Rat 
Swiss albino 

28 d 
(W) 

20 d 
(W) 

Renal 

Bd Wt 

10 M 

37 70 (14% reduced maternal 
body weight gain) 

100 M (proteinuria, oliguria) 

87 (21% reduced maternal 
body weight gain) 

37 Rat 
Druckrey 

3 mo 
(W) 

Bd Wt 45 89 (18% reduced maternal 
body weight gain) 

124 (24% reduced maternal 
body weight gain) 

38 Rat 
(albino) 

20 d 
7 d/wk 
(G) 

Hepatic 

Renal 

13.5 M (lipid accumulation) 

13.5 M (lipid accumulation) 

Reference 
Chemical Form Comments 

Bataineh et al. 1997 
K2Cr2O7 (VI) 

Chowdhury and Mitra 1995 
Na2Cr2O7 (VI) 

Diaz-Mayans et al. 1986 
Na2CrO4 (VI) 

Kanojia et al. 1996 
K2Cr2O7 (VI) 

Kanojia et al. 1998 
K2Cr2O7 (VI) 

Kumar and Rana 1982 
K2CrO4 (VI) 



463
13.5

479
13.5

647

2.1

2.5

8.4

9.8

9.8

9.8

9.8

Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral	 (continued) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

20 d 
7 d/wk 
(G) 

Renal 13.5 M (inhibition of membrane 
enzymes; alkaline 
phosphatase, acid 
phosphatase, lipase) 

Kumar and Rana 1984 
K2CrO4 (VI) 

20 d 
7 d/wk 
(G) 

Hepatic 13.5 M (changes in liver enzyme 
activities; inhibition of 
acid phosphatase; 
enhancement of lipase) 

Kumar et al. 1985 
K2CrO4 (VI) 

9 wk 
(F) 

Hemato 2.1 M 

2.5 F 

8.4 M 

9.8 F (decreased mean 
corpuscular volume) 

NTP 1996b 
K2Cr2O7 (VI) 

Hepatic 

Renal 

Bd Wt 

9.8 

9.8 

9.8 

C
H
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O

M
IU

M
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A
LTH

 E
FFE

C
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a 
Key to Species 
Figure (Strain) 

39	 Rat 
(white) 

40	 Rat 
(albino) 

41	 Rat 
(Sprague-
Dawley) 



5065

20.9

20.9

1.7

3.5

1.7

3.5

5.9

1.7

20.9

20.9

20.9

5.9

11.2

Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral	 (continued) 

LOAEL 

NOAEL 
(mg/kg/day) 

Less Serious 
(mg/kg/day) 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

C
H

R
O

M
IU

M

3.  H
E

A
LTH

 E
FFE

C
TS

118

***D
R

A
FT FO

R
 P

U
B

LIC
 C

O
M

M
E

N
T***

20.9	 NTP 2007 
Na2Cr2O7.2H2O (VI) 

20.9 

1.7	 3.5 (duodenal histiocytic 
cellular infiltration) 

1.7	 (microcytic, hypochromic 
anemia) 

3.5	 5.9 (serum creatine kinase 
activity increased by 31% 
in males and 45% in 
females) 

1.7	 (serum ALT activity 
increased by 14% in 
males 30% in females, 
serum SDH activity 
increased by 77% in 
males and 359% in 
females) 

20.9 

20.9 

20.9 

5.9 M 11.2 M (11% decrease in body 
weight) 

Exposure/
 
Duration/
 

a
 FrequencyKey to Species (Route)Figure (Strain)	 System 

42 Rat 14 wk Resp
(Fischer- 344) (W) 

Cardio 

Gastro 

Hemato 

Musc/skel 

Hepatic 

Renal 

Endocr 

Ocular 

Bd Wt 



5151

1.7

1.7

5087

0.21

0.77

5153

0.21

0.77

5120
73

73

Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

43 Rat 
(Fischer- 344) 

23 d 
(W) 

Hemato 1.7 M (decreased hematocrit, 
mean cell volume, mean 
hemoglobin 
concentration, 
reticulocyte) 

NTP 2007 
Na2Cr2O7.2H2O (VI) 

1.7 F (decreased hemoglibin 
and mean cell volume) 

44 Rat 
(Fischer- 344) 

6 mo 
(W) 

Hemato 0.21 M 0.77 M (microcytic, hypochromic 
anemia) 

NTP 2008a 
Na2Cr2O7.2H2O (VI) 

45 Rat 
(Fischer- 344) 

22 d 
(W) 

Hemato 0.21 M 
b 

0.77 M (microcytic, hypochromic 
anemia) 

NTP 2008a 
Na2Cr2O7.2H2O (VI) 

46 Rat 
(Wistar) 

30 d 
(W) 

Endocr 73 M (59% decrease in serum 
prolactin) 

Quinteros et al. 2007 
K2Cr2O7 (VI) 

Bd Wt 73 M (11.6% in body wieght) 
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3.7

3.7

5128

1.4

14

648

7.4

12

32.2

48

1.1

1.8

3.5

5.6

48

48

Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

47 Rat 
(Wistar) 

10 wk 
(W) 

Hepatic 3.7 M (serum ALT activity 
increased by 253%, 
histopathological 
changes including focal 
necrosis and 
degeneration with 
changes in 
vascularization) 

Rafael et al. 2007 
Cr (VI) 

Metab 3.7 M (65% increase in serum 
glucose) 

48 Mouse 
BDF1 

210 d 
(W) 

Bd Wt 1.4 F 14 F (13.5% decrease in body 
weight gain) 

De Flora et al. 2006 
Na2Cr2O7.2H2O (VI) 

49 Mouse 
(BALB/c) 

9 wk 
(F) 

Hemato 7.4 M 

12 F 

32.2 M 

48 F (decreased mean 
corpuscular volume) 

NTP 1996a 
K2Cr2O7 (VI) 

Hepatic 1.1 M 

1.8 F 

3.5 M 

5.6 F (cytoplasmic 
vacuolization of 
hepatocytes) 

Renal 48 

Bd Wt 48 
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36.7

7.8

36.7

36.7

36.7

Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

50 Mouse 
(BALB/c) 

85 d + 
pnd 1-74 (F1) + 
pnd 1-21(F2) 
(F) 

Gastro 36.7 F NTP 1997 
K2Cr2O7 (VI) 

Hemato 7.8 F (decreased mean 
corpuscular volume in 
F1) 

Hepatic 

Renal 

36.7 F 

36.7 F 

Bd Wt 36.7 F 
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3.1

5.2

5093
0.38

Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral	 (continued) 

LOAEL 

NOAEL 
(mg/kg/day) 

Less Serious 
(mg/kg/day) 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 
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27.9	 NTP 2007 
Na2Cr2O7.2H2O (VI) 

27.9 

3.1	 (epithelial hyperplasia of 
duodenum) 

3.1 M (decreased mean cell 
volume) 

3.1 F (decreased mean cell 
hemoglobin) 

27.9 

27.9 

27.9 

27.9 

3.1 F 3.1 M (6% decrease in body 
weight) 

5.2 F (8% decrease in body 
weight) 

0.38 F (microcytic, hypochromic NTP 2008a 
anemia and increased Na2Cr2O7.2H2O (VI)
lymphocytes) 

Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

51 Mouse 
(B6C3F1) 

14 wk 
(W) 

52 Mouse 
(B6C3F1) 

22 d 
(W) 

System 

Resp 

Cardio 

Gastro 

Hemato 

Hepatic 

Renal 

Endocr 

Ocular 

Bd Wt 

Hemato 



5094

0.38

1.4

308

46

98

5147

3.6

5067

11.2

1.7

20.9

503
16

5072
3.1

Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

53 Mouse 
(B6C3F1) 

6 mo 
(W) 

Hemato 0.38 F 1.4 F (decreased mean cell 
volume) 

NTP 2008a 
Na2Cr2O7.2H2O (VI) 

54 Mouse 
(albino) 

19 d 
(W) 

Bd Wt 46 F 98 F (decreased maternal 
weight gain) 

Trivedi et al. 1989 
K2Cr2O7 (VI) 

55 Rabbit 
(New 
Zealand) 

daily 
10 wk 
(G) 

Immuno/ Lymphoret 
56 Rat 

(Fischer- 344) 
14 wk 
(W) 

Bd Wt 3.6 M 

11.2 F 1.7 M (histiocytic cellular 
infilratration of pancreatic 
lymph nodes) 

Yousef et al. 2006 
K2Cr2O7 (VI) 

NTP 2007 
Na2Cr2O7.2H2O (VI) 

20.9 F (histiocytic cellular 
infiltration of pancreatic 
lymph nodes) 

57 Rat 
(Fischer- 344) 

3-10 wk 
(W) 

16 (increased proliferation of 
T- and B- lymphocytes in 
response to mitogens 
and antigens) 

Snyder and Valle 1991 
K2CrO4 (VI) 

58 Mouse 
(B6C3F1) 

14 wk 
(W) 

3.1 (histiocytic infiltrate of 
mesenteric lymph nodes) 

NTP 2007 
Na2Cr2O7.2H2O (VI) 
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Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 
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Exposure/ LOAEL 
Duration/ 

a FrequencyKey to Species NOAEL Less Serious Serious
(Route)Figure (Strain) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 

Neurological 
59 Rat 

(Wistar) 
28 d 
(W) 

10 M 100 M (decreased motor 
activity) 

60 Rat 
(Fischer- 344) 

14 wk 
(W) 

61 Mouse 
(B6C3F1) 

14 wk 
(W) 

Reproductive 
62 Monkey 

macaca 
180 d 
(W) 

20.9 

27.9 

2.1 M 

63 Monkey 
macaca 

180 d 
(W) 

2.1 M 

(histopathological 
changes to epididymides, 
including ductal 
obstruction and 
development of 
microcanals) 

(decreased testes 
weight, histopathological 
changes including 
depletion of germ cells, 
hyperplasia of Leydig 
cells, disrupted 
spermatogenesis, Sertoli 
cell fibrosis, alterations of 
sperm morphololgy) 

Reference 
Chemical Form Comments 

Diaz-Mayans et al. 1986 
Na2CrO4 (VI) 

NTP 2007 
Na2Cr2O7.2H2O (VI) 

NTP 2007 
Na2Cr2O7.2H2O (VI) 

Aruldhas et al. 2004 
K2Cr2O7 (VI) 

Aruldhas et al. 2005 
K2Cr2O7 (VI) 
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Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 
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Exposure/ LOAEL 
Duration/ 

a 
Key to 
Figure 

Species 
(Strain) 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 
Serious 
(mg/kg/day) 

64 Monkey 
macaca 

180 d 
(W) 

2.1 M (histopathological 
changes to basal cells 
and principal cells of 
epididymis) 

65 Monkey 
macaca 

180 d 
(W) 

1.1 M 2.1 M (sperm count and motility 
decreased by 25%) 

66 Rat 
(Sprague-
Dawley) 

12 wk 
(W) 

42 (altered sexual behavior, 
decreased absolute 
testes, seminal vesicles, 
and preputial gland 
weights) 

67 Rat 
(Charles 
Foster) 

90 d 
1 x/d 
(G) 

20 M (decreased testicular 
protein, 3 beta-hydroxy 
steroid dehydrogenase 
and serum testosterone) 

40 M (28% decreased 
testicular weight; 
decreased testicular 
protein, DNA, RNA, 
seminiferous tubular 
diameter; decreased 
Leydig cells, pachytene 
cells, spermatocytes, 
spermatids, and 
testosterone levels) 

68 Rat 
Swiss albino 

20 d 
(W) 

37 (increased resorptions) 

Reference 
Chemical Form Comments 

Aruldhas et al. 2006 
K2Cr2O7 (VI) 

Subramanian et al. 2006 
K2Cr2O7 (VI) 

Bataineh et al. 1997 
K2Cr2O7 (VI) 

Chowdhury and Mitra 1995 
Na2Cr2O7 (VI) 

Kanojia et al. 1996 
K2Cr2O7 (VI) 
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52 98

5001
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Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 

Species 
(Strain) 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 
Serious 
(mg/kg/day) 

Rat 
Druckrey 

3 mo 
(W) 

45 (decreased fertility, 
increased pre- and 
post-implantation loss) 

Rat 
(Sprague-
Dawley) 

9 wk 
(F) 

8.4 M 

9.8 F 

Rat 
(Fischer- 344) 

14 wk 
(W) 

20.9 

Mouse 
(Swiss albino) 

20 d 
(W) 

52 F (decreased placental 
weight) 

98 F (preimplantation loss, 
increased resorptions) 

Mouse 
Swiss albino 

20 d 
(W) 

60 F (decreased number of 
follicles at different 
stages of maturation) 

120 F (decreased number of 
ova/mouse) 

Mouse 
(BALB/c) 

9 wk 
(F) 

32.2 M 

48 F 

Mouse 
(BALB/c) 

85 d + 
pnd 1-74 (F1) + 
pnd 1-21(F2) 
(F) 

36.7 F 
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a 
Key to 
Figure 

69 

70 

71 

72 

73 

74 

75 

Exposure/ LOAEL 
Duration/ 

Reference 
Chemical Form Comments 

Kanojia et al. 1998 
K2Cr2O7 (VI) 

NTP 1996b 
K2Cr2O7 (VI) 

NTP 2007 
Na2Cr2O7.2H2O (VI) 

Junaid et al. 1996a 
K2Cr2O7 (VI) 

Murthy et al. 1996 
K2Cr2O7 (VI) 

NTP 1996a 
K2Cr2O7 (VI) 

NTP 1997 
K2Cr2O7 (VI) 
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Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 

C
H

R
O

M
IU

M

3.  H
E

A
LTH

 E
FFE

C
TS

127

***D
R

A
FT FO

R
 P

U
B

LIC
 C

O
M

M
E

N
T***

Exposure/ LOAEL 
Duration/ 

a 
Key to 
Figure 

Species 
(Strain) 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 
Serious 
(mg/kg/day) 

76 Mouse 
(B6C3F1) 

14 wk 
(W) 

27.9 

77 Mouse 
(B6C3F1) 

14 wk 
(W) 

8.7 M 

78 Mouse 
(albino) 

Gd 1-19 
19 d 
(W) 

46 F (increase in fetal 
resorption and post 
implantation loss) 

79 Mouse 
(BALB/c) 

7 wk 
7 d/wk 
(F) 

15.2 M (decreased 
spermatogenesis) 

80 Rabbit 
(New 
Zealand) 

daily 
10 wk 
(G) 

2.6 M (plasma testosterone 
decreased by 20.8%, 
sperm count decreased 
by 18%, % dead sperm 
increased by 23.9%, total 
mobile sperm decreased 
by 34.3%) 

Developmental 
81 Rat 

Swiss albino 
20 d 
(W) 

37 (increased 
post-implantation loss 
and decreased number 
of live fetuses) 

Reference 
Chemical Form Comments 

NTP 2007 
Na2Cr2O7.2H2O (VI) 

NTP 2007 
Na2Cr2O7.2H2O (VI) 

Trivedi et al. 1989 
K2Cr2O7 (VI) 

Zahid et al. 1990 
K2Cr2O7 (VI) 

Yousef et al. 2006 
K2Cr2O7 (VI) 

Kanojia et al. 1996 
K2Cr2O7 (VI) 
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Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 
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Exposure/ LOAEL 
Duration/ 

a FrequencyKey to Species NOAEL Less Serious Serious
(Route)Figure (Strain) System (mg/kg/day) (mg/kg/day) (mg/kg/day) 

82 Rat 3 mo 45 (reduced fetal caudal
Druckrey (W) ossification, increased 

post-implantation loss, 
reduced fetal weight, 
subhemorrhagic patches) 

83 Mouse Gd 12- Ld 20 66 F (delayed time of vaginal
(BALB/c) (W) opening and impaired 

fertility in female 
offspring) 

84 Mouse Gd 0-18 4.8 F
BDF1 (W) 

85 Mouse Gd 0-18 2.4 F
BDF1 (W) 

86 Mouse 20 d 52 F (reduced caudal
(Swiss albino) (W) ossification in fetuses; 

decreased fetal weight; 
post-implantation loss) 

87 Mouse Gd 1-19 46 (increased resorptions,19 d(albino) reduced ossification,
(W) gross anomalies) 

Reference 
Chemical Form Comments 

Kanojia et al. 1998 
K2Cr2O7 (VI) 

Al-Hamood et al. 1998 
K2Cr2O7 (VI) 

De Flora et al. 2006 
Na2Cr2O7.2H2O (VI) 

De Flora et al. 2006 
K2Cr2O7 (VI) 

Junaid et al. 1996a 
K2Cr2O7 (VI) 

Trivedi et al. 1989 
K2Cr2O7 (VI) 

CHRONIC EXPOSURE 
Death 

Rat 2 yr 7 F NTP 2008a 
(Fischer- 344) (W) Na2Cr2O7.2H2O (VI) 

88 
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0.57

20
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3.6
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Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

89 Mouse 
(B6C3F1) 

2 yr 
(W) 

8.7 F NTP 2008a 
Na2Cr2O7.2H2O (VI) 

Systemic 
90 Human NS 

(environ) 
Gastro 0.57 (oral ulcer, diarrhea, 

abdominal pain, 
indigestion, vomiting) 

Zhang and Li 1987 
(VI) 

Exposed to well water 
containing 20 mg 
Cr(VI)/L; assuming 70 
kg body weight and 
drinking water 
consumption of 2 
L/day, dose = 0.57 mg 
Cr(VI)/kg/day. 

Hemato 0.57 (leukocytosis, immature 
neutrophils) 

91 Rat 
(Sprague-
Dawley) 

1 yr 
(W) 

Hemato 3.6 MacKenzie et al. 1958 
K2CrO4 (VI) 

Hepatic 3.6 

Renal 3.6 

Bd Wt 3.6 

92 Rat 
(Fischer- 344) 

12 mo 
(W) 

Hemato 0.21 M 0.77 M (decreased mean cell 
hemoglobin) 

NTP 2008a 
Na2Cr2O7.2H2O (VI) 

Musc/skel 0.94 M 2.4 M (creatine kinase activity 
increased by 64%) 

Hepatic 0.21 M 0.77 M (serum ALT increased by 
156%) 
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Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral	 (continued) 

LOAEL 

NOAEL 
(mg/kg/day) 

Less Serious 
(mg/kg/day) 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 
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7 F NTP 2008a 
Na2Cr2O7.2H2O (VI) 

7 F 

0.21 M 0.77 M (histiocytic cellular 
infiltration of duodenum)

0.94 F 

2.4 F (histiocytic cellular 
infiltrate of duodenum) 

0.21 M 0.77 M (basophilic foci of liver) 

0.24 F (chronic inflammation) 

7 F 

7 F 

7 F 

2.1 M 5.9 M (12% decrease in body 
weight) 

1.4 F 3.1 F (increased RBC count, NTP 2008a 
decreased mean cell Na2Cr2O7.2H2O (VI)
volume and mean cell 
hemoglobin) 

Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

93	 Rat 2 yr 
(Fischer- 344) (W) 

94	 Mouse 1 yr 
(B6C3F1) (W) 

System 

Resp 

Cardio 

Gastro 

Hepatic 

Renal 

Endocr 

Ocular 

Bd Wt 

Hemato 
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8.7
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0.38

2.4
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0.38
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Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

95 Mouse 
(B6C3F1) 

2 yr 
(W) 

Resp 8.7 F NTP 2008a 
Na2Cr2O7.2H2O (VI) 

Cardio 8.7 F 

Gastro 
c 

0.38 (epithelial hyperplasia of 
duodenum in males and 
female and cytoplasmic 
alteration of pancreas in 
females) 

Hepatic 2.4 M 5.9 M (clear cell and 
eosinophilic foci) 

0.38 F (histiocytic cellular 
infiltration) 

Renal 8.7 F 

Endocr 8.7 F 

Ocular 8.7 F 

Immuno/ Lymphoret 
96 Rat 

(Fischer- 344) 
2 yr 
(W) 

0.21 M 

0.94 F 

0.77 M (histiocytic cellular 
infiltration and 
hemorrhage of 
mesenteric nodes) 

NTP 2008a 
Na2Cr2O7.2H2O (VI) 

2.4 F (histiocytic cellular 
infiltration of mesenteric 
and pancreatic nodes) 
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Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 

LOAEL 

NOAEL 
(mg/kg/day) 

Less Serious 
(mg/kg/day) 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

97 Mouse 
(B6C3F1) 

2 yr 
(W) 

0.38 (histiocytic cellular 
infiltration of mesenteric 
lymph nodes) 

NTP 2008a 
Na2Cr2O7.2H2O (VI) 

Neurological 
98 Rat 

(Fischer- 344) 
2 yr 
(W) 

7 F NTP 2008a 
Na2Cr2O7.2H2O (VI) 

99 Mouse 
(B6C3F1) 

2 yr 
(W) 

Reproductive 
100 Rat 

(Fischer- 344) 
2 yr 
(W) 

8.7 F 

6.6 M 

7 F 

NTP 2008a 
Na2Cr2O7.2H2O (VI) 

NTP 2008a 
Na2Cr2O7.2H2O (VI) 

101 Mouse 
(B6C3F1) 

2 yr 
(W) 

5.9 M 

8.7 F 

NTP 2008a 
Na2Cr2O7.2H2O (VI) 
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512

0.57

5092

5.9

7

5098

3.1

2.4

Table 3-3 Levels of Significant Exposure to Chromium Vl - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

Cancer 
102 Human (environ) Zhang and Li 1987 

Cr (VI) 
0.57 (CEL: lung and stomach 

cancer) 
Exposed to well water 
containing 20 mg 
Cr(VI)/L; assuming 70 
kg body weight and 
drinking water 
consumption of 2 
L/day, dose = 0.57 mg 
Cr(VI)/kg/day. 

103 Rat 
(Fischer- 344) 

2 yr 
(W) 

NTP 2008a 
Na2Cr2O7.2H2O (VI) 

5.9 M (CEL: neoplasm of 
squamous epithelium of 
mouth and tongue) 

7 F (CEL: neoplasm of 
squamous cell epithelium 
of mouth and tongue) 

104 Mouse 
(B6C3F1) 

2 yr 
(W) 

NTP 2008a 
Na2Cr2O7.2H2O (VI) 

3.1 M (CEL: neoplastic lesions 
of small intestine) 

2.4 M (CEL: neoplastic lesions 
of small intestine) 
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a The number corresponds to entries in Figure 3-3. 

b Used to derive an intermediate-duration oral MRL of 0.005 mg chromium(VI)/kg/day for chromium(VI) compounds. The benchmark dose of 0.52 mg/kg/day (average of the 
benchmark doses derived for MCV, MCH, and Hgb) was divided by an uncertainty factor of 100 (10 for extrapolation from animals to humans and 10 for human variability). 

c Used to derive a chronic-duration oral MRL of 0.001 mg chromium(VI)/kg/day for chromium(VI) compounds. Benchmark dose of 0.09 mg/kg/day was divided by an uncertainty 
factor of 100 (10 for extrapolation from animals to humans and 10 for human variability). 

(VI) = hexavalent; avg = average; Bd Wt = body weight; (C) = capsule; Cardio = cardiovascular; d = day(s); Endocr = endocrine; environ = environmental; (F) = feed; F = female; F1 = 
first generation; F2 = second generation; (G) = gavage; Gastro = gastrointestinal; Gd = gestational day; (GW) = gavage in water; Hemato = hematological; Immuno/Lymphoret = 
immunological/lymphoreticular; (IN) = ingestion; Ld = lactational day; LD50 = lethal dose, 50% kill; LOAEL = lowest-observed-adverse-effect level; M = male; Metab = metabolic; mo = 
month(s); Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; NS = not specified; (occup) = occupational; pnd = post natal day; Resp = respiratory; SGOT = 
serum glutamic oxaloacetic transaminase; SGPT = serum glutamic pyruvic transaminase; (W) = drinking water; wk = week(s); x = times; yr = year(s) 
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Figure 3-3 Levels of Significant Exposure to Chromium VI - Oral
	
Acute (≤14 days)
	

Systemic 

mg/kg/day 
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NOAEL - Animals
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NOAEL - Humans
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 for effects
 other than
 Cancer
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Figure 3-3 Levels of Significant Exposure to Chromium VI - Oral (Continued)

Acute (≤14 days)
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mg/kg/day 

1000 

100 

30m 
26r 27r 

10 
29r 

28r 

1 

0.1 

0.01 

c-Cat -Humans f-Ferret n-Mink Cancer Effect Level-Animals  Cancer Effect Level-Humans  LD50/LC50
d-Dog k-Monkey j-Pigeon o-Other  LOAEL, More Serious-Animals  LOAEL, More Serious-Humans  Minimal Risk Level 
r-Rat m-Mouse e-Gerbil LOAEL, Less Serious-Animals  LOAEL, Less Serious-Humans  for effects
p-Pig h-Rabbit s-Hamster NOAEL - Animals  NOAEL - Humans  other than
q-Cow a-Sheep g-Guinea Pig Cancer 
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Figure 3-3 Levels of Significant Exposure to Chromium VI - Oral (Continued) 
Intermediate (15-364 days) 

Systemic 

mg/kg/day 

1000 

31m
	

100
	 35r 
46r 

49m 49m 
50m 50m 50m49m51m 51m 51m 51m 51m 
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44r 45r 
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0.1 

0.01 

c-Cat -Humans f-Ferret n-Mink Cancer Effect Level-Animals  Cancer Effect Level-Humans  LD50/LC50
d-Dog k-Monkey j-Pigeon o-Other  LOAEL, More Serious-Animals  LOAEL, More Serious-Humans  Minimal Risk Level 
r-Rat m-Mouse e-Gerbil LOAEL, Less Serious-Animals  LOAEL, Less Serious-Humans  for effects
p-Pig h-Rabbit s-Hamster NOAEL - Animals  NOAEL - Humans  other than
q-Cow a-Sheep g-Guinea Pig Cancer

0.001 
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Figure 3-3 Levels of Significant Exposure to Chromium VI - Oral (Continued) 
Intermediate (15-364 days) 

Systemic 

mg/kg/day 

1000 

37r 73m100 59r54m 72m37r36r 46r36r 73m72m49m 74m54m 78m37r 69r33r 66r34r 67r36r 68r50m 75m74m51m 61m 76m 
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57r 79m48m 
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47r55h51m 51m 58m 80h
62k 63k 64k 65k56r48m 

65k1 

0.1 

0.01 

0.001 

c-Cat -Humans f-Ferret n-Mink Cancer Effect Level-Animals  Cancer Effect Level-Humans  LD50/LC50
d-Dog k-Monkey j-Pigeon o-Other  LOAEL, More Serious-Animals  LOAEL, More Serious-Humans  Minimal Risk Level 
r-Rat m-Mouse e-Gerbil LOAEL, Less Serious-Animals  LOAEL, Less Serious-Humans  for effects
p-Pig h-Rabbit s-Hamster NOAEL - Animals  NOAEL - Humans  other than
q-Cow a-Sheep g-Guinea Pig Cancer
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Figure 3-3 Levels of Significant Exposure to Chromium VI - Oral (Continued)
 
Intermediate (15-364 days)
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c-Cat -Humans f-Ferret n-Mink Cancer Effect Level-Animals  Cancer Effect Level-Humans  LD50/LC50
d-Dog k-Monkey j-Pigeon o-Other  LOAEL, More Serious-Animals  LOAEL, More Serious-Humans  Minimal Risk Level 
r-Rat m-Mouse e-Gerbil LOAEL, Less Serious-Animals  LOAEL, Less Serious-Humans  for effects
p-Pig h-Rabbit s-Hamster NOAEL - Animals  NOAEL - Humans  other than
q-Cow a-Sheep g-Guinea Pig Cancer
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Figure 3-3 Levels of Significant Exposure to Chromium VI - Oral (Continued) 
Chronic (≥365 days)

Systemic 

mg/kg/day 

10 

1 

0.1 

0.01 

0.001 

89m 95m 95m 95m 95m 95m 99m 101m 
88r 93r 93r 93r 93r 93r 98r 100r 103r100r95m 93r 101m 103r 

91r 91r 91r 91r
94m 104m 

93r 92r 95m 96r 104m93r 

94m 

93r 92r 96r 
93r 92r 92r 93r 96r 
90 90 102 

95m 95m 97m 

93r93r 92r 92r 93r 96r 

*Doses represent the lowest dose tested per study that produced a tumorigenic 
response and do not imply the existence of a threshold for the cancer endpoint. 

c-Cat -Humans f-Ferret n-Mink Cancer Effect Level-Animals  Cancer Effect Level-Humans  LD50/LC50
d-Dog k-Monkey j-Pigeon o-Other  LOAEL, More Serious-Animals  LOAEL, More Serious-Humans  Minimal Risk Level 
r-Rat m-Mouse e-Gerbil LOAEL, Less Serious-Animals  LOAEL, Less Serious-Humans  for effects
p-Pig h-Rabbit s-Hamster NOAEL - Animals  NOAEL - Humans  other than
q-Cow a-Sheep g-Guinea Pig Cancer 
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Table 3-4 Levels of Significant Exposure to Chromium Ill - Oral 
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a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

ACUTE EXPOSURE 
Death 
1 Rat 

(NS) 
once 
(GW) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

2365 (LD50) 

Reference 
Chemical Form 

Smyth et al. 1969 
Cr(CH3COO)3H2O (III) 

Comments 

2 Rat 
(Sprague-
Dawley) 

once 
(G) 

200 M (LD50) 

183 F (LD50) 

Vernot et al. 1977 
Cr(NO3)3.9H2O (III) 

Systemic 
3 Rat 

(Fischer- 344) 
3 d 
(F) 

Reproductive 
4 Rat 

(NS) 
3 d 
Gd 1-3 
(G) 

Hemato 506 F 

33.6 F (decreased number of 
pregnancies) 

NTP 2008 
Cr picolinate (III) 

Bataineh et al. 2007 
CrCl3 (III) 

5 Rat 
(NS) 

3 d 
Gd 4-6 
(G) 

INTERMEDIATE EXPOSURE 
Systemic 
6 Rat 

(Sprague-
Dawley) 

daily 
20 wk 
(F) 

Hepatic 

33.6 F 

9 

Bataineh et al. 2007 
CrCl3 (III) 

Anderson et al. 1997b 
CrCl3 (III) 

Renal 9 

Bd Wt 9 
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5024

9

9

9

5016
40

95

1806

1806

1806

1806

1806

1806

Table 3-4 Levels of Significant Exposure to Chromium Ill - Oral (continued) 

C
H

R
O

M
IU

M

***D
R

A
FT FO

R
 P

U
B

LIC
 C

O
M

M
E

N
T***

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

7 Rat 
(Sprague-
Dawley) 

daily 
20 wk 
(F) 

Hepatic 9 Anderson et al. 1997b 
Cr picolinate (III) 

Renal 

Bd Wt 

9 

9 

8 Rat 
(Sprague-
Dawley) 

12 wk 
(W) 

Bd Wt 40 (24% lower final body 
weight) 

Bataineh et al. 1997 
CrCl3 (III) 

9 Rat 
(BD) 

90 d 
5 d/wk 
(F) 

Resp 

Cardio 

Gastro 

Hemato 

Hepatic 

Renal 

1806 

1806 

1806 

1806 

1806 

1806 

Ivankovic and Preussmann 
1975 
Cr2O3 (III) 
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5100

506

506

506

506

506

506

506

506

506

5134

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

Table 3-4 Levels of Significant Exposure to Chromium Ill - Oral	 (continued) 

C
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M
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M

Exposure/
 
Duration/
 

a
 FrequencyKey to Species (Route)Figure (Strain)	 System 

10 Rat 14 wk Resp
(Fischer- 344) (F) 

Cardio 

Gastro 

Hemato 

Hepatic 

Renal 

Endocr 

Ocular 

Bd Wt 

11 Rat 90 d Resp
(Sprague- (F) 
Dawley) 

Cardio 

Gastro 

Hemato 

Hepatic 

Renal 

Endocr 

Bd Wt 

LOAEL 

NOAEL 
(mg/kg/day) 

Less Serious 
(mg/kg/day) 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

506 F	 NTP 2008 
Cr picolinate (III) 

506 F 

506 F 

506 F 

506 F 

506 F 

506 F 

506 F 

506 F 

1.5 F Shara et al. 2005 
Cr nicotinate (III) 

1.5 F 

1.5 F 

1.5 F 

1.5 F 

1.5 F 

1.5 F 

1.5 F 
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5138

0.25

0.25

0.25

0.25

0.25

0.25

0.25

5131

165

140

5059

14

5

Table 3-4 Levels of Significant Exposure to Chromium Ill - Oral (continued) 
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Exposure/ LOAEL 
Duration/ 

a 
Key to 
Figure 

Species 
(Strain) 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 
Serious 
(mg/kg/day) 

12 Rat 
(Sprague-
Dawley) 

38 wk 
(F) 

Resp 

Cardio 

Gastro 

Hemato 

Hepatic 

Renal 

Endocr 

0.25 F 

0.25 F 

0.25 F 

0.25 F 

0.25 F 

0.25 F 

0.25 F 

13 Mouse 
BDF1 

210 d 
(W) 

Bd Wt 165 M 

140 F 

14 Mouse 
(Swiss) 

12 wk 
(W) 

Bd Wt 14 F 5 M (14% decrease in body 
weight gain) 

Reference 
Chemical Form Comments 

Shara et al. 2007 
Cr nicotinate (III) 

De Flora et al. 2006 
CrK(SO4)2 (III) 

Elbetieha and Al-Hamood 1997 
CrCl3 (III) 
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5110

1415

1415

1415

1415

1415

1415

1415

1415

1415

5101

506

5135

1.5

5139

0.25

5111

1415

91

1806

15 

Table 3-4 Levels of Significant Exposure to Chromium Ill - Oral	 (continued) 
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Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

Mouse 14 wk 
(B6C3F1) (F) 

Immuno/ Lymphoret 
16 Rat 14 wk 

(Fischer- 344) (F) 

17 Rat 90 d 
(Sprague-
Dawley) 

(F) 

18	 Rat 38 wk 
(Sprague- (F) 
Dawley) 

19	 Mouse 14 wk 
(B6C3F1) (F) 

Neurological 
20 Rat 90 d 

5 d/wk 
(F) 

System 

Resp 

Cardio 

Gastro 

Hemato 

Hepatic 

Renal 

Endocr 

Ocular 

Bd Wt 

LOAEL 

NOAEL 
(mg/kg/day) 

Less Serious 
(mg/kg/day) 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

1415 M 

1415 M 

1415 M 

1415 M 

1415 M 

1415 M 

1415 M 

1415 M 

1415 M 

NTP 2008 
Cr picolinate (III) 

506 F NTP 2008 
Cr picolinate (III) 

1.5 F Shara et al. 2005 
Cr nicotinate (III) 

0.25 F Shara et al. 2007 
Cr nicotinate (III) 

1415 M NTP 2008 
Cr picolinate (III) 

1806 Ivankovic and Preussmann 
1975 
Cr III 
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5109

506

5136

1.5

5140

0.25

5114

1415

5003
40

5102

506

5137

1.5

Table 3-4 Levels of Significant Exposure to Chromium Ill - Oral (continued) 
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a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

21 Rat 
(Fischer- 344) 

14 wk 
(F) 

506 F NTP 2008 
Cr picolinate (III) 

22 Rat 
(Fischer- 344) 

14 wk 
ad lib 
(F) 

506 F NTP 2008 
Cr picolinate (III) 

23 Rat 
(Sprague-
Dawley) 

90 d 
(F) 

1.5 F Shara et al. 2005 
Cr nicotinate (III) 

24 Rat 
(Sprague-
Dawley) 

38 wk 
(F) 

0.25 F Shara et al. 2007 
Cr nicotinate (III) 

25 Mouse 
(B6C3F1) 

Reproductive 
26 Rat 

(Sprague-
Dawley) 

14 wk 
ad lib 
(F) 

12 wk 
(W) 

1415 M 

40 (altered sexual behavior, 
decreased absolute 
testes, seminal vesicles, 
and preputial gland 
weights) 

NTP 2008 
Cr picolinate (III) 

Bataineh et al. 1997 
CrCl3 (III) 

27 Rat 
(Fischer- 344) 

14 wk 
(F) 

506 F NTP 2008 
Cr picolinate (III) 

28 Rat 
(Sprague-
Dawley) 

90 d 
(F) 

1.5 F Shara et al. 2005 
Cr nicotinate (III) 
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0.25

5058

5

5

5112

1415

46
9.1

92

1806

5005
74

Table 3-4 Levels of Significant Exposure to Chromium Ill - Oral	 (continued) 
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a 
Key to Species 
Figure (Strain) 

29	 Rat 
(Sprague-
Dawley) 

30	 Mouse 
(Swiss) 

31	 Mouse 
(B6C3F1) 

32	 Mouse 
(BALB/c) 

Developmental 
33 Rat 

(BD) 

34	 Mouse 
(BALB/c) 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 
Serious 
(mg/kg/day) 

38 wk 
(F) 

0.25 F 

12 wk 
(W) 

5 M (increased testes and 
decreased preputial 
gland weights) 

5 F (decreased number of 
implantations and viable 
fetuses; increased 
ovarian and decreased 
uterine weights) 

14 wk 
(F) 

1415 M 

7 wk 
7 d/wk 
(F) 

9.1 M (decreased 
spermatogenesis) 

90 d 
5 d/wk 
(F) 

1806 

Gd 12- Ld 20 
(W) 

74 (reduced ovary and testis 
weights in offspring and 
impaired fertility in female 
offspring) 

Reference 
Chemical Form Comments 

Shara et al. 2007 
Cr nicotinate (III) 

Elbetieha and Al-Hamood 1997 
CrCl3 (III) 

NTP 2008
 

Cr picolinate (III)
 

Zahid et al. 1990 
Cr2(SO4)3 (III) 

Ivankovic and Preussmann 
1975 
Cr2O3 (III) 

Al-Hamood et al. 1998 
CrCl3 (III) 
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99

2040

2040

2040

2040

2040

19

3.6

3.6

3.6

3.6

5103

313

313

313

313

313

313

313

313

Table 3-4 Levels of Significant Exposure to Chromium Ill - Oral	 (continued) 

C
H

R
O

M
IU

M

***D
R

A
FT FO

R
 P

U
B

LIC
 C

O
M

M
E

N
T***

Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

CHRONIC EXPOSURE 
Systemic 
35 Rat 2 yr 

(BD) 5 d/wk 
(F) 

36	 Rat 1 yr 
(Sprague- (W) 
Dawley) 

37	 Rat 2 yr 
(Fischer- 344) (F) 

System 

Resp 

Cardio 

Gastro 

Hepatic 

Renal 

Hemato 

Hepatic 

Renal 

Bd Wt 

Resp 

Cardio 

Gastro 

Hepatic 

Renal 

Endocr 

Ocular 

Bd Wt 

LOAEL 

NOAEL 
(mg/kg/day) 

Less Serious 
(mg/kg/day) 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

2040 

2040 

2040 

2040 

2040 

Ivankovic and Preussmann 
1975 
Cr2O3 (III) 

3.6 MacKenzie et al. 1958 
CrCl3 (III) 

3.6 

3.6 

3.6 

313 F 

313 F 

313 F 

313 F 

313 F 

313 F 

313 F 

313 F 

NTP 2008 
Cr picolinate (III) 
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90

0.46

0.46

0.46

0.46

5142

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.22

0.25

Table 3-4 Levels of Significant Exposure to Chromium Ill - Oral	 (continued) 

C
H

R
O

M
IU

M

Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

38 Rat	 2-3 yr 
7 d/wk(Long- Evans) 
(W) 

39 Rat	 52 wk 
(Sprague- (F) 
Dawley) 

System 

Cardio 

Hepatic 

Renal 

Bd Wt 

Resp 

Cardio 

Gastro 

Hemato 

Hepatic 

Renal 

Endocr 

Bd Wt 

LOAEL 

NOAEL 
(mg/kg/day) 

Less Serious 
(mg/kg/day) 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

0.46 Schroeder et al. 1965 
Cr(CH3COO)3 (III) 

0.46 

0.46 

0.46 

0.25 F Shara et al. 2007 
Cr nicotinate (III) 

0.25 F 

0.25 F 

0.25 F 

0.25 F 

0.25 F 

0.25 F 

0.22 M (14.9% decrease in body 
weight) 

0.25 F (9.6% decrease in body 
weight) 
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5115

781

781

781

781

781

781

781

781

5104

313

5143

0.25

5116

781

97

2040

5106

313

40 

Table 3-4 Levels of Significant Exposure to Chromium Ill - Oral	 (continued) 

C
H

R
O

M
IU

M

***D
R

A
FT FO

R
 P

U
B

LIC
 C

O
M

M
E

N
T***

Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

Mouse 2 yr 
(B6C3F1) (F) 

Immuno/ Lymphoret 
41 Rat 2 yr 

(Fischer- 344) (F) 

42 Rat 52 wk 
(Sprague-
Dawley) 

(F) 

43	 Mouse 2 yr 
(B6C3F1) (F) 

Neurological 
44 Rat 2 yr 

5 d/wk 
(F) 

45	 Rat 2 yr 
(Fischer- 344) (F) 

System 

Resp 

Cardio 

Gastro 

Hepatic 

Renal 

Endocr 

Ocular 

Bd Wt 

LOAEL 

NOAEL 
(mg/kg/day) 

Less Serious 
(mg/kg/day) 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

781 M 

781 M 

781 M 

781 M 

781 M 

781 M 

781 M 

781 M 

NTP 2008 
Cr picolinate (III) 

313 F NTP 2008 
Cr picolinate (III) 

0.25 F Shara et al. 2007 
Cr nicotinate (III) 

781 M NTP 2008 
Cr picolinate (III) 

2040 Ivankovic and Preussmann 
1975 
Cr III 

313 F NTP 2008 
Cr picolinate (III) 
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5144

0.25

5117

781

5105

313

5145

0.25

5118

781

5107
55

Table 3-4 Levels of Significant Exposure to Chromium Ill - Oral (continued) 

C
H

R
O

M
IU

M

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

46 Rat 
(Sprague-
Dawley) 

52 wk 
(F) 

0.25 F Shara et al. 2007 
Cr nicotinate (III) 

47 Mouse 
(B6C3F1) 

2 yr 
(F) 

Reproductive 
48 Rat 

(Fischer- 344) 
2 yr 
(F) 

781 M 

313 F 

NTP 2008 
Cr picolinate (III) 

NTP 2008 
Cr picolinate (III) 

49 Rat 
(Sprague-
Dawley) 

52 wk 
(F) 

0.25 F Shara et al. 2007 
Cr nicotinate (III) 

50 Mouse 
(B6C3F1) 

2 yr 
(F) 

Cancer 
51 Rat 

(Fischer- 344) 
2 yr 
(F) 

781 M 

55 M (equivocal evidence for 
prepubital gland 
adenoma) 

NTP 2008 
Cr picolinate (III) 

NTP 2008 
Cr picolinate (III) 
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a The number corresponds to entries in Figure 3-4. 

ad lib = ad libitum; Bd Wt = body weight; (C) = capsule; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); Endocr = endocrine; (F) = feed; F = female; (G) = gavage; 
Gastro = gastrointestinal; Gd = gestational day; Gn Pig = guinea pig; (GW) = gavage in water; Hemato = hematological; Immuno/Lymphoret = immunological/lymphoreticular; LD50 = 
lethal dose, 50% kill; LOAEL = lowest-observed-adverse-effect level; M = male; mo = month(s); NOAEL = no-observed-adverse-effect level; NS = not specified; ppd = post-parturition 
day; ppm = parts per million; Resp = respiratory; x = time(s); (W) = drinking water; wk = week(s); yr = year(s) 
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Figure 3-4 Levels of Significant Exposure to Chromium III - Oral (Continued)
 
Intermediate (15-364 days)


Systemic
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Figure 3-4 Levels of Significant Exposure to Chromium III - Oral (Continued)
Chronic (≥365 days) 

Systemic 
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M
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M
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1 

38r 38r 38r 38r 
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*Doses represent the lowest dose tested per study that produced a tumorigenic 
0.1 response and do not imply the existence of a threshold for the cancer endpoint. 
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CHROMIUM 154 

3. HEALTH EFFECTS 

respectively, for 2 years (NTP 2008a).  Mortality was not increased in rats fed 2,040 mg chromium(III)/ 

kg/day as chromium oxide in the diet 5 days/week for 2 years (Ivankovic and Preussmann 1975) or in rats 

and mice fed up to 313 and 781 mg chromium(III)/kg/day, respectively, as chromium picolinate in the 

diet for 2 years (NTP 2008b). 

3.2.2.2  Systemic Effects 

The systemic effects of oral exposure to chromium(III) and chromium(VI) compounds are discussed 

below.  The highest NOAEL values and all reliable LOAEL values for each systemic effect in each 

species and duration category are recorded in Table 3-3 and plotted in Figure 3-3 for chromium(VI) and 

recorded in Table 3-4 and plotted in Figure 3-4 for chromium(III). 

Respiratory Effects. Case reports of humans who died after ingesting chromium(VI) compounds 

have described respiratory effects as part of the sequelae leading to death.  A 22-month-old boy who 

ingested an unknown amount of sodium dichromate died of cardiopulmonary arrest.  Autopsy revealed 

pleural effusion, pulmonary edema, severe bronchitis, and acute bronchopneumonia (Ellis et al. 1982).  

Autopsy of a 17-year-old male who committed suicide by ingesting 29 mg chromium(VI)/kg as 

potassium dichromate revealed congested lungs with blood-tinged bilateral pleural effusions (Clochesy 

1984; Iserson et al. 1983).  Respiratory effects were not reported at nonlethal doses.  No information was 

identified on respiratory effects in humans after oral exposure to chromium(III) compounds. 

No studies were identified regarding respiratory function in animals after oral exposure to chromium(VI) 

or chromium(III) compounds.  The histopathology of lung and nasal tissue has been evaluated in rats and 

mice exposed to oral chromium(VI) (as sodium dichromate dihydrate) and chromium(III) (as chromium 

nicotinate, chromium oxide and chromium picolinate) for durations of 3 months to 2 years, with no 

abnormalities observed (Ivankovic and Preussmann 1975; NTP 2007, 2008a, 2008b; Shara et al. 2005, 

2007).  For chromium(VI) compounds, the highest doses tested for intermediate and chronic exposure 

durations were 27.9 and 8.7 chromium(VI)/kg/day, respectively, as sodium dichromate dihydrate in 

drinking water (NTP 2007, 2008a).  For chromium(III) compounds, the highest doses tested for 

intermediate and chronic exposure durations were 1,806 and 2,040 mg chromium(III)/kg/day, 

respectively, as chromium oxide in the diet 5 days/week (Ivankovic and Preussmann 1975). 

Cardiovascular Effects. Case reports of humans who died after ingesting chromium(VI) compounds 

have described cardiovascular effects as part of the sequelae leading to death.  A 22-month-old boy who 
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CHROMIUM 155 

3. HEALTH EFFECTS 

ingested an unknown amount of sodium dichromate died of cardiopulmonary arrest.  Autopsy revealed 

early hypoxic changes in the myocardium (Ellis et al. 1982).  In another case, cardiac output, heart rate, 

and blood pressure dropped progressively during treatment in the hospital of a 17-year-old male who had 

ingested 29 mg chromium(VI)/kg as potassium dichromate.  He died of cardiac arrest.  Autopsy revealed 

hemorrhages in the anterior papillary muscle of the left ventricle (Clochesy 1984; Iserson et al. 1983).  

Cardiovascular effects have not been reported at nonlethal doses.  No information was identified on 

cardiovascular effects in humans after oral exposure to chromium(III) compounds. 

No studies were located regarding effects on cardiovascular function in animals after oral exposure to 

chromium(VI) compounds.  Histopathological examination of the heart has been evaluated in rats and 

mice exposed to oral chromium(VI) (as sodium dichromate dihydrate and sodium acetate) and 

chromium(III) (as chromium nicotinate, chromium oxide and chromium picolinate) for durations of 

3 months to 2 years, with no abnormalities observed (Ivankovic and Preussmann 1975; NTP 2007, 2008a, 

2008b; Schroeder et al. 1965; Shara et al. 2005, 2007).  For chromium(VI) compounds, the highest doses 

tested for intermediate and chronic exposure durations were 27.9 and 8.7 chromium(VI)/kg/day, 

respectively, as sodium dichromate dihydrate in drinking water (NTP 2007, 2008a).  For chromium(III) 

compounds, the highest doses tested for intermediate and chronic exposure durations were 1,806 and 

2,040 mg chromium(III)/kg/day, respectively, as chromium oxide in the diet 5 days/week (Ivankovic and 

Preussmann 1975). None of these studies assessed cardiovascular end points such as blood pressure or 

electrocardiograms. 

Gastrointestinal Effects. Cases of gastrointestinal effects in humans after oral exposure to 

chromium(VI) compounds have been reported.  In one study, a 14-year-old boy who died after ingesting 

7.5 mg chromium(VI)/kg as potassium dichromate experienced abdominal pain and vomiting before 

death.  Autopsy revealed gastrointestinal ulceration (Kaufman et al. 1970).  In another study, a 44-year

old man died of gastrointestinal hemorrhage after ingesting 4.1 mg chromium(VI)/kg as chromic acid 

solution (Saryan and Reedy 1988).  Gastrointestinal hemorrhage and extensive necrosis of all digestive 

mucous membranes were also observed on autopsy of a 35-year-old woman who died following ingestion 

of 357 mg chromium(VI)/kg as chromic acid (Loubieres et al. 1999).  Gastrointestinal burns and 

hemorrhage have also been described as contributing to the cause of death of infants who ingested 

unknown amounts of sodium dichromate (Ellis et al. 1982) or ammonium dichromate (Reichelderfer 

1968) and a 17-year-old male who ingested ~29 mg chromium(VI)/kg as potassium dichromate (Clochesy 

1984; Iserson et al. 1983).  

***DRAFT FOR PUBLIC COMMENT*** 



   
 

    
 
 

 
 
 
 

  

 

 

  

 

   

    

  

 

   

 

  

   

   

 

  

   

 

   

   

 

    

    

    

 

 

 

  

  

CHROMIUM 156 

3. HEALTH EFFECTS 

Some chromium(VI) compounds, such as potassium dichromate and chromium trioxide, are caustic and 

irritating to mucosal tissue.  A 25-year-old woman who drank a solution containing potassium dichromate 

experienced abdominal pain and vomited (Goldman and Karotkin 1935).  Two people who ate oatmeal 

contaminated with potassium dichromate became suddenly ill with severe abdominal pain and vomiting, 

followed by diarrhea (Partington 1950).  Acute gastritis developed in a chrome plating worker who had 

accidentally swallowed an unreported volume of a plating fluid containing 300 g chromium trioxide/L. 

He was treated by hemodialysis, which saved his life (Fristedt et al. 1965).  Nausea, hemetemesis, and 

bloody diarrhea were reported in a 24-year-old woman who ingested ammonium dichromate in a suicide 

attempt (Hasan 2007). 

Ingestion of chromium compounds as a result of exposure at the workplace has occasionally produced 

gastrointestinal effects.  In a chrome plating plant where poor exhaust resulted in excessively high 

concentrations of chromium trioxide fumes, in addition to symptoms of labored breathing, dizziness, 

headache, and weakness from breathing the fumes during work, workers experienced nausea and 

vomiting upon eating on the premises (Lieberman 1941).  Gastrointestinal effects were also reported in an 

epidemiology study of 97 workers in a chromate plant exposed to dust containing both chromium(III) and 

chromium(VI) compounds.  Blocked nasal passages, as a result of working in the dust laden atmosphere, 

forced the individuals to breathe through their mouths, thereby probably ingesting some of the chromium 

dust.  A 10.3% incidence of gastric ulcer formation and a 6.1% incidence of hypertrophic gastritis was 

reported.  Epigastric and substernal pain were also reported in the chromate production workers (Mancuso 

1951).  Gastric mucosa irritation resulting in duodenal ulcer, possibly as a result of mouth breathing, has 

also been reported in other studies of chromate production workers (Sassi 1956; Sterekhova et al. 1978).  

Subjective symptoms of stomach pain, duodenal ulcers, gastritis, stomach cramps, and indigestion were 

reported by workers exposed to a mean concentration of 0.004 mg chromium(VI)/m3 in an electroplating 

facility where zinc, cadmium, nickel, tin, and chromium plating were carried out (Lucas and Kramkowski 

1975).  An otolaryngological examination of 77 employees of eight chromium electroplating facilities in 

Czechoslovakia, where the mean level in the breathing zone above the plating baths was 0.414 mg 

chromium(VI)/m3, revealed 12 cases of chronic tonsillitis, 5 cases of chronic pharyngitis, and 32 cases of 

atrophic changes in the left larynx (Hanslian et al. 1967).  These effects were probably also due to 

exposure via mouth breathing. 

In a cross-sectional study conducted in 1965 of 155 villagers whose well water contained 

chromium(VI)/L as a result of pollution from an alloy plant in the People's Republic of China, 

associations were found between drinking the contaminated water and oral ulcer, diarrhea, abdominal 

***DRAFT FOR PUBLIC COMMENT*** 



   
 

    
 
 

 
 
 
 

  

 

    

  

       

    

  

   

  

  

   

 

  

  

 

 

   

 

  

  

    

  

      

   

  

   

  

    

  

  

  

 

 

  

CHROMIUM 157 

3. HEALTH EFFECTS 

pain, indigestion, and vomiting.  The alloy plant began chromium smelting in 1961 and began regular 

production in 1965.  Similar results were found in two similar studies in other villages, but further details 

were not provided (Zhang and Li 1987).  The highest concentration of chromium(VI) detected during 

sampling was 20 mg chromium(VI)/L, equivalent to a dose of 0.57 mg chromium(VI)/kg/day based on a 

default reference water consumption rate and body weight value of 2 L/day and 70 kg, respectively (note 

that these values may not be appropriate for the Chinese study population).  However, exposure estimates 

for this population are uncertain and it is likely that exposure levels in many cases were to concentrations 

less than 20 mg chromium(VI)/L.  At least some residents obtained drinking water from alternative 

sources (Sedman et al. 2006) and exposure may have been self-limiting due to lack of palatability of 

water (Beaumont et al. 2008). Thus, exposure levels associated with adverse effects are not well 

characterized. 

No information was identified on gastrointestinal effects in humans after oral exposure to chromium(III) 

compounds. 

Oral exposure of animals to chromium(VI), but not chromium(III), compounds results in irritation and 

histopathological changes to tissues of the gastrointestinal tract.  Gastrointestinal hemorrhage was 

observed in rats given a lethal gavage dose of potassium dichromate (130 mg chromium(VI)/kg) (Samitz 

1970).  Histopathological changes were observed in rats and mice exposed to chromium(VI) as sodium 

dichromate dihydrate in drinking water for 3 months (NTP 2007) or 2 years (NTP 2008a).  Following 

exposure for 3 months, duodenal histiocytic infiltration of the duodenum was observed in male and 

female F344/N rats exposed at ≥3.5 mg chromium(VI)/kg/day.  At the highest daily dose (20.9 mg 

chromium(VI)/kg/day), ulcer and epithelial hyperplasia and metaplasia of the glandular stomach were 

observed.  Epithelial hyperplasia and histiocytic cellular infiltration of the duodenum was observed at 

≥3.1 and ≥5.2 mg chromium(VI)/kg/day, respectively, in male and female B6C3F1 mice.  Similar 

nonneoplastic lesions of the duodenum were also reported in the 3-month comparative study in male 

B6C3F1, BALB/c, and C57BL/6 mice, with epithelial hyperplasia at ≥2.8 mg chromium(VI)/kg/day in 

B6C3F1 and BALB/c strains and ≥5.2 in the C57BL/6 strain, and histiocytic cellular infiltration at 

≥2.8 mg chromium(VI)/kg/day in B6C3F1 and C57BL/6 strains and ≥5.2 mg chromium(VI)/kg/day in the 

BALB/c strain.  After exposure for 2 years, duodenal histiocytic infiltration was observed in male and 

female rats exposed at 0.77 and 2.4 chromium(VI)/kg/day, respectively; in mice, duodenal epithelial 

hyperplasia was observed at 0.38 mg chromium(VI)/kg/day for 2 years and histiocytic cellular infiltration 

of the duodenum was also observed in males at 2.4 mg chromium(VI)/kg/day and females at 3.1 mg 

chromium(VI)/kg/day.  In the 2-year study (NTP 2008a), neoplasms of the squamous epithelium of the 
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CHROMIUM 158 

3. HEALTH EFFECTS 

oral mucosa and tongue were observed in rats and of the small intestine (duodenum, jejunum and ileum) 

were observed in mice; these findings are discussed in Section 3.2.2.7 (Oral Exposure, Cancer).  In 

female mice exposed to 0.38 mg chromium(VI)/kg/day and male mice exposed to 2.4 mg chromium(VI)/ 

kg/day for 2 years, cytoplasmic alteration of the pancreas (depletion of cytoplasm zymogen granules) was 

observed; NTP stated that the biological significance of this finding was uncertain (NTP 2008a).  In 

contrast to the findings in the NTP 3-month and 2-year drinking water studies of sodium dichromate 

dihydrate (NTP 2007, 2008a), no histopathological changes to the gastrointestinal tract were observed in 

BALB/c mice exposed to dietary potassium dichromate at doses up to 36.7 chromium(VI)/kg/day in a 

multigeneration continuous breeding study (NTP 1997).  Differences in results of these studies could be 

attributed to difference in the exposure media (water versus feed).  Data from the 2-year drinking water 

study on sodium dichromate dihydrate in mice (NTP 2008a) were used to used to develop the chronic-

duration oral MRL for chromium(VI) compounds.  The BMDL10 value of 0.09 mg chromium(VI)/kg/day 

for diffuse epithelial hyperplasia of the duodenum in female mice was used to calculate an oral MRL of 

0.001 mg chromium(VI)/kg/day for chronic-duration exposure to chromium(VI) a compounds as 

described in the footnote of Table 3-3. 

No histopathological changes to the stomach or small intestine were observed in mice and rats exposed to 

oral chromium(III) (as chromium nicotinate, chromium oxide, and chromium picolinate) for 3 months or 

2 years (Ivankovic and Preussmann 1975; NTP 2008b; Rhodes et al. 2005; Shara et al. 2005, 2007).  The 

highest doses of chromium(III) tested were 1,415 mg chromium(III)/kg/day as chromium picolinate in the 

diet for 3 months (NTP 2008b; Rhodes et al. 2005) and 2,040 mg chromium(III)/kg/day as chromium 

oxide in the diet 5 days/week for 2 years (Ivankovic and Preussmann 1975). 

Hematological Effects. Cases of hematological effects have been reported in humans after the 

ingestion of lethal or sublethal doses of chromium(VI) compounds.  In a case of an 18-year-old woman 

who ingested a few grams of potassium dichromate, decreased hemoglobin content and hematocrit, and 

increased total white blood cell counts, reticulocyte counts, and plasma hemoglobin were found 4 days 

after ingestion.  These effects were indicative of intravascular hemolysis (Sharma et al. 1978).  A 25-year

old woman who drank a solution containing potassium dichromate had a clinically significant increase in 

leukocytes due to a rise in polymorphonuclear cells (Goldman and Karotkin 1935).  In another study, a 

44-year-old man had decreased hemoglobin levels 9 days after ingestion of 4.1 mg chromium(VI)/kg as 

chromic acid solution that probably resulted from gastrointestinal hemorrhage (Saryan and Reedy 1988).  

Inhibition of blood coagulation was described in a case of a 17-year-old male who died after ingesting 

~29 mg chromium(VI)/kg as potassium dichromate (Clochesy 1984; Iserson et al. 1983).  Anemia 
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following severe hemorrhaging developed in a chrome plating worker who had accidentally swallowed an 

unreported volume of a plating fluid containing 300 g chromium trioxide/L.  He was treated by 

hemodialysis, which saved his life (Fristedt et al. 1965). 

In a cross-sectional study conducted in 1965 of 155 villagers whose well water contained 20 mg 

chromium(VI)/L as a result of pollution from an alloy plant in the People's Republic of China, 

associations were found between drinking the contaminated water and leukocytosis and immature 

neutrophils.  The alloy plant began chromium smelting in 1961 and began regular production in 1965. 

Similar results were found in two similar studies in other villages, but further details were not provided 

(Zhang and Li 1987). The highest concentration of chromium(VI) detected during sampling was 20 mg 

chromium(VI)/L, equivalent to a dose of 0.57 mg chromium(VI)/kg/day.  However, exposure estimates 

for this population are uncertain and it is likely that exposure levels in many cases were to concentrations 

<20 mg chromium(VI)/L. At least some residents obtained drinking water from alternative sources 

(Sedman et al. 2006) and exposure may have been self-limiting due to lack of palatability of water at 

higher concentrations (Beaumont et al. 2008). Thus, exposure levels associated with adverse effects are 

not well characterized. 

No reliable information was identified on hematological effects in humans of oral exposure to 

chromium(III) compounds. 

Microcytic, hypochromic anemia, characterized by decreased mean cell volume (MCV), mean 

corpuscular hemoglobin (MCH), hematocrit (Hct), and hemoglobin (Hgb), was observed in F344/N rats 

and B6C3F1 mice exposed to chromium(III) compounds in drinking water for exposure durations ranging 

from 4 days to 1 year (NTP 2007, 2008a).  Severity was dose-dependent.  Maximum effects were 

observed after approximately 3 weeks of exposure; with increasing exposures durations (e.g., 14 weeks to 

1 year), effects were less pronounced, presumably due to compensatory hematopoietic responses.  In 

general, effects were more severe in rats than mice.  Following acute exposure of male rats to sodium 

dichromate dihydrate in drinking water for 4 days, a slight, but statistically significant decrease (2.1%) in 

MCH was observed at 2.7 mg chromium(VI)/kg/day, but not at 0.7 mg chromium(VI)/kg/day.  With 

increasing doses (7.4 mg chromium(VI)/kg/day and greater), additional decreases in MCH and decreased 

MCV were observed (NTP 2008a).  Similar effects were observed in male and female rats exposed for 

5 days, with effects observed at 4.0 and 4.1 chromium(VI)/kg/day, respectively (NTP 2007); a NOAEL 

was not established. 
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More severe microcytic, hypochromic anemia occurred in rats and mice following exposure to sodium 

dichromate dihydrate in drinking water for 22 or 23 days (NTP 2007, 2008a).  Decreased Hct (6.1%), 

Hgb (8.4%), MCV (7.7%), and MCH (10.6%) occurred in male rats exposed for 22 days to 0.77 mg 

chromium(VI)/kg/day, with decreases exhibiting dose-dependence; effects were not observed at 0.21 mg 

chromium(VI)/kg/day (NTP 2008a).  Similar hematological effects were observed in male and female rats 

exposed to 1.7 mg chromium(VI)/kg/day for 23 days (NTP 2007).  In female mice exposed to 22 days, 

slight, but significant decreases in MCV (2.0%) and MCH (1.2%) were observed at 0.38 mg 

chromium(VI)/kg/day, with more severe effects at higher doses (NTP 2008a).  After exposure for 

3 months to 1 year, microcytic, hypochromic anemia in rats and mice was less severe than that observed 

after 22 or 23 days (NTP 2007, 2008a).  For example in male rats exposed for 22 days, decreases in Hct 

(6.1%), Hgb (8.4%), MCV (7.7%), and MCH (10.6%) were observed at 0.77 mg chromium(VI)/kg/day, 

whereas after exposure to 0.77 mg chromium(VI)/kg/day for 1 year, decreased MCH (2.4%), but not 

MCV, Hct ,or Hgb, were observed (NTP 2008a).  Similar decreases in severity was also observed in 

female rats and in male and female mice exposed for 1 year compared to 22 days (NTP 2008a).  In 

contrast, routine hematological examination revealed no changes in Sprague-Dawley rats exposed to 

3.6 mg chromium(VI)/kg/day as potassium chromate in the drinking water for 1 year (MacKenzie et al. 

1958); however, data on hematological parameters or statistical analyses were not presented in the report. 

Data from the 22-day evaluation in the 2-year NTP (2008a) drinking water study on sodium dichromate 

dihydrate in rats were used to used to develop the intermediate-duration oral MRL for chromium(VI) 

compounds.  Because several hematological parameters are used to define the clinical picture of anemia, 

the intermediate-duration oral MRL was based on the average BMDL2sd value (e.g., the average of  

BMDL2sd values for Hgb, MCV, and MCH; BMD models did not provide adequate fit for hematocrit) of 

0.52 mg chromium(VI)/kg/day, as described in the footnote of Table 3-3. 

In feeding studies of potassium dichromate in Sprague-Dawley rats and BALB/c mice, slight microcytic 

hyprochromic anemia, characterized by slightly reduced MCV and MCH values was observed (NTP 

1996a, 1996b, 1997).  In rats and mice fed potassium dichromate for 9 weeks, MCV and MCH values, 

were decreased at the highest concentration only, which was equivalent to 8.4 and 9.8 mg chromium(VI)/ 

kg/day in male and female rats, respectively (NTP 1996b), and 32.2 and 48 mg chromium(VI)/kg/day in 

male and female mice, respectively (NTP 1996a).  These effects did not occur at lower dietary 

concentrations equivalent to ≤2.1 or ≤2.45 mg chromium(VI)/kg/day for male and female rats, 

respectively, or to ≤7.35 or ≤12 mg chromium(VI)/day for male and female mice, respectively.  In a 

multigeneration study of mice given potassium dichromate in the diet, F1 males had decreased MCVs at 

dietary concentrations equivalent to 16 and 36.7 mg chromium(VI)/kg/day and decreased MCH values at 
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36.7 mg chromium(VI)/kg/day (NTP 1997).  F1 females had dose-related decreased MCV at 

concentrations equivalent to ≥7.8 mg chromium(VI)/kg/day.  Since 7.8 mg chromium(VI)/kg/day was the 

lowest dose in the study, a no effect level was not identified.  Compared to results of the drinking water 

studies on sodium dichromate dihydrate (NTP 2007, 2008a), hematological effects observed in the dietary 

studies on potassium dichromate (NTP 1996a, 1996b, 1997) occurred at higher daily doses.  Differences 

may be related to differences in the exposure media (feed versus drinking water). 

No hematological effects were observed in animals after oral exposure to chromium(III) compounds for 

exposure durations ranging from acute to chronic.  Exposure of F344/N rats to chromium picolinate in the 

diet for 3 days at doses up to 506 mg chromium(III)/kg/day did not produce hematological effects (NTP 

2008b).  For intermediate duration exposure, no hematological effects were observed in rats exposed to 

chromic oxide in the diet at doses up to 1,806 chromium(III)/kg/day for 3 months (Ivankovic and 

Preussmann 1975), in rats and mice exposed to chromium picolinate in the diet at 506 and 1,415 mg 

chromium(III)/kg/day, respectively, for 3 months (NTP 2008b), or in rats chromium nicotinate in the diet 

at 1.5 or 0.25 mg chromium(III)/kg/day for 3 months or 38 weeks, respectively (Shara et al. 2005). For 

chronic exposure durations, no hematological abnormalities were found in rats exposed to 3.6 mg 

chromium(III)/kg/day as chromium trichloride in the drinking water for 1 year (MacKenzie et al. 1958), 

or in rats exposed to 0.25 mg chromium(III)/kg/day as chromium nicotinate for 2 years (Shara et al. 

2007). 

Musculoskeletal Effects. No information regarding musculoskeletal effects in humans exposed to 

oral chromium (VI) compounds was identified.  The development of rhabdomyolysis was reported in a 

24-year-old woman who ingested a dietary supplements containing chromium(III) picolinate (Martin and 

Fuller 1998).  Over a 48-hour period, the patient ingested 1,200 μg of chromium(III) picolinate, 

equivalent to148.8 μg of chromium(III) or 2.2 μg of chromium(III)/kg body weight (based on a reported 

body weight of 67 kg) over a 48-hour period.  Upon evaluation 4 days after initially ingesting the dietary 

supplement, she reported muscle pain on palpation and had muscular hypertrophy and elevated serum 

creatine kinase, although no myoglobin was detected in urine.  In addition to chromium(III) picolinate, 

the dietary supplements contained numerous other substances. 

Increases in serum creatine kinase (CK) activity were observed in F344/N rats following acute and 

intermediate exposure to sodium dichromate dihydrate in drinking water (NTP 2007).  After exposure for 

5 days, serum CK activity was increased in males by 31% at 31.8 mg chromium(VI)/kg/day and in 

females by 46% at 16.4 chromium(VI)/kg/day; after exposure for 13 weeks, serum CK activity was 
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increased by 70% and 50% in males and females, respectively, at 5.9 mg chromium(VI)/kg/day.  Since 

serum CK activity increased with dose, NTP (2007) suggested that findings were consistent with muscle 

injury. After exposure of rats for 12 months to 2.4 mg chromium(VI)/kg/day as sodium dichromate 

dihydrate in drinking water, serum CK activity was increased by 64% (NTP 2008a).  No information 

regarding muscoskeletal effects in animals exposed to oral chromium(III) compounds was identified. 

Hepatic Effects. Effects on the liver have been described in case reports of humans who had ingested 

chromium(VI) compounds.  Liver damage, evidenced by the development of jaundice, increased 

bilirubin, and increased serum lactic dehydrogenase, was described in a case of a chrome plating worker 

who had accidentally swallowed an unreported volume of a plating fluid containing 300 g chromium 

trioxide/L (Fristedt et al. 1965).  In a 14-year-old boy who died after ingesting 7.5 mg chromium(VI)/kg 

as potassium dichromate, high levels of the liver enzymes, glutamic-oxaloacetic transaminase (aspartate 

aminotransferase) and glutamic-pyruvic transaminase (alanine aminotransferase), were found in the 

serum 24 hours after ingestion.  Upon postmortem examination, the liver had marked necrosis (Kaufman 

et al. 1970).  Fatty degeneration of the liver was observed on autopsy of a 35-year-old female who died 

after ingesting approximately 257 mg chromium(VI)/kg (assuming a70-kg body weight) as chromic acid 

in a suicide (Loubieres et al. 1999). 

Effects on the liver of rats and mice exposed to oral chromium(VI) compounds for acute, intermediate 

and chronic durations have been detected by biochemical and histochemical techniques.  In male and 

female F344/N rats exposed to 4.0 and 4.1 mg chromium(VI)/kg/day, respectively, as disodium 

dichromate in drinking water for 5 days, serum alanine aminotransferase (ALT) activity was increased by 

15 and 30%, respectively (NTP 2007).  After 14 weeks of exposure, serum ALT activity was increased by 

14% in male rats and by 30% in female rats and serum sorbital dehydrogenase (SDH) activity was 

increased by 77% in male rats and 359% in female rats at 1.7 mg chromium(VI)/kg/day (NTP 2007).  In 

females, morphological changes to the liver included cellular histiocyte infiltration and chronic focal 

inflammation at doses of 3.5 and 20.9 mg chromium(VI)/kg/day, respectively; no morphological changes 

were observed in male rats, indicating that female rats may be more sensitive than males. However, 

similar exposure to B6C3F1 mice to 27.9 mg chromium(VI)/kg/day for 14 weeks produced no effects on 

serum liver enzymes or hepatic morphology (NTP 2007).  Increased serum ALT and aspartate 

aminotransferase (AST) activities and hepatic morphological changes (vacuolization, increased sinusoidal 

space, and necrosis) were observed in rats exposed to 1.3 mg chromium(VI)/kg/day as potassium 

dichromate in drinking water for 22 weeks (Acharya et al. 2001).  Increased serum ALT (253%) and 

histopathological changes (focal necrosis and degeneration with changes in vascularization) were reported 
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in Wistar rats exposed to chromium(VI) (compound not specified) in drinking water for 10 weeks (Rafael 

et al. 2007).  Rats treated by gavage with 13.5 mg chromium(VI)/kg/day as potassium chromate for 

20 days had increased accumulations of lipids (Kumar and Rana 1982) and changes and relocalization of 

liver enzymes (alkaline phosphatase, acid phosphatase, glucose-6-phosphatase, cholinesterase, and lipase) 

(Kumar et al. 1985), as determined by histochemical means.  In another study, no treatment-related 

histological changes in liver cells were observed in groups of Sprague-Dawley rats containing 24 males 

and 48 females that were exposed to chromium(VI) as potassium dichromate in the diet for 9 weeks 

followed by a recovery period of 8 weeks (NTP 1996b).  Average daily ingestion of chromium(VI) for 

males was 1, 3, 6, and 24 mg/kg/day and 1, 3, 7, and 28 mg/kg/day for females.  Although no indication 

of hepatic effects was found in mice exposed to ≤36.7 mg/kg/day in a multigeneration feeding study 

(NTP 1997), some indication of liver toxicity was found in a 9-week feeding study in BALB/c mice 

exposed to 1.1, 3.5, 7.4, and 32 mg chromium(VI)/kg/day for males and 1.8, 5.6, 12, and 48 mg 

chromium(VI)/kg/day for females (NTP 1996a).  Hepatocyte cytoplasmic vacuolization occurred in 

1/6 males at 3.5 mg/kg/day, 2/5 males at 7.4 mg/kg/day, and 2/6 males at 32 mg/kg/day, and in 

1/12 control females, 0/12 females at 1.8 mg/kg/day, 3/12 females at 5.6 mg/kg/day, 2/12 females at 

12 mg/kg/day, and 4/12 females at 48 mg/kg/day.  The vacuoles were small, clear, and well demarcated, 

which is suggestive of lipid accumulation. The small number of animals and lack of a clear dose-

response preclude a definitive conclusion as to whether this effect was toxicologically significant.  For 

chronic exposure durations, adverse liver effects have been observed in F344/N rats and B6C3F1 mice 

exposed to chromium(VI) as sodium chromate dihydrate in drinking water (NTP 2008a).  In male rats 

exposed for 1 year to 0.77 mg chromium(VI)/kg/day, serum ALT activity was increased by 156%.  After 

exposure for 2 years, histopathological examination of the liver showed the following morphological 

changes, with females of both species appearing more sensitive than males: chronic inflammation 

(2.1 chromium(VI)/kg/day), histiocytic cellular infiltration (5.9 chromium(VI)/kg/day) and basophilic foci 

(0.77 chromium(VI)/kg/day) in male rats; chronic inflammation (0.24 mg chromium(VI)/kg/day), 

histiocytic cellular infiltration (0.94 mg chromium(VI)/kg/day) and fatty change (0.94 mg chromium(VI)/ 

kg/day) in female rats; clear cell and eosinophilic foci in male mice (5.9 mg chromium(VI)/kg/day); and 

histiocytic cellular infiltration (0.38 mg chromium(VI)/kg/day) and chronic inflammation (3.1 mg 

chromium(VI)/kg/day) in female mice (NTP 2008a).  No morphological changes, however, were detected 

in the livers of rats exposed to 3.6 mg chromium(VI)/kg/day as potassium chromate in the drinking water 

for 1 year (MacKenzie et al. 1958). 

No evidence of liver damage has been observed in rats and mice treated with oral chromium(III) 

compounds for intermediate and chronic exposure durations, based on histopathological examination of 
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the liver.  For intermediate-duration exposures, no morphological changes were observed in rats exposed 

to 1,806 mg chromium(III)/kg/day as chromium oxide in the diet 5 days/week for 90 days (Ivankovic and 

Preussmann 1975), rats exposed to 9 mg chromium(III)/kg/day as chromium chloride or chromium 

picolinate in the diet for 20 weeks (Anderson et al. 1997b), rats exposed to 506 mg chromium(III)/kg/day 

and mice exposed to 1,415 mg chromium(III)/kg/day as chromium picolinate in the diet for 14 weeks 

(NTP 2008b; Rhodes et al. 2005), or rats exposed to chromium nicotinate in the diet at 1.5 mg 

chromium(III)/kg/day for 14 weeks or 0.25 mg chromium(III)/kg/day as chromium nicotinate for 

38 weeks (Shara et al. 2005, 2007).  For chronic-duration exposures, histological examination revealed no 

morphological changes in the livers of rats exposed to chromium oxide in the diet 5 days/week at 

2,040 mg chromium(III)/kg/day for 2 years (Ivankovic and Preussmann 1975), rats exposed to 3.6 mg 

chromium(III)/kg/day as chromium trichloride in the drinking water for 1 year (MacKenzie et al. 1958), 

of rats exposed to 513 mg chromium(III)/kg/day and mice exposed to 781 mg chromium(III)/kg/day as 

chromium picolinate in the diet for 2 years (NTP 2008b), rats exposed to 0.25 mg chromium(III)/kg/day 

as chromium nicotinate in the diet for 2 years (Shara et al. 2005, 2007), or rats exposed to 0.46 mg 

chromium(III)/kg/day as chromium acetate in the drinking water for 2–3 years (Schroeder et al. 1965). 

Renal Effects. Case studies were located regarding renal effects in humans after oral exposure to 

chromium(VI) compounds.  Acute renal failure, characterized by proteinuria, and hematuria, and 

followed by anuria, developed in a chrome plating worker who had accidentally swallowed an unreported 

volume of a plating fluid containing 300 g chromium trioxide/L.  He was treated by hemodialysis 

(Fristedt et al. 1965).  Necrosis of renal tubules was found upon autopsy of a 22-month-old boy who died 

after ingesting an unknown amount of sodium dichromate (Ellis et al. 1982) and of a 17-year-old boy who 

died after ingesting 29 mg chromium(VI)/kg as potassium dichromate (Clochesy 1984; Iserson et al. 

1983).  A fatal ingestion of 4.1 mg chromium(VI)/kg as a chromic acid solution in a 44-year-old man 

resulted in acute tubular necrosis and renal failure (Saryan and Reedy 1988).  A 14-year-old boy who 

ingested 7.5 mg chromium(VI)/kg as potassium dichromate died from renal failure 8 days after he was 

admitted to the hospital.  Upon postmortem examination, the kidneys were pale, enlarged, and necrotic 

with tubular necrosis and edema (Kaufman et al. 1970).  Acute renal failure and necrosis also observed on 

autopsy of a 35-year-old woman who died following ingestion of 357 mg chromium(VI)/kg as chromic 

acid (Loubieres et al. 1999).  Another case study of an 18-year-old woman who ingested a few grams of 

potassium dichromate reported proteinuria, oliguria, and destruction of the tubular epithelium of the 

kidneys.  She regained renal function following dialysis (Sharma et al. 1978).  Proteinuria and oliguria 

were also observed after ingestion of potassium dichromate by a 25-year-old woman (Goldman and 

Karotkin 1935). 
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Acute renal failure was reported in a 24-year-old man who ingested the an unknown quantity of a dietary 

supplement (Arsenal X®) containing chromium picolinate daily for 2 weeks (Wani et al. 2006).  Serum 

creatinine was elevated approximately 3 times above the normal range, blood urea nitrogen was elevated 

slightly above normal range, urinalysis was positive for protein, and renal biopsy showed acute tubular 

necrosis.  The patient developed severe impairment of renal function that required hemodialysis.  Renal 

function improved within 4 weeks of discontinuation of treatment with the supplement.  Chemical 

analysis of the dietary supplement was not conducted and the patient’s plasma chromium levels were not 

obtained.  Adverse renal effects were reported in a 49-year-old woman who ingested 600 μg of 

chromium(III) picolinate (equivalent to 74.4 μg chromium(III)/day or 1.1 μg chromium(III)/kg/day, 

assuming a body weight of 70 kg) daily for 6 weeks (Wasser et al. 1997). The patient was evaluated 

approximately 5 months after initiating the 6-week treatment.  Serum creatinine levels were 

approximately 6 times above the normal range, blood urea nitrogen was approximately 4 times above the 

normal range, and trace amounts of blood were found in the urine.  Renal biopsy showed severe chronic 

active interstitial nephritis.  After 2 months of treatment with prednisone, serum creatinine levels were 

approximately 4 times above the normal range (other values were not reported)  Chemical analysis of the 

dietary supplement was not conducted and the patient’s plasma chromium levels were not obtained. 

Renal effects have been observed in animals following oral exposure to chromium(VI), but not 

chromium(III), compounds.  Effects on the kidneys of rats exposed to potassium chromate have been 

detected by biochemical and histochemical techniques.  Rats treated by gavage with 13.5 mg 

chromium(VI)/kg/day for 20 days had increased accumulation of lipids and accumulated triglycerides and 

phospholipids in different regions of the kidney than controls (Kumar and Rana 1982).  Similar treatment 

of rats also resulted in inhibition of membrane and lysosomal enzymes (alkaline phosphatase, acid 

phosphatase, glucose-6-phosphatase, and lipase) in the kidneys (Kumar and Rana 1984).  

Histopathological changes to the kidneys, including vacuolization in glomeruli, degeneration of basement 

membrane of Bowman's capsule, and renal tubular epithelial degeneration, were observed in Wistar rats 

exposed to 1.3 mg chromium(VI)/kg/day as potassium dichromate in drinking water for 22 weeks 

(Acharya et al. 2001).  Oliguria and proteinuria were observed in Wistar rats exposed to 100 mg 

chromium(VI)/kg/day as sodium chromate in drinking water for 28 days (Diaz-Mayans et al. 1986).  

However, histological examination revealed no morphological changes in the kidneys of rats exposed to 

3.6 mg chromium(VI)/kg/day as potassium chromate in drinking water for 1 year (MacKenzie et al. 

1958).  Results of studies in rats and mice conducted by NTP (1996a, 1996b, 1997, 2007, 2008a) also 

show no histopathological changes in kidneys following intermediate-or chronic-duration exposure to 
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chromium(VI) compounds in the diet or drinking water.  The respective highest doses of chromium(VI) 

tested for intermediate and chronic exposure durations were 48 mg chromium(VI)/kg/day in mice 

exposed to dietary potassium dichromate for 9 weeks (NTP 1996a) and 8.7 chromium(VI)/kg/day, as 

sodium dichromate dihydrate in drinking water (NTP 2007, 2008a). 

Exposure of mice and rats to chromium(III) compounds (chromium acetate, chromium nicotinate, 

chromium oxide, chromium picolinate, and chromium trichloride) in food or drinking water for up to 

2 years did not result in renal damage, based on histopathological examination of kidneys (Anderson et al. 

1997b; Ivankovic and Preussmann 1975; MacKenzie et al. 1958; NTP 2008b; Schroeder et al. 1965; 

Shara et al. 2005, 2007).  The respective highest doses of chromium(III) tested for intermediate and 

chronic exposure durations were 1,806 mg chromium(III)/kg/day as chromium oxide in the diet 

5 days/week for 3 months and 2,040 mg chromium(III)/kg/day chromium oxide in the diet 5 days/week 

for 2 years (Ivankovic and Preussmann 1975).  Renal function was not assessed in these studies. 

Endocrine Effects. No studies were located regarding endocrine effects in humans following oral 

exposure to chromium(VI) or (III) compounds.  Serum prolactin levels were decreased by 59% in male 

Wistar rats exposed to 74 mg chromium(VI)/kg/day as potassium dichromate in drinking water for 

30 days (Quinteros et al. 2007).  Histopathological examination of the endocrine tissues (including 

adrenal gland, parathyroid, and thyroid) has been evaluated in rats and mice exposed to oral 

chromium(VI) (as sodium dichromate dihydrate) and chromium(III) (as chromium nicotinate and 

chromium picolinate) for durations of 3 months to 2 years, with no abnormalities observed (NTP 2007, 

2008a, 2008b; Shara et al. 2005, 2007).  For chromium(VI) compounds, the highest doses tested for 

intermediate and chronic exposure durations were 27.9 and 8.7 chromium(VI)/kg/day, respectively, as 

sodium dichromate dihydrate in drinking water (NTP 2007, 2008a).  For chromium(III) compounds, the 

highest doses tested for intermediate and chronic exposure durations were 1,415 and 781 mg 

chromium(III)/kg/day, respectively, as chromium picolinate in the diet for 3 months and 2 years, 

respectively (NTP 2008b; Rhodes et al. 2005). Endocrine function was not assessed in these studies. 

Dermal Effects. Administration of 0.04 mg chromium(VI)/kg as potassium dichromate in an oral 

tolerance test exacerbated the dermatitis of a building worker who had a 20-year history of chromium 

contact dermatitis.  A double dose led to dyshidrotic lesions (vesicular eruptions) on the hands (Goitre et 

al. 1982).  Dermatitis in 11 of 31 chromium-sensitive individuals worsened after ingestion of 0.036 mg 

chromium(VI)/kg as potassium dichromate (Kaaber and Veien 1977).  The sensitizing exposures were not 
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discussed or quantified.  No information regarding dermal effects of oral exposure of humans to 

chromium(III) compounds was identified. 

No studies were located regarding noncancer dermal effects in animals after oral exposure to 

chromium(VI) or chromium(III) compounds.  The effect of oral exposure to chromium(VI) compounds 

on increased susceptibility of hairless mice to ultraviolet light-induced skin cancer is discussed in 

Section 3.2.2.7 (Oral Exposure, Cancer). 

Ocular Effects. No studies were located regarding ocular effects in humans after oral exposure to 

chromium(VI) or chromium(III) compounds.  Histopathologic examination of rats and mice exposed to 

sodium dichromate dihydrate in drinking water at 20.9 and 27.9 mg chromium(IV)/kg/day, respectively, 

for 3 months or at 7.0 and 8.7 mg chromium(IV)/kg/day, respectively, for 2 years revealed normal 

morphology of the ocular tissue (NTP 2007, 2008a).  Similar negative findings were observed in rats and 

mice exposed to chromium(III) as dietary chromium picolinate at 506 and 1415 mg 

chromium(III)/kg/day, respectively, for 3 months or at 313 and 781 mg chromium(III)/kg/day, 

respectively, for 2 years (NTP 2008b). 

Body Weight Effects. Studies reporting body weight effects in humans exposed to chromium(VI) 

were not identified.  The potential beneficial effect of dietary supplementation with chromium(III) (as 

chromium picolinate or other chromium(III) compounds) to aid in weight loss and increase lean body 

mass has been reported.  Although the role of chromium(III) in the regulation of lean body mass, 

percentage body fat, and weight reduction is highly controversial with negative and positive results being 

reported in the literature, studies assessing these effects were not designed to evaluate weight loss as a 

toxicological end point (Anderson 1998b).  Thus, body weight effects associated with dietary 

supplementation with chromium(III) compounds is not considered adverse (see Section 2.2 for additional 

information). 

Significant decreases in body weight have been reported in several intermediate-duration oral 

chromium(VI) studies in animals (Bataineh et al. 1997; Chowdhury and Mitra 1995; De Flora et al. 2006; 

Elbetieha and Al-Hamood 1997; NTP 1996a, 1996b, 2007; Quinteros et al. 2007; Yousef et al. 2006). 

However, it should be noted that high concentrations of chromium in drinking water decrease palatability 

of water, resulting in decreased water consumption; thus, decreased body weight may, in part, be due to 

decreased water consumption, in addition to other causes. In male rats exposed to 73 mg 

chromium(VI)/kg/day as potassium dichromate in drinking water for 30 days, body weight was decreased 
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by 11.6% (Quinteros et al. 2007).  A 19% decrease in body weight gain was observed male rats exposed 

to 42 mg chromium(VI)/kg/day (Bataineh et al. 1997) and a 10% decrease was reported in male mice 

exposed to 6 mg chromium(VI)/kg/day (Elbetieha and Al-Hamood 1997) as potassium dichromate in 

drinking water for 12 weeks.  Note that daily doses in the study by Elbetieha and Al-Hamood (1997) may 

be overestimated, due to decreased water consumption in the higher concentration group (decrease was 

not quantified by study authors).  Final body weight was decreased in rats and mice exposed to sodium 

dichromate dihydrate in drinking water for 14 weeks (NTP 2007).  In rats, body weight was decreased in 

males by 11% at 11.2 mg chromium(VI)/kg/day and in females by 6% at 20.9 mg chromium(VI)/kg/day; 

in mice, body weight was decreased by 6% in males at 3.1 mg chromium(VI)/kg/day and by 8% in 

females at 5.2 mg chromium(VI)/kg/day.  Decreases in body weight were also observed in male mice 

(9.3%) and female (13.5%) mice exposed to 165 and 14 mg chromium(VI)/kg/day as sodium dichromate 

dihydrate in drinking water for 210 days (De Flora et al. 2006). Gavage administration of 40 or 60 mg 

chromium(VI)/kg/day as sodium dichromate for 90 days resulted in 57 and 59% decreases in body weight 

gain, respectively (Chowdhury and Mitra 1995).  In contrast, no changes in body weight gain were seen in 

rats or mice exposed to 9.8 or 48 mg chromium(VI)/kg/day, respectively, as potassium dichromate in the 

diet for 9 weeks (NTP 1996a, 1996b) or in rabbits administered 3.6 mg chromium(VI)/kg/day by gavage 

as potassium dichromate (Yousef et al. 2006).  No alterations in body weight gain were observed in rats 

chronically exposed (1 year) to 3.6 mg chromium(VI)/kg/day as potassium chromate in drinking water 

(Mackenzie et al. 1958). In contrast, final body weight was decreased by 12% decrease male rats at 

5.9 mg chromium(VI)/kg/day and by 11% in female rats at 7.0 mg chromium(VI)/kg/day as sodium 

dichromate dihydrate in drinking water for 2 years (NTP 2008a). 

Several studies have examined the effect of exposure to potassium dichromate in drinking water on 

maternal body weight gain.  An acute exposure (9 days) resulted in 8 and 24% decreases in body weight 

gain in pregnant mice exposed to 101 or 152 mg chromium(VI)/kg/day, respectively (Junaid et al. 1996b).  

Similarly, a decrease in maternal body weight gain was observed in pregnant mice exposed to 98 mg 

chromium(VI)/kg/day as potassium dichromate for 19 days (Trivedi et al. 1989).  Reduced maternal body 

weight gains of 8, 14, and 21% were observed in rats exposed to 37, 70, or 87 mg chromium(VI)/kg/day 

for 20 days prior to mating (Kanojia et al. 1996).  Similar decreases in body weight gain (18 and 24%) 

were observed in rats exposed to 89 or 124 mg chromium(VI)/kg/day, respectively, for 3 months prior to 

mating (Kanojia et al. 1998).  However, no alterations in maternal body weight gain were observed in a 

continuous breeding study in which rats were exposed to 36.7 mg chromium(VI)/kg/day as potassium 

dichromate in the diet (NTP 1997). 
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Conflicting results have been reported for alterations in body weight in rats and mice exposed to oral 

chromium(III) compounds for intermediate and chronic exposure durations. Dietary exposure to 9 mg 

chromium(III)/kg/day as chromium chloride or chromium picolinate for 20 weeks (Anderson et al. 1997b) 

or 3.6 mg chromium(III)/kg/day as chromium chloride (Mackenzie et al. 1958) did not result in 

significant alterations in body weight gain. No alterations on body weight were observed in rats or mice 

exposed to dietary chromium picolinate for 14 weeks at doses up to 506 and 1,415 mg chromium(III)/ 

kg/day, respectively (NTP 2008b; Rhodes et al. 2005) or in male and female mice exposed to chromic 

potassium sulfate in drinking water for 210 days at doses of 165 and 140 mg chromium(III)/kg/day, 

respectively (De Flora et al. 2006).  No change in body weight was observed in male and female rats 

exposed to dietary chromium nicotinate for 90 days at 1.5 and 1.2 mg chromium(III)/kg/day, respectively 

(Shara et al. 2005); however, body weight was decreased by 8.1% in males at 0.22 mg chromium(III)/ 

kg/day and by 11.4% in females at 0.25 mg chromium(III)/kg/day following exposure to dietary 

chromium nicotinate for 38 weeks (Shara et al. 2007). Exposure to chromium chloride in drinking water 

resulted in 14 and 24% decreases in body weight gain in rats exposed to 40 mg chromium(III)/kg/day for 

12 weeks (Bataineh et al. 1997) and male mice exposed to 5 mg chromium(III)/kg/day for 12 weeks 

(Elbetieha and Al-Hamood 1997), respectively. Note that daily doses in the study by Elbetieha and Al-

Hamood (1997) may be overestimated, due to decreased water consumption in the higher concentration 

group (decrease was not quantified by study authors). No alterations in body weight gain were observed 

in rats or mice exposed to 0.46 or 0.48 mg chromium(III)/kg/day, respectively, as chromium acetate for a 

lifetime (Schroeder et al. 1964, 1965), or in mice and rats exposed to dietary chromium picolinate for 

2 years at doses up to 313 and 781 mg chromium(III)/kg/day, respectively (NTP 2008b).  However, 

exposure to dietary chromium nicotinate for 2 years resulted in a 14.9% decrease in male rats at 0.22 mg 

chromium(III)/kg/day and a 9.6% decrease in female rats at 0.25 mg chromium(III)/kg/day (Shara et al. 

2007). 

Metabolic Effects. Metabolic acidosis was observed in a 35-year-old female died after ingesting 

approximately 257 mg chromium(VI)/kg (assuming a 70-kg body weight) as chromic acid in a suicide 

(Loubieres et al. 1999).  No information on adverse metabolic effects of chromium(III) compounds in 

humans was identified.  Serum glucose was elevated by 65% in male Wistar rats exposed to 3.7 mg 

chromium(VI)/kg/day (compound not specified) in drinking water for 10 weeks (Rafael et al. 2007).  No 

changes in serum glucose were reported in rats and mice exposed to sodium dichromate dihydrate in 

drinking water for 3 months at doses up to 27.9 mg chromium(VI)/kg/day or for 2 years at doses up to 

8.7 mg chromium(VI)/kg/day (NTP 2007, 2008a); however, data on serum glucose were not presented in 
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the study reports.  No information on adverse metabolic effects of chromium(III) compounds in animals 

was identified.  

3.2.2.3  Immunological and Lymphoreticular Effects 

The only reported effect of orally exposed humans on the immune system was the exacerbation of 

chromium dermatitis in chromium-sensitive individuals, as noted for dermal effects in Section 3.2.2.2.  

Sensitization of workers, resulting in respiratory and dermal effects, has been reported in numerous 

occupational exposure studies.  Although the route of exposure for initial sensitization in an occupational 

setting is most likely a combination of inhalation, oral, and dermal routes, information on the exposure 

levels producing sensitization by the oral route was not identified.  Additional information on contact 

dermatitis in sensitized workers is provided in Section 3.2.3.3 (Dermal Exposure, Immunological and 

Lymphoreticular Effects). 

Oral exposure of animals to chromium(VI), but not chromium (III), compounds resulted in functional and 

histopathological changes to the immune system (NTP 2007, 2008a; Snyder and Valle 1991).  

Splenocytes prepared from rats given potassium chromate in drinking water at 16 mg chromium(VI)/ 

kg/day for 3 weeks showed an elevated proliferative response of T-and B-lymphocytes to the mitogens, 

concanavalin A and liposaccharide, compared with splenocytes from control rats.  A 5-fold enhancement 

of the proliferative response to mitomycin C was also seen when splenocytes from rats exposed for 

10 weeks were incubated with splenocytes from nonexposed rats and additional chromium (0.1 mg 

chromium(VI)/L) was added to the incubation compared to the system without added chromium.  It was 

suggested that these increased proliferative responses represent chromium-induced sensitization (Snyder 

and Valle 1991).  Microscopic changes to lymphatic tissues, including histiocytic cellular infiltration of 

mesenteric and/or pancreatic nodes, were observed in rats and mice exposed to sodium dichromate 

dihydrate in drinking water for 3 months or 2 years (NTP 2007, 2008a).  Following 3 months of exposure, 

histiocytic cellular infiltration was observed in male and female rats at 1.7 and 20.9 mg 

chromium(VI)/kg/day, respectively, and in mice at 3.1 mg chromium(VI)/kg/day (NTP 2007).  After 

2 years of exposure, histiocytic cellular infiltration and hemorrhage of mesenteric lymph nodes were 

observed in male rats at 0.77 mg chromium(VI)/kg/day (NTP 2008a).  Histiocytic cellular infiltration of 

lymph nodes, but not hemorrhage, was observed at 2.4 mg chromium(VI)/kg/day in female rats and at 

0.38 mg chromium(VI)/kg/day in mice (NTP 2008a).  No abnormal histopathological changes were 

observed in lymphatic tissues of rats and mice exposed to oral chromium(III) (as chromium nicotinate and 

chromium picolinate) for 3 months or 2 years (NTP 2008b; Rhodes et al. 2005; Shara et al. 2005, 2007).  
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These highest doses of chromium(III) tested for intermediate and chronic exposure durations were 

1,415 mg chromium(III)/kg/day as chromium picolinate in feed for 3 months and 781 mg chromium(III)/ 

kg/day as chromium picolinate in feed for 2 years.  The NOAEL and LOAEL values are recorded in 

Table 3-3 and plotted in Figure 3-3 for chromium(VI) and recorded in Table 3-4 and plotted in Figure 3-4 

for chromium(III). 

3.2.2.4  Neurological Effects 

The only information regarding neurological effects in humans after oral exposure to chromium(VI) is the 

report of an enlarged brain and cerebral edema upon autopsy of a 14-year-old boy who died after 

ingesting 7.5 mg chromium(VI)/kg as potassium dichromate.  These effects may be the result of 

accompanying renal failure (Kaufman et al. 1970).  No information was identified on neurological effects 

in humans after oral exposure to chromium(III) compounds. 

A decrease in motor activity and balance was reported in rats given 98 mg chromium(VI)/kg/day as 

sodium chromate in drinking water for 28 days (Diaz-Mayans et al. 1986).  No additional studies were 

identified evaluating neurological function in laboratory animals following oral exposure to 

chromium(VI) or chromium(III) compounds.  Histopathological examination of the brain and nervous 

system tissues has been evaluated in rats and mice exposed to oral chromium(VI) (as sodium dichromate 

dihydate) and chromium(III) (as chromium nicotinate, chromium oxide, and chromium picolinate) for 

durations of 3 months to 2 years, with no abnormalities observed (Ivankovic and Preussmann 1975; NTP 

2007, 2008a, 2008b; Shara et al. 2005, 2007).  For chromium(VI) compounds, the highest doses tested for 

intermediate and chronic exposure durations were 27.9 and 8.7 chromium(VI)/kg/day, respectively, as 

sodium dichromate dihydrate in drinking water (NTP 2007, 2008a).  For chromium(III) compounds, the 

highest doses tested for intermediate and chronic exposure durations were 1,806 and 2,040 mg 

chromium(III)/kg/day, respectively, as chromium oxide in the diet 5 days/week (Ivankovic and 

Preussmann 1975).  None of theses studies conducted more sensitive neurological, neurochemical, or 

neurobehavioral tests. 

The NOAEL and LOAEL values are recorded in Table 3-3 and plotted in Figure 3-3 for chromium(VI) 

and recorded in Table 3-4 and plotted in Figure 3-4 for chromium(III). 

***DRAFT FOR PUBLIC COMMENT*** 



   
 

    
 
 

 
 
 
 

  

   
 

  

 

 

 

  

   

   

 

 

  

   

   

   

  

  

 

 

  

 

  

  

  

 

 

     

  

   

 

 

  

CHROMIUM 172 

3. HEALTH EFFECTS 

3.2.2.5  Reproductive Effects 

No studies were located regarding reproductive effects in humans after oral exposure to chromium(VI) or 

chromium(III) compounds.  

A number of studies have reported reproductive effects in animals orally exposed to chromium(VI).  

Functional and morphological effects on male reproductive organs have been reported in monkeys, rats, 

mice, and rabbits.  In a series of studies in male bonnet monkeys (Macaca radiate) (Aruldhas et al. 2004, 

2005, 2006; Subramanian et al. 2006), decreased testes weight, histopathological changes of the 

epididymis, disrupted spermatogenesis, and decreased sperm count and motility were observed following 

exposure to 2.1, 4.1, and 8.3 mg chromium(VI)/kg/day as potassium dichromate in drinking water for 180 

days.  Histopathological changes, characterized by ductal obstruction and development of microcanals, 

germ cell depletion, hyperplasia of Leydig cells, and Sertoli cell fibrosis, increased in severity with dose. 

Sperm count and motility were significantly decreased, with effects exhibiting duration- and dose-

dependence (Subramanian et al. 2006).  After exposure for 2 months, significant decreases in sperm count 

(by 13%) and motility (by 12%) were observed only in monkeys treated with 8.3 mg chromium(VI)/ 

kg/day, whereas after 6 months, dose-dependent decreases in sperm count and motility were observed at 

doses of ≥2.1 mg chromium(VI)/kg/day.  No effects on sperm count or motility were observed in 

monkeys treated with 1.1 chromium(VI)/kg/day, although histopathological assessment of male 

reproductive tissues was not conducted in this dose group. 

Exposure of male Wistar rats to 5.2 and 10.4 mg chromium(VI)/kg/day administered as chromic acid by 

gavage for 6 days produced decreased sperm count and histopathological changes to the testes (Li et al. 

2001).  Similar effects occurred at both doses, with sperm count decreased by 75.5 and 79.6% at 5.2 and 

10.4 mg chromium(VI)/kg/day, respectively, and the “level of abnormal sperm" was increased 2.4-fold 

and 2.8-fold at 5.2 and 10.4 mg chromium(VI)/kg/day, respectively.  Histopathological assessment of 

testes showed decreased diameter of seminiferous tubules and germ cell rearrangement within the tubules.  

In contrast, exposure of F344/N male rats to chromium(VI) as sodium dichromate dihydrate in drinking 

water at doses up to 20.9 or mg chromium(VI)/kg/day for 3 months or 5.9 mg chromium(VI)/kg/day for 

2 years did not produce histopathological changes to male reproductive tissues (NTP 2007, 2008a). 

Male reproductive effects were observed in groups of 10 mature male Charles Foster strain rats 

administered 20, 40, and 60 mg chromium(VI)/kg/day as sodium dichromate(VI) by gavage for 90 days 

(Chowdhury and Mitra 1995).  Testis weight, population of Leydig cells, seminiferous tubular diameter, 
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testicular protein, DNA, and RNA were all significantly reduced at 40 and 60 mg chromium(VI)/kg/day.  

The number of spermatogonia was not affected by treatment; however, resting spermatocytes (high dose), 

pachytene spermatocytes (high dose, intermediate dose) and stage-7 spermatid (high and intermediate 

doses) counts were significantly reduced and were treatment related.  Testicular activity of succinic 

dehydrogenase was significantly lowered in the two high-dose groups, testicular cholesterol concen 

trations were elevated in the highest-dosed group, and both serum testosterone and testicular levels of 

3β-Δ5-hydroxysteroid dehydrogenase were significantly lowered.  The authors also determined that the 

total testicular levels of ascorbic acid in the two higher-dosing groups was about twice that of the control 

values whereas, in the highest-treated group the total ascorbic acid levels were about half those of 

controls.  At the low dose (20 mg/kg/day), testicular protein, 3β-Δ5-hydroxysteroid dehydrogenase, and 

serum testosterone were decreased.  The authors indicated that chromium enhanced levels of the vitamin, 

but at the highest dose, testicular levels became exhausted, thus decreasing the ability of the cells to 

reduce chromium(VI). 

Significant alterations in sexual behavior and aggressive behavior were observed in male Sprague-Dawley 

rats exposed to 42 mg chromium(VI)/kg/day as potassium dichromate in the drinking water for 12 weeks 

(Bataineh et al. 1997).  The alterations in sexual behavior included decreased number of mounts, lower 

percentage of ejaculating males, and increased ejaculatory latency and postejaculatory interval.  The 

adverse effects on aggressive behavior included significant decreases in the number of lateralizations, 

boxing bouts, and fights with the stud male and ventral presenting.  No significant alterations in fertility 

were observed when the exposed males were mated with unexposed females. 

Reduced sperm count and degeneration of the outer cellular layer of the seminiferous tubules were 

observed in BALB/c mice exposed for 7 weeks to 15.2 mg chromium(VI)/kg/day as potassium 

dichromate in the diet (Zahid et al. 1990).  Morphologically altered sperm occurred in mice given diets 

providing 28 mg chromium(VI)/kg/day as potassium dichromate.  No effect was found on testis or 

epididymis weight, and reproduction function was not assessed.  In contrast, an increase in testes weight 

was observed in Swiss mice exposed in drinking water to 6 mg chromium(VI)/kg/day as potassium 

dichromate for 12 weeks.  At the next highest dose (14 mg chromium(VI)/kg/day), decreases in seminal 

vesicle and preputial gland weights were observed, although no information of sperm count was reported 

(Elbetieha and Al-Hamood 1997).  At the higher exposure level, mice consumed less water (data on water 

consumption were not included in the study report); thus, the daily chromium(VI) dose may be 

overestimated for this exposure group.  In studies designed to confirm or refute the findings of the Zahid 

et al. (1990) study, the reproductive effects of different concentrations of chromium(VI) as potassium 
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dichromate in the diet on BALB/c mice and Sprague-Dawley rats were investigated (NTP 1996a, 1996b). 

Groups of 24 of each species were fed potassium dichromate(VI) in their feed continuously for 9 weeks 

followed by an 8-week recovery period.  For mice, the average daily ingestions of chromium(VI) were 

1.05, 3.5, 7.5, and 32.2 mg/kg/day for males and for rats were 0.35, 1.05, 2.1, and 8.4 mg/kg/day (NTP 

1996b).  Microscopic examinations of the testes and epididymis for Sertoli nuclei and preleptotene 

spermatocyte counts in stage X or XI tubules did not reveal any treatment-related effects.  Similarly, 

exposure to sodium dichromate dihydrate in drinking water did not produce morphological changes to 

male reproductive organs of B6C3F1 mice exposed to 27.9 or 5.9 mg chromium(VI)/kg/day for 3 months 

or 2 years, respectively, or affect sperm count or motility in male B6C3F1, BALB/c and C57BL/6N mice 

exposed to 8.7 mg chromium(VI)/kg/day for 3 months (NTP 2007, 2008a). 

Reduced sperm count and plasma testosterone were observed in male New Zealand rabbits administered 

3.6 mg chromium(VI)/kg/day as potassium dichromate for 10 weeks by gavage (Yousef et al. 2006).  

Sperm count was decreased by 18%, total sperm output was decreased by 25.9%, total number of mobile 

sperm was decreased by 34.3%, and number of dead sperm increased by 23.9%. In addition, relative 

weight of testes and epididymis were decreased by 22.2% and plasma testosterone was decreased by 

20.8%. 

Effects of chromium(VI) on the female reproductive system have been reported in rats and mice.  Murthy 

et al. (1996) reported a number of reproductive effects in female Swiss albino mice exposed to potassium 

dichromate in drinking water for 20 days.  The observed effects included a significant reduction in the 

number of follicles at different stages of maturation at ≥60mg chromium(VI)/kg/day, reduction in the 

number of ova/mice at ≥120 mg chromium(VI)/kg/day, significant increase in estrus cycle duration at 

180 mg chromium(VI)/kg/day, and histological alterations in the ovaries (e.g., proliferated, dilated, and 

congested blood vessels, pyknotic nuclei in follicular cells, and atretic follicles) at ≥120 mg 

chromium(VI)/kg/day.  The severity of the reproductive effects appeared to be dose-related.  In an 

ancillary study, electron microscopy of selected ovarian tissues revealed ultrastructural changes 

(disintegrated cell membranes of two-layered follicular cells and altered villiform cristae of mitochondria 

and decreased lipid droplets in interstitial cells) in mice exposed to 1.2 mg chromium(VI)/kg/day for 

90 days; the toxicological significance of these alterations is not known.  The study authors suggest that 

the effects observed in the interstitial cells may be due to a reduction in lipid synthesizing ability, which 

could lead to decreased steroid hormone production.  An increase in relative ovarian weight was observed 

in female Swiss mice exposed for 12 weeks to 14 mg chromium(VI)/kg/day as potassium dichromate 

(Elbetieha and Al-Hamood 1997) , although the calculated daily dose may be overestimated, due to 
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decreased water consumption in the higher concentration group (decrease was not quantified by study 

authors).  In contrast, microscopic examinations of the ovaries showed no treatment-related effects in 

female BALB/c mice and Sprague-Dawley rats fed up to 9.8 and 48 mg chromium(VI)/kg/day, 

respectively, as potassium dichromate(VI) in the diet continuously for 9 weeks followed by an 8-week 

recovery period (NTP 1996b).  Similarly, exposure of female F344/N rats and B6C3F1 mice to sodium 

dichromate dihydrate in drinking water at doses up to 20.9 and 27.9 mg chromium(VI)/kg/day, 

respectively, for 3 months or at doses up to 7.0 and 8.6 mg chromium(VI)/kg/day, respectively, for 

2 years did not produce histopathological changes to the ovaries (NTP 2007, 2008a). 

Several studies have reported increases in preimplantation losses and resorptions in rats and mice exposed 

to chromium(VI).  However, for studies evaluating high concentration of chromium, it is possible that 

effects may, in part, be secondary to maternal toxicity.  In addition, high concentration of chromium in 

food and water decrease palatability and can result in decreased food and drinking water consumption.  

Exposure of pregnant mice to 46 mg chromium(VI)/kg/day as potassium dichromate in drinking water 

during gestation resulted in increased preimplantation and postimplantation loss, and decreased litter size.  

Maternal body weight gain decreased at doses ≥98 mg chromium(VI)/kg/day (Trivedi et al. 1989).  In 

female Swiss albino mice exposed for 20 days prior to mating to potassium dichromate in drinking water 

at concentrations that resulted in doses of 0, 52, 98, or 169 mg chromium(VI)/kg/day and then mated, the 

number of corpora lutea was decreased at 169 mg/kg/day, preimplantation loss and resorptions were 

increased at ≥98 mg/kg/day, and placental weights were decreased at ≥57 mg/kg/day (Junaid et al. 

1996a).  Increases in the number of resorptions were also found in female Swiss albino rats exposed to 37, 

70, or 87 mg chromium(VI)/kg/day (as potassium dichromate in the drinking water) for 20 days prior to 

mating (Kanojia et al. 1996).  Additional reproductive effects observed at 70 or 87 mg chromium(VI)/ 

kg/day include decreased number of corpora lutea, decreased number of implantations, and increased 

number of preimplanation losses.  A treatment-related increase in the length of estrus cycle was 

significantly different from controls only in the 87 mg chromium(VI)/kg/day group.  Decreased mating, 

decreased fertility, and increased pre- and postimplantation loss were observed in female Druckrey rats 

receiving doses of 45, 89, and 124 mg chromium(VI)/kg/day (as potassium dichromate in the drinking 

water) for 3 months prior to mating; the 89 and 124 mg chromium(VI)/kg/day groups exhibited increased 

resorptions as well (Kanojia et al. 1998).  A decrease in fertility (decreased number of implantations and 

viable fetuses) was observed in male and female Swiss mice that were exposed to 6 mg chromium(VI)/ 

kg/day as potassium dichromate for 12 weeks and then were mated with unexposed males and females; 

however, the classification of non-viable fetuses was not presented in this report (Elbetieha and Al
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Hamood 1997).  An increase in the number of mice with resorptions was also observed in the exposed 

females. 

No reproductive effects were observed in a multigeneration reproductive assessment by continuous 

breeding study of BALB/c mice were fed a diet containing potassium dichromate(VI).  Males and females 

were exposed to chromium for 7 days and then 20 pairs (F0) in each dose group were allowed to 

continuously mate for 85 days (NTP 1997). The mean doses of chromium(VI) in F0 animals were 6.8, 

13.5, and 30.0 mg/kg/day.  Litters produced during the 85-day mating period were examined at postnatal 

day 1.  There were no treatment related changes in average litters/pair, number of live and dead pups per 

litter, sex ratios, pup weights, or changes in gestational time.  There were no dose related gross 

pathological organ differences observed for both F0 males and females, nor any differences in organ to 

body weight ratios.  At the highest dose the F0 females had lower mean body weights than control animals 

by about 7%.  There were no effects on sperm number or motility, nor were there any increases in 

abnormal sperm morphology.  Histopathological examination of livers and kidneys from F0 males and 

females showed no changes that were treatment related.  F1 litters produced after 85 days were reared by 

the dam until weaning on postnatal day 21 then separated and allowed to mature for about 74 days.  At 

that time, 20 pairs were allowed to mate and produce F2 progeny.  Mean exposures to chromium(VI) to F1 

animals were determined to be 7.8, 16.0, and 36.7 mg/kg/day.  F2 litters were reared by the dam until 

weaning on postnatal day 21 before being sacrificed. There were no differences in F2 average litters/pair, 

number of live and dead pups per litter, sex ratios, pup weights, or changes in gestational time between 

exposed groups and controls.  There were no dose-related gross pathological organ differences observed 

for both F1 males and females, nor any differences in organ to body weight ratios.  No histological lesions 

were observed in liver and kidney cells that were dose related, nor did chromium(VI) have any effects on 

estrous cycling. 

Studies on the reproductive effects of chromium(III) yield conflicting results.  Exposure to chromium(III) 

as chromium oxide did not cause reproductive effects in rats.  Male and female rats fed 1,806 mg 

chromium(III)/kg/day as chromium oxide 5 days/week for 60 days before gestation and throughout the 

gestational period were observed to have normal fertility, gestational length, and litter size (Ivankovic and 

Preussmann 1975).  A study by Bataineh et al. (1997) found significant alterations in sexual behavior 

(reductions in the number of mounts, increased postejaculatory interval, and decreased rates of 

ejaculation), aggressive behavior toward other males, and significantly lower absolute weight of testes, 

seminal vesicles, and preputial glands in male Sprague-Dawley rats exposed to 40 mg chromium(III)/ 

kg/day as chromium chloride in the drinking water for 12 weeks.  Male fertility indices (assessed by 
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impregnation, number of implantations, and number of viable fetuses) did not appear to be adversely 

affected by exposure to chromium chloride, although the untreated females mated to treated males 

exhibited an increase in the total number of resorptions (Bataineh et al. 1997).  In contrast, a decrease in 

the number of pregnant females was observed following the mating of unexposed females to male Swiss 

mice exposed to 13 mg chromium(III)/kg/day as chromium chloride (Elbetieha and Al-Hamood 1997).  

Impaired fertility (decreased number of implantations and viable fetuses) was also observed in females 

exposed to 5 mg chromium(III)/kg/day mated to unexposed males; however, no information on sperm 

count was reported and the definition and classification of viable fetuses were not provided (Elbetieha and 

Al-Hamood 1997). This study also found increased testes and ovarian weights and decreased preputial 

gland and uterine weights at 5 mg chromium(III)/kg/day.  At lower concentrations of chromium chloride 

(9 mg chromium(III)/kg/day in the diet for 20 weeks), no alterations in testes or epididymis weights were 

observed in rats (Anderson et al. 1997b).  A similar exposure to chromium(III) picolinate also did not 

result in testes or epididymis weight alterations (Anderson et al. 1997b).  This study did not assess 

reproductive function.  Mice exposed for 7 weeks to 9.1 mg chromium(III)/kg/day as chromium sulfate in 

the diet had reduced sperm count and degeneration of the outer cellular layer of the seminiferous tubules.  

Morphologically altered sperm occurred in BALB/c mice given diets providing 42.4 mg chromium(III)/ 

kg/day as chromium sulfate (Zahid et al. 1990).  

Exposure of rats and mice to high doses of chromium(III) compounds (chromium nicotinate and 

chromium picolinate) in the diet for 3 months or 2 years did not produce histopathological changes to 

male or female reproductive organs (NTP 2008b; Rhodes et al. 2005; Shara et al. 2005, 2007).  In the 

3-month studies on chromium picolinate, doses up to 505 and 506 mg chromium(III)/kg/day were 

evaluated in male and female F344/N rats, respectively, and doses up to 1,415 and 1,088 mg 

chromium(III)/kg/day were evaluated in male and female B6C3F1 mice, respectively; in the 2-year 

studies, doses up to 286 and 313 mg chromium(III)/kg/day were evaluated in male and female rats, 

respectively and doses up to 781 and 726 mg chromium(III)/kg/day, were evaluated in male and female 

mice, respectively (NTP 2008b; Rhodes et al. 2005).  In addition, the 3-month study in rats and mice did 

not find any treatment-related effects on sperm count and motility or on estrous cycle (percentage of time 

spent in various estrous cycle stages or estrous cycle length, based on evaluation of vaginal cytology 

(NTP 2008b; Rhodes et al. 2005).  Although the 3-month and 2-year studies on chromium nicotinate did 

not reveal any morphological changes to reproductive tissues of male and female Sprague-Dawley rats, 

only low doses were evaluated (up to 1.5 mg chromium(III)/kg/day for 3 months and up to 0.25 mg 

chromium(III)/kg/day for 2 years) (Shara et al. 2005, 2007). 
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As discussed in greater detail in Section 3.2.2.6, the reproductive system is also a target in the developing 

organism.  Delayed vaginal opening and decreased relative weights of the uterus, ovaries, testis, seminal 

vesicle, and preputial glands were observed in mouse offspring exposed to potassium dichromate or 

chromium(III) chloride on gestational day 12 through lactation day 20 (Al-Hamood et al. 1998). 

Impaired fertility was observed in the chromium(III) chloride-exposed female offspring when they were 

mated with unexposed males (Al-Hamood et al. 1998); no effect on fertility was observed in the male 

offspring.   

The highest NOAEL value and all reliable LOAEL values for reproductive effects in each species and 

duration category are recorded in Table 3-3 and plotted in Figure 3-3 for chromium(VI) and recorded in 

Table 3-4 and plotted in Figure 3-4 for chromium(III). 

3.2.2.6  Developmental Effects 

No studies were located regarding developmental effects in humans after oral exposure to chromium or its 

compounds. 

Several animal studies provide evidence that chromium(VI) is a developmental toxicant in rats and mice.  

A series of studies (Junaid et al. 1996a; Kanojia et al. 1996, 1998) were conducted to assess whether pre-

mating exposure to potassium dichromate would result in developmental effects.  In the first study, 

groups of 15 female Swiss albino mice were exposed to 0, 52, 98, or 169 mg chromium(VI)/kg/day as 

potassium dichromate in drinking water for 20 days (Junaid et al. 1996a) and then mated with untreated 

males.  At 52 mg chromium(VI)/kg/day, there was a 17.5% postimplantation loss over controls and a 30% 

decrease in fetal weight.  At 98 mg/kg/day, there were decreases in the number of implantation sites, 

number of live fetuses, and fetal weight.  There were also increases in the number of resorptions and 

number of pre- and postimplantation losses.  At 169 mg chromium(VI)/kg/day, there was 100% 

preimplantation loss.  The fetuses in the 98 mg/kg/day group had higher numbers of subdermal 

hemorrhagic patches and kinky short tails and decreased fetal body weight and crown rump length.  

Although there were no major skeletal abnormalities in any other treated animals, there was a significant 

reduction in ossification at 52 mg chromium(VI)/kg/day (53% compared to 12% for controls) and 

significant reduction in ossification in caudal, parietal and interparietal bones of fetuses at 98 mg 

chromium(VI)/kg/day.  There were no significant soft tissue deformities in any of the treated fetuses.  

Although dosing occurred prior to mating, internal chromium levels remaining in females after mating 

may have been toxic to the conceptus that caused adverse developmental effects. 
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In the second study, female Swiss albino rats were exposed to potassium dichromate concentrations in the 

drinking water resulting in doses of 37, 70, or 87 mg chromium(VI)/kg/day for 20 days prior to mating 

(Kanojia et al. 1996).  Lower gestational weight gain, increased postimplantation loss, and decreased 

number of live fetuses were observed in all treatment groups, relative to controls.  Increased incidences of 

reduced fetal ossification in fetal caudal bones were reported at the 70 and 87 mg chromium(VI)/kg/day 

dose levels; additionally, the 87 mg chromium(VI)/kg/day dose group of fetuses exhibited increased 

incidences of reduced ossification in parietal and interparietal bones, as well as significant incidences of 

subdermal hemorrhagic thoracic and abdominal patches (42%), kinky tails (42%), and short tails (53%), 

relative to 0% in controls. No treatment-related gross visceral abnormalities were seen. 

In the third study, groups of 10 female Druckrey rats were exposed to potassium dichromate in the 

drinking water for 3 months pre-mating at concentrations yielding dose levels of 45, 89, or 124 mg 

chromium(VI)/kg/day (Kanojia et al. 1998).  Reduced maternal gestational weight gain, increased pre-

and postimplantation loss, reduced fetal weight, fetal subdermal hemorrhagic thoracic and abdominal 

patches, increased chromium levels in maternal blood, placenta, and fetuses, and increased incidences of 

reduced ossification in fetal caudal bones were observed in all treatment groups.  In addition, the 89 and 

124 mg chromium(VI)/kg/day dose groups exhibited increased resorptions, reduced numbers of corpora 

lutea and fetuses per litter, reduced implantations, reduced placental weight, increased incidences of 

reduced ossification in fetal parietal and interparietal bones, and reduced fetal crown-rump length.  No 

treatment-related gross visceral abnormalities were seen.  A decreased number of pregnancies were 

observed in mated female rats administered 35.7 mg chromium(VI)/mg/day as potassium dichromate by 

gavage on gestational days 1–3; exposure on gestational days 4–6 decreased the number of viable fetuses 

and increased the number of resorptions, but did not alter the number of pregnancies (Bataineh et al. 

2007). 

Exposure of pregnant mice to 57 mg chromium(VI)/kg/day as potassium dichromate in drinking water 

during gestation resulted in embryo lethal effects (i.e., increased resorptions and increased post-

implantation loss), gross abnormalities (i.e., subdermal hemorrhage, decreased cranial ossification, tail 

kinking), decreased crown-rump length, and decreased fetal weight.  The incidence and severity of 

abnormalities increased at higher doses.  Maternal toxicity, evidenced by decreased body weight gain, 

occurred at doses ≥120 mg chromium(VI)/kg/day.  No implantations were observed in the dams given 

234 mg chromium(VI)/kg/day (Trivedi et al. 1989).  
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Groups of 10 female Swiss albino mice received chromium(VI) as potassium dichromate in drinking 

water during organogenesis on days 6–14 at levels that provided 0, 53.2, 101.1, and 152.4 mg 

chromium(VI)/kg/day (Junaid et al. 1996b).  No notable changes in behavior or clinical signs were 

observed in control or treated animals.  Reduction of gestational weight gains of 8.2 and 30% were 

observed for the animals in the intermediate- and high-dose groups.  The number of dead fetuses was 

higher in the high-dose group and fetal weight was lower in both intermediate- and high-dose groups 

(high dose=1.06 g, intermediate dose=1.14 g) as compared to the control value of 1.3 g.  The number of 

resorption sites was 0.31 for controls, 1.00 for the low dose, 1.70 for the intermediate dose, and 2.30 for 

the high dose, demonstrating a dose-response relationship.  The studies also showed that there was a 

significantly greater incidence of postimplantation loss in the two highest-dose groups of 21 and 34.60% 

as compared to control value of 4.32%.  No significant gross structural abnormalities in any of the treated 

dosed groups were observed except for drooping of the wrist (carpal flexure) and subdermal hemorrhagic 

patches on the thoracic and abdominal regions in 16% in the offspring of the high-dose group.  Significant 

reduced ossification in nasal frontal, parietal, interparietal, caudal, and tarsal bones were observed only in 

the 152.4 mg chromium(VI)/kg/day-treated animals. 

Impaired development of the reproductive system was observed in the offspring of female BALB/c mice 

exposed to 66 mg chromium(VI)/kg/day as potassium chromate in the drinking water on gestation day 12 

through lactation day 20 (Al-Hamood et al. 1998).  A significant delay in vaginal opening was observed.  

Significant decreases in the numbers of pregnant animals, of implantations, and of viable fetuses were 

also observed when the female offspring were mated at age 60 days with unexposed males.  No 

developmental effects were observed in the male offspring.  In pregnant rats exposed to 8 mg 

chromium(VI)/kg/day as potassium chromate in drinking water on gestational days 6 through 15, pre- and 

postimplanation losses and the number of resorbed and dead fetuses per litter were increased compared to 

controls (Elsaieed and Nada 2002).  Fetal weight was significantly decreased by 67% and the number of 

visceral (renal pelvis dilatation) and skeletal (incomplete ossification of skull bone) anomalies per litter 

were significantly increased.  No effects on fetal body weight or the number of fetuses per litter were 

observed in mice exposed to 4.8 mg chromium(VI)/kg/day as sodium dichromium dihydrate or 2.4 mg 

chromium(VI)/kg/day as potassium dichromate in drinking water on gestational days 0 through 18; 

however, no additional assessments on fetal development were conducted in this study (De Flora et al. 

2006). 

Three studies examined the developmental toxicity of chromium(III) following oral maternal exposure. 

In the first study, no developmental effects were observed in offspring of rats fed 1,806 mg 
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chromium(III)/kg/day as chromium oxide 5 days/week for 60 days before mating and throughout 

gestation (Ivankovic and Preussmann 1975).  In contrast, reproductive effects have been observed in the 

offspring of mice exposed to chromium(III) chloride.  Significant decreases in the relative weights of 

reproductive tissues (testes, seminal vesicles, and preputial glands in males; ovaries and uterus in females) 

were observed in the offspring of BALB/c mice exposed to 74 mg chromium(III)/kg/day as 

chromium(III) chloride in the drinking water on gestation day 12 through lactation day 20 (Al-Hamood et 

al. 1998).  A significant delay in timing of vaginal opening was also noted in the female offspring.  At age 

60 days, the male and female offspring were mated with unexposed animals.  No significant alterations in 

fertility (number of pregnant animals, number of implantations, number of viable fetuses, and total 

number of resorptions) were observed in the exposed males.  A significant decrease in the number of 

pregnant females (62.5 versus 100% in controls) was observed among the female offspring mated with 

untreated males.  The conflicting results between the Ivankovic and Preussmann (1975) study and the Al-

Hamood et al. (1998) study may be a reflection on the developmental end points examined or the 

differences in the species tested.  In rats administered 33.6 mg chromium(III)/kg/day (only dose tested) by 

gavage as chromium chloride on gestational days 1–3, a decreased number of pregnancies were observed; 

however, when exposed on gestational days 4–6, no effects on pregnancy rates, implantations, viable 

fetuses, or resorptions were observed (Bataineh et al. 2007).   

The NOAEL and LOAEL values for developmental effects in each species are recorded in Table 3-3 and 

plotted in Figure 3-3 for chromium(VI) and recorded in Table 3-4 and plotted in Figure 3-4 for 

chromium(III). 

3.2.2.7  Cancer 

Studies of associations between environmental exposures to chromium and cancer outcomes in humans 

are limited to several ecological studies (Beaumont et al. 2008; Fryzek et al. 2001; Zhang and Li 1987).  

These types of studies investigate possible associations between rates of selected diseases (e.g., cancer 

deaths) within a geographic population and some measure of average exposure to chromium (e.g., 

drinking water chromium concentrations or location with respect to potential sources of exposure). 

Actual exposures to individuals are not determined and therefore, exposure misclassification bias often 

contributes to uncertainty regarding associations between outcomes and exposure.  Findings from 

ecological studies are mixed and do not strongly support associations between cancer mortality and 

exposures to chromium. One study did find significantly higher stomach cancer death rates in areas 

where well water chromium levels had been elevated (Beaumont et al. 2008). 
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An ecological study of an area near a ferrochromium production plant in the Liaoning Province, China 

compared cancer mortality in locations that had relatively high or low chromium concentrations in well 

water (Beaumont et al. 2008; Zhang and Li 1987).  The most recent study of the area estimated cancer 

mortality rates (cancers deaths per person-year in an 8-year observation period) based on mortality 

records for the period 1970–1978 (Beaumont et al. 2008).  The province was divided into nine areas, four 

of which were designated as no (or low) chromium (groundwater concentration <0.001 mg Cr/L) and five 

which were designated as high chromium.  The main sources of chromium in well water were from 

discharges from the plant to surface water and groundwater, which began operating in 1961.  Chromium 

levels in well water from samples collected in the contaminated areas in 1965 (by this time, full-scale 

production was occurring) ranged from 0.6 to 20 mg/L with 15% of wells having concentrations >2 mg/L.  

Total number of cancer deaths were 80 (of 98,458 person-years) in the high chromium areas and 182 (of 

252,277 person-years) in the comparison areas. Age-adjusted cancer mortality rate ratios (rate in high 

regions/rate in low regions) were 1.82 (95% CI 1.11–2.91) for stomach cancer, 1.15 (95% CI 0.62–2.05) 

for lung cancer, 0.86 (95% CI 0.53–1.36) for other cancers, and 1.13 (95% CI 0.86–1.46) for all cancer. 

An ecological study of areas in Kings County and San Bernardino County, California compared cancer 

mortality in locations near natural gas compressor plants with areas not located near the plants (Fryzek et 

al. 2001).  Hexavalent chromium compounds had been used as additives in cooling tower water at the gas 

plants during the period 1950 to approximately 1980.  Mortality records for zip codes for the cities of 

Kettleman City (in Kings County), and Hinkely and Topock (in San Bernadino County), in which natural 

gas compressor plants were located, were compared to records from zip codes in Kings County and San 

Bernadino County, other than those encompassing these three cities.. The study included mortality 

records for the period 1989–1998, during which time 2,226,214 deaths were recorded.  Age-adjusted 

cancer mortality rate ratios (rate in areas near the plant/rate in comparison areas) were 1.03 (95% CI 

0.90–1.17) for lung cancer death, 0.93 (95% CI 0.87–1.00) for all cancer deaths, and 0.98 (95% CI 0.95– 

1.02) for all deaths. 

An ecological study compared levels of chromium (and other chemicals) in drinking water in 

453 Nebraska communities with death rates in these areas (Bednar and Kies 1991).  Data on chromium in 

drinking water were obtained for the year period 1986–1987, and mortality data was obtained for the year 

1986. Mean chromium concentration in drinking water was 0.002 mg/L (range <0.001–0.01).  Linear 

correlation (Pearson) between chromium levels and death from chronic lung disease was -0.101 (p=0.03). 
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Chronic exposure to chromium(VI) as sodium dichromate in drinking water resulted in increased 

incidence of neoplasms of the digestive tract in mice and rats (NTP 2008a).  Groups of 50 male and 

50 female F344/N rats were exposed to drinking water containing 0, 14.3, 57.3, 172, or 516 mg/L sodium 

dichromate dihydrate for 2 years.  NTP (2008a) calculated 2-year mean daily doses of 0, 0.6, 2.2, 6, or 

17 mg sodium dichromate dihydrate/kg/day (equivalent to 0, 0.21, 0.77, 2.1 or 5.9 mg chromium(VI)/ 

kg/day) in male rats and, 0, 0.7, 2.7, 7, or 20 mg sodium dichromate dihydrate/kg/day (equivalent to 0, 

0.24, 0.94, 2.4, and 7.0 mg chromium(VI)/kg/day) in female rats.  Incidences of squamous epithelial 

neoplasms of the oral mucosa and tongue were elevated in rats exposed to sodium dichromate compared 

to controls, with significant increased mortality-adjusted incidence in males at the 5.9 mg chromium(VI)/ 

kg/day dose (15.7 versus 0% in controls, p=0.007), and in females at the 7.0 mg chromium(VI)/kg/day 

(23.9 versus 2.2% in controls, p<0.001).  In both male and female rats, there was a significant dose trend 

for digestive tract neoplasms (p<0.001).  Groups of 50 male B6C3F1 mice were exposed to 0, 14.3, 28.6, 

85.7, or 257.4 mg sodium dichromate dihydrate/L, and 50 female B6C3F1 mice were exposed to drinking 

water concentrations of 0, 14.3, 57.3, 172, or 516 mg sodium dichromate dihydrate/L.  NTP (2008a) 

calculated 2-year mean daily doses of sodium dichromate dihydrate in male mice of 1.1, 2.6, 7 or 

17 mg/kg/day (equivalent to 0, 0.38, 0.91, 2.4 and 5.9 mg chromium(VI)/kg/day); and in female mice of 

0, 1.1, 3.9, 9, or 25 mg/kg/day (equivalent to 0, 0.38, 1.4, 3.1, or 8.7 mg chromium(VI)/kg/day).  

Incidences of neoplasms of the of the small intestine (duodenum, jejunum, or ileum) were elevated in 

mice exposed to sodium dichromate compared to controls, with significant increased mortality-adjusted 

incidence in males at the 2.4 (15.1 versus 2.2% in controls, p=0.032) or 5.9 mg chromium(VI)/kg/day 

dose (43.8 versus 2.2% in controls, p=0.001), and in females at the 3.1 (36.3 versus 2,2% in controls) or 

8.7 mg chromium(VI)/kg/day (45.9 versus 2.2% in controls, p<0.001).  In both male and female mice, 

there was a significant dose trend for digestive tract neoplasms (p<0.001). NTP (2008a) concluded that 

the results of these studies provided clear evidence of carcinogenic activity of sodium dichromate 

dihydrate in male and female F344/N rats based on increased incidences of squamous cell neoplasms of 

the oral cavity; and clear evidence of carcinogenic activity of in male and female B6C3F1 mice based on 

increased incidences of neoplasms of the small intestine (duodenum, jejunum, or ileum). 

The carcinogenicity of chromium(VI) was evaluated in mice exposed potassium chromate in drinking 

water at 9 mg chromium(VI)/kg/day for three generations (880 days) (Borneff et al. 1968).  In treated 

mice, 2 of 66 females developed forestomach carcinoma and 9 of 66 females and 1 of 35 males developed 

forestomach papilloma.  The vehicle controls also developed forestomach papilloma (2 of 79 females, 

3 of 47 males) but no carcinoma.  The incidence of forestomach tumors in the treated mice was not 

significantly higher than controls.  Although study authors concluded that evidence of carcinogenicity 
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was equivocal, statistical analysis of these data (performed by Syracuse Research Corporation) using 

Fischer’s exact test shows statistically significant increases in the incidence of adenoma or carcinomas 

(forestomach) (p=0.0067) and in the incidence of adenomas (forestomach) alone (p=0.027), compared to 

control.  In this same study, coexposure to both potassium chromate and 3,4-benzpyrene in a similar 

protocol showed that potassium chromate did not potentiate the carcinogenicity of 3,4-benzpyrene 

(Borneff et al. 1968).  Exposure of female hairless mice to ultraviolet light in combination with 

chromium(VI) as potassium chromate in drinking water at concentrations of 2.5 or 5.0 mg potassium 

chromate(VI)/L (approximately 0.18, or 0.35 mg chromium(VI)/kg/day) for 182 days, or in the diet at 

concentrations of 0, 2.5, or 5.0 mg potassium chromate(VI)/kg food (approximately 0.13, or 0.26 mg 

chromium(VI)/kg/day) for 26 weeks, produced an increased incidence of skin tumors compared to 

animals exposed to UV light alone or chromium(VI) alone (Davidson et al. 2004; Uddin et al. 2007).  

Exposure to chromium(VI) alone did not result in neoplasms. 

Chronic exposure to chromium(III) as chromium picolinate dihydrate in the diet resulted in increased 

incidence of neoplasms of the preputial gland in male rats; however, no increased neoplasms were 

observed in female rats, or in male or female mice (NTP 2008b).  Groups of 50 male and 50 female 

F344/N rats were fed a diet containing 0, 2,000, 10,000, or 50,000 ppm chromium picolinate 

monohydrate for 2 years. NTP (2008b) calculated 2-year mean daily doses of chromium picolinate 

monohydrate of 0, 90, 460, and 2,400 mg/kg/day (equivalent to 0, 11, 55, or 286 mg chromium(III)/ 

kg/day) in male rats and 0, 100, 510, and 2,630 mg/kg/day (equivalent to 0, 12, 61, or 313 mg 

chromium(III)/kg/day) in female rats.  Mortality-adjusted incidence of adenoma of the preputial gland of 

male rats was significantly elevated in rats that received 55 mg chromium(III)/kg/day (14.9 versus 2.2% 

in controls, p=0.031), but not in rats exposed to lower dose or the higher dose (286 mg chromium(III)/ 

kg/day), and there was no significant dose trend for the neoplasm.  Incidences of neoplasms were not 

significantly different from controls in females, including neoplasms of the clitoral gland.  Groups of 

50 male and 50 female F6C3F1 mice were fed a diet containing 0, 2,000, 10,000, or 50,000 ppm 

chromium picolinate monohydrate for 2 years.  NTP (2008b) calculated 2-year mean daily doses of 

chromium picolinate monohydrate of 0, 250, 1,200, and 6,565 mg/kg/day (equivalent to 0, 30, 143, 2.1, or 

781 mg chromium(III)/kg/day) in male mice and 100, 510, and 2,630 mg/kg/day (equivalent to 0, 29, 143, 

or 726 mg chromium(III)/kg/day) in female mice.  No neoplasms or lesions were attributed to exposure to 

chromium picolinate monohydrate in male or female mice.  NTP (2008b) concluded that evidence for 

carcinogenicity of chromium picolinate in male rats was equivocal and that the study provided no 

evidence of carcinogencity in mice. 
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No evidence of carcinogenicity was observed in male or female rats fed diets containing chromium oxide 

at 2,040 mg chromium(III)/kg/day 5 days/week for 2 years.  Moreover, no evidence of carcinogenicity 

was found in the offspring of these rats after 600 days of observation (Ivankovic and Preussmann 1975). 

The Cancer Effect Levels (CELs) for chromium(VI) are recorded in Table 3-3 and plotted in Figure 3-3. 

3.2.3 Dermal Exposure 

Some chromium(VI) compounds, such as chromium trioxide (chromic acid), potassium dichromate, 

potassium chromate, sodium dichromate, and sodium chromate, are very caustic and can cause burns 

upon dermal contact.  These burns can facilitate the absorption of the compound and lead to systemic 

toxicity. 

3.2.3.1  Death 

A 49-year-old man with an inoperable carcinoma of the face was treated with chromic acid crystals.  

Severe nephritis occurred following the treatment with the chromium(VI) compounds.  Death occurred 

4 weeks after exposure (Major 1922). Twelve individuals died as a result of infection to necrotic areas of 

the skin that were caused by application of a salve made up with potassium chromate used to treat 

scabies.  Renal failure was observed.  Autopsies revealed fatty degeneration of the heart, hyperemia and 

necrosis of kidney tubules, and hyperemia of the gastric mucosa (Brieger 1920). 

Single-dose dermal LD50 values in New Zealand rabbits exposed to chromium(VI) as sodium chromate, 

sodium dichromate, potassium dichromate, and ammonium dichromate were determined by Gad et al. 

(1986).  LD50 values ranged from 361 to 553 mg chromium(VI)/kg for females and from 336 to 763 mg 

chromium(VI)/kg for males.  Signs of toxicity included dermal necrosis, eschar formation, dermal edema 

and erythema, diarrhea, and hypoactivity.  The dermal LD50 value for chromium trioxide was 30 mg 

chromium(VI)/kg for combined sexes (American Chrome and Chemicals 1989).  In male and female 

Sprague-Dawley rats, no mortalities were observed following a single dermal application of 621.6 mg 

chromium(III)/kg as chromium nicotinate (Shara et al. 2005). 

The LD50 values are recorded in Table 3-5 for chromium(VI) and Table 3-6 for chromium(III). 

***DRAFT FOR PUBLIC COMMENT*** 



319
mg/kg

                                               
  

319

119 mg/kg

mg/kg

119

120 mg/kg

mg/kg

120

121 mg/kg

mg/kg

121

130 mg/kg

mg/kg

130

Table 3-5 Levels of Significant Exposure to Chromium Vl - Dermal 

Exposure/ 
Duration/ 

LOAEL 

Species 
(Strain) 

Frequency 
(Route) System NOAEL Less Serious Serious 

Reference 
Chemical Form Comments 

ACUTE EXPOSURE 
Death 

(Fischer- 344) 
Rabbit 24 hr 

30 
mg/kg 

(LD50) 
CrO3 (VI) 

American Chrome and 
Chemicals 1989 

(New 
Zealand) 

Rabbit once 
763 M 

mg/kg 
(LD50) 

Gad et al. 1986 
(NH4)2Cr2O7 (VI) 

549 F (LD50) 
mg/kg 

(New 
Zealand) 

Rabbit once 
403 M 

mg/kg 
(LD50) 

Gad et al. 1986 
K2Cr2O7 (VI) 

490 F (LD50) 
mg/kg 

(New 
Zealand) 

Rabbit once 
336 M 

mg/kg 
(LD50) 

Gad et al. 1986 
Na2Cr2O72H2O (VI) 

361 F (LD50) 
mg/kg 

(New 
Zealand) 

Rabbit 2 d 
426 M 

mg/kg 
(LD50) 

Gad et al. 1986 
Na2CrO4 (VI) 

553 F (LD50) 
mg/kg 
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469
Percent (%)

469

Percent (%)

107
mg/kg

107

362
mg/kg

362

517
ml

517

126 mg/kg

126

127 mg/kg

127

128 mg/kg

128

Table 3-5 Levels of Significant Exposure to Chromium Vl - Dermal (continued) 

Exposure/ LOAEL
 
Duration/
 

Frequency Reference
Species 
(Route)(Strain) System NOAEL Less Serious Serious Chemical Form Comments 

C
H

R
O

M
IU

M

***D
R

A
FT FO

R
 P

U
B

LIC
 C

O
M

M
E

N
T***

Systemic 

(NS) 
Rat once Hepatic 0.175 (altered carbohydrate 

Percent (%) metabolism) 

Merkur'eva et al. 1982 
K2Cr2O7 (VI) 

Dermal 0.175 (dermatitis) 
Percent (%) 

(albino) 
Gn Pig once Dermal 1.9 M 

mg/kg 
(skin corrosion) 

Samitz 1970 
K2Cr2O7 (VI) 

(NS) 
Gn Pig 3 d 

1 x/d Dermal 0.35 
mg/kg 

(skin ulcers) 
Samitz and Epstein 1962 
K2Cr2O7 (VI) 

(NS) 
Rabbit 5 min or 24 hr Ocular 0.1 M 

ml 

Fujii et al. 1976 
Na2CrO4 and Na2Cr2O7 (VI) 

(New 
Zealand) 

Rabbit 4 hr Dermal 55 
mg/kg 

(necrosis, erythema, 
edema) 

Gad et al. 1986 
(NH4)2Cr2O7 (VI) 

(New 
Zealand) 

Rabbit 4 hr Dermal 47 M 
mg/kg 

(erythema, edema, 
necrosis) 

Gad et al. 1986 
K2Cr2O7 (VI) 

(New 
Zealand) 

Rabbit 4 hr Dermal 47 M 
mg/kg 

(necrosis, erythema, 
edema) 

Gad et al. 1986 
Na2Cr2O7 (VI) 

3.  H
E

A
LTH

 E
FFE

C
TS
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129 mg/kg

129

356

Percent (%)

356

75

Percent (%)

75

5186
mg/L

5186

5184

Percent (%)

5184

174

Percent (%)

174

407

µg/mm2 µg/mm2

407

647

µg/cm²

647

Table 3-5 Levels of Significant Exposure to Chromium Vl - Dermal (continued) 

Exposure/ LOAEL
 
Duration/
 

Frequency Reference
Species 
(Route)(Strain) System NOAEL Less Serious Serious Chemical Form Comments 

C
H

R
O

M
IU

M

***D
R

A
FT FO

R
 P

U
B

LIC
 C

O
M

M
E

N
T***

(New 
Zealand) 

Rabbit 4 hr Dermal 42 M 
mg/kg 

(erythema, edema) 

Immuno/ Lymphoret 
Human once 

0.175 
Percent (%) 

(positive patch test) 

Human 48 hr 
0.001 (increased skin thicknes 

Percent (%) and blood flow) 

Human 
(NS) 
48 hr 

1 B 
mg/L 

(positive patch test) 

Human 48 hr 
0.18 

Percent (%) 
(positive patch test) 

Human 48 hr 
0.26 M 

Percent (%) 
(erythema) 

Human once 
0.0013 
µg/mm2 

0.0026 
µg/mm2 

(positive patch test) 

Human once 
0.018 
µg/cm² 

(positive patch test) 

Gad et al. 1986 
Na2CrO4 (VI) 

Engebrigsten 1952 
K2Cr2O7 (VI) 

Eun and Marks 1990 
K2Cr2O7 (VI) 

Hansen et al. 2003 
K2Cr2O7 (VI) 

Hansen et al. 2006b 
K2Cr2O7 (VI) 

Levin et al. 1959 
CrO3 (VI) 

Mali et al. 1966 
K2Cr2O7 (VI) 

Nethercott et al. 1994 
K2Cr2O7 (VI) 

3.  H
E

A
LTH

 E
FFE

C
TS
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358

Percent (%)

358

63

Percent (%)

63

247

mg

247

372

Percent (%)

372

357

Percent (%)

357

34
mg/kg

34

38
mg/kg

38

Table 3-5 Levels of Significant Exposure to Chromium Vl - Dermal (continued) 

Exposure/ LOAEL
 
Duration/
 

Frequency Reference
Species 
(Route)(Strain) System NOAEL Less Serious Serious Chemical Form Comments 

C
H

R
O

M
IU

M

***D
R

A
FT FO

R
 P

U
B

LIC
 C

O
M

M
E

N
T***

Human 2 d 
0.175 

Percent (%) 
(positive patch test) 

Newhouse 1963 
K2Cr2O7 (VI) 

Human 48 hr 
0.175 

Percent (%) 
(chromium allergy) 

Peltonen and Fraki 1983 
K2Cr2O7 (VI) 

Human once 
0.09 
mg 

(erythema) 
Samitz and Shrager 1966 
K2Cr2O7 (VI) 

Human once 
0.09 

Percent (%) 
(positive patch test) 

Wahba and Cohen 1979 
K2Cr2O7 (VI) 

Human once 
0.09 

Percent (%) 
(positive patch test) 

Winston and Walsh 1951 
Na2Cr2O7 (VI) 

(albino) 
Gn Pig once 

0.009 
mg/kg 

(contact sensitivity) 
Gross et al. 1968 
K2Cr2O7 (VI) 

(NS) 
Gn Pig once 

0.04 F 
mg/kg 

(erythematic reaction) 
Jansen and Berrens 1968 
K2Cr2O7 (VI) 

3.  H
E

A
LTH

 E
FFE

C
TS
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399 Percent (%)

399

5202
mg/m³

mg/m³

mg/m³

mg/m³

5202

386
mg/m³

386

mg/m³

mg/m³

Table 3-5 Levels of Significant Exposure to Chromium Vl - Dermal (continued) 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) System 

INTERMEDIATE EXPOSURE 
Immuno/ Lymphoret 

(BALB/c or 
ICR) 

Mouse 18 d 

NOAEL Less Serious 

0.35 (contact sensitivity) 
Percent (%) 

LOAEL 

Serious 
Reference 
Chemical Form 

Mor et al. 1988 
K2Cr2O7 (VI) 

Comments 

CHRONIC EXPOSURE 
Systemic 
Human 

(occup) 
>1 yr Dermal 0.03 M 

mg/m³ 
(ulcerated skin) 

Gibb et al. 2000a 
CrO3 (VI) 

0.029 M 
mg/m³ 

(dermatitis) 

0.027 M 
mg/m³ 

(burn) 

0.025 M 
mg/m³ 

(irritated skin) 

Human 7.5 yr avg 
(range 3-16 yr) 
(occup) 

Resp 0.004 M 
mg/m³ 

(nasal septum ulceration 
and perforation) 

Lucas and Kramkowski 1975 
CrO3 (VI) 

Gastro 0.004 M 
mg/m³ 

(possible gastritis, ulcers 

Dermal 0.005 M 
mg/m³ 

(chrome holes) 

C
H

R
O

M
IU

M

***D
R

A
FT FO

R
 P

U
B

LIC
 C

O
M

M
E

N
T***

3.  H
E

A
LTH

 E
FFE

C
TS

avg = average; d = day(s); F = female; Gastro = gastrointestinal; Gn Pig = guinea pig; hr = hour(s); Immuno/Lymphoret = immunological/lymphoreticular; LD50 = lethal dose, 50% kill; 
LOAEL = lowest-observed-adverse-effect level; M = male; min = minute(s); NOAEL = no-observed-adverse-effect level; NS = not specified; Resp = respiratory; x = times; yr = year(s) 190



361
mg/kg

361

347

Percent (%)

347

5187

 

mg/L

5187

5185

Percent (%)

5185

408

µg/mm2

408

648

µg/cm²

648

252

mg

252

253

mg

253

Table 3-6 Levels of Significant Exposure to Chromium Ill - Dermal 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

ACUTE EXPOSURE 
Systemic 

(NS) 
Gn Pig 3 d 

1 x/d 

Immuno/ Lymphoret 
Human 48 hr 

System 

Dermal 

NOAEL 

1 
mg/kg 

Less Serious 

0.37 (positive patch test) 
Percent (%) 

LOAEL 

Serious 
Reference 
Chemical Form 

Samitz and Epstein 1962 
Cr2(SO4)3 (III) 

Fregert and Rorsman 1964 
CrCl3.6H2O (III) 

Comments 

Human 
(NS) 
48 hr 

6 
mg/L 

(positive patch test) 
Hansen et al. 2003 
CrCl3.6H2O (III) 

Human 48 hr 
3.7 

Percent (%) 
(positive patch test) 

Hansen et al. 2006b 
CrCl3 (III) 

Human once 
0.16 

µg/mm2 
(positive patch test) 

Mali et al. 1966 
CrCl3 (III) 

Human once 
33 

µg/cm² 

Nethercott et al. 1994 
CrCl3 (III) 

Human once 
0.33 
mg 

(erythema) 
Samitz and Shrager 1966 
Cr2(SO4)3 (III) 

Human once 
0.08 
mg 

(erythema) 
Samitz and Shrager 1966 
CrCl3 (III) 

C
H

R
O

M
IU

M

3.  H
E

A
LTH

 E
FFE

C
TS
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33
mg/kg

33

39
mg/kg

39

Table 3-6 Levels of Significant Exposure to Chromium Ill - Dermal (continued) 

Exposure/ LOAEL
 
Duration/
 

Frequency Reference
Species 
(Route)(Strain) System NOAEL Less Serious Serious Chemical Form Comments 

C
H

R
O

M
IU

M

Gn Pig once Gross et al. 1968
0.004 (erythematic reaction)(albino) CrCl3 (III)mg/kg 

Gn Pig once Jansen and Berrens 1968
0.03 F (erythematic reaction)(NS) Cr2(SO4)3 (III)mg/kg 

d = day(s); F = female; Gn Pig = guinea pig; hr = hour(s); Immuno/Lymphoret = immunological/lymphoreticular; LD50 = lethal dose, 50% kill; LOAEL = lowest-observed-adverse-effect 
level; NOAEL = no-observed-adverse-effect level; NS = not specified; x = times 3.  H

E
A

LTH
 E

FFE
C

TS

192



   
 

    
 
 

 
 
 
 

  

   
 

     

  

 

 

     

 

      

 

   

  

  

 

     

   

    

 

  

 

 

 

     

  

  

     

 

 

  

 

 

      

     

CHROMIUM 193 

3. HEALTH EFFECTS 

3.2.3.2  Systemic Effects 

Several reports of health effects in individuals treated with potassium dichromate are discussed below 

(Brieger 1920; Major 1922; Smith 1931).  The results of these studies should be interpreted cautiously 

because pre-existing conditions may have contributed to the observed effects.  The highest NOAEL value 

and all reliable LOAEL values for dermal effects in each species and duration category are recorded in 

Table 3-5 for chromium(VI) and Table 3-6 for chromium(III). 

Respiratory Effects. Occupational exposure to chromium compounds results in direct contact of 

mucocutaneous tissue, such as nasal and pharyngeal epithelium, due to inhalation of airborne dust and 

mists of these compounds.  Such exposures have led to nose and throat irritation and nasal septum 

perforation.  Because exposure is to airborne chromium, studies noting these effects are described in 

Section 3.2.1.2. 

A case report of a man who was admitted to a hospital with skin ulcers on both hands due to dermal 

exposure to ammonium dichromate in a planographic printing establishment where he had worked for a 

few months noted that he also had breathing difficulties.  However, because he also had many previous 

attacks of hay fever and asthma, it was not possible to distinguish whether his breathing difficulties were 

caused by or exacerbated by dermal exposure to ammonium dichromate (Smith 1931). 

No studies were located regarding respiratory effects in animals after dermal exposure to chromium or its 

compounds. 

Cardiovascular Effects. Information regarding cardiovascular effects in humans after dermal 

exposure to chromium or its compounds is limited.  Weak, thready, and markedly dicrotic pulse 

developed ≈1.5 hours after a salve made up with potassium chromate to treat scabies was applied to skin 

of an unspecified number of individuals.  Some of the people died as a result of infection to the exposed 

area, and autopsy revealed degeneration of the heart (Brieger 1920). 

No studies were located regarding cardiovascular effects in animals after dermal exposure to chromium or 

its compounds. 

Gastrointestinal Effects. Vomiting occurred soon after application of a salve made up of potassium 

chromate to the skin of an unspecified number of individuals for the treatment of scabies.  Some of these 
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CHROMIUM 194 

3. HEALTH EFFECTS 

individuals died as a result of infection of the exposed area, and autopsy revealed hyperemia of the gastric 

mucosa (Brieger 1920). 

Diarrhea was reported in New Zealand rabbits exposed to lethal concentrations of chromium(VI) 

compounds (Gad et al. 1986). 

Hematological Effects. Severe leukocytosis, with notable increases in immature polymorphonuclear 

cells, myelocytes, and myeloblasts and nucleated red cells and Howell-Jolly bodies, indicative of 

hemolytic anemia were observed in individuals after application of a salve that contained potassium 

chromate to treat scabies (Brieger 1920).  Leukocytosis was also described in a case report of a man who 

was admitted to a hospital with skin ulcers on both hands due to dermal exposure to ammonium 

dichromate in a planographic printing establishment, where he had worked for a few months (Smith 

1931).  It should be noted that the man had a history of asthma. 

No studies were located regarding hematological effects in animals after dermal exposure to chromium 

compounds. 

Musculoskeletal Effects. Information regarding musculoskeletal effects in humans after dermal 

exposure to chromium or its compounds is limited to a case report.  A man was admitted to a hospital 

with skin ulcers on both hands due to dermal exposure to ammonium dichromate in a planographic 

printing establishment, where he had worked for a few months.  He also had tenderness and edema of the 

muscles of the extremities (Smith 1931). 

No studies were located regarding musculoskeletal effects in animals after dermal exposure to chromium 

or its compounds. 

Hepatic Effects. No reliable studies were located regarding hepatic effects in humans after dermal 

exposure to chromium compounds. 

Information regarding liver effects in animals after dermal exposure to chromium or its compounds is 

limited.  A single application of 0.5% potassium dichromate (0.175% chromium(VI)) to the shaved skin 

of rats resulted in increased levels of serotonin in the liver, decreased activities of acetylcholinesterase 

and cholinesterase in the plasma and erythrocytes, increased levels of acetylcholine in the blood, and 

increased glycoprotein hexose in the serum.  These effects may indicate alterations in carbohydrate 
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3. HEALTH EFFECTS 

metabolism (Merkur'eva et al. 1982).  Application of 50 mg chromium/kg/day (specific chemical or 

valence state not reported) for 30 days to clipped skin under occluded conditions to female guinea pigs 

produced small increases in enzyme activities in liver tissue, specifically asparatate aminotransferase 

(17%), alanine aminotransferase (2%), acid phosphatase (16%), and gamma glutamyl transpeptidase 

(54%), compared to untreated controls (Mathur 2005).  Microscopic evaluation of the liver showed 

“shrunken” hepatocytes and thickening of the walls of hepatic arteries. 

Renal Effects. Acute nephritis with albuminuria and oliguria, polyuria, and nitrogen retention were 

observed in individuals after application of a salve that contained potassium chromate.  These effects 

disappeared in individuals who survived.  Autopsy of people who died revealed hyperemia and tubular 

necrosis (Brieger 1920).  Acute nephritis with polyuria and proteinuria were also described in a man who 

was admitted to a hospital with skin ulcers on both hands due to dermal exposure to ammonium 

dichromate in a planographic printing establishment where he had worked for a few months (Smith 1931). 

A 49-year-old man with an inoperable carcinoma of the face was treated with chromic acid crystals.  

Severe nephritis occurred after treatment with the chromium(VI) compound.  Urinalysis revealed marked 

protein in the urine.  Death resulted 4 weeks after exposure.  A postmortem examination of the kidneys 

revealed extensive destruction of the tubular epithelium (Major 1922). 

Application of 50 mg chromium/kg/day (specific chemical or valence state not reported) for 30 days to 

clipped skin under occluded conditions to female guinea pigs produced increases in enzyme activities in 

renal tissue, specifically asparatate aminotransferase (8%), alanine aminotransferase (96%), and acid 

phosphatase (4%), compared to untreated controls (Mathur 2005).  Microscopic evaluation of the kidney 

showed lobularization of the glomerular tuft and congestion of capillaries.  No additional information on 

renal effects of dermal exposure to chromium(VI) or chromium(III) compounds was identified. 

Dermal Effects. Occupational exposure to airborne chromium compounds has been associated with 

effects on the nasal septum, such as ulceration and perforation. These studies are discussed in 

Section 3.2.1.2 on Respiratory Effects.  Dermal exposure to chromium compounds can cause contact 

allergic dermatitis in sensitive individuals, which is discussed in Section 3.2.3.3.  Skin burns, blisters, and 

skin ulcers, also known as chrome holes or chrome sores, are more likely associated with direct dermal 

contact with solutions of chromium compounds, but exposure of the skin to airborne fumes and mists of 

chromium compounds may contribute to these effects. 
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CHROMIUM 196 

3. HEALTH EFFECTS 

Acute dermal exposure of humans to chromium(VI) compounds causes skin burns.  Necrosis and 

sloughing of the skin occurred in individuals at the site of application of a salve containing potassium 

chromate.  Twelve of 31 people died as a result of infection of these areas (Brieger 1920).  In another 

case, a man who slipped at work and plunged his arm into a vat of chromic acid had extensive burns and 

necrosis on his arm (Cason 1959). 

Longer-term occupational exposure to chromium compounds in most chromium-related industries can 

cause deep penetrating holes or ulcers on the skin.  A man who had worked for a few months in a 

planographic printing establishment, where he handled and washed sheets of zinc that had been treated 

with a solution of ammonium dichromate, had skin ulceration on both hands (Smith 1931). 

In an extensive survey to determine the health status of chromate workers in seven U.S. chromate 

production plants, 50% of the chromate workers had skin ulcers or scars.  In addition, inflammation of 

oral structures, keratosis of the lips, gingiva, and palate, gingivitis, and periodontis due to exposure of 

these mucocutaneous tissues to airborne chromium were observed in higher incidence in the chromate 

workers than in controls.  Various manufacturing processes in the plants resulted in exposure of workers 

to chromite ore (mean time-weighted concentration of 0–0.89 mg chromium(III)/m3 air); water-soluble 

chromium(VI) compounds (0.005–0.17 mg chromium(VI)/m3); and acid-soluble/water-insoluble 

chromium compounds (including basic chromium sulfate), which may or may not entirely represent 

chromium(III) (0–0.47 mg chromium/m3 air) (PHS 1953).  Among 258 electroplating workers exposed to 

chromium trioxide fumes at 0.1 mg chromium(VI)/m3 for <1 year, 5% developed dental lesions, 

consisting of yellowing and wearing down of the teeth (Gomes 1972). 

Chronic exposure of chrome chemical production workers produced dermal symptoms, including irritated 

and ulcerated skin, dermatitis, and burns (Gibb et al. 2000a).  Medical records of 2,307 male workers (all 

nonsmokers) employed at a chromate production plant in Baltimore, Maryland between 1950 and 1974 

were evaluated to determine the percentage of workers reporting clinical symptoms, mean time of 

employment to first diagnosis of symptoms, and mean exposure to chromium(VI) at the time of first 

diagnosis (exposure for each worker was the annual mean in the area of employment during the year of 

first diagnosis).  Ulcerated skin occurred in 31.6% of workers, at a mean exposure of 0.029 mg Cr(VI)/m3 

and a mean time to first diagnosis of 373 days. Ulcerated skin was significantly associated with 

chromium(VI) exposure (p=0.004), with a relative risk of 1.11.  Burns were observed in 31.4% of 

workers, with a mean exposure and time to onset of 0.027 mg/m3 and 409 days, respectively.  Dermatitis 

was observed in 18.5% of workers, with a mean exposure and time to onset of 0.029 mg/m3 and 624 days, 
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3. HEALTH EFFECTS 

respectively.  Irritated skin was observed in 15.1% of workers, with a mean exposure and time to onset of 

0.025 mg/m3 and 719 days, respectively.  

Irritation and ulceration of the buccal cavity, as well as chrome holes on the skin, were also observed in 

workers in a chrome plating plant where poor exhaust resulted in excessively high concentrations of 

chromium trioxide fumes (Lieberman 1941).  Electroplaters in Czechoslovakia exposed to an average of 

0.414 mg chromium(VI)/m3 above the plating baths also had high incidences of buccal cavity changes, 

including chronic tonsillitis, pharyngitis, and papilloma (Hanslian et al. 1967).  In a study of 

303 electroplating workers in Brazil, whose jobs involve working with cold chromium trioxide solutions, 

>50% had ulcerous scars on the hands, arms, and feet.  Air monitoring revealed that most workers were 

exposed to ≥0.1 mg chromium(VI)/m3, but even those exposed to <0.1 mg chromium(VI)/m3 developed 

lesions (Gomes 1972).  Chrome holes were also noted at high incidence in chrome platers in Singapore, 

while controls had no skin ulcers (Lee and Goh 1988).  The incidence of skin ulcers was significantly 

increased in a group of 997 chrome platers compared with 1,117 controls.  The workers had been exposed 

to chromium(VI) in air and in dust.  The air levels were generally <0.3 mg chromium(VI)/m3, and dust 

levels were generally between 0.3 and 97 mg chromium(VI)/g (Royle 1975b).  In a NIOSH Health 

Hazard Evaluation of an electroplating facility in the United States, seven workers reported past history of 

skin sores, and nine had scars characteristic of healed chrome sores.  The workers had been employed for 

an average of 7.5 years and were exposed to a mean concentration of 0.004 mg chromium(VI)/m3 in air.  

In addition, spot tests showed widespread contamination of almost all workroom surfaces and hands 

(Lucas and Kramkowski 1975). 

An early report of cases of chrome ulcers in leather tanners noted that the only workmen in tanneries who 

suffered chrome holes were those who handled dichromate salts.  In one of these cases, the penetration 

extended into the joint, requiring amputation of the finger (Da Costa et al. 1916).  In a medical survey of a 

chemical plant that processed chromite ore, 198 of 285 workers had chrome ulcers or scars on the hands 

and arms.  These workers had been exposed to one or more chromium(VI) compounds in the form of 

chromium trioxide, potassium dichromate, sodium dichromate, potassium chromate, sodium chromate, 

and ammonium dichromate (Edmundson 1951). 

Similar dermal effects have been observed in animals.  Dermal application of chromium(VI) compounds 

to the clipped, nonabraded skin of rabbits at 42–55 mg/kg resulted in skin inflammation, edema, and 

necrosis.  Skin corrosion and eschar formation occurred at lethal doses (see Section 3.2.3.1) (Gad et al. 

1986).  Application of 0.01 or 0.05 mL of 0.34 molar solution of potassium dichromate (0.35 mg 
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3. HEALTH EFFECTS 

chromium(VI) or 1.9 mg chromium(VI)/kg) to the abraded skin of guinea pigs resulted in skin ulcers 

(Samitz 1970; Samitz and Epstein 1962).  Similar application of 0.01 mL of a 1 molar solution of 

chromium sulfate (1 mg chromium(III)/kg) however, did not cause skin ulcers in guinea pigs (Samitz and 

Epstein 1962).  In a primary dermal irritation test, application of 88 mg chromium(III) as chromium 

nicotinate in corn oil to clipped skin of male and female New Zealand albino rabbits produced very slight 

erythema after 1 hour after application, with no signs of dermal irritation 48 hours after application (Shara 

et al. 2005). 

Dermal sensitization due to hypersensitivity to chromium is discussed in Section 3.2.3.3. 

Ocular Effects. Medical records of 2,307 male workers (all nonsmokers) employed at a chromate 

production plant in Baltimore, Maryland between 1950 and 1974 were evaluated to determine the 

percentage of workers reporting clinical symptoms, mean time of employment to first diagnosis of 

symptoms, and mean exposure to chromium(VI) at the time of first diagnosis (exposure for each worker 

was the annual mean in the area of employment during the year of first diagnosis) (Gibb et al. 2000a).  

Conjunctivitis was reported on 20.0% of the study population, at a mean exposure level of 0.025 mg 

Cr(VI)/m3 and a mean time-to-onset of 604 days. 

Direct contact of the eyes with chromium compounds also causes ocular effects.  Corneal vesication was 

described in a worker who accidentally got a crystal of potassium dichromate or a drop of a potassium 

dichromate solution in his eye (Thomson 1903).  In an extensive study of chromate workers in seven U.S. 

chromate production plants, eyes were examined because accidental splashes of chromium compounds 

into the eye had been observed in these plants.  Congestion of the conjunctiva was found in 38.7% of the 

897 workers, discharge in 3.2%, corneal scaring in 2.3%, any abnormal finding in 40.8%, and burning in 

17.0%, compared with respective frequencies of 25.8, 1.3, 2.6, 29.0, and 22.6% in 155 nonchromate 

workers.  Only the incidences of congestion of the conjunctiva and any abnormal findings were 

significantly higher in the exposed workers than in the controls (PHS 1953). 

Instillation of 0.1 mL of a 1,000 mg chromium(VI)/L solution of sodium dichromate and sodium 

chromate (pH 7.4) was not irritating or corrosive to the eyes of rabbits (Fujii et al. 1976).  Histological 

examination of the eyes of rats exposed to chromium dioxide (15.5 mg chromium(IV)/m3) in air revealed 

no lesions (Lee et al. 1989). In a primary eye irritation test, direct conjunctival instillation of 5.2 mg 

chromium(III) as chromium nicotinate in water to male and female New Zealand albino rabbits produced 
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conjunctivitis within 1 hour of application, although no corneal opacity or iritis was observed (Shara et al. 

2005). 

3.2.3.3  Immunological and Lymphoreticular Effects 

In addition to the irritating and ulcerating effects, direct skin contact with chromium compounds elicits an 

allergic response, characterized by eczema or dermatitis, in sensitized individuals.  Chromium-induced 

allergic contact dermatitis is typically isolated to areas at the site of contact, rarely occurring in areas 

remote to the point of contact (Winder and Carmody 2002).  Following an induction phase during which 

the patient becomes sensitized, subsequent dermal exposure results in an allergic response.  The acute 

response phase lasts for a few days to a few weeks and is characterized by erythema, edema, and small 

and large blisters; the chronic phase exhibits similar clinical features, but may also include thickened, 

scaly, and fissured skin (Winder and Carmody 2002).  Evaluation by light and electron microscopy of 

skin biopsies of individuals with active dermatitis due to chromium shows increased intracellular edema 

of lower epidermal keratinocytes, formation of vacuoles in cells of the lower epidermis and dendritic, 

spindle-shaped cells in the upper dermis (Shah and Palmer 2002).  

Studies using dermal patch testing as a technique to diagnose chromium sensitivity show that challenge 

with small amounts of chromium(VI) or chromium(III) can induce a response in sensitized individuals.  A 

series of studies conducted by Hansen et al. (2003, 2006a, 2006b) show that patients with chromium-

induced dermatitis associated with exposure to leather products responded to both low-dose and high-

dose chromium(VI) and chromium(III) challenge using skin patch tests.  In a group of 18 patients 

previously diagnosed with chromium sensitivity, the concentration of chromium(VI) as potassium 

dichromate required to elicit a positive response on skin patch challenge was 6 mg chromium(VI)/L and 

1 mg chromium(III)/L as chromium trichloride (Hansen et al. 2003).  Using higher doses in 2,211 patients 

with suspected contact dermatitis, 71 (3.2%) tested positive to 0.5% potassium dichromate (0.18% 

chromium(VI)) on skin patch challenge; of these 71 chromium(VI)-positive patients, 31 also produce a 

positive result when challenged with 13% chromium trichloride (3.7% chromium(III)) (Hansen et al. 

2006b). The positive response to both chromium(VI) and chromium(III) challenge may indicate that 

exposure to both compounds may induced sensitivity or that there is cross-sensitivity between 

chromium(VI) and chromium(III) compounds on challenge. Similar results have been reported with high-

dose chromium(III), showing that patch testing of chromium(VI)-sensitive patients with chromium(III) 

compounds can elicit an allergic reaction (Fregert and Rorsman 1964, 1966; Mali et al. 1966). 

***DRAFT FOR PUBLIC COMMENT*** 



   
 

    
 
 

 
 
 
 

  

  

  

    

  

   

    

   

 

   

 

 

  

  

 

 

    

     

  

 

    

  

  

   

  

  

     

 

 

 

   

    

CHROMIUM 200 

3. HEALTH EFFECTS 

A study was performed on 54 volunteers who with chromium-induced allergic contact dermatitis to 

determine a dose-response relationship and to determine a minimum-elicitation threshold concentration 

(MET) that produces an allergic response in sensitive individuals (Nethercott et al. 1994).  Patch testing 

was performed on the subjects in which the concentration of potassium chromate(VI) was varied up to 

4.4 μg chromium/cm2. Two percent (1/54) had a MET of 0.018.  About 10% were sensitized at 

0.089 μg/cm2 and all were sensitized at 4.4 μg/cm2. Comparable studies were performed with 

chromium(III) chloride, however, only 1 showed a positive response at 33 μg chromium/cm2, and upon 

retesting was negative.  Based on these findings the authors concluded that soil concentrations of 

chromium(VI) and chromium(III) of 450 and 165,000 ppm, respectively, should not pose a hazard of 

allergic contact dermatitis to 99.99% of people who might be exposed to chromium through soil-skin 

contact. 

Numerous studies have investigated the cause of dermatitis in patients and in workers in a variety of 

occupations and industries and have determined that chromium compounds are the sensitizing agents.  In 

these studies, patch tests were conducted with chromium(VI) or chromium(III) compounds using various 

concentrations.  In one study using 812 healthy volunteers, patch testing with a 0.5% solution of 

potassium dichromate chromium(VI) revealed chromium sensitivity in 14 of the volunteers (1.7% of the 

test population).  Of the 14 positive reactions, 10 occurred in a group of 110 offset printers, lithographers, 

and printing plant cleaners with concurrent exposure to chromium (Peltonen and Fraki 1983).  Subjects 

with a sensitivity to chromium and challenged with a 0.001% solution potassium dichromate had 

increased skin thickness and blood flow (Eun and Marks 1990).  Studies conducted on chromium(VI) 

sensitive printers and lithographers indicate that chromium(VI) compounds elicit reactions more 

frequently than do chromium(III) compounds (Levin et al. 1959; Mali et al. 1966; Samitz and Shrager 

1966).  The authors attributed this to a greater degree of permeation of the hexavalent form than the 

trivalent form through the skin (see Section 3.4.1.3). 

In a study of skin disease among workers at an automobile factory, 230 workers with skin disease and 

66 controls were patch tested with potassium dichromate (0.175% chromium(VI)).  Sensitivity to 

potassium dichromate was seen in 24% of the patients and 1% of the controls.  Most of the sensitive 

patients were assemblers who handled nuts, bolts, screws, and washers, which were found to have 

chromate on the surfaces as a result of a chromate dip used in the engine assembly process. 

Discontinuation of use of the chromate dip resulted in a significant decrease in the prevalence of 

dermatitis 6 months later (Newhouse 1963).  Among 300–400 men directly exposed to cement dust, 8 had 

clinical symptoms of cement eczema.  All eight tested positive with potassium dichromate, while only 
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four tested positive with cement (Engebrigtsen 1952).  Patch testing of employees of the Baltimore and 

Ohio Railroad system with a variety of chemicals revealed that in 32 of 98 cases of dermatitis, the antirust 

diesel-engine coolant compound, which contained sodium chromate, was the etiological agent (Kaplan 

and Zeligman 1962).  Among 200 employees who worked in a diesel locomotive repair shop, 6 cases of 

chromate dermatitis were diagnosed by positive patch tests to samples of radiator fluid and to 0.25% 

sodium dichromate (0.09% chromium(VI)).  The radiator fluid to which the workers were occupationally 

exposed contained 66% sodium dichromate (Winston and Walsh 1951).  A search for the source of 

chromium exposure in workers who developed contact dermatitis in wet sandpapering of primer paint on 

automobiles revealed that the paint contained zinc chromate (Engel and Calnan 1963). 

In a study of 1,752 patients considered to have occupational dermatoses, contact dermatitis was the main 

diagnosis in 1,496 patients (92% women, 83% men).  The allergic type, as opposed to the irritant type, 

was more prevalent in men (73%) than in women (51%).  Positive patch tests to chromium (not otherwise 

specified) occurred in 8% of the women and 29% of the men.  Among 280 chromium-sensitized men, 

50% were employed in building and concrete work, 17% in metal work, and 12% in tanneries.  In the 

42 chromium-sensitized women, 20% were in cement work, 19% in metal work, 28% in cleaning, and 

15% in laboratory work (Fregert 1975).  A survey study of 335 construction workers (including tile 

setters, painters, construction and cement workers, and wood processors) with occupational dermatitis 

showed that 152 workers (approximately 45%) were sensitized to chromium based on positive to patch 

test to potassium dichromate (Bock et al. 2003). 

Chromate sensitivity has also been reported in women who frequently used dichromate-containing 

detergent and bleach (Basketter et al. 2001; Wahba and Cohen 1979). 

Other industries and sources of chromium that have resulted in chromium sensitivity include welding, 

printing, glues, wood ash, foundry sand, match heads, machine oils, timber preservative, boiler linings, 

making of television screens, magnetic tapes, tire fitting, chrome plating, wood and paper industry, 

leather tanning, cement working, and milk testing (Burrows 1983; Chen et al. 2008; Gass and Todd 2007; 

Lockman 2002; Wong et al. 1998). 

Animals can also be sensitized to chromium compounds.  Contact sensitivity was induced in mice by 

rubbing a solution of 1% potassium dichromate (0.35% chromium(VI)) ≈50 times on the shaved 

abdomens.  Challenge with potassium dichromate on the ear resulted in significant induction of 
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sensitivity, measured by ear thickness and histologically observed infiltration of nucleophilic leukocytes 

(Mor et al. 1988). 

Guinea pigs can be sensitized to chromium(VI) and chromium(III) compounds by a series of intradermal 

injections of 0.009 mg chromium(VI)/kg as potassium dichromate or of 0.004 mg chromium(III)/kg as 

chromium trichloride.  Regardless of the compound used to sensitize the guinea pigs, subsequent patch 

testing with chromium(VI) or chromium(III) yielded the same erythmatic reaction.  The response, 

however, was greater when chromium(VI) was used as the sensitizer (Gross et al. 1968).  Similarly, the 

same erythmatic response to chromium(VI) and chromium(III) compounds was noted in guinea pigs 

sensitized to 0.04 mg chromium(VI)/kg as potassium dichromate or 0.03 mg chromium(III)/kg as 

chromium sulfate (Jansen and Berrens 1968). 

Results of skin testing to demonstrate or diagnose chromium sensitization are recorded in Table 3-5 for 

chromium(VI) and Table 3-6 for chromium(III). 

No studies were located regarding the following health effects in humans or animals after dermal 

exposure to chromium compounds: 

3.2.3.4  Neurological Effects 
3.2.3.5  Reproductive Effects 
3.2.3.6  Developmental Effects 

3.2.3.7  Cancer 

No studies were located regarding cancer in humans or animals after dermal exposure to chromium 

compounds. 

3.3  GENOTOXICITY 

In vivo studies of chromium compounds are summarized in Table 3-7.  In vitro studies on the 

genotoxicity of chromium(VI) and chromium(III) compounds are summarized in Tables 3-8 and 3-9, 

respectively.  Chromium(VI) compounds rapidly (within seconds to minutes) enter cells by facilitated 

diffusion, while chromium(III) compounds enter much more slowly (within days) by simple diffusion; 

therefore, chromium(VI) compounds are of greater concern with regard to health effects.  Available 

genotoxicity studies on occupationally exposed humans typically evaluate effects in blood cells since 

blood is easily accessible, whereas evaluation of effects in cells from cancer target tissues (e.g., lung, 
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Table 3-7.  Genotoxicity of Chromium In Vivo 

Species 
(test system) End point Results Reference Valence Compound 
Drosophila melanogaster Gene mutation + Gava et al. 1989b; (VI) Potassium 

Rasmuson 1985; dichromate, 
Rodriguez-Arnaiz sodium 
and Martinez 1986; dichromate, 
Zimmering et al. chromium 
1985 trioxide, 

calcium 
chromate 

D. melanogaster	 Gene mutation + Olvera et al. 1993 (VI) Chromium 
trioxide 

D. melanogaster	 Gene mutation + Kaya et al. 2002 (VI) Potassium 
dichromate 

D. melanogaster	 Gene mutation + Amrani et al. 1999 (VI) Potassium 
chromate, 
potassium 
dichromate 

D. melanogaster	 Gene mutation – Amrani et al. 1999 (III) Chromium 
chloride 

Human lymphocytes Chromosomal + Koshi et al. 1984; (VI) Stainless steel, 
aberrations Sarto et al. 1982	 welding fumes, 

chromium 
trioxide 

Human lymphocytes Chromosomal – Hamamy et al. (III) Chrome alum 
aberrations 1987 (primarily 

chromium 
sulfate) 

Human lymphocytes Chromosomal – Husgafvel- (VI) Stainless steel, 
aberrations Pursiainen et al. welding fumes 

1982 
Human lymphocytes Sister chromatid + Koshi et al. 1984; (VI) Chromium 

exchanges	 Lai et al. 1998; plating, 
Sarto et al. 1982; stainless steel, 
Stella et al. 1982 welding fumes, 

chromium 
trioxide 

Human lymphocytes	 DNA strand – Gao et al. 1994 (VI) Production of 
breaks, bichromate 
hydroxylation of 
deoxyquanosine 

Human lymphocytes	 Sister chromatid – Nagaya et al. 1991 (VI) Chromium 
exchanges plating 

Human lymphocytes	 Sister chromatid + Werfel et al. 1998 (VI) Welding fumes 
exchanges, DNA 
strand breaks 

Human lymphocytes	 Sister chromatid – Nagaya 1986 (VI) Chromium 
exchanges plating 
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Table 3-7.  Genotoxicity of Chromium In Vivo 

Species 
(test system) End point Results Reference Valence Compound 
Human peripheral Micronuclei + Vaglenov et al. (VI) Chromium 
lymphocytes 1999 electroplating 
Human peripheral Micronuclei + Benova et al. 2002 (VI) Chromium 
lymphocytes plating 
Human buccal mucosa Micronuclei + Benova et al. 2002 (VI) Chromium 

plating 
Human peripheral Chromosome – Benova et al. 2002 (VI) Chromium 
lymphocytes aberrations, sister plating 

chromatid 
exchanges 

Human peripheral DNA strand + Gambelunghe et (VI) Chromium 
lymphocytes breaks al. 2003 plating 
Human buccal mucosa Chromosome – Benova et al. 2002 (VI) Chromium 

aberrations, sister plating 
chromatid 
exchanges 

Human whole blood cells Sister chromatid + Wu et al. 2001 (VI) Chromium 
exchanges electroplating 

Human peripheral Micronuclei, + Medeiros et al. (III) Tanners 
lymphocytes DNA-protein 2003a 

crosslinks 
Human peripheral Micronuclei – Medeiros et al. (VI) Welders 
lymphocytes 2003a 
Human peripheral DNA-protein + Medeiros et al. (VI) Welders 
lymphocytes crosslinks 2003a 
New polychromatic Micronuclei + LeCurieux et al. (VI) Potassium 
erythrocytes 1992 chromate 
Rat lung (intratracheal DNA alterations + Izzotti et al. 1998 (VI) Sodium 
exposure) dichromate 
Rat liver (intratracheal DNA alterations – Izzotti et al. 1998 (VI) Sodium 
exposure) dichromate 
Rat liver (oral exposure) DNA-protein + Coogan et al. (VI) Potassium 

crosslinks 1991a chromate 
Rat liver and kidney DNA crosslinks, – Cupo and (III) Chromium 
nuclei (intraperitoneal DNA-protein Wetterhahn 1985 oxide 
exposure) crosslinks, DNA 

strain breaks 
Rat liver, kidney, and DNA-protein + Tsapalos et al. (VI) Sodium 
lung nuclei crosslinks 1983b dichromate 
(intraperitoneal 
exposure) 
Rat hepatocytes (oral Unscheduled – Mirsalis et al. 1996 (VI) Potassium 
exposure) DNA synthesis chromate 
Rat (F344/N) bone Micronuclei – NTP 2008b (III) Chromium 
marrow cells (oral picolinate 
exposure) 
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Table 3-7.  Genotoxicity of Chromium In Vivo 

Species 
(test system) End point Results Reference Valence Compound 
Rat (Sprague-Dawley) DNA – Shara et al. 2005 (III) Niacin-bound 
hepatic fragmentation chromium 
Mouse erythrocytes (oral Micronuclei – Shindo et al. 1989 (VI) Potassium 
exposure) chromate 
Mouse (B6C3F1, BALB/c) Micronuclei – NTP 2007 (VI) Sodium 
erythrocytes (oral dichromate 
exposure) dihydrate 
Mouse (am3-C57BL/6) Micronuclei + NTP 2007 (VI) Sodium 
erythrocytes (oral dichromate 
exposure) dihydrate 
Mouse B6C3F1 (oral Micronuclei – NTP 2008b (III) Chromium 
exposure) picolinate 

monohydrate 
Mouse (B6C3F1) Micronuclei – NTP 2008b (III) Chromium 
erythrocytes (oral picolinate 
exposure) monohydrate 
Mouse (transplacental DNA deletions + Kirpnick-Sobol et (III) Chromium (III) 
exposure) al. 2006 chloride salt 
Mouse (transplacental DNA deletions + Kirpnick-Sobol et (VI) Potassium 
exposure) al. 2006 dichromate 
Mouse (BDF1) bone Micronuclei – De Flora et al. (VI) Potassium 
marrow cells (drinking 2006 dichromate 
water exposure) 
Mouse (BDF1) Micronuclei – De Flora et al. (VI) Potassium 
peripheral blood cells 2006 dichromate 
(drinking water 
exposure) 
Mouse (BDF1) bone Micronuclei – De Flora et al. (VI) Sodium 
marrow cells (drinking 2006 dichromate 
water exposure) dihydrate 
Mouse (BDF1) Micronuclei – De Flora et al. (VI) Sodium 
peripheral blood cells 2006 dichromate 
(drinking water dihydrate 
exposure) 
Mouse (BDF1) Micronuclei – De Flora et al. (III) Chromic 
peripheral blood cells 2006 potassium 
(drinking water sulfate 
exposure) dodecahydrate 
Mouse (BDF1) bone Micronuclei – De Flora et al. (III) Chromic 
marrow cells (drinking 2006 potassium 
water exposure) sulfate 

dodecahydrate 
Mouse (BDF1) bone Micronuclei – De Flora et al. (VI) Potassium 
marrow cells (gavage 2006 dichromate 
exposure) 
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Table 3-7.  Genotoxicity of Chromium In Vivo 

Species 
(test system) End point Results Reference Valence Compound 
Mouse (BDF1) bone Micronuclei + De Flora et al. (VI) Potassium 
marrow cells 2006 dichromate 
(intraperitoneal 
exposure) 
Mouse (Swiss) bone Micronuclei – De Flora et al. (VI) Sodium 
marrow—dams (drinking 2006 dichromate 
water exposure) dihydrate 
Mouse (Swiss) bone Micronuclei – De Flora et al. (VI) Potassium 
marrow—dams (drinking 2006 dichromate 
water exposure) 
Mouse (Swiss) bone Micronuclei + De Flora et al. (VI) Sodium 
marrow—dams 2006 dichromate 
(intraperitoneal dihydrate 
exposure) 
Mouse (Swiss) bone Micronuclei + De Flora et al. (VI) Potassium 
marrow—dams 2006 dichromate 
(intraperitoneal 
exposure) 
Mouse (Swiss) fetal liver Micronuclei – De Flora et al. (VI) Sodium 
cells (transplacental 2006 dichromate 
exposure from drinking dihydrate 
water) 
Mouse (Swiss) fetal liver Micronuclei – De Flora et al. (VI) Potassium 
cells (transplacental 2006 dichromate 
exposure from drinking 
water) 
Mouse (Swiss) fetal Micronuclei – De Flora et al. (VI) Sodium 
peripheral blood cells 2006 dichromate 
(transplacental exposure dihydrate 
from drinking water) 
Mouse (Swiss) fetal Micronuclei – De Flora et al. (VI) Potassium 
peripheral blood cells 2006 dichromate 
(transplacental exposure 
from drinking water) 
Mouse (Swiss) fetal liver Micronuclei + De Flora et al. (VI) Sodium 
cells (transplacental 2006 dichromate 
exposure from dihydrate 
intraperitoneal injection) 
Mouse (Swiss) fetal liver Micronuclei + De Flora et al. (VI) Potassium 
cells (transplacental 2006 dichromate 
exposure from 
intraperitoneal injection) 
Mouse (Swiss) fetal Micronuclei + De Flora et al. (VI) Sodium 
peripheral blood cells 2006 dichromate 
(transplacental exposure dihydrate 
from intraperitoneal 
injection) 
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Table 3-7.  Genotoxicity of Chromium In Vivo 

Species 
(test system) End point Results Reference Valence Compound 
Mouse (Swiss) fetal Micronuclei + De Flora et al. (VI) Potassium 
peripheral blood cells 2006 dichromate 
(transplacental exposure 
from intraperitoneal 
injection) 
Mouse leukocytes DNA damage + Devi et al. 2001 (VI) Potassium 

dichromate 
Mouse erythrocytes Micronuclei – Shindo et al. 1989 (VI) Potassium 
(intraperitoneal chromate 
exposure) 
Mouse erythrocytes Micronuclei + Itoh and Shimada (VI) Potassium 
(intraperitoneal 1997; Wild 1978 chromate 
exposure) 
Mouse erythrocytes Micronuclei – Itoh and Shimada (III) Chromium 
(intraperitoneal 1996 chloride 
exposure) 
Mouse erythrocytes Micronuclei + Itoh and Shimada (VI) Potassium 
(intraperitoneal 1996 chromate 
exposure) 
Mouse peripheral DNA damage + Wang et al. 2006 (VI) Potassium 
lymphocytes chromate 
Mouse bone marrow Micronuclei – Mirsalis et al. 1996 (VI) Potassium 
cells (oral exposure) chromate 
Mouse bone marrow Chromosomal + Sarkar et al. 1993 (VI) Chromium 
cells (gavage) aberrations trioxide 
Mouse bone marrow Cell mutation + Itoh and Shimada (VI) Potassium 
(intraperitoneal exposed) 1998 dichromate 
Mouse hepatocytes Cell mutation + Itoh and Shimada (VI) Potassium 
(intraperitoneal exposed) 1997, 1998 dichromate 
Mouse bone marrow Micronuclei + Chorvatoviĉová et (VI) Potassium 
(intraperitoneal exposed) al. 1993; Wroska- dichromate 

Nofer et al. 1999 
Mouse (intraperitoneal Dominant lethality + Paschin et al. 1982 (VI) Potassium 
exposure) dichromate 
Mouse liver and kidney Single strand + Ueno et al. 2001 (VI) Potassium 
cells (intraperitoneal breaks dichromate 
exposure) 
Mouse spleen, lung, and Single strand – Ueno et al. 2001 (VI) Potassium 
brain cells breaks dichromate 
(intraperitoneal 
exposure) 

– = negative results; + = positive results; (0) = 0 valence; (III) = trivalent; (VI) = hexavalent; DNA = deoxyribonucleic 
acid; 
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Table 3-8.  Genotoxicity of Chromium(VI) In Vitro 

Results 
With Without 

Species (test system) End point activation activation Reference Compound 
Subcellular targets: 

Escherichia coli DNA DNA-protein 
crosslinks 

No data – Fornance et al. 
1981 

Potassium 
chromate 

Nuclei of mouse L1210 
leukemia cells 

DNA fragmentation No data – Fornance et al. 
1981 

Potassium 
chromate 

Double-standed Forward mutations No data + Snow and Xu Potassium 
M13mp2 bacteriophage 
DNA transferred to E. 

1989 chromate 

coli 

Puc 19 plasmid DNA Gene mutation No data + Kortenkamp et 
al. 1996b 

Potassium 
chromate 

Papilloma virus Gene mutation No data + Kowalski et al. 
1996 

Potassium 
chromate 

PSV2neo-based 
plasmid DNA 

DNA polymerase 
arrest 

+ – Bridgewater et 
al. 1994b, 1998 

Sodium 
dichromate 

Prokaryotic organisms: 
Bacillus subtilis Recombinations No data + Kanematsu et Potassium 

al. 1980; 
Nakamuro et 
al. 1975 

chromate, 
potassium 
dichromate 

E. coli PQ37, PQ35 Induction of SOS 
response 

– + Olivier and 
Marzin 1987 

Potassium 
chromate, 
potassium 
dichromate 

E. coli AB1157, 
GC2375, UA4202, 
PQ30 

Induction of SOS 
response 

No data + Llagostera et 
al. 1986 

Chromium 
chromate, 
potassium 
dichromate, 
chromium 
trioxide 

E. coli Wp2, Hs30R, 
B/rWP2 

Reverse mutations No data + Kanematsu et 
al. 1980; 
Nakamuro et 
al. 1978; Venitt 
and Levy 1974 

Potassium 
dichromate, 
potassium 
chromate, 
sodium 
chromate 
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Table 3-8.  Genotoxicity of Chromium(VI) In Vitro 

Results 
With Without 

Species (test system) End point activation activation Reference Compound 
E. coli, WP2/pKM101, Reverse mutations No data + Watanabe et	 Chromium 
WP2 uvrA/pKM101	 al. 1998a trioxide, 

sodium 
dichromate 

E. coli, WP2 Reverse mutations + + NTP 2007 Sodium 
uvrA/pKM101 dichromate 

dihydrate 
Salmonella Reverse mutations + + NTP 2007 Sodium 
typhimurium TA100, dichromate 
TA98 dihydrate 
S. typhimurium TA100 Base pair No data + DeFlora 1978 Sodium 

substitutions dichromate 
S. typhimurium TA100 Base pair No data + Bennicelli et al. Sodium 

substitutions 1983 dichromate 
S. typhimurium TA102 Base pair No data + Bennicelli et al. Sodium 

substitutions 1983 dichromate 
S. typhimurium TA92 Base pair No data + Bennicelli et al. Sodium 

substitutions 1983 dichromate 
S. typhimurium TA1535 Base pair No data – Bennicelli et al. Sodium 

substitutions 1983 dichromate 
S. typhimurium TA97 Frame shift No data + Bennicelli et al. Sodium 

mutations 1983 dichromate 
S. typhimurium Frame shift No data – Bennicelli et al. Sodium 
TA1537, TA1538 mutations 1983 dichromate 
S. typhimurium TA1978 Frame shift No data ± Bennicelli et al. Sodium 

mutations 1983 dichromate 
S. typhimurium TA1535 Base pair – ± Nakamura et Potassium 

substitutions al. 1987 dichromate 
S. typhimurium TA100 Base pair + + Venier et al. Potassium 

substitutions 1982 dichromate 
S. typhimurium TA1538 Frame shift – – Venier et al. Potassium 

mutations 1982 dichromate 
S. typhimurium TA98 Frame shift – ± Venier et al. Potassium 

mutations 1982 dichromate 
S. typhimurium TA97a, Frame shift + + Tagliari et al. Potassium 
TA98 mutations 2004 dichromate 
S. typhimurium TA100, Base pair + + Tagliari et al. Potassium 
TA102 substitutions 2004 dichromate 
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Table 3-8.  Genotoxicity of Chromium(VI) In Vitro 

Results 
With Without 

Species (test system) End point activation activation Reference Compound 
S. typhimurium TA100 Base pair – – DeFlora 1981 Sodium 

substitutions	 dichromate, 
potassium 
chromate, 
calcium 
chromate, 
ammonium 
chromate, 
chromium 
trioxide 

S. typhimurium TA1535 Base pair No data + DeFlora 1981 Sodium 
substitutions	 dichromate, 

potassium 
chromate, 
calcium 
chromate, 
ammonium 
chromate, 
chromium 
trioxide 

S. typhimurium TA100, Base pair No data + Haworth et al. Calcium
 
TA1535 substitutions 1983 chromate
 

S. typhimurium TA98, Frame shift No data + Haworth et al. Calcium
 
TA1537 mutations 1983 chromate
 

S. typhimurium TA100, Base pair No data – Kanematsu et Potassium 
TA1535 substitutions al. 1980 dichromate 
S. typhimurium TA100, Frame shift No data – Kanematsu et Potassium 
TA1537, TA1538 mutations al. 1980 dichromate 
S. typhimurium TA Mutations + + Yamamoto et Potassium 
1535 pSK1002 al. 2002 dichromate 
S. typhimurium TA102, Reverse mutations No data + Watanabe et	 Chromium 
TA2638 al. 1998a	 trioxide, 

sodium 
dichromate 

Eukaryotic organisms: 
Yeasts: 
Saccharomyces Mitotic gene No data + Fukunaga et al. Chromium 
cerevisiae D7 conversions 1982; Singh trioxide
 

1983
 

S. cerrevisiae D7 Reverse mutations No data + Singh 1983 Potassium 
dichromate 

S. cerrevisiae D7 Mitotic cross-over No data + Fukunaga et al. Chromium 
1982 trioxide 

S. cerrevisiae DNA deletions No data + Kirpnick-Sobol Potassium 
et al. 2006 dichromate 
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3. HEALTH EFFECTS 

Table 3-8.  Genotoxicity of Chromium(VI) In Vitro 

Results 
With Without 

Species (test system) End point activation activation Reference Compound 
Schizosacharomyces Mitotic gene No data + Bonatti et al. Potassium 
pombe conversion 1976 dichromate 
S. pombe	 Forward mutations No data + Bonatti et al. Potassium 

1976 dichromate 
Chickens: 

Chick embryos	 DNA damage cross No data + Tsapakos et al. Sodium
 
links, strand 1983a chromate
 
breaks, DNA-

protein crosslinks
 

Mammalian cells: 
Human embryonic lung DNA-protein No data + Fornance et al. Potassium 
fibroblasts (IMR-90) crosslinks, DNA 1981 chromate 

fragmentation 
Human bronchial DNA fragmentation No data + Fornance et al. Potassium 
epithelial cells 1981 chromate 
Human lymphocytes Single strand No data + Depault et al. Potassium 

breaks 2006 chromate 
Human lymphocytes DNA damage No data + Blasiak and Potassium 

Kowalik 2000 dichromate 
Human dermal DNA double-strand No data + Ha et al, 2003, Sodium 
fibroblasts (GM03440 breaks 2004 chromate
 
cells)
 
Human bronchial chromosome No data + Holmes et al. Sodium
 
fibroblasts (WTHBF-6 aberrations	 2006 chromate 
cells)
 
Human bronchial Disruption of No data + Wise et al. Sodium
 
fibroblasts (WTHBF-6 mitosis 2006a chromate
 
cells)
 
Human bronchial chromosome No data + Wise et al. Sodium
 
epithelial cells (BEP2D aberrations 2006b chromate
 
cells)
 
Human lung fibroblasts	 DNA polymerase No data + Xu et al. 1996 Sodium
 

arrest, DNA-DNA chromate
 
crosslinks
 

Chinese hamster lung Sister chromatid No data +	 Koshi 1979, chromium 
DON cells	 exchange, Koshi and trioxide, zinc 

chromosomal Iwaski 1983 bromate, 
aberrations calcium 

chromate, 
potassium 
chromate 

Chinese hamster ovary Chromosomal No data + Blankenship et sodium
 
cells aberrations, DNA al. 1997 chromate
 

fragmentation
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3. HEALTH EFFECTS 

Table 3-8.  Genotoxicity of Chromium(VI) In Vitro 

Results 
With Without 

Species (test system) End point activation activation Reference Compound 
Mouse L1210 leukemia 	DNA No data + Fornace et al. Potassium 
cells	 fragmentation, 1981 chromate 

DNA-protein 
crosslinks 

Mouse embryo Chromosomal No data + Sugiyama et al. Calcium 
fibroblast cells aberrations 1986a chromate 
Mouse A18BcR cells Unscheduled DNA No data + Raffetto et al. Potassium 

synthesis 1977 dichromate 
Mouse primary fetal Transformations, No data + Raffetto et al. Potassium 
cells chromosomal 1977 dichromate 

aberrations 
Human gastric mucosa DNA damage No data + Trzeciak et al. Potassium 

2000 dichromate 
Human peripheral DNA damage No data + Trzeciak et al. Potassium 
blood lymphocytes 2000 dichromate 
Human fibroblasts Double strand No data + Ha et al. 2004 Sodium 

breaks	 chromate 
Human primary Chromosomal No data + Wise et al. Sodium 
bronchial fibroblasts aberrations 2002, 2004 chromate 
Chinese hamster ovary Chromosomal No data + Seoane and Potassium 
cells damage Dulout 1999 dichromate 
Mouse mammary Chromosomal No data + Umeda and Potassium 
FM3A carcinoma cells aberrations Nishmura 1979 dichromate, 

potassium 
chromate, 
chromium 
trioxide 

Rat liver epithelial cells Transformations No data + Briggs and Potassium 
Briggs 1988 chromate 

B = negative results; + = positive results; ± = weakly positive results; (VI) = hexavalent; DNA = deoxyribonucleic acid 

***DRAFT FOR PUBLIC COMMENT*** 



   
 

    
 
 

 
 
 
 

  

 

   
 

     

   
 

 
 

   
 

 
  

   
 

 

 

 
 

   
 

 

 

  

 

    
 

 

 

 
    

 
 

 
  

   
 

 

 
     

 
 

 
 

     
 

 

 

     
 

 

     
 

 

     
 

 
 

 
 

 
    

 
 

 
 

 
 

   
 

 
 

 
 

 
 

 
 

   
  

  
 

    
 

 

CHROMIUM	 213 

3. HEALTH EFFECTS 

Table 3-9.  Genotoxicity of Chromium(III) In Vitro 

Results 
Species With Without 
(test system) End point activation activation Reference Compound 
Subcellular targets: 

Escherichia coli DNA-protein No data + Fornace et al. Chromium trichloride 
DNA crosslinks 1981 
Nuclei of mouse DNA No data + Fornace et al. Chromium trichloride 
L1210 leukemia fragmentation	 1981 
cells 
Single-stranded Replication No data + Snow 1991; Snow Chromium trichloride 
M13mp2 assay: increased and Xu 1989 
bacteriophange nucleotide 
DNA incorporation 
Double-stranded Forward No data + Snow 1991; Snow Chromium trichloride 
M13mp2 mutations and Xu 1989 
bacteriophage 
DNA transferred 
to E. coli 

pSV2neoTS DNA polymerase No data + Bridgewater et al. Chromium trichloride 
DNA arrest 1994b 

Prokaryotic organisms: 
Bacillus subtilis Recombinations No data – Kanematsu et al. Chromium sulfate, 

1980 chromium potassium 
sulfate 

B. subtilis	 Recombinations No data – Matsui 1980; Chromium trichloride 
Nakamuro et al. 
1978; Nishioka 
1975 

B. subtilis	 Recombinations No data ± Nakamuro et al. Chromium nitrate
 
1978
 

B. subtilis	 Recombinations No data ± Nakamuro et al. Chromium acetate 
1978 

E. coli Gene mutations No data +	 Sugden et al. cis-Dichlorobis 
1990	 (2,2'-bipyridyl) 

chromium(III) 
E. coli WP2 Gene mutations – – NTP 2008b Chromium picolinate 
uvrA/pKM101 monohydrate 
E. coli AB1157, Induction of SOS No data – Llagostera et al. Chromium 
GC275, response 1986 trichloride, chromium 
VA4202, PQ30 nitrate, chromium 

acetate 
E. coli PQ37, Induction of SOS – – Olivier and Marzin Chromium trichloride 
PQ35 response 1987 hexahydrate 
E. coli PQ37 Induction of SOS – –	 Venier et al. 1989 Chromium 

response	 trichloride, chromium 
nitrate 
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3. HEALTH EFFECTS 

Table 3-9.  Genotoxicity of Chromium(III) In Vitro 

Results 
Species 	 With Without 
(test system) End point activation activation Reference Compound 

E. coli PQ37 Induction of SOS – ± Venier et al. 1989 Chromium acetate 
response 

Salmonella Reverse – – De Flora Chromium trichloride 
typhimurium mutationsBase 1981;Petrilli and hexahydrate, 
TA100, TA1535 pair substitutions De Flora 1978b chromium nitrite, 

monohydrate, TA98, TA1537, Frame shift – – 
chromium potassium TA1538 mutations 
sulfate, chromium 
acetate, 
neochromium, 
chromium alum, 
chromite 

S. typhimurium Base pair – – Bennicelli et al. Chromium nitrate 
TA102 substitutions 1983 
S. typhimurium Base pair – – Venier et al. 1982	 Chromium chloride 
TA100, TA1535	 substitutions hexahydrate, 

chromium nitrate TA98, TA1538 Frame shift – – 
monohydrate mutations 

S. typhimurium Reverse – – NTP 2008b Chromium picolinate 
TA100, TA98 mutations monohydrate 
S. typhimurium Reverse – – NTP 2008b Chromium picolinate 
TA102, TA104, mutations 
TA100, TA1535, 
TA97, TA98 
S. typhimurium Reverse No data + Warren et al. Chromium 
TA92, TA98, mutations 1981 complexes with 2,2’
TA100 bipyridine and 

1,10-phenanthroline 
S. typhimurium Reverse – – Whittaker et al. Chromium picolinate 
TA98, TA100, mutations 2005 
TA1535, 
TA1537 
S. typhimurium Reverse – – Whittaker et al. Chromium chloride 
TA98, TA100, mutations 2005 
TA1535, 
TA1537 
S. typhimurium Reverse – – Shara et al. 2005 Niacin-bound 
TA1535, TA97a, mutations chromium 
TA98, TA100, 
TA102 
S. typhimurium Mutations – – Yamamoto et al. Chromium nitrate 
TA 1535 2002 
pSK1002 
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3. HEALTH EFFECTS 

Table 3-9.  Genotoxicity of Chromium(III) In Vitro 

Results 
Species 	 With Without 
(test system) End point activation activation Reference Compound 
Eukaryotic organisms: 

Yeasts: 
Saccharomyces Reverse No data + Bronzetti et al. Chromium trichloride 
cerevisiae	 mutations, mitotic 1986
 

gene conversions
 

S. cerrevisiae	 DNA deletions No data + Kirpnick-Sobol et Cromium (III) 
al. 2006 chloride salt 

Chickens: 
Chick embryos	 DNA damage No data – Tsapakos et al. Chromium nitrate
 

(crosslinks, strand 1983a
 
breaks)
 

Mammalian cells: 
Human DNA damage No data + Blasiak and Chromium chloride 
lymphocytes Kowalik 2000 
Human skin Unscheduled No data – Whiting et al. Chromium trichloride 
fibroblasts	 DNA synthesis 1979 
Human skin DNA No data – Whiting et al. Chromium trichloride 
fibroblasts fragmentation 1979 
Human Chromosomal No data ± Nakamuro et al. Chromium 
leukocytes aberrations 1978	 trichloride, chromium 

nitrate, chromium 
acetate 

Human 	 Chromosomal No data ± Stella et al. 1982 Chromium trichloride 
lymphocytes aberrations hexahydrate 
Human Chromosomal No data – Sarto et al. 1980 Chromium trichloride 
lymphocytes aberrations 
Human 	 Sister chromatid No data – Stella et al. 1982 Chromium trichloride 
lymphocytes exchange hexahydrate 
Chinese Chromosomal No data – Newbold et al. Chromium acetate 
hamster V79 aberrations 1979 
cells 
Syrian hamster	 Chromosomal No data – Tsuda and Kato Chromium trichloride 
embryonal cells aberrations 1977	 hexachloride,
 

chromium sulfate 

tetrahydrate 


Chinese Chromosomal No data – Ohno et al. 1982 Chromium trichloride 
hamster lung aberrations hexahydrate, 
DON cells chromium sulfate 

tetrahydrate 
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3. HEALTH EFFECTS 

Table 3-9.  Genotoxicity of Chromium(III) In Vitro 

Results 
Species 	 With Without 
(test system)	 End point activation activation Reference Compound 

Chinese aberrations ± Levis and Majone Chromium trichloride 
hamster ovary 1979 hexachloride, 
cells chromium nitrate 

monohydrate, 
chromium potassium 
sulfate, chromium 
acetate 

Chinese Sister chromatid No data – Levis and Majone Chromium trichloride 
hamster ovary exchange 1979; MacRae et hexachloride, 
cells al. 1979; Venier chromium nitrate, 

et al. 1982	 monohydrate, 
chromium potassium 
sulfate, chromium 
acetate 

Chinese Mutations No data + Coryell and Chromium
 
hamster ovary Stearns 2006; trispicolinate
 
cells (hprt locus) Stearns et al.
 

2002
 

Mouse Mutations – – Shara et al. 2005 Niacin-bound 

L5178Y+/- chromium 
lymphoma 
Mouse L5178Y Mutations + + Whittaker et al. Chromium picolinate 
lymphoma	 2005 
Mouse L5178Y Mutations – ± Whittaker et al. Chromium chloride 
lymphoma 2005 
Mouse leukemia Chromosomal No data – Fornace et al. Chromium trichloride 
cells aberrations 1981 
Mouse Chromosomal No data – Umeda and Chromium sulfate 
mammary aberrations Nishimura 1979 
carcinoma 

Fm3A cells: 
Mouse fetal cells Chromosomal No data ± Raffetto et al. Chromium trichloride 

aberrations 1977 
Mouse fetal cells Morphological No data + Raffetto et al. Chromium trichloride 

transformations 1977 
Mouse A18BcR Unscheduled No data – Raffetto et al. Chromium trichloride 
cells DNA synthesis 1977 

– = negative results; + = positive results; ± = weakly positive results; (III) = trivalent; DNA = deoxyribonucleic acid 
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gastrointestinal tract) are not easily obtained for analysis.  However, negative genotoxicity results in 

tissues that are not cancer targets (e.g., blood) should not be extrapolated to cancer target tissues.  

Occupational exposure studies have yielded mixed results on the genotoxic potential of chromium 

compounds.  Studies involving workers exposed to chromium(VI) in stainless steel welding and 

electroplating (Husgafvel-Pursiainen et al. 1982; Littorin et al. 1983; Nagaya 1986; Nagaya et al. 1991), 

and to chromium(III) in tanneries (Hamamy et al. 1987) did not report increases in the number of 

chromosomal aberrations or sister chromatid exchanges in peripheral lymphocytes of these workers.  No 

elevations in DNA strand breaks or hydroxylation of deoxyguanosine were detected in lymphocytes of 

workers exposed to chromium(VI) involved in the production of bichromate (Gao et al. 1994), while 

DNA strand breaks were reported in the peripheral lymphocytes of 19 chromium platers (Gambelunghe et 

al. 2003). In contrast, other studies involving electroplaters and stainless steel welders reported higher 

levels of chromosomal aberrations or sister chromatid exchanges in workers exposed to chromium(VI) 

compared to controls (Deng et al. 1988; Koshi et al. 1984; Lai et al. 1998; Sarto et al. 1982; Stella et al. 

1982; Werfel et al. 1998). 

Urine samples from six workers working in chromium plating factories were tested for the induction of 

unscheduled DNA synthesis (UDS) in pleural mesothelial cells (Pilliere et al. 1992).  The mean 

chromium concentration in the urine samples was 11.7±8.8 μg/L.  The urine from five of the workers 

showed a significant elevated in UDS over control subjects who were nonsmokers, with a trend toward 

increasing amounts of urine being tested.  However, there was no correlation between UDS and 

chromium concentrations in urine.  

An epidemiology study of stainless steel welders, with mean exposure levels of 0.055 mg 

chromium(VI)/m3 or 0.081 mg chromium (total)/m3, did not report increases in the number of sister 

chromatid exchanges in the lymphocytes of exposed workers.  The welders were also exposed to nickel 

and molybdenum from the welding rods (Littorin et al. 1983).  A similar study was conducted to detect 

genotoxic effects of chromium(VI) on workers in electroplating factories.  Of the 24 workers examined, 

none showed significant differences in sister chromatid exchange frequency (Nagaya 1986).  Similarly, 

no correlation was found between excretion of chromium in the urine and the frequency of sister 

chromatid exchanges in 12 male chromium platers whose mean urinary chromium level was 17.9 μg/g 

creatinine (Nagaya et al. 1991).  In chrome platers (n=15) in low (0.0075 mg Cr(VI)/m3) and high (0.0249 

mg Cr(VI)/m3) exposure groups, no significant differences in the frequency of sister chromatid exchanges 

and chromosomal aberrations in peripheral lymphocytes and buccal mucosa cells were observed 
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3. HEALTH EFFECTS 

compared to controls (0.0004 mg Cr(VI)/m3; n=15) (Benova et al. 2002). No increase in chromosomal 

aberrations was observed in 17 tannery workers exposed primarily to chromium(III) as compared with 

13 controls (Hamamy et al. 1987).  However, parallel measurements in these tannery workers showed that 

the average chromium levels in plasma (0.115 μg/L) and urine (0.14 μg/100 L) did not differ from the 

nonexposed workers.  In addition, stainless steel welders occupationally exposed to chromium(VI) for a 

mean of 21 years did not have any increase in chromosomal aberrations or sister chromatid exchanges 

compared to a control group.  No actual exposure levels were provided (Husgafvel-Pursiainen et al. 

1982).  Yet, other studies involving electroplaters and welders report a higher incidence of chromosomal 

aberrations or sister chromatid exchanges in lymphocytes of workers than in controls.  In one study, a 

causal relationship between chromium exposure and the observed effects could not be established because 

the exposure was confounded by co-exposure to nickel and manganese (Elias et al. 1989a).  In another 

study, although chromium workers were found to have higher rates of sister chromatid exchanges than 

workers exposed to nickel-chromium or controls (after adjusting for potential confounding factors), the 

differences were not significantly correlated to chromium concentrations in blood or urine (Lai et al. 

1998).  The frequency of sister chromatid exchanges was also higher in the blood of 35 chromium platers 

in Taiwan when compared to controls (Wu et al. 2001).  The frequency of sister chromatid exchanges in 

the lymphocytes of 12 workers exposed to chromium(VI) as chromic acid fumes in a chrome plating 

industry was significantly increased (Stella et al. 1982).  Significantly increased incidences of 

chromosomal aberrations in peripheral lymphocytes were found in workers exposed to chromium(VI) as 

chromium trioxide in two of four electroplating plants.  Of the two plants where the increases were 

significant, one was a "bright" plating plant, where exposure involved nickel as well as chromium, and 

one was a "hard" plating plant, where exposure involved only chromium.  However, the increase in 

chromosomal aberrations correlated poorly with urinary chromium levels, and only the increase in the 

"bright" platers showed a significant correlation with duration of exposure.  A significantly increased 

incidence of sister chromatid exchanges was found in "hard" platers compared with controls (sister 

chromatid exchange was not evaluated in "bright" platers), and smoking appeared to enhance the increase 

(7 of 8 smokers and 7 of 11 nonsmokers had incidences significantly higher than controls).  Moreover, the 

increased incidence of sister chromatid exchange showed a positive correlation with urinary chromium 

levels (Sarto et al. 1982). Repeated cytogenetic analysis of peripheral lymphocytes for 3 years revealed 

an increased frequency of chromosomal aberrations and sister chromatid exchanges in a group of stainless 

steel welders compared to controls. The workers were exposed to unreported chromium(VI) 

concentrations for a mean of 12.1 years, but exposure to ultraviolet rays and small amounts of manganese, 

nickel, iron, and magnesium could not be ruled out (Koshi et al. 1984).  Compared to 39 controls, 

significantly elevated sister chromatid exchange values in lymphocytes and significantly higher rates of 
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DNA single-strand breakages were found in a group of 39 welders exposed to unreported chromium(VI) 

and nickel concentrations (Werfel et al. 1998).  Only one study was located regarding the average levels 

of exposure for electroplating workers:  workers exposed to an average level of 0.008 mg 

chromium(VI)/m3 had increases in chromosomal aberrations and sister chromatid exchanges.  However, 

high levels of nickel as well as chromium were found in hair and stool samples when compared to 

controls (Deng et al. 1988).  Increased frequencies of micronuclei were reported in the peripheral 

lymphocytes and buccal mucosa cells in two studies of chromium electroplating workers in Bulgaria 

(Benova et al. 2002; Vaglenov et al. 1999).  In chrome platers (n=15), significant increases in micronuclei 

in peripheral lymphocytes and buccal mucosa cells were observed in low (0.0075 mg Cr(VI)/m3) and high 

(0.0249 mg Cr(VI)/m3) exposure groups compared to controls (0.0004 mg Cr(VI)/m3; n=15) (Benova et 

al. 2002). Increased micronuclei frequency and DNA-protein crosslinks were observed in the peripheral 

lymphocytes of tanners primarily exposed to chromium(III) compounds, while welders, who are primarily 

exposed to chromium(VI) compounds had evidence of DNA-protein crosslinks, but not increased 

micronuclei frequency in peripheral lymphocytes (Medeiros et al. 2003a).  No elevated levels of DNA 

strand breaks or hydroxylation of deoxyguanosine in lymphocytes were found in 10 workers 

occupationally exposed in the production of bichromate when compared with 10 nonoccupationally

exposed workers at the same facility Gao et al. (1994).  From general background monitoring levels of 

chromium(VI), exposures were estimated to be between 0.001 and 0.055 mg/m3.  In contrast, DNA strand 

breaks were reported in the peripheral lymphocytes of 19 chromium platers with a mean postshift urinary 

concentration of 7.31 μg/g creatinine when compared to non-exposed control subjects (Gambelunghe et 

al. 2003).  

Chromium(VI) and chromium(III) have been shown to be genotoxic in human cell lines.  S phase-

dependent DNA double-strand breaks were observed in cultured human dermal fibroblasts exposed to 

sodium chromate (chromium(VI)) (Ha et al. 2003, 2004).  Sodium chromate also induced concentration-

dependent chromosome damage in cultured human bronchial fibroblasts and bronchial epithelial cells 

(Holmes et al. 2006; Wise et al. 2006b).  Exposure of cultured human bronchial fibroblasts to sodium 

chromate produced disruption of mitosis, most likely through spindle assembly checkpoint bypass (Wise 

et al. 2006a). Weakly positive responses were observed for chromium(III) (Nakamuro et al. 1978; Stella 

et al. 1982).  However, it should be noted that in positive studies, the genotoxic potency of chromium(III) 

compounds was several orders lower than that of chromium(VI) compounds tested in the same systems.  

Positive results for increased micronuclei and DNA damage were also observed in lymphocytes exposed 

to chromium(III) chloride (Blasiak and Kowalik 2000).  Positive results of chromium(III) in intact cells 

could be due to contamination of the test compounds with traces of chromium(VI) (De Flora et al. 1990; 
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IARC 1990), nonspecific effects at very high doses, experimental conditions that would increase the 

penetration of chromium(III) into cells (e.g., detergents), or a technical artifact formed during the 

extraction procedures (De Flora et al. 1990).  In one case, chromium(III) compounds showed genotoxicity 

that was linked to redox cycling of a chromium-DNA complex (Sugden et al. 1990).  Although 

chromium(III) compounds are less toxic than chromium(VI) compounds because of its relative inability 

to cross cell membranes, chromium(III) causes more DNA damage and mutations when it is formed by 

intracellular reduction from chromium(VI) or it is reacted with DNA in subcellular systems (Bridgewater 

et al. 1994a, 1994b, 1998; Fornace et al. 1981; Snow 1991; Snow and Xu 1989). 

Thus, results of studies in occupationally exposed humans and in human cell lines indicate that 

chromium(VI) and chromium(III) are genotoxic; however, studies in humans were limited in several 

aspects.  Generally, the levels of exposure to chromium(VI) were not known and co-exposure to other 

potentially active compounds (namely ultraviolet rays and other potentially genotoxic metals) occurred in 

several studies.  Some negative results (Hamamy et al. 1987) were probably due to low exposure, because 

the chromium levels in plasma and urine of exposed and unexposed workers did not differ.  Furthermore, 

some of the studies (Deng et al. 1988; Hamamy et al. 1987; Stella et al. 1982) used groups that were too 

small (<20 individuals) to have the statistical power to reliably assess the cytogenetic changes in workers. 

Although most older occupational exposure studies gave negative or equivocal results, most recent studies 

have identified chromosomal effects in exposed workers (Benova et al. 2002; Gambelunghe et al. 2003; 

Wu et al. 2001).  Furthermore, results of studies in human cell lines provide evidence of the genotoxic 

activity of chromium compounds.  Thus, the available studies support that chromium compounds, 

particularly chromium(VI), have carcinogenic potential because interactions with DNA have been linked 

with the mechanism of carcinogenicity. No studies were located regarding genotoxic effects in humans 

after oral exposure to chromium or its compounds. 

Numerous studies have evaluated the genotoxicity of chromium compounds in animals by several 

exposure routes, including oral, inhalation, and parenteral routes.  No increased incidence of micronuclei 

in polychromatic erythrocytes was observed in mice given single gavage doses of potassium chromate at 

≤86 mg chromium(VI)/kg (Shindo et al. 1989) or in mice exposed to potassium chromate via drinking 

water at 1–20 ppm for 48 hours or to bolus doses up to 4 μg/kg for 2 days (Mirsalis et al. 1996).  

Similarly, no UDS in hepatocytes was found in rats.  However, an increase in DNA-protein crosslinking 

was found in the livers of rats exposed to potassium chromate in the drinking water at ≥6 mg 

chromium(VI)/kg/day for 3 or 6 weeks (Coogan et al. 1991a). 
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The clastogenic effects of male Swiss albino mice fed chromium(VI) trioxide (20 mg/kg body weight) by 

gavage were studied; after 24 hours, bone marrow cells were isolated and 500 metaphase plates were 

scored for chromosomal aberrations (Sarkar et al. 1993).  The treated cells showed a significant increase 

in aberrations per cell over controls by 4.4-fold.  When animals were treated simultaneously with 

chlorophyllin (1.5 mg/kg), a sodium-copper derivative of chlorophyll and an antioxidant, numbers of 

aberrations were reduced to nearly background levels. 

An increase in DNA-protein crosslinking was found in the livers of rats that had been exposed to 

potassium chromate in the drinking water at ≥6 mg chromium(VI)/kg/day for 3 or 6 weeks (Coogan et al. 

1991a).  Bone marrow cells from male mice fed chromium(VI) trioxide at 20 mg chromium(VI)/kg by 

gavage had a 4.4-fold increase in chromosomal aberration over controls (Sarkar et al. 1993).  Significant 

DNA alterations were seen in the lung, but not the liver, of rats exposed to chromium (VI) by 

intratrachael instillation of sodium dichromate (Izzotti et al. 1998).  DNA damage was also reported in 

leukocytes and peripheral lymphocytes of mice orally exposed to chromium(VI) as potassium chromate 

(Devi et al. 2001; Wang et al. 2006), and transplacental exposure of potassium dichromate resulted in 

DNA deletions the retinal pigment epithelium of mice (Kirpnick-Sobol et al. 2006). Intraperitoneal 

exposure to chromium(VI) as potassium dichromate caused single strand breaks in mouse liver and 

kidney cells, but did not in spleen, lung, or brain cells (Ueno et al. 2001).  Micronucleated polychromatic 

erythrocytes were found in mice following intraperitoneal exposure to chromium(VI) as potassium 

dichromate (Chorvatovičová et al. 1993; De Flora et al. 2006; Itoh and Shimada 1996, 1997; Wild 1978; 

Wroñska-Nofer et al. 1999), though one study reported negative results following intraperitoneal 

exposure to potassium chromate (Shindo et al. 1989).  In contrast, oral exposure of mice to 

chromium(VI), as potassium dichromate or sodium dichromate dihydrate, did not induce micronuclei in 

bone marrow or in peripheral blood cells (De Flora et al. 2006; Mirsalis et al. 1996; NTP 2008a). Similar 

to chromium(VI) compounds, oral exposure of chromium(III) compounds also did not induce micronuclei 

in mouse erythrocytes (NTP 2008b), bone marrow cells (De Flora et al. 2006; NTP 2008b), or in 

peripheral blood cells (De Flora et al. 2006). Transplacental exposure to fetuses from dams exposed to 

chromium(VI) as either sodium dichromate dihydrate or potassium dichromate through drinking water did 

not result in micronuclei in fetal liver or peripheral blood cells (De Flora et al. 2006), while transplacental 

exposure to fetuses from dams exposed by intraperitoneal injection to these same chromium(VI) 

compounds did result in micronuclei in both fetal liver and peripheral blood cells (De Flora et al. 2006). 

No unscheduled DNA synthesis was found in rat hepatocytes after the rats were exposed to potassium 

chromate in drinking water (Mirsalis et al. 1996).  The contrasting results may relate to route-specific 
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differences in absorption or metabolic fate of chromate in vivo. Furthermore, intraperitoneal exposure to 

chromium(VI) as potassium dichromate induced dominant lethality in mice (Paschin et al. 1982) and a 

significant increase in mutant frequency within mouse hepatocytes (Itoh and Shimada 1997, 1998) and 

bone marrow cells (Itoh and Shimada 1998).  Intraperitoneal injection in rats with sodium dichromate 

chromium(VI)) resulted in DNA crosslinks in liver, kidney, and lung nuclei (Tsapakos et al. 1983b), 

while similar injection in rats with chromium(III) trichloride did not cause DNA interstrand crosslinks, 

DNA-protein crosslinks, or DNA strand breaks in liver and kidney nuclei (Cupo and Wetterhahn 1985).  

Oral exposure to niacin-bound chromium(III) did not cause DNA fragmentation in rats after 90 days of 

dietary exposure at doses >621.6 mg Cr(III)/kg/day (Shara et al. 2005).  In addition, studies in Drosophila 

melanogaster showed an induction of gene mutations after exposure to chromium(VI) (Amrani et al. 

1999; Gava et al. 1989a; Kaya et al. 2002; Rasmuson 1985; Rodriguez-Arnaiz and Martinez 1986; Olvera 

et al. 1993; Zimmering et al. 1985), but not after exposure to chromium(III) (Amrani et al. 1999). 

The vast majority of studies reported genotoxic effects of chromium(VI) in mammalian cells in vitro 

(Blasiak and Kowalik 2000; Briggs and Briggs 1988; Depault et al. 2006; DiPaolo and Casto 1979; 

Douglas et al. 1980; Elias et al. 1989b; Fornace et al. 1981; Gomez-Arroyo et al. 1981; Ha et al. 2004; 

Koshi 1979; Koshi and Iwasaki 1983; Kowalski et al. 1996; Levis and Majone 1979; MacRae et al. 1979; 

Majone and Levis 1979; Montaldi et al. 1987; Nakamuro et al. 1978; Newbold et al. 1979; Ohno et al. 

1982; Raffetto et al. 1977; Sarto et al. 1980; Seoane and Dulout 1999; Stella et al. 1982; Sugiyama et al. 

1986a; Trzeciak et al. 2000; Tsuda and Kato 1977; Umeda and Nishimura 1979; Venier et al. 1982; 

Whiting et al. 1979; Wise et al. 2002, 2003; Yang et al. 1992).  Chromium(VI) also induced DNA 

damage (DNA interstrand crosslinks, DNA strand breaks, DNA-protein crosslinks) in cultured chick 

embryo hepatocytes (Tsapakos et al. 1983a).  In contrast, mostly negative results were reported for 

chromium(III) in mammalian cells (Fornace et al. 1981; Levis and Majone 1979; MacRae et al. 1979; 

Newbold et al. 1979; Ohno et al. 1982; Raffetto et al. 1977; Sarto et al. 1980; Shara et al. 2005; Stella et 

al. 1982; Tsuda and Kato 1977; Umeda and Nishimura 1979; Venier et al. 1982; Whiting et al. 1979) and 

chick embryo hepatocytes (Tsapakos et al. 1983a).  Positive results were obtained in Chinese hamster 

ovary cells (Coryell and Stearns 2006; Levis and Majone 1979; Stearns et al. 2002), mouse fetal cells 

(Raffetto et al. 1977), and mouse lymphoma cells (Whittaker et al. 2005). Chromium(III) picolinate 

caused chromosome damage (Stearns et al. 1995b) and mutations in cultured mammalian cells (Stearns et 

al. 2002). 
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Chromium(VI) was genotoxic in Saccharomyces cerevisiae (Fukunaga et al. 1982; Kirpnick-Sobol et al. 

2006; Singh 1983) and Schizosaccharomyces pombe (Bonatti et al. 1976). Two studies demonstrated the 

genotoxicity of chromium(III) in S. cerevisiae (Bronzetti et al. 1986; Kirpnick-Sobol et al. 2006).  

In vitro studies indicated that soluble chromium(VI) compounds are mutagenic in Salmonella 

typhimurium reverse mutation assays (Bennicelli et al. 1983; De Flora 1978, 1981; Haworth et al. 1983; 

Nakamura et al. 1987; NTP 2007a; Venier et al. 1982; Watanabe et al. 1998a; Yamamoto et al. 2002), and 

in a Salmonella microsuspension bioassay (Tagliari et al. 2004). Only one study reported negative results 

with chromium(VI) in all tested strains (Kanematsu et al. 1980). In contrast, studies with chromium(III) 

did not report the induction of reverse mutations in S. typhimurium (Bennicelli et al. 1983; De Flora 1981; 

NTP 2008b; Petrilli and De Flora 1978b; Shara et al. 2005; Venier et al. 1982; Whittaker et al. 2005; 

Yamamoto et al. 2002).  After preincubation with mammalian microsomes, the mutagenicity of 

chromium(VI) compounds was reduced or abolished due to concentrations of the reductant glutathione, 

cysteine, or NADPH capable of converting chromium(VI) to chromium(III) compounds (Bennicelli et al. 

1983; De Flora 1978,1981). Chromium(VI) compounds caused gene mutations in Bacillus subtilis 

(Kanematsu et al. 1980; Nakamuro et al. 1978; Nishioka 1975) and Escherichia coli (Kanematsu et al. 

1980; Kortenkamp et al. 1996b; Llagostera et al. 1986; Nakamuro et al. 1978; NTP 2007; Olivier and 

Marzin 1987; Venitt and Levy 1974; Watanabe et al. 1998a). Negative or weakly positive results were 

reported in B. subtilis with chromium(III) (Kanematsu et al. 1980; Matsui 1980; Nakamuro et al. 1978; 

Nishioka 1975) and mostly negative results were reported in E. coli (Llagostera et al. 1986; NTP 2008b; 

Olivier and Marzin 1987; Venier et al. 1989). However, hydrophobic ligands such as 2,2´-bipyridine, 

1,10-phenanthroline, or picolinic acid form complexes with chromium(III), which are able to penetrate 

cell membranes and to cause genotoxicity. Complexes of chromium(III) with 2,2´-bipyridine or 

1,10-phenanthroline were mutagenic in S. typhimurium (Warren et al. 1981). Chromium(III) picolinate 

was not mutagenic in S. typhimurium or E. coli (NTP 2008b). 

A chromium(IV) ester was synthesized with 2,4-dimethyl-pentane-2,4-diol to examined its ability to 

cause DNA double strand breaks (Luo et al. 1996).  Calf thymus DNA was reacted with the 

chromium(IV) complex (1.3 mg/mL) in the presence of 2 mM hydrogen peroxide for 6 days at pH 6.8.  

The results showed that the complex in the presence of hydrogen peroxide significantly damaged DNA by 

causing double strand breaks.  Neither chromium(IV) or hydrogen peroxide alone damaged DNA. The 

kinetics of the reaction of chromium(IV) with hydrogen peroxide showed the formation of proportional 

amounts of hydroxyl radical with chromium(V).  Use of a free radical scavenger prevented DNA strand 

breaks.  Other studies have shown that chromium(IV) is a better Fenton reagent than chromium(V) for 
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reducing hydrogen peroxide, and thus, chromium(IV)-type damage by generating hydroxyl radicals may 

also be a contributor of in vivo genotoxicity. 

In conclusion, chromium(VI) compounds were positive in the majority of tests reported, and their 

genotoxicity was related to the solubility and, therefore, to the bioavailability to the targets. Results of 

occupational exposure studies in humans, although somewhat compromised by concomitant exposures to 

other potential genotoxic compounds, provide evidence of chromium(VI)-induced DNA strand breaks, 

chromosome aberrations, increased sister chromatid exchange, unscheduled DNA synthesis, and DNA-

protein crosslinks.  Findings from occupational exposure studies are supported by results of in vivo 

studies in animals, in vitro studies in mammalian cells, yeast and bacteria, and studies in cell-free 

systems. Compared to chromium(VI), chromium(III) was more genotoxic in subcellular targets, but lost 

this ability in cellular systems.  The reduction of chromium(VI) in the cells to chromium(III) and its 

subsequent genotoxicity may be greatly responsible for the final genotoxic effects (Beyersmann and 

Koster 1987; Zhitkovich et al. 2005).  Reduction of chromium(VI) can also result in the formation of 

chromium(V), which is highly reactive and capable of interaction with DNA (Jennette 1982; Norseth 

1986). 

3.4  TOXICOKINETICS 

The toxicokinetics of a given chromium compound depend on the valence state of the chromium atom 

and the nature of its ligands.  Naturally occurring chromium compounds are generally in the trivalent state 

(chromium(III)), while hexavalent chromium compounds (chromium(VI)) are produced industrially by 

the oxidation of chromium(III) compounds.  

The amount and location of deposition of inhaled chromium will be determined by factors that influence 

convection, diffusion, sedimentation, and interception of particles in the airways.  These factors include 

air flow velocities, which are affected by breathing rate and tidal volume; airway geometry; and aerosol 

particle size (ICRP 1994). In general, deposition in the thoracic and pulmonary regions of the respiratory 

tract increase (as a fraction of the total deposited dose) as particle sizes decrease. Larger particles (e.g., 

>10 m in diameter) deposit in the extrathoracic region.  Chromium that deposits in the respiratory tract 

are subject to three general clearance processes:  (1) mucociliary transport to the gastrointestinal tract for 

the ciliated airways (i.e. trachea, bronchi, and proximal bronchioles); (2) phagocytosis by lung 

macrophages and cellular transport to thoracic lymph nodes; or (3) absorption and transfer by blood 

and/or lymph to other tissues.  The above processes apply to all forms of deposited chromium, although 
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the relative contributions of each pathway and rates associated with each pathway may vary with the 

physical characteristics (e.g., particle size), chemical form (degree of water solubility), and chemotactic 

properties of the chromium particles.  In general, less water-soluble chromium compounds that deposit in 

the pulmonary region can be expected to have a longer retention time in the lung than more soluble forms. 

In addition, lung concentrations of chromium increase with increasing age. 

Most quantitative studies of the gastrointestinal absorption of chromium in humans have estimated the 

absorption fraction to be <10% of the ingested dose.  In general, these studies suggest that the absorption 

fraction of soluble chromium compounds is higher than insoluble forms (e.g., CrCO3), and is higher for 

soluble chromium(VI) compounds (e.g., K2Cr2O7) than soluble chromium(III) (e.g., CrCl3).  

Chromium(VI) is reduced in the stomach to chromium(III), which lowers the absorbed dose from 

ingested chromium(VI).  Absorption is also affected by the nutritional status of chromium(III); the 

absorption fraction is higher when dietary intakes are lower.  Peak plasma concentrations of chromium 

occur within 2 hours following an oral dose of soluble chromium, suggesting that absorption occurred.  

Chromium absorption occurs in the upper small intestine. 

Chromium(III) and chromium(VI) can penetrate human skin to some extent, especially if the skin is 

damaged.  Few quantitative estimates of dermal absorption in humans have been reported.  A 3-hour 

immersion in a warm aqueous bath of 22 mg Cr(VI)/L (as K2Cr2O7) resulted in absorption (based on urine 

measurements) of approximately 3.3x10-5–4.1x10-4 μg Cr/cm2-hour (Corbett et al. 1997). 

Absorbed chromium distributes to nearly all tissues, with the highest concentrations found in kidney and 

liver.  Bone is also a major depot and may contribute to long-term retention kinetics or chromium.  

Chromium(VI) is unstable in the body and is reduced to chromium(V), chromium(IV), and ultimately to 

chromium(III) by many substances including ascorbate and glutathione. Reduction of chromium(VI) to 

chromium(III) can give rise to reactive intermediates, chromium adducts with proteins and DNA, and 

secondary free radicals.  Chromium(VI) in blood is taken up into red blood cells, where it undergoes 

reduction and forms complexes with hemoglobin and other intracellular proteins that are sufficiently 

stable to retain chromium for a substantial fraction of the red blood cell lifetime.  Absorbed chromium can 

be transferred to fetuses through the placenta and to infants via breast milk.  Absorbed chromium is 

excreted predominantly in urine.  Studies in animals have shown that chromium can be secreted in bile 

following parenteral (e.g., intravenous) injection of chromium(VI) or chromium (III) compounds. 

Chromium can also be eliminated by transfer to hair and nails.  Chromium absorbed following ingestion 

of chromium(VI) (as K2Cr2O7) appears to have a slower elimination rate (t1/2 approximately 40 hours) 
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than when chromium is absorbed following ingestion of soluble chromium(III) (as CrCl3; t1/2 

approximately 10 hours). 

3.4.1 Absorption 
3.4.1.1  Inhalation Exposure 

The absorption of inhaled chromium compounds depends on a number of factors, including physical and 

chemical properties of the particles (oxidation state, size, solubility) and the activity of alveolar 

macrophages. 

The identification of chromium in urine, serum and tissues of humans occupationally exposed to soluble 

chromium(III) or chromium(VI) compounds in air indicates that chromium can be absorbed from the 

lungs (Cavalleri and Minoia 1985; Gylseth et al. 1977; Kiilunen et al. 1983; Mancuso 1997b; Minoia and 

Cavalleri 1988; Randall and Gibson 1987; Tossavainen et al. 1980).  In most cases, chromium(VI) 

compounds are more readily absorbed from the lungs than chromium(III) compounds, due in part to 

differences in the capacity to penetrate biological membranes.  Nevertheless, workers exposed to 

chromium(III) lignosulfonate dust at 0.005–0.23 mg chromium(III)/m3 had clearly detectable 

concentrations of chromium in the urine at the end of their shifts.  Based on a one-compartment kinetic 

model, the biological half-life of chromium(III) from the lignosulfonate dust was 4–10 hours, which is the 

same order of magnitude as the half-life for chromium(VI) compounds (Kiilunen et al. 1983). 

Rats exposed to 2.1 mg chromium(VI)/m3 as zinc chromate 6 hours/day achieved steady-state 

concentrations in the blood after ~4 days of exposure (Langård et al. 1978).  Rats exposed for a single 

inhalation of chromium(VI) trioxide mist from electroplating at a concentration of 3.18 mg 

chromium(VI)/m3 for 30 minutes rapidly absorbed chromium from the lungs.  The content of chromium 

in the lungs declined from 13.0 mg immediately after exposure to 1.1 mg at 4 weeks in a triphasic pattern 

with an overall half-life of 5 days (Adachi et al. 1981).  Based on a study in rats exposed to chromium(VI) 

as potassium dichromate or to chromium(III) as chromium trichloride, the pulmonary clearance of both 

valence states was dependent on particle size, and chromium(VI) was more rapidly and extensively 

transported to the bloodstream than chromium(III).  The rats had been exposed to 7.3–15.9 mg 

chromium(VI)/m3 as potassium dichromate for 2–6 hours or to 8 or 10.7 mg chromium(III)/m3 as 

chromium trichloride for 6 or 2 hours, respectively.  Chromium(VI) particles of 1.5 or 1.6 μm had a two-

compartment pulmonary clearance curve with half-lives of 31.5 hours for the first phase and 737 hours 

for the second phase.  Chromium(VI) particles of 2 μm had a single component curve with a half-life 
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between 151 and 175 hours.  Following exposure to chromium(VI), the ratio of blood chromium/lung 

chromium was 1.44 at 0.5 hours, 0.81 at 18 hours, 0.85 at 48 hours, and 0.96 at 168 hours after exposure. 

Chromium(III) particles of 1.5–1.8 μm had a single component pulmonary clearance curve with a half-life 

of 164 hours.  Following exposure to chromium(III), the ratio of blood chromium/lung chromium was 

0.39 at 0.5 hours, 0.24 at 18 hours, 0.22 at 48 hours, and 0.26 at 168 hours after exposure.  Therefore, the 

amount of chromium(VI) transferred to the blood from the lungs was always at least 3 times greater than 

the amount of chromium(III) transferred (Suzuki et al. 1984).  Other studies reporting absorption from the 

lungs are intratracheal injection studies (Baetjer et al. 1959b; Bragt and van Dura 1983; Visek et al. 1953; 

Wiegand et al. 1984, 1987).  These studies indicate that 53–85% of chromium(VI) compounds (particle 

size <5 μm) are cleared from the lungs by absorption into the bloodstream or by mucociliary clearance in 

the pharynx; the rest remain in the lungs.  Absorption by the bloodstream and mucociliary clearance was 

only 5–30% for chromium(III) compounds. 

The kinetics of three chromium(VI) compounds, sodium chromate, zinc chromate, and lead chromate, 

were compared in rats in relation to their solubility.  The rats received intratracheal injections of the 
51chromium-labeled compounds (0.38 mg chromium(VI)/kg as sodium chromate, 0.36 mg chromium(VI)/ 

kg as zinc chromate, or 0.21 mg chromium(VI)/kg as lead chromate).  Peak blood levels of 51chromium 

were reached after 30 minutes for sodium chromate (0.35 μg chromium/mL), and 24 hours for zinc 

chromate (0.60 μg chromium/mL) and lead chromate (0.007 μg chromium/mL).  At 30 minutes after 

administration, the lungs contained 36, 25, and 81% of the respective dose of the sodium, zinc, and lead 

chromate.  On day 6, >80% of the dose of all three compounds had been cleared from the lungs, during 

which time, the disappearance from lungs followed linear first-order kinetics.  The residual amounts left 

in the lungs on day 50 or 51 were 3.0, 3.9, and 13.9%, respectively.  The results indicate that zinc 

chromate, which is ~1,000 times less soluble than sodium chromate, is more slowly absorbed from the 

lungs, but peak blood levels are higher than sodium chromate.  Lead chromate was more poorly and 

slowly absorbed, as indicated by very low levels in blood and other tissues, and greater retention in the 

lungs (Bragt and van Dura 1983). 

The fate of lead chromate(VI), chromium(VI) trioxide, chromium(III) oxide and chromium(III) sulfate 

were examined when solutions or suspensions of these chemicals were slowly infused into the tracheal 

lobe bronchus of sheep via bronchoscopic catheterization (Perrault et al. 1995).  At 2, 3, 5, and 30 days, 

the samples of bronchoalveolar lavage were taken, and on day 31, the animals were sacrificed and lung 

specimens were examined for chromium particulates.  There was no difference in lung particle 

concentrations among the four different compounds.  The values ranged from 0.14x105 to 
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1.02x105 particles/g dry tissue compared to control values of 0.03x105. The alveolar clearance of slightly 

soluble chromium(III) oxide and chromium(III) sulfate was calculated to be 11 and 80 days, respectively.  

The insoluble lead chromate particles appeared to break up, forming isometric particles of lead chromate 

as well as lead-containing particulates that may have retarded clearance.  Retention of chromium 

particulates from exposure to soluble chromium trioxide may have resulted in the formation of a less-

soluble hydroxyl complex and/or chemical interaction between chromium and protein that prolongs the 

retention of the metal.  Analyses of the particulates in lavage samples indicate that these diameters 

increase with time for lead chromate, decrease with time for chromium sulfate and chromium trioxide, 

and are unchanged for chromium(III) oxide.  The authors state that their findings indicate that slightly 

soluble chromium(III) oxide and chromium sulfate that are chemically stable can be cleared from lungs at 

different rates, depending on the nature and morphology of the compound. 

Amounts of total chromium were measured in lymphocytes, blood, and urine after intratracheal 

administration of either sodium dichromate(VI) or chromium(III) acetate hydroxide (a water-soluble 

chromium(III) compound) to male Wistar rats (Gao et al. 1993).  The total amount of chromium 

administered was 0.44 mg chromium/kg body weight for each compound.  The highest concentrations in 

tissues and urine occurred at 6 hours after treatment, the first time point examined.  Mean chromium 

concentrations (n=4 rats per time point) from treatment with chromium(III) were 56.3 μg/L in whole 

blood, 96 μg/L in plasma, 0.44 μg/1010 in lymphocytes, and 4,535.6 μg/g creatinine in urine.  For 

treatment with chromium(VI) the levels were 233.2 μg/L for whole blood, 138 μg/L for plasma, 

2.87 μg/1010 for lymphocytes, and 2,947.9 μg/g creatinine in urine.  The levels in lymphocytes in the 

chromium(III) treated animals were no different than in untreated animals.  However, for chromium(VI) 

the lymphocyte levels were about 6-fold higher than control values.  After 72 hours, the chromium levels 

were significantly reduced.  These results suggest that absorbed chromium(III) compounds may be 

excreted more rapidly than absorbed chromium(VI) compounds because of a poorer ability to enter cells. 

3.4.1.2  Oral Exposure 

Chromium(III) is an essential nutrient required for normal energy metabolism.  The Institute of Medicine 

(IOM 2001) of the NAS determined an adequate intake (e.g., a level typically consumed by healthy 

individuals) of 20–45 μg chromium(III)/day for adolescents and adults (IOM 2001).  Currently, the 

biological target for the essential effects of chromium(III) is unknown.  Chromodulin, also referred to as 

glucose tolerance factor (GTF), has been proposed as one possible candidate (Jacquamet et al. 2003). The 

function of chromodulin, an oligopeptide complex containing with four chromic ions, has not been 
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established; however, a possible mechanism is that chromodulin facilitates the interaction of insulin with 

its cellular receptor sites, although this has not been proven (Anderson 1998a, 2003; IOM 2001). 

Chromium(III) picolinate is a common form of chromium(III) nutritional supplementation. 

Trivalent chromium is very poorly absorbed from the gastrointestinal tract.  Typically, ≤1% of an orally 

administered dose of trivalent chromium has been recovered in the urine of experimental animals of 

humans (Aitio et al. 1984; Anderson et al. 1983; Doisy et al. 1971; Donaldson and Barreras 1966; Gargas 

et al. 1994; Garcia et al. 2001; Kerger et al. 1996a) or experimental animals (Donaldson and Barreras 

1966; Febel et al. 2001).  Oral absorption of trivalent chromium complexed with an organic ligand is 

similarly low and not higher than inorganic forms (Anderson et al. 1996; Gonzalez-Vergara et al. 1981).  

Bypassing the stomach by infusing trivalent chromium into the duodenum or jejunum resulted in at most 

1–2% of the dose being absorbed in humans (Donaldson and Barreras 1966), or 1% (Febel et al. 2001) to 

4% in the rat (Donaldson and Barreras 1966). 

Approximately 0.5–2.0% of dietary chromium(III) is absorbed via the gastrointestinal tract of humans 

(Anderson 1986; Anderson et al. 1983) as inferred from urinary excretion measurements.  The absorption 

fraction is dependent on the dietary intake. At low levels of dietary intake (10 μg), ~2.0% of the 

chromium was absorbed.  When intake was increased by supplementation to ≥40μg, the absorption 

decreased to ~0.5% (Anderson 1986; Anderson et al. 1983).  Net absorption of chromium(III) by a group 

of 23 elderly subjects who received an average of 24.5 μg/day (0.00035 mg chromium(III)/kg/day) from 

their normal diets was calculated to be 0.6 μg chromium(III)/day, based on an excretion of 0.4 μg 

chromium/day in the urine and 23.9 μg chromium/day in the feces, with a net retention of 0.2 μg/day.  

Thus, about 2.4% was absorbed.  The retention was considered adequate for their requirements (Bunker et 

al. 1984). 

The absorption fraction of soluble chromium(III), as chromium picolinate, is greater than CrCl3 

(DiSilvestro and Dy 2007; Gargas et al. 1994).  Following ingestion of 400 μg chromium(III)/day as 

chromium picolinate (in a capsule) for 3 consecutive days, mean absorption fraction in eight healthy 

adults was 2.8% (±1.4 % standard deviation [SD]; Gargas et al. 1994).  Based on urinary excretion 

following oral administration of a single dose (200 μg chromium(III)) of four different chromium(III) 

supplements to healthy women (n=24; cross-over design), the absorption of chromium picolinate was 

higher than that of chromium chloride, chromium polynicotinate, and chromium nicotinate-glucinate; 

estimates of oral absorption were not reported (DiSilvestro and Dy 2007).  Urinary excretion of chromium 

following administration of chromium picolinate was approximately 16-fold higher than that following 
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administration of chromium chloride and approximately 2-fold greater than that following administration 

of the two nicotinate complexes. 

Association of chromium with chelating agents, which may be naturally present in feed, can alter the 

bioavailability from food.  In rats that were given 51Cr-chromium(III) trichloride mixed with chelating 

agents, either oxalate or phytate, phytate significantly (p<0.05) decreased the levels of radioactivity in 

blood, whole body, and urine achieved with chromium(III) trichloride alone (Chen et al. 1973).  Oxalate, 

however, greatly increased the levels in blood, whole body, and urine.  The oxalate served as a strong 

ligand to protect against the tendency of chromium(III) to form insoluble macromolecular chromium 

oxides at physiological pH.  Fasted rats absorbed significantly more 51chromium than did nonfasted rats, 

indicating that the presence of food in the gastrointestinal tract slows the absorption of chromium.  

Results of an in vitro experiment in this study indicated that the midsection had greater uptake than the 

duodenum or ileum and that oxalate significantly (p<0.05) increased, while phytate significantly (p<0.05) 

decreased the transport of chromium(III) across all three sections, paralleling the in vivo results.  

Ethylenediamine tetraacetic acid (EDTA) and citrate were also tested in the in vitro system, but were 

found to have no effect on chromium(III) intestinal transport; therefore, these chelating agents were not 

tested in vivo (Chen et al. 1973). 

The absorption fraction of soluble chromium(VI) is higher than that of soluble chromium(III) (Anderson 

et al. 1983; Donaldson and Barreras 1966; Kerger et al. 1996a).  Average absorption fractions, determined 

from cumulative urinary excretion in 8 healthy adults who ingested 5 mg chromium (in 10 mg Cr/L 

drinking water) as CrCl3 or K2Cr2O7 were 0.13% (±0.04, standard error [SE]) and 6.9% (±3.7, SE), 

respectively.  Chromium(VI) can be reduced to chromium(III) when placed in an ascorbic acid solution 

(Kerger et al. 1996a).  When K2Cr2O7 was ingested in orange juice (where it was reduced and may have 

formed complexes with constituents of the juice), the mean absorption fraction was 0.60% (±0.11, SE; 

Kerger et al. 1996a).  Plasma concentrations generally peaked around 90 minutes following exposure for 

all three chromium mixtures tested.  Based on measurements of urinary excretion of chromium in 

15 female and 27 male subjects who ingested 200 μg chromium(III) as CrCl3, the absorption fraction was 

estimated to be approximately 0.4% (Anderson et al. 1983).  The absorption fraction of chromium(VI) (as 

sodium chromate) was substantially higher when administered directly into the duodenum (approximately 

10%) compared to when it is ingested (approximately 1.2%), whereas the absorption fraction for CrCl3 

was similar when administered into the small intestine (0.5%; Donaldson and Barreras 1966).  These 

results are consistent with studies that have shown that gastric juice can reduce chromium(VI) to 

chromium(III) (De Flora et al. 1987a). 
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The absorption of chromium(VI) and chromium(III) was measured in four male and two female 

volunteers (ages ranging from 25 to 39 years) treated orally with potassium chromate (chromium(VI)) or 

chromic oxide (chromium(III)) in capsules at doses of 0.005 and 1.0 mg/kg/day, respectively (Finley et al. 

1996b).  Subjects were exposed to each compound for 3 days.  Based on urinary excretion data, the mean 

absorption of potassium chromate was 3.4% (range 0.69–11.9%).  No statistically significant increase in 

urinary chromium was observed during chromic oxide dosing, indicating that little, if any, was absorbed.  

In a follow-up study by the same group (Finley et al. 1997), five male volunteers ingested a liter, in three 

volumes of 333 mL, of deionized water containing chromium(VI) concentrations ranging from 0.1 to 

10.0 mg/L (approximately 0.001–0.1 mg chromium(VI)/kg/day) for 3 days.  A dose-related increase in 

urinary chromium was seen in all subjects and the percent of the dose excreted ranged from <2 to 8%.  

Dose-related increases in plasma and erythrocyte chromium levels were also observed. 

In a repeated dose study, three healthy adults ingested chromium(VI) (as K2Cr2O7) in water at 5 mg 

chromium/day for 3 consecutive days (Kerger et al. 1997).  Three divided doses were taken at 

approximately 6-hour intervals over a 5–15-minute period.  After at least 2 days without dosing, the 3-day 

exposure regimen was repeated at 10 mg chromium/day.  Estimated doses based on body weight were 

0.05 and 0.1 mg/kg/day, respectively.  Bioavailability based on 4-day urinary excretion was 1.7% (range 

0.5–2.7%) at 0.05 mg chromium(VI)/kg/day and 3.4% (range 0.8–8.0%) at 0.1 mg chromium(VI)/kg/day.  

Absorption of 0.05 mg chromium(VI)/kg appeared to be somewhat lower when given as three divided 

doses rather than when given as a single bolus dose (1.7 versus 5.7%). 

Uptake of potassium dichromate was determined in a man who was given 0.8 mg of chromium(VI) in 

drinking water 5 times each day for 17 days (Paustenbach et al. 1996).  Steady-state concentrations of 

chromium in blood were attained after 7 days.  Red blood cell and plasma levels returned to background 

levels within a few days after exposure was stopped. The data are consistent with a bioavailability of 2% 

and a plasma elimination half-life of 36 hours. 

Studies with 51chromium in animals indicate that chromium and its compounds are also poorly absorbed 

from the gastrointestinal tract after oral exposure.  When radioactive sodium chromate (chromium(VI)) 

was given orally to rats, the amount of chromium in the feces was greater than that found when sodium 

chromate was injected directly into the jejunum.  Since chromium(III) is absorbed less readily than 

chromium(VI) by the gastrointestinal tract, these results are consistent with evidence that the gastric 

environment has a capacity to reduce chromium(VI) to chromium(III).  Furthermore, the administration 
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of radioactive chromium(III) or chromium(VI) compounds directly into the jejunum decreased the 

amount of chromium recovery in the feces indicating that the jejunum is the absorption site for chromium 

(Donaldson and Barreras 1966).  Absorption of either valence state was ≤1.4% of the administered oral 

dose in rats (Sayato et al. 1980) and hamsters (Henderson et al. 1979).  Based on distribution (see 

Section 3.3.2.2) and excretion (see Section 3.3.4.2) studies in rats administered chromium by gavage for 

2–14 days from various sources, that is, from sodium chromate (chromium(VI)), from calcium chromate 

(chromium(VI)), or from soil contaminated with chromium (30% chromium(VI) and 70% 

chromium(III)), the low gastrointestinal absorption of chromium from any source was confirmed.  

Chromium appeared to be better absorbed from the soil than from chromate salts, but <50% of the 

administered chromium could be accounted for in these studies, partly because not all tissues were 

examined for chromium content and excretion was not followed to completion (Witmer et al. 1989, 

1991).  Adult and immature rats given chromium(III) chloride absorbed 0.1 and 1.2% of the oral dose, 

respectively (Sullivan et al. 1984).  This suggests that immature rats may be more susceptible to potential 

toxic effects of chromium(III) compounds. 

Treatment of rats by gavage with a nonencapsulated lead chromate pigment or with a silica-encapsulated 

lead chromate pigment resulted in no measurable blood levels of chromium (detection limit=10 μg/L) 

after 2 or 4 weeks of treatment or after a 2-week recovery period.  However, kidney levels of chromium 

were significantly higher in the rats that received the nonencapsulated pigment than in the rats that 

received the encapsulated pigment, indicating that silica encapsulation reduces the gastrointestinal 

bioavailability of chromium from lead chromate pigments (Clapp et al. 1991). 

The issue of whether or not chromium(VI) absorption occurs only when or principally when the reducing 

capacity of the gastrointestinal tract is exhausted is a factor to consider in evaluating and interpreting oral 

dosing bioassays in animals and human epidemiology studies of health outcomes related to ingestion 

exposures to chromium. Potentially, tumor responses could be enhanced if the reducing capacities of 

saliva and stomach fluid were exhausted. This is more likely to occur at the relatively high doses of 

chromium(VI) administered in animal bioassays than at doses experienced by humans from 

environmental exposures. However, results of experimental studies of chromium absorption in humans 

have not found evidence for an effect of limited of reducing capacity on absorption of chromium. The 

range of doses of chromium administered to humans in these different studies was considerable and 

demonstrated oral bioavailability at all doses. Donaldson and Barreras (1996) administered 20 ng of 

radiolabeled chromium(VI), Kerger et al. (1996a) administered 5 mg of chromium(VI), Finley et al. 

(1996b) administered 0.005 mg/kg-day of chromium(VI) for 3 days, and Finley et al. (1997) administered 
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0.1, 0.5, 1.0, 5.0 or 10 mg/day of chromium(VI) for 4 days.  In the Finley et al. (1997) study, the percent 

of the administered dose of chromium(VI) recovered in the urine did not increase with dose. The results 

of these studies do not indicate that oral absorption of administered chromium(VI) only begins to occur 

when the reducing capacity of the stomach is exhausted, and are consistent with estimates of 

gastrointestinal reducing capacity (De Flora 2000; Proctor et al. 2002). 

3.4.1.3  Dermal Exposure 

Both chromium(III) and chromium(VI) can penetrate human skin to some extent, especially if the skin is 

damaged.  Systemic toxicity has been observed in humans following dermal exposure to chromium 

compounds, indicating significant cutaneous absorption (see Section 3.2.3).  Fourteen days after a salve 

containing potassium chromate was applied to the skin of an individual to treat scabies, appreciable 

amounts of chromium were found in the blood, urine, feces, and stomach contents (Brieger 1920) (see 

Section 3.4.2.3).  It should be noted that the preexisting condition of scabies or the necrosis caused by the 

potassium chromate (see Section 3.2.3) could have facilitated dermal absorption of potassium chromate.  

Potassium dichromate (chromium(VI)), but not chromium(III) sulfate, penetrated the excised intact 

epidermis of humans (Mali et al. 1963).  Dermal absorption by humans of chromium(III) sulfate in 

aqueous solution was negligible, with slightly larger amounts of chromium(III) nitrate in aqueous solution 

absorbed.  The absorption of chromium(III) chloride was similar to potassium dichromate(VI) (Samitz 

and Shrager 1966).  Chromium(III) from a concentrated chromium sulfate solution at pH 3 penetrated 

cadaverous human skin at a rate of 5x10-11 cm/sec, compared with a rate for chromium(VI) (source 

unspecified) of 5x10-7 cm/second (Spruit and van Neer 1966).  In contrast, both chromium(VI) from 

sodium chromate and chromium(III) from chromium trichloride penetrated excised human mammary skin 

at similar rates, but the rate was generally slightly faster for chromium(VI).  Absolute rates of absorption 

in nmol chromium/hour/cm2 increased with increasing concentration of both chromium(VI) and 

chromium(III) (Wahlberg 1970). The average rate of systemic uptake of chromium in four volunteers 

submersed up to the shoulders in a tub of chlorinated water containing a 22 mg chromium(VI)/L solution 

of potassium dichromate for 3 hours was measured to be 1.5x10-4 μg/cm2-hour based on urinary excretion 

of total chromium (Corbett et al. 1997). 

The influence of solvent on the cutaneous penetration of potassium dichromate by humans has been 

studied.  The test solutions of potassium dichromate in petrolatum or in water were applied as occluded 

circular patches of filter paper to the skin.  Results with dichromate in water revealed that chromium(VI) 

penetrated beyond the dermis and penetration reached steady state with resorption by the lymph and 
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blood vessels by 5 hours.  About 10 times more chromium penetrated when potassium dichromate was 

applied in petrolatum than when applied in water.  About 5 times more chromium penetrated when 

potassium dichromate was applied than when a chromium trichloride glycine complex was applied (Liden 

and Lundberg 1979).  The rates of absorption of solutions of sodium chromate from the occluded forearm 

skin of volunteers increased with increasing concentration. The rates were 1.1 μg chromium(VI)/ 

cm2/hour for a 0.01 M solution, 6.4 μg chromium(VI)/cm2/hour for a 0.1 M solution, and 10 μg 

chromium(VI)/cm2/hour for a 0.2 M solution (Baranowska-Dutkiewicz 1981). 

Chromium and its compounds are also absorbed dermally by animals.  The dermal absorption of sodium 

chromate (chromium(VI)) by guinea pigs was somewhat higher than that of chromium(III) trichloride, but 

the difference was not significant.  At higher concentrations (0.261–0.398 M), absorption of sodium 

chromate was statistically higher than that of chromium trichloride.  The peak rates of absorption were 

690–725 and 315–330 nmol/hour/cm2 for sodium chromate at 0.261–0.398 M and chromium trichloride 

at 0.239–0.261 M, respectively.  Percutaneous absorption of sodium chromate was higher at pH ≥6.5 

compared with pH≤5.6 (Wahlberg and Skog 1965). 

3.4.2 Distribution 
3.4.2.1  Inhalation Exposure 

Examination of tissues from Japanese chrome platers and chromate refining workers at autopsy revealed 

higher chromium levels in the hilar lymph node, lung, spleen, liver, kidney, and heart, compared to 

normal healthy males (Teraoka 1981).  Analysis of the chromium concentrations in organs and tissues at 

autopsy of a man who died of lung cancer 10 years after his retirement from working in a chromate 

producing plant for 30 years revealed measurable levels in the brain, pharyngeal wall, lung, liver, aorta, 

kidney, abdominal rectal muscle, suprarenal gland, sternal bone marrow, and abdominal skin.  The levels 

were significantly higher than in five controls with no occupational exposure to chromium.  The man had 

been exposed mainly to chromium(VI), with lesser exposure to chromium(III) as the chromite ore (Hyodo 

et al. 1980).  The levels of chromium were higher in the lungs, but not in the liver or kidneys, of autopsy 

specimens from 21 smeltery and refinery workers in North Sweden compared with that for a control 

group of 8 individuals.  The amount of enrichment in the lungs decreased as the number of elapsed years 

between retirement and death increased (Brune et al. 1980).  Tissues from three individuals having lung 

cancer who were industrially exposed to chromium were examined by Mancuso (1997b).  One was 

employed for 15 years as a welder, a second worked for 10.2 years, and a third for 31.8 years in ore 

milling and preparations and boiler operations.  The three cumulative chromium exposures for the three 
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workers were 3.45, 4.59, and 11.38 mg/m3 years, respectively.  Tissues from the first worker were 

analyzed 3.5 years after last exposure, the second worker 18 years after, and the third worker 0.6 years 

after last exposure.  All tissues from the three workers had elevated levels of chromium with the possible 

exception of neural tissues.  Levels were orders of magnitude higher in lungs than other tissues.  The 

highest lung level reported was 456 mg/10 g tissue in the first worker, 178 in the second worker, and 

1,920 for the third worker. There were significant chromium levels in the tissue of the second worker 

even though he had not been exposed to chromium for 18 years.  Chromium concentrations in lung 

tissues from autopsy samples were 5 times higher in subjects who originated from the Ruhr and 

Dortmund regions of Germany, where emissions of chromium are high, than in subjects from Munster 

and vicinity.  The lung concentrations of chromium increased with increasing age.  Men had twice as high 

concentrations of chromium in the lungs than did women, which may reflect the greater potential for 

occupational exposure by men, the higher vital capacity of men, and possibly a greater history of smoking 

(Kollmeier et al. 1990). 

Chromium may be transferred to fetuses through the placenta and to infants via breast milk.  Analysis of 

chromium levels in women employees of a dichromate manufacturing facility in Russia during and after 

pregnancy revealed that the exposed women had significantly higher levels of chromium in blood and 

urine during pregnancy, in umbilical cord blood, placentae, and breast milk at child birth, and in fetuses 

aborted at 12 weeks than did nonexposed controls (Shmitova 1980).  The reliability of this study is 

suspect because the levels of chromium reported in the blood and urine of the control women were much 

higher than usual background levels of chromium in these biological fluids (see Section 6.5), perhaps due 

to problems with analytical methods.  Measurement of the chromium content in 255 samples from 

45 lactating American women revealed that most samples contained <0.4 μg/L, and the mean value was 

0.3 μg/L (Casey and Hambidge 1984).  While these probably represent background levels in women 

whose main exposure to chromium is via the diet, the findings indicate that chromium may be transferred 

to infants via breast milk. 

The distribution of radioactivity in rats given 51chromium as sodium dichromate intratracheally was 

followed for 40 days by autoradiography and scintillation counting.  Three days after the administration 

of 0.01 mg chromium(VI)/m3 as radioactive sodium dichromate, the tissue distribution based on the 

relative concentrations in the tissue was lung > kidney > gastrointestinal tract > erythrocytes > liver > 

serum > testis > skin.  Twenty-five days after dosing, the tissue distribution was lung > kidney > 

erythrocytes > testis > liver > serum > skin > gastrointestinal tract.  Kidney, erythrocytes, and testis 

maintained their chromium levels for a period of 10–15 days before decreasing (Weber 1983).  The 
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distribution of chromium(VI) compared with chromium(III) was investigated in guinea pigs after 

intratracheal instillation of potassium dichromate or chromium trichloride.  At 24 hours after instillation, 

11% of the original dose of chromium from potassium dichromate remained in the lungs, 8% in the 

erythrocytes, 1% in plasma, 3% in the kidney, and 4% in the liver. The muscle, skin, and adrenal glands 

contained only a trace.  All tissue concentrations of chromium declined to low or nondetectable levels in 

140 days with the exception of the lungs and spleen.  After chromium trichloride instillation, 69% of the 

dose remained in the lungs at 20 minutes, while only 4% was found in the blood and other tissues, with 

the remaining 27% cleared from the lungs and swallowed.  The only tissue that contained a significant 

amount of chromium 2 days after instillation of chromium trichloride was the spleen.  After 30 and 

60 days, 30 and 12%, respectively, of the chromium(III) was retained in the lungs, while only 2.6 and 

1.6%, respectively, of the chromium(VI) dose was retained in the lung (Baetjer et al. 1959a). 

3.4.2.2  Oral Exposure 

Autopsy studies in the United States indicate that chromium concentrations in the body are highest in 

kidney, liver, lung, aorta, heart, pancreas, and spleen at birth and tend to decrease with age.  The levels in 

liver and kidney declined after the second decade of life.  The aorta, heart, and spleen levels declined 

rapidly between the first 45 days of life and 10 years, with low levels persisting throughout life.  The level 

in the lung declined early, but increased again from mid life to old age (Schroeder et al. 1962). 

The distribution of chromium in human body tissue after acute oral exposure was determined in the case 

of a 14-year-old boy who ingested 7.5 mg chromium(VI)/kg as potassium dichromate.  Despite extensive 

treatment by dialysis and the use of the chelating agent British antilewisite, the boy died 8 days after 

admission to the hospital.  Upon autopsy, the chromium concentrations were as follows: liver, 

2.94 mg/100 cc (normal, 0.016 mg/100 cc); kidneys, 0.64 and 0.82 mg/100 cc (normal, 0.06 mg/100 cc); 

and brain, 0.06 mg/100 cc (normal, 0.002 mg/100 cc) (Kaufman et al. 1970).  Although these data were 

obtained after extensive treatment to rid the body of excess chromium, the levels of chromium remaining 

after the treatment clearly demonstrate that these tissues absorbed at least these concentrations after an 

acute, lethal ingestion of a chromium(VI) compound. 

Chromium may be transferred to infants via breast milk as indicated by breast milk levels of chromium in 

women exposed occupationally (Shmitova 1980) or via normal levels in the diet (Casey and Hambidge 

1984).  It has been demonstrated that in healthy women, the levels of chromium measured in breast milk 

are independent of serum chromium levels, urinary chromium excretion, or dietary intake of chromium 
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(Anderson et al. 1993, Mohamedshah et al. 1998), but others (Engelhardt et al. 1990) have disputed this 

observation. 

The tissue distribution of chromium was studied in rats administered chromium from a variety of sources.  

In one experiment, sodium chromate in water was administered by gavage for 7 days at 0, 1.2, 2.3, or 

5.8 mg chromium(VI)/kg/day.  Very little chromium (generally <0.5 μg/organ) was found in the organs 

analyzed (liver, spleen, lung, kidney, and blood) after administration of the two lower doses.  The levels 

were generally comparable to those in controls.  After 5.8 mg/kg/day, the largest amount of chromium 

(expressed as μg chromium/whole organ) was found in the liver (≈22 μg), followed by the kidney 

(≈7.5 μg), lung (≈4.5 μg), blood (≈2 μg), and spleen (≈1 μg).  The total amount of chromium in these 

tissues represented only 1.7% of the final dose of 5.8 mg/kg/day, but not all organs were analyzed.  In the 

next experiment, rats were exposed by gavage to 7 mg chromium/kg/day for 7 days from various sources: 

(1) sodium chromate; (2) calcium chromate; (3) soil containing chromium (30% chromium(VI), 70% 

chromium(III)); or (4) a mixture of calcium chromate and the contaminated soil.  The highest levels of 

chromium were found in liver, spleen, kidney, lung, blood, brain, and testes after dosing with sodium 

chromate, but the relative levels in these tissues after the other treatments followed no consistent pattern.  

Rats gavaged for 14 days with 13.9 mg chromium/kg/day from the four different sources had higher 

levels of chromium in the tissues after they were dosed with the contaminated soil or the mixture of 

calcium chromate and the contaminated soil than with either of the chromate salts alone.  Thus, the 

relative organ distribution of chromium depends on the source of chromium (Witmer et al. 1989, 1991).  

Components in soil may affect the oxidation state and the binding of chromium to soil components, and 

pH of the soil may also affect the bioavailability from soil. 

The chromium content in major organs (heart, lung, kidney, liver, spleen, testes) of mice receiving 

drinking water that provided doses of 4.8, 6.1, or 12.3 mg chromium(III)/kg/day as chromium trichloride 

or 4.4, 5.0, or 14.2 mg chromium(VI)/kg/day as potassium dichromate was determined after 1 year of 

exposure.  Chromium was detected only in the liver in the chromium(III)-treated mice.  Mice treated with 

chromium(VI) compounds had accumulation in all of the above organs, with the highest levels reported in 

the liver and spleen.  Liver accumulation of chromium was 40–90 times higher in the chromium(VI)

treated group than in the chromium(III)-treated group (Maruyama 1982).  Chromium levels in tissue 

(bone, kidney liver, spleen) were 9 times higher in rats given chromium(VI) as potassium chromate in 

drinking water for 1 year than in rats given the same concentration of chromium(III) as chromium 

trichloride (MacKenzie et al. 1958).  In rats exposed to potassium chromate in the drinking water for 3 or 

6 weeks, a general trend of increasing chromium concentration with time of exposure was apparent in the 
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liver and kidneys, but only the kidneys showed a difference in the concentration after exposure to 100 and 

200 ppm.  Blood concentrations were almost saturated by 3 weeks with little further accumulation by 

6 weeks.  No chromium was detected in the lungs after drinking water exposure (Coogan et al. 1991a). 

After acute oral dosing with radiolabeled chromium trichloride (1 μCi for immature rats, 10 μCi for 

adults), adult and neonatal rats accumulated higher levels of chromium in the kidneys than in the liver.  At 

7 days after dosing, the liver and kidney contained 0.05 and 0.12% of the dose, respectively, in the 

neonates and 0.002 and 0.003% of the dose, respectively, in the adult rats.  The carcass contained 0.95% 

of the dose in the neonates and 0.07% of the dose in adult rats.  The lungs contained 0.0088% of the dose 

in neonates and 0.0003% of the dose in adult rats.  No chromium(III) was detected in the skeleton or 

muscle.  Approximately 35 and 0.2% of the administered dose of chromium(III) at day 7 was retained in 

the gut of neonates and adults, respectively (Sullivan et al. 1984). 

The distribution of potassium chromate(VI) was compared in male Fisher rats and C57BL/6J mice 

exposed either by drinking water (8 mg chromium(VI)/kg/day for 4 and 8 weeks) or by intraperitoneal 

injection (0.3 and 0.8 mg chromium(VI)/kg/day for 4 or 14 days) (Kargacin et al. 1993).  The 

concentrations of chromium (μg/g wet tissue) after drinking water exposures for 8 weeks in mice were: 

liver 13.83, kidney 4.72, spleen 10.09, femur 12.55, lung 1.08, heart 1.02, muscle 0.60, and blood 0.42. 

These concentrations were not markedly different than for 4-week exposures.  For rats, the concentrations 

were:  liver 3.59, kidney 9.49, spleen 4.38, femur 1.78, lung 0.67, heart 1.05, muscle 0.17, and blood 

0.58. These results demonstrate that considerable species differences exist between mice and rats and 

need to be factored into any toxicological extrapolations across species even if the routes of 

administration are the same.  In the drinking water experiments, blood levels in rats and mice were 

comparable, but in intraperitoneal injection experiments, rats’ levels were about 8-fold higher than mice 

after 4 days of exposure.  This difference appeared to be due to increased sequestering by rat red blood 

cells, since accumulation in white blood cells was lower in rats than mice.  The higher incidence of red 

cell binding was also associated with greater binding of chromium to rat hemoglobin. 

The feeding of five male Wistar rats at 0.49 mg chromium(III)/kg/day as chromium(III) chloride for 

10 weeks resulted in increased chromium levels in liver, kidney, spleen, hair, heart, and red blood cells 

(Aguilar et al. 1997).  Increases were highest in kidney (0.33 μg/g wet tissue in controls versus 0.83 μg/g 

in treated animals) and erythrocytes (1.44 μg/g wet tissue in controls versus 3.16 μg/g in treated animals). 

The higher tissue levels of chromium after administration of chromium(VI) than after administration of 

chromium(III) (MacKenzie et al. 1958; Maruyama 1982; Witmer et al. 1989, 1991) reflect the greater 
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tendency of chromium(VI) to traverse plasma membranes and bind to intracellular proteins in the various 

tissues, which may explain the greater degree of toxicity associated with chromium(VI).  In an 

experiment to determine the distribution of chromium in red and white blood cells, rats were exposed 

orally to 0.0031 mg/kg of 51chromium(VI) as sodium chromate.  The 51chromium content of the 

fractionated blood cells was determined either 24 hours or 7 days after exposure.  After 24 hours, the 

white blood cells contained much more 51chromium (≈250 pg chromium/billion cells) than did the red 

blood cells (≈30 pg chromium/billion cells).  After 7 days, the 51chromium content of the white blood 

cells was reduced only 2.5-fold, while that of the red blood cells was reduced 10-fold.  Thus, white blood 

cells preferentially accumulated chromium(VI) and retained the chromium longer than did the red blood 

cells.  As discussed in Section 3.4.2.4, a small amount of chromium(III) entered red blood cells of rats 

after intravenous injection of 51chromium trichloride, but no 51chromium was detectable in white blood 

cells (Coogan et al. 1991b). 

Twelve pregnant female albino rats (Druckrey strain) and 13 Swiss albino mice were exposed to 500 ppm 

potassium dichromate(VI) in their drinking water during pregnancy up to 1 day before delivery (Saxena et 

al. 1990a).  The chromium(VI) daily intake was calculated to be 11.9 mg chromium(VI)/day for the rats 

and 3.6 mg chromium(VI)/day for mice which were considered to be maximal nontoxic doses for both 

species.  In rats, concentrations of chromium were 0.067, 0.219, and 0.142 μg/g fresh weight in maternal 

blood, placenta, and fetuses, respectively, and 0.064, 0.304, and 0.366 μg/g fresh weight in mice, 

respectively.  In treated rats, chromium levels were 3.2-fold higher in maternal blood, 3-fold higher in 

placenta, and 3.1-fold higher in fetal tissue when compared to control values.  In treated mice, chromium 

levels were 2.5-fold higher in maternal blood, 3.2-fold higher in placenta, and 9.6-fold higher in fetuses 

when compared to control values.  In treated mice, there was a significant elevation in chromium levels in 

placental and fetal tissues over maternal blood levels, and a significant increase in chromium levels in 

fetal tissue over placental concentrations when compared to controls.  These differences were not 

observed in rats, indicating that the distribution patterns in mice and rats are different. 

A study of transplacental transfer of chromium(III) in different forms indicated that placental transport 

varies with the chemical form.  Male and female rats were fed either a commercial diet that contained 

500 ppb chromium or a 30% Torula yeast diet that contained <100 ppb chromium.  They were also given 

drinking water with or without 2 ppm chromium(III) added as chromium acetate monohydrate.  The rats 

were mated and immediately after delivery, the neonates were analyzed for chromium content.  The 

neonates whose dams were fed the commercial diet contained almost twice as much chromium as those 

whose dams were fed the chromium-deficient yeast diet.  Addition of chromium(III) acetate to the 

***DRAFT FOR PUBLIC COMMENT*** 



   
 

    
 
 

 
 
 
 

  

 

  

   

  

 

   

 

  
 

 

 

   

       

  

  

 

  

   

  

 

 

   
 

 

 

     

  

   

  

CHROMIUM 240 

3. HEALTH EFFECTS 

drinking water of the yeast-fed rats (2 ppm) did not increase the levels of chromium in the neonates.  

Administration of chromium(III) trichloride intravenously or by gavage before mating, during mating, or 

during gestation resulted in no or only a small amount of chromium in the neonates.  Administration of 

chromium(III) in the form of GTF from Brewer's yeast by gavage during gestation resulted in chromium 

levels in the litters that were 20–50% of the dams' levels.  The results indicate that fetal chromium is 

derived from specific chromium complexes in the diet (e.g., GTF) (Mertz et al. 1969). 

3.4.2.3  Dermal Exposure 

The findings of toxic effects in the heart, stomach, blood, muscles, and kidneys of humans who were 

dermally exposed to chromium compounds is suggestive of distribution to these organs (see 

Section 3.2.3.2).  Fourteen days after a salve containing potassium chromate(VI) was applied to the skin 

of an individual to treat scabies, appreciable amounts of chromium were found in the blood (2– 

5 mg/100 mL), urine (8 mg/L), feces (0.61 mg/100 g), and stomach contents (0.63 mg/100 mL) (Brieger 

1920).  The preexisting condition of scabies or the necrosis caused by the potassium chromate could have 

facilitated its absorption.  A transient increase in the levels of total chromium in erythrocytes and plasma 

was observed in subjects immersed in a tank of chlorinated water containing potassium dichromate(VI) 

(Corbett et al. 1997). 

Chromium compounds are absorbed after dermal administration by guinea pigs.  Measurement of 
51chromium in the organs and body fluids revealed distribution, due to dermal absorption of 

chromium(III) and chromium(VI) compounds, to the blood, spleen, bone marrow, lymph glands, urine, 

and kidneys.  Absorption was greater for chromium(VI) than for chromium(III) (see Section 3.4.1.3) 

(Wahlberg and Skog 1965). 

3.4.2.4  Other Routes of Exposure 

The distribution of chromium(III) in humans was analyzed using a whole-body scintillation scanner, 

whole-body counter, and plasma counting.  Six individuals given an intravenous injection of 
51chromium(III) as chromium trichloride had >50% of the blood plasma chromium(III) distributed to 

various body organs within hours of administration.  The liver and spleen contained the highest levels.  

After 3 months, the liver contained half of the total body burden of chromium.  The study results 

indicated a three-compartment model for whole-body accumulation and clearance of chromium(III).  The 

half-lives were 0.5–12 hours for the fast component, 1–14 days for the medium component, and 3– 

12 months for the slow component (Lim et al. 1983). 
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An in vitro study in human blood showed that chromium(VI) was rapidly cleared from the plasma 

(Corbett et al. 1998).  The reduction capacity appears to be concentration dependent and is overwhelmed 

at spike concentrations between 2,000 and 10,000 μg/L.  High chromium(VI) concentrations (10,000 μg/L 

spike concentration) resulted in an accumulation of chromium(VI) in the erythrocytes and a lower 

plasma:erythrocyte ratio of total chromium.  This study also found that the plasma reduction capacity was 

enhanced by a recent meal. 

Both human and rat white blood cells accumulated more 51chromium per cell than red blood cells after in 

vitro exposure of whole blood to 51chromium(VI).  The uptake of chromium by rat blood cells was also 

measured after intravenous exposure to 51chromium(VI) as sodium chromate.  After intravenous 

exposure, the white blood cells contained significantly more 51chromium (≈30 pg chromium/billion cells) 

than the red blood cells (≈4 pg chromium/billion cells), and the amount of 51chromium in the cells was the 

same after 24 hours as it was after 1 hour.  The amount of 51chromium in the white blood cells, but not in 

the red blood cells, decreased by approximately 1.7-fold after 7 days.  When rats were injected 

intravenously with 20 ng of radiolabeled sodium chromate (chromium(VI)) or radiolabeled chromium 

trichloride (chromium(III)), the amount of chromium was ≈2 pg/billion red blood cells but not detectable 

in white blood cells after injection of chromium(III) chloride.  The amount of chromium was 

≈5 pg/billion red blood cells and ≈60 pg/billion white blood cells after injection of sodium chromate 

(Coogan et al. 1991b). 

The distribution pattern in rats treated with sodium chromite (chromium(III)) by intravenous injection 

revealed that most of the chromium was concentrated in the reticuloendothelial system, which, together 

with the liver, accumulated 90% of the dose.  The accumulation in the reticuloendothelial system was 

thought to result from colloid formation by chromite at physiological pH.  Organs with detectable 

chromium levels 42 days postinjection were:  spleen > liver > bone marrow > tibia > epiphysis > lung > 

kidney.  Chromium trichloride given to rats by intravenous injection also concentrated in the liver, spleen, 

and bone marrow (Visek et al. 1953).  In rats administered chromium(III) nitrate intraperitoneally for 

30 or 60 days, the highest levels of chromium were found in the liver, followed by the kidneys, testes, and 

brain.  The levels increased with increased doses but not linearly.  The levels in the kidneys, but not the 

other organs, increased significantly with duration (Tandon et al. 1979). 

Whole-body analysis of mice given a single intraperitoneal injection of 3.25 mg chromium(III)/kg as 

chromium trichloride showed that chromium trichloride was released very slowly over 21 days:  87% was 
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retained 3 days after treatment, 73% after 7 days treatment, and 45% after 21 days.  In contrast, mice 

given a single intraperitoneal injection of 3.23 chromium(VI)/kg as potassium dichromate retained only 

31% of the chromium(VI) dose at 3 days, 16% at 7 days and 7.5% at 21 days.  Mice injected weekly with 

chromium(III) compounds at 17% of the LD50 retained 6 times the amount of chromium as mice injected 

with chromium(VI) compounds at 17% of the LD50. The retention of chromium(III) was attributed to its 

ability to form coordination complexes with tissue components such a proteins and amino acids (Bryson 

and Goodall 1983). 

In rats injected intraperitoneally with 2 mg chromium(VI)/kg/day as potassium chromate 6 days/week for 

45 days, the mean levels of chromium (μg chromium/g wet weight) were 25.68 in the liver, 40.61 in the 

kidney, 7.56 in the heart, and 4.18 in the brain (Behari and Tandon 1980). 

In rats injected subcutaneously with 5.25 mg chromium(VI)/kg as potassium dichromate, most of the 

chromium in the tissues analyzed was found in the red blood cells with a peak level (63 μg chromium/g) 

achieved 24 hours after dosing.  White blood cells were not analyzed for chromium content.  Whole 

plasma contained 2.7–35 μg/mL and the plasma ultrafiltrate contained 0.15–0.79 μg/mL.  Tissue 

distribution 48 hours after dosing was as follows: 221.2 μg/g in renal cortex, 110.0 μg/g in liver, 

103.0 μg/g in spleen, 86.8 μg/g in lung, 58.9 μg/g in renal medulla, and 8.8 μg/g in bone, compared with 

2.28–5.98 μg/g in any tissues in controls.  When rats were given repeated subcutaneous injections of 

1.05 mg chromium(VI)/kg/day, every other day for 2, 4, 8, 10, or 12 weeks, most of the chromium was 

again found in the red blood cells.  However, while red blood cell levels rose progressively during 

treatment, levels as high as those seen after a single dose were never achieved, even when the total dose 

exceeded the dose in the single injection experiment 10-fold.  The tissue levels of chromium determined 

48 hours after the last dose in the rats injected for 12 weeks were of the same order of magnitude as those 

seen after a single injection.  These results suggest little tendency of soluble chromium(VI) compounds to 

accumulate in tissues with repeated exposure (Mutti et al. 1979). 

In an in vitro study, whole blood samples were spiked with water-soluble chromium(VI) or chromium(III) 

compounds.  The results showed a greater level of chromium inside erythrocytes after treatment with 

chromium(VI) compounds, compared to chromium(III) compounds.  The investigators reported that 

only chromium(VI) compounds are taken up by erythrocytes and, presumably after reduction to 

chromium(III), form complexes with intracellular proteins that could not be eliminated (Lewalter et al. 

1985). 
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The distribution of radioactivity was compared in mouse dams and fetuses following the intravenous 

injection of the dams with 51Chromium labelled-sodium dichromate(VI) or 51chromium labelled

chromium(III) trichloride.  In the maternal tissues, the highest levels of radioactivity from both treatments 

were achieved in the renal cortex, but the concentration of radioactivity in the tissues of dams given the 

hexavalent form was much higher than that of the dams given the trivalent form.  The patterns of 

distribution of radioactivity in other tissues were identical regardless of administered valence state, with 

the skeleton, liver, kidneys, and ovaries accumulating the highest levels and the brain and muscle 

accumulating the lowest levels.  The serum concentration of radioactivity after treatment with 

chromium(III) was 3 times higher than that after treatment with chromium(VI).  Radioactivity after 

treatment with both valence forms crossed the placenta, but the radioactivity from the hexavalent form 

crossed more readily.  For chromium(VI), ≈12% of the maternal serum concentration of radioactivity was 

found in the fetuses when the dams were administered sodium dichromate in mid-gestation (days 12–15).  

When the dams were injected in late gestation (days 16–18), ≈19% of the radioactivity in maternal serum 

was found in the fetuses.  For chromium(III), the fetal concentration of radioactivity was only ≈0.4% of 

the maternal serum concentration when the dams were injected with radiolabeled chromium trichloride in 

mid-gestation and 0.8% of the maternal serum radioactivity concentration when injected in late gestation. 

Radioactivity from both treatments accumulated in fetal skeletons in calcified areas and in the yolk sac 

placenta (Danielsson et al. 1982).  Danielsson et al. (1982) noted that the radioactivity after administration 

of chromium(VI) may represent chromium(III) after reduction in the tissues.  Chromium(III) also crossed 

the placenta of mice injected intraperitoneally with chromium trichloride (Iijima et al. 1983).  While the 

results indicate that both chromium(VI) and chromium(III) may pose developmental hazards, they cannot 

be used to indicate that exposure of pregnant animals to chromium(III) by inhalation or oral routes would 

result in significant placental transfer because chromium(III) compounds are not well absorbed by these 

routes (see Section 3.4.1). 

Tissue distribution in rats and mice after 14 days of intraperitoneal injection of 0.8 mg chromium(VI)/day 

as potassium chromate were: liver 6.00 μg/g wet weight in rats and 8.89 in mice, kidney 24.14 and 11.77, 

spleen 15.26 and 6.92, femur 6.53 and 6.30, lung 3.99 and 2.89, heart 3.13 and 1.75, muscle 1.10 and 

0.51, and blood 4.52 and 1.56. (Kargacin et al. 1993).  Kidney and blood chromium concentrations were 

2- and 4-fold higher, respectively, in rats compared to mice.  Red blood cell concentrations were 3-fold 

higher in rats than mice and hemoglobin binding of chromium was twice as high in rats.  By contrast, 

after oral exposure levels, in blood for rats and mice were similar.  The authors ascribed this to faster 

entry into the blood after intraperitoneal injection and thus a greater likelihood that chromium(VI) could 

be sequestered in rat erythrocytes by reduction. 
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3.4.3 Metabolism 

Chromium(III) compounds are essential to normal glucose, protein, and fat metabolism.  In addition, 

chromium(III) is capable of forming complexes with nucleic acids and proteins. Chromium(III) may also 

participate in intracellular reduction and oxidation reactions.  Chromium(VI) is unstable inside the body 

and is ultimately reduced to chromium(III) in vivo by a variety of reducing agents.  Chromium(V) and 

chromium(IV) are transient intermediates in this process. 

Currently, the biological target for the essential effects of chromium(III) is unknown.  Chromodulin, also 

referred to as GTF, has been proposed as one possible candidate (Jacquamet et al. 2003). The function of 

chromodulin, an oligopeptide complex containing with four chromic ions, has not been established; 

however, a possible mechanism is that chromodulin facilitates the interaction of insulin with its cellular 

receptor sites, although this has not been proven (Anderson 1998a, 2003; IOM 2001). 

In vivo and in vitro experiments in rats indicated that, in the lungs, chromium(VI) can be reduced to 

chromium(III) by ascorbate.  The reduction of chromium(VI) by ascorbate results in a shorter residence 

time of chromium in the lungs and constitutes the first defense against oxidizing reagents in the lungs.  

When ascorbate is depleted from the lungs, chromium(VI) can also be reduced by glutathione. The level 

of ascorbic acid in the adult human lung has been estimated as approximately 7 mg/100 g wet tissue 

(Hornig 1975). The reduction of chromium(VI) by glutathione is slower and results in greater residence 

time of chromium in the lungs, compared to reduction by ascorbate (Suzuki and Fukuda 1990).  Other 

studies reported the reduction of chromium(VI) to chromium(III) by epithelial lining fluid (ELF) obtained 

from the lungs of 15 individuals by bronchial lavage.  The average reduction accounted for 0.6 μg 

chromium(VI)/mg of ELF protein.  In addition, cell extracts made from pulmonary alveolar macrophages 

derived from five healthy male volunteers were able to reduce an average of 4.8 μg chromium(VI)/106 

cells or 14.4 μg chromium(VI)/mg protein (Petrilli et al. 1986b).  Metabolism of the chromium(VI) to 

chromium(III) by these cell fractions significantly reduced the mutagenic potency of the chromium when 

tested in the Ames reversion assay.  Postmitochondrial (S12) preparations of human lung cells (peripheral 

lung parenchyma and bronchial preparations) were also able to reduce chromium(VI) to chromium(III) 

(De Flora et al. 1984).  Moreover, large individual differences were observed (De Flora et al. 1984, 

1987b), and extracts from pulmonary alveolar macrophages of smokers reduced significantly more 

chromium(VI) to chromium(III) than extracts from cells of nonsmokers.  Because chromium(III) does not 

readily enter cells, these data suggest that reduction of chromium(VI) by the ELF may constitute the first 
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line of defense against toxicity of inhaled chromium compounds.  Furthermore, uptake and reduction of 

chromium compounds by the pulmonary alveolar macrophages may constitute a second line of defense 

against pulmonary toxicity of chromium(VI) compounds.  Microsomal reduction of chromium(VI) occurs 

in the lungs mainly as it does in the liver, as discussed below. 

The first defense against chromium(VI) after oral exposure is the reduction of chromium(VI) to 

chromium(III) in the gastric environment where gastric juice (De Flora et al. 1987a) and ascorbate 

(Samitz 1970) play important roles.  Studies using low-frequency electron paramagnetic resonance (EPR) 

spectrometry have shown that chromium(VI) is reduced to chromium(V) in vivo (Liu et al. 1994, 1995, 

1997a, 1997b; Ueno et al. 1995b).  In vitro, low concentrations of ascorbate favor the formation of 

chromium(V), whereas higher concentrations of ascorbate favor the formation of the reduced oxidation 

state, chromium(III) (Liu et al. 1995).  EPR spectrometric monitoring also showed that chromium(VI) 

was rapidly reduced to chromium(V) on the skin of rats, with a 3-fold greater response when the stratum 

corneum was removed (Liu et al. 1997a).  Thus, dermal effects from direct skin contact with 

chromium(VI) compounds may be mediated by rapid reduction to chromium(V).  In whole blood and 

plasma, increasing ascorbate levels led to an increased oxidation of chromium(VI) to chromium(III) 

(Capellmann and Bolt 1992). 

For humans, the overall chromium(VI)-reducing/sequestering capacities were estimated to be 0.7– 

2.1 mg/day for saliva, 8.3–12.5 mg/day for gastric juice, 11–24 mg for intestinal bacteria eliminated daily 

with feces, 3,300 mg/hour for liver, 234 mg/hour for males and 187 mg/hour for females for whole blood, 

128 mg/hour for males and 93 mg/hour for females for red blood cells, 0.1–1.8 mg/hour for ELF, 

136 mg/hour for pulmonary alveolar macrophages, and 260 mg/hour for peripheral lung parenchyma.  

Although these ex vivo data provide important information in the conversion of chromium(VI) to reduced 

states, the values may over- or underestimate the in vivo reducing capabilities (De Flora et al. 1997). 

Reduction of chromium(VI) in the red blood cell occurs by the action of glutathione.  Since the red blood 

cell membrane is permeable to chromium(VI) but not chromium(III), the chromium(III) formed by 

reduction of chromium(VI) by glutathione is essentially trapped within the erythrocyte for the life-span of 

the cell (Paustenbach et al. 2003), with approximately 1% of chromium eluting from the erythrocyte daily 

(ICSH 1980).  Eventually, the diffusion of chromium(VI), the reduction to chromium(III), and 

complexing to nucleic acids and proteins within the cell will cause the concentration equilibrium to 

change so that more chromium(VI) is diffused through the membrane.  Thus, there is a physiological drag 

so that increased diffusion results in greater chromium concentrations in the cell (Aaseth et al. 1982).  It 
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appears that the rate of uptake of chromium(VI) by red blood cells may not exceed the rate at which they 

reduce chromium(VI) to chromium(III) (Corbett et al. 1998).  In vitro incubation of red blood cells with 

an excess of sodium chromate(VI) (10 mM) decreased glutathione levels to 10% of the original amount 

(Wiegand et al. 1984).  The above concepts are applicable to the uptake and reduction of chromium(VI) 

in other cell types. 

The effect of glutathione-depleting agents on the amounts of cellular chromium(III) and chromium(V) 

was determined in Chinese hamster V-79 cells treated with sodium chromate (Sugiyama and Tsuzuki 

1994).  Buthionine sulfoximine at 25 μM reduced glutatione levels to about 1% of control values, and 

increased chromium(V) levels by about 67%.  The total chromium uptake was decreased by about 20% 

and chromium(III) levels were decreased by 20%.  Diethylmaleate (1 mM) decreased glutathione levels to 

<1%, decreased chromium(V) levels by 27% and chromium(III) levels by 31%.  However, the cellular 

uptake of total chromium was decreased to nearly 46%.  The authors explained that the reason that the 

diethylmaleate inhibited the reduction of chromium(VI) to both chromium(III) and chromium(V) was not 

due to the decreased uptake, but involved the inhibition of the chromate-reducing enzymes in the cell. 

In addition to the reduction of chromium(VI) by ascorbate or glutathione, in vitro studies have 

demonstrated reduction of chromium(VI) by microsomal enzymes.  Hepatic microsomal proteins from 

male Sprague-Dawley rats pretreated with chromium(VI) reduced chromium(VI) to chromium(III).  The 

rate of reduction varied both with the concentration of microsomal protein and the concentration of 

nicotinamide adenine dinucleotide phosphate (NADPH).  In the absence of NADPH, microsomes did not 

reduce significant amounts of chromium(VI) over the 24-hour observation period.  Therefore, the 

reduction of chromium(VI) in rat hepatic microsomes is NADPH-dependent (Gruber and Jennette 1978).  

Another study followed the kinetics of chromium(VI) reduction in hepatic microsomes from rats (Garcia 

and Jennette 1981).  Induction of cytochrome P448 enzymes had no effect on the kinetics of the reaction, 

while induction of cytochrome P450 and NADPH-cytochrome P450 reductase resulted in a decrease in 

the apparent chromate-enzyme dissociation constant, and an increase in the apparent second-order rate 

constant, and no change in the apparent turnover number.  Inhibition of NADPH-cytochrome P450 

reductase and NADH-cytochrome b5 reductase inhibited the rate of microsomal reduction of 

chromium(VI), as did the addition of specific inhibitors of cytochrome P450.  The results demonstrate the 

involvement of cytochrome P450, NADPH-dependent-cytochrome P450 reductase, and to a lesser extent 

cytochrome b5 and NADH-dependent-cytochrome b5 reductase, in the reduction of chromate by rat 

hepatic microsomes.  The conversion of chromium(VI) to chromium(III) in rats can occur by electron 

transfer through cytochrome P450 and cytochrome b5. Both oxygen and carbon monoxide were found to 
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inhibit the in vitro cytochrome P450 and cytochrome b5-dependent reduction of chromium(VI) (Mikalsen 

et al. 1989).  The assertion that cytochrome P450 is involved in the reduction of chromium(VI) to 

chromium(III) has been further strengthened by Petrilli et al. (1985), who demonstrated that inducers of 

cytochrome P450 can increase the conversion of chromium(VI) to chromium(III) in S-9 mixtures 

prepared from the liver and lungs of exposed rats.  Furthermore, it was observed that chromium(VI) can 

induce pulmonary cytochrome P450 and thus its own reduction in the lungs (Petrilli et al. 1985).  

Chromium(VI) apparently can alter the P450 activity in isolated rat microsomes.  Witmer et al. (1994) 

demonstrated that hepatic microsomes from male rats treated with chromium(VI) resulted in a significant 

decrease in hydroxylation of testosterone at the 6β, 16α, and 2α positions, indicating a decrease in the 

activity of P4503A1 and 3A2.  In lung microsomes, an increased hydroxylation was observed at the 16α 

and 16β positions, indicating an increase in P450IIB1 activity.  However, hepatic microsomes from 

treated females showed a 4-to5-fold increase in hydroxylation activity of testosterone at the 6β position, 

which demonstrated that the metabolic effects of chromium differ between males and females. 

Two studies have examined possible species differences in the ability of microsomes to reduce 

chromium(VI) (Myers and Myers 1998; Pratt and Myers 1993).  Chromium(VI) reduction was enzymatic 

and NADPH-dependent, and the rates were proportional to the amount of microsome added.  In humans, 

the Km for chromium(VI) was 1–3 orders of magnitude lower than Km values in rats, although the Vmax 

was similar.  This suggests that the human liver has a much greater capacity to reduce chromium(VI) than 

the rat liver.  Also contrary to the rodent data, oxygen and cytochrome P450 inhibitors (carbon monoxide, 

piperonyl butoxide, metyrapone, and aminopyrine) did not inhibit chromium(VI) reduction. These 

differences indicate that, in humans, cytochrome P450 does not play a significant role in the reduction 

process, but that other microsomal flavoproteins are responsible for reducing chromium(VI).  Inhibition 

of flavoproteins by TlCl3 decreased chromium(VI) reduction by 96–100%, while inhibition of 

cytochrome c reductase (P450 reductase) by bromo-4'-nitroacetophenone resulted in an 80–85% 

inhibition of chromium(VI) reduction.  Combined, these observations implicate P450 reductase, working 

independently of cytochrome P450, as a major contributor in the reduction of chromium(VI) in human 

microsomes.  These findings suggest that metabolism of chromium(VI) in rodent systems may not readily 

be extrapolated to humans.   

Microsomal reduction of chromium(VI) can also result in the formation of chromium(V), which involves 

a one-electron transfer from the microsomal electron-transport cytochrome P450 system in rats.  The 

chromium(V) complexes are characterized as labile and reactive.  These chromium(V) intermediates 

persist for 1 hour in vitro, making them likely to interact with deoxyribonucleic acid (DNA), which may 
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eventually lead to cancer (Jennette 1982).  Because chromium(V) complexes are labile and reactive, 

detection of chromium(V) after in vivo exposure to chromium(VI) was difficult in the past.  More 

recently, Liu et al. (1994) have demonstrated that chromium(V) is formed in vivo by using low-frequency 

electron paramagnetic resonance (EPR) spectroscopy on whole mice.  In mice injected with sodium 

dichromate(VI) intravenously into the tail vein, maximum levels of chromium(V) were detected within 

10 minutes and declined slowly with a life-time of about 37 minutes.  The time to reach peak in vivo 

levels of chromium(V) decreased, in a linear manner as the administered dose levels of sodium 

dichromate decreased. The relative tissue distributions of chromium(V) indicated that most was found in 

the liver and much lesser amounts in blood.  None was detected in kidney, spleen, heart, or lung.  When 

the mice were pretreated with metal ion chelators, the intensity of the EPR signal decreased 

demonstrating that the formation of chromium(V) was inhibited.  Reactions of chromium(VI) with 

glutathione produced two chromium(V) complexes and a glutathione thiyl radical.  Reactions of 

chromium(VI) with DNA in the presence of glutathione produced chromium-DNA adducts.  The level of 

chromium-DNA adduct formation correlated with chromium(V) formation. The reaction of 

chromium(VI) with hydrogen peroxide produced hydroxyl radicals.  Reactions of chromium(VI) with 

DNA in the presence of high concentrations of hydrogen peroxide (millimolar compared to 10-7–10-9 M 

inside cells) produced significant DNA strand breakage and the 8-hydroxy guanosine adduct, which 

correlated with hydroxyl radical production (Aiyar et al. 1989, 1991).  Very little chromium(V) was 

generated by this pathway.  It was postulated that the reaction of chromium(VI) with hydrogen peroxide 

produces tetraperoxochromium(V) species that act as a catalyst in a Fenton-type reaction producing 

hydroxyl radicals in which chromium(V) is continuously being recycled back to chromium(VI).  The 

regeneration of chromium(VI) through interactions with chromium(V) and hydrogen peroxide is 

consistent with the findings of Molyneux and Davies (1995) (see Section 3.5.2).  As discussed above, 

chromium(VI) is ultimately reduced to chromium(III) within the cell.  Chromium(III) can form stable 

complexes with DNA and protein (De Flora and Wetterhahn 1989), which is discussed further in 

Section 3.5.2. 

The mechanism for clearance of chromium(VI) once reduced inside the liver cell may involve a 

chromium(III)-glutathione complex.  The glutathione complex would be soluble through the cell 

membrane and capable of entering the bile (Norseth et al. 1982).  The complexing of chromium(III) to 

other ligands has been shown to make them more permeable to the cell membrane (Warren et al. 1981). 
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3.4.4 Elimination and Excretion 
3.4.4.1  Inhalation Exposure 

Normal urinary levels of chromium in humans have been reported to range from 0.22 to 1.8 μg/L 

(0.00024–0.0018 mg/L) with a median level of 0.4 μg/L (0.0004 mg/L) (IOM 2001; Iyengar and Woittiez 

1988).  Humans exposed to 0.05–1.7 mg chromium(III)/m3 as chromium sulfate and 0.01–0.1 mg 

chromium(VI)/m3 as potassium dichromate (8-hour TWA) had urinary excretion levels of 0.0247– 

0.037 mg chromium(III)/L.  Workers exposed mainly to chromium(VI) compounds had higher urinary 

chromium levels than workers exposed primarily to chromium(III) compounds.  An analysis of the urine 

did not detect the hexavalent form of chromium, indicating that chromium(VI) was rapidly reduced 

before excretion (Cavalleri and Minoia 1985; Minoia and Cavalleri 1988).  Chromium(III) compounds 

were excreted rapidly in the urine of workers, following inhalation exposure to chromium(III) as 

chromium lignosulfonate.  Workers exposed to 0.005–0.23 mg chromium(III)/m3 had urine 

concentrations of 0.011–0.017 mg chromium(III)/L.  The half-time for urinary excretion of chromium 

was short, 4–10 hours, based on an open, one-compartment kinetic model (Kiilunen et al. 1983).  Tannery 

workers had higher urinary chromium(III) concentrations in postshift urine samples taken Friday 

afternoon and in preshift urine samples taken Monday, compared to controls.  These workers also had hair 

concentrations of chromium that correlated with urinary levels.  Analysis of workroom air revealed no 

detectable chromium(VI) and 0.0017 mg chromium(III)/m3 (time-weighted average) (Randall and Gibson 

1987).  Elimination of chromium(III) from hair, serum, and urine has been studied in a group of 5 men 

who had ceased working in a leather tannery 9 months earlier (Simpson and Gibson 1992).  Compared to 

levels recorded during employment, the mean level of chromium in hair was reduced from 28.5 to 

2.9 μmol/g; serum levels were reduced from 9.4 to 3.8 nmol/L.  These levels are comparable to those in 

the general population.  Urine levels were unchanged (13.8 nmol/L while working and 14.4 nmol/L 

9 months later); the authors stated that this was probably caused by consumption of beer (a source of 

chromium) the night before sampling. Data from autopsy studies indicate that chromium can be retained 

in the lung for decades following cessation of occupational exposures (Brune et al. 1980; Hyodo et al. 

1980; Mancuso 1997b). 

Peak urinary chromium concentrations were observed at 6 hours (the first time point examined) in rats 

exposed intratracheally to 0.44 mg/kg chromium(III) as chromium acetate hydroxide or chromium(VI) as 

sodium dichromate (Gao et al. 1993).  Chromium urinary concentrations decreased rapidly, falling from 

4,535 μg chromium/g creatinine at 6 hours to 148 μg chromium/g at 72 hours for the chromium acetate 
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hydroxide and from 2,947 μg chromium/g creatinine at 6 hours to 339 μg chromium/g at 72 hours for 

sodium dichromate. 

Elimination of chromium was very slow in rats exposed to 2.1 mg chromium(VI)/m3 as zinc chromate 

6 hours/day for 4 days.  Urinary levels of chromium remained almost constant for 4 days after exposure 

and then decreased, indicating that chromium bound inside the erythrocyte is released slowly (Langård et 

al. 1978). 

3.4.4.2  Oral Exposure 

Given the low absorption of chromium compounds by the oral route, the major pathway of excretion after 

oral exposure is through the feces. 

An acute, oral dose of radioactive chromium(III) as chromium chloride or chromium(VI) as sodium 

chromate was administered to humans after which feces and urine were collected for 24 hours and 6 days, 

respectively, and analyzed for chromium.  The amount of chromium in the 6-day fecal collection was 

99.6 and 89.4% of the dose for chromium(III) and chromium(VI) compounds, respectively.  The amount 

of chromium in the 24-hour urine collection was 0.5 and 2.1% of the dose for chromium(III) and 

chromium(VI) compounds, respectively (Donaldson and Barreras 1966).  In subjects drinking 0.001– 

0.1 mg chromium(VI)/kg/day as potassium chromate in water for 3 days, <2–8% of the dose was excreted 

in the urine (Finley et al. 1997).  The percentage of the dose excreted appeared to increase with increasing 

dose. 

Urinary excretion rates have been measured in humans after oral exposure to several chromium 

compounds (Finley et al. 1996b).  A group of four male and two female volunteers ingested capsules 

containing chromium(III) picolinate at a dose of 200 μg/day for 7 days, to ensure that chromium 

deficiency was not a confounding factor.  They then ingested 0.005 mg/kg/day chromium(VI) as 

potassium chromate (3 days), and 1.0 mg/kg/day chromium(III) as chromic oxide (3 days), with 3 days 

without dosing between the potassium chromate and chromic oxide doses.  Urinary excretion rates of 

chromium were significantly elevated compared to postdosing control levels after seven daily doses of 

chromium(III) picolinate (2.4±0.8 versus 0.75±0.53 μg/day).  The excretion rate increased sharply on the 

first of 3 days of potassium chromate dosing (11±17 μg/day) and remained steady over the next 2 days 

(13–14 μg/day).  Excretion rates fell to 2.5±0.72 during 2 days without dosing and continued to fall 

during the 3 days of chromic oxide dosing, reaching rates similar to those seen postdosing.  Mean pooled 
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urinary concentrations during the dosing periods were 2.4 μg chromium/g creatinine from exposure to 

chromium(VI) and 0.4 μg chromium/g creatinine from exposure to chromium(III) as compared to 0.23 μg 

chromium/g creatinine during the postdosing time periods.  The lower urinary excretion of chromium(III) 

after exposure to chromic oxide reflects the poorer absorption of inorganic chromium(III) compounds 

compared to inorganic chromium(VI) compounds. 

The half-life for chromium urinary excretion after administration in drinking water as potassium 

dichromate has been estimated in humans (Kerger et al. 1997).  Ingestion of 0.05 mg chromium(VI)/kg 

resulted in an extended time course of excretion.  Approximately 76–82% of the 14-day total amount of 

chromium in the urine was excreted within the first 4 days (mean peak concentration 209 μg chromium/g 

creatinine; range 29–585 μg chromium/g creatinine). The average urinary excretion half-life for four of 

the volunteers was 39 hours at this dose.  All subjects had returned to background concentrations (0.5– 

2.0 μg chromium/g creatinine) by 14 days postdosing.  About 87% of the total amount of chromium in the 

urine measured over 8 days was excreted during the first 4 days for one volunteer ingesting 0.03 mg 

chromium(VI)/kg (peak 97 μg chromium/g creatinine on day of ingestion).  Urinary chromium 

concentrations had returned to an average of 2.5 μg chromium/g creatinine within 7 days postdosing, the 

last time point measured. Urinary excretion half-life in this volunteer was 37 hours.  Similar time courses 

of excretion were observed when volunteers took the same doses as daily doses over 3-day periods.  An 

earlier study by this group (Kerger et al. 1996a) examined urinary excretion half-lives following a bolus 

dose of 10 ppm (approximately 0.06 mg chromium/kg) chromium(III) chloride, potassium dichromate 

reduced with orange juice (presumably, the juice reduced the potassium dichromate to chromium(III)

organic complexes and chromium(III) ions), or potassium dichromate.  The calculated urinary excretion 

half-lives for the three chromium solutions were 10.3, 15, and 39.3 hours, respectively.  The potassium 

dichromate half-life is consistent with the results from the Kerger et al. (1997) study.  If, in these studies, 

all of the absorbed chromium(VI) was rapidly and completely converted to chromium(III), there should 

be no difference in urinary half-life.  The difference in excretion half-lives following dosing with 

chromium(III) and chromium(VI) appears to reflect incomplete reduction of absorbed chromium(VI) to 

chromium(III) as well as longer retention of chromium(VI) in tissues. The prolonged half-life following 

dosing with chromium(VI) appears to be a composite of the half-lives the chromium(VI) and 

chromium(III) derived from the reduction of chromium(VI) in the blood.  Given that most is converted to 

chromium(III), the half-life for the sequestered chromium is quite long (much longer than 40 hours) and 

reflects the half-life of chromium observed in the red blood cells.  Pretreatment of chromium(VI) with 

orange juice apparently did not convert all chromium(VI) to chromium(III), as indicated by a half-life of 

15 hours. 
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The urinary excretion kinetics of chromium have also been examined in eight adults that were 

administered chromium(III) at 400 μg/day as chromium(III) picolinate for 3 consecutive days (Gargas et 

al. 1994).  The mean time to peak urinary concentration was 7.18±2.11 hours (range 2.9–13.0 hours), the 

mean peak concentration being 7.92±4.24 μg chromium/g creatinine (range 3.58–19.13 μg/g creatinine).  

Excretion diminished rapidly after the peak, but did not appear to return to background in most of the 

volunteers before the next daily dose. 

Pharmacokinetic models were used to predict the retention and excretion of ingested chromium(III) 

picolinate (Stearns et al. 1995a).  A single dose of 5.01 mg (assuming 2.8% or 140 μg of the 

chromium(III) picolinate is absorbed) resulted in 11 μg (7.9%) retained after 1 year.  The model predicted 

that about 1.4 μg would still be present in body tissues 10 years after dosing, and continuous dosing over 

a 1-year period would result in 6.2 mg of chromium(III) picolinate being retained, requiring about 

20 years to reduce the retained level to 0.046 mg.  These projected retention estimates may be 2–4-fold 

lower than results obtained from actual clinical findings.  The authors caution that accumulative daily 

intake of chromium(III) may result in tissue concentrations that could be genotoxic. 

Daily urinary excretion levels of chromium were nearly identical in men and women (averages of 

0.17 and 0.20 μg/L, respectively; 0.18 μg/L combined) who ate normal dietary levels of chromium 

(≈60 μg chromium(III)/day).  When the subjects' normal diets were supplemented with 200 μg 

chromium(III)/day as chromium trichloride to provide intakes of ≈260 μg chromium(III)/day, urinary 

excretion of chromium rose proportionately to an average of 0.98 μg/L combined.  Thus a 5-fold increase 

in oral intake resulted in about a five-fold increase in excretion, indicating absorption was proportional to 

the dose regardless of whether the source was food or supplement (Anderson et al. 1983).  A group of 

23 elderly subjects who received an average of 24.5 μg/day (0.00035 mg chromium(III)/kg/day) from 

their normal diets excreted 0.4 μg chromium/day in the urine (1.6%) and 23.9 μg chromium/day in the 

feces (97.6%), with a net retention of 0.2 μg/day (0.8%).  Based on the 1980 daily requirement for 

absorbable chromium of 1 μg/day by the National Academy of Science Food and Nutrition Board, the 

retention was considered adequate for their requirements (Bunker et al. 1984). 

An estimate of the half-life of elimination from plasma has been reported in humans.  Uptake of 

potassium dichromate was determined in a man who was given 0.8 mg of chromium(VI) in drinking 

water 5 times each day for 17 days (Paustenbach et al. 1996).  Steady-state concentrations of chromium in 

blood were attained after 7 days and a plasma elimination half-life of 36 hours was estimated. 
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Measurement of the chromium content in 255 milk samples from 45 lactating American women revealed 

that most samples contained <0.4 μg/L with a mean value of 0.3 μg/L (Casey and Hambidge 1984).  

Another study (Anderson et al. 1993) measured chromium levels in the breast milk of 17 women 60 days 

postpartum, and reported mean levels of ~0.2 μg/L.  Lactation, therefore, represents a route of excretion 

of chromium and a potential route of exposure to the nursing infant.  However, the precise relationship 

between maternal chromium levels and levels in breast milk is unclear, if such a relationship exists at all 

(Anderson et al. 1993; Engelhardt et al. 1990; Mohamedshah et al. 1998). 

Chromium can be excreted in hair and fingernails.  Mean trace levels of chromium detected in the hair of 

individuals from the general population of several countries were as follows:  United States, 0.23 ppm; 

Canada, 0.35 ppm; Poland, 0.27 ppm; Japan, 0.23 ppm; and India, 1.02 ppm (Takagi et al. 1986).  Mean 

levels of chromium in the fingernails of these populations were:  United States, 0.52 ppm; Canada, 

0.82 ppm; Poland, 0.52 ppm; Japan, 1.4 ppm; and India, 1.3 ppm (Takagi et al. 1988). 

Rats given 18 mg chromium(VI)/kg as potassium dichromate by gavage excreted about 25 μg chromium 

in the first 24 hours after dosing and ≈10 μg chromium in each of the next 24-hour periods (Banner et al. 

1986). 

In rats and hamsters fed chromium compounds, fecal excretion of chromium varied slightly from 97 to 

99% of the administered dose.  Urinary excretion of chromium varied from 0.6 to 1.4% of the dose 

administered as either chromium(III) or chromium(VI) compounds (Donaldson and Barreras 1966; 

Henderson et al. 1979; Sayato et al. 1980).  The urinary and fecal excretion over 2-day periods in rats 

treated for 8 days by gavage with 13.92 mg chromium/kg/day in corn oil was higher when soil containing 

70% chromium(III) and 30% chromium(VI) was the source of chromium than when chromium(VI) as 

calcium chromate was the source (see Section 3.4.2.2).  Total urinary and fecal excretion of chromium on 

days 1 and 2 of dosing were 1.8 and 19%, respectively, of the dose from soil and <0.5 and 1.8%, 

respectively, of the dose from calcium chromate.  Total urinary and fecal excretion of chromium on days 

7 and 8 of dosing were higher than on days 1 and 2.  For contaminated soil, urinary excretion was 1.12% 

and fecal excretion was 40.6% of the dose.  For calcium chromate, urinary excretion was 0.21% and fecal 

excretion was 12.35% of the dose (Witmer et al. 1991).  Whether the higher excretion of chromium after 

dosing with soil than with the chromate salt represents greater bioavailability from soil could not be 

determined because about 50% of the administered dose could not be accounted for from the excretion 

and distribution data (see Section 3.4.2.2).  Excretion of chromium(III) in dogs was approximately equal 
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to the clearance of creatinine, indicating little tubular absorption or reabsorption of chromium in the 

kidneys (Donaldson et al. 1984). 

3.4.4.3  Dermal Exposure 

Information regarding the excretion of chromium in humans after dermal exposure to chromium or its 

compounds is limited.  Fourteen days after application of a salve containing potassium chromate(VI), 

which resulted in skin necrosis and sloughing at the application site, chromium was found at 8 mg/L in 

the urine and 0.61 mg/100 g in the feces of one individual (Brieger 1920).  A slight increase (over 

background levels) in urinary chromium levels was observed in four subjects submersed in a tub of 

chlorinated water containing 22 mg chromium(VI)/L as potassium dichromate(VI) for 3 hours (Corbett et 

al. 1997).  For three of the four subjects, the increase in urinary chromium excretion was <1 μg/day over 

the 5-day collection period. 

51Chromium was detected in the urine of guinea pigs after radiolabeled sodium chromate(VI) or 

chromium(III) trichloride solutions were placed over skin depots that were monitored by scintillation 

counting to determine the dermal absorption (Wahlberg and Skog 1965). 

3.4.4.4  Other Routes of Exposure 

Elevated levels of chromium in blood, serum, urine, and other tissues and organs have been observed in 

patients with cobalt-chromium knee and hip arthroplasts (Michel et al. 1987; Sunderman et al. 1989).  

Whether corrosion or wear of the implant can release chromium (or other metal components) into the 

systemic circulation depends on the nature of the device.  In one study, the mean postoperative blood and 

urine levels of chromium of nine patients with total hip replacements made from a cast cobalt-chromium

molybdenum alloy were 3.9 and 6.2 μg/L, respectively, compared with preoperative blood and urine 

levels of 1.4 and 0.4 μg/L, respectively.  High blood and urinary levels of chromium persisted when 

measured at intervals over a year or more after surgery.  These data suggest significant wear or corrosion 

of the metal components.  No significant difference was found for patients with hip replacements made 

from the alloy and articulated with polyethylene (Coleman et al. 1973).  Similarly, serum and urinary 

levels of chromium in patients with implants made from a porous coated cobalt chromium alloy with 

polyethylene components (to prevent metal-to-metal contact) were not significantly different from 

patients with implants made without chromium (Sunderman et al. 1989). 
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A number of factors have been shown to alter the rate of excretion of chromium in humans.  Intravenous 

injection of calcium EDTA resulted in a rapid increase in the urinary excretion of chromium in metal 

workers (Sata et al. 1998).  Both acute and chronic exercises have been shown to increase chromium 

excretion in the urine, though the increased excretion did not appear to be accompanied with decreased 

levels of total native chromium (Rubin et al. 1998).  An increased rate of chromium excretion has been 

reported in women in the first 26 weeks of pregnancy (Morris et al. 1995b).  Chromium supplementation 

did not appear to alter the rate of excretion into breast milk in postpartum women (Mohamedshah et al. 

1998). 

The urinary excretion of chromium after a single or during repeated subcutaneous injections of potassium 

dichromate was followed in rats.  Following a single dose of 5.35 mg chromium(VI)/kg, chromium was 

excreted rapidly in two phases and was essentially complete at 48 hours.  The filtered chromium load rose 

considerably during the first few hours after dosing and exceeded the tubular reabsorption rate.  This 

increase was followed by a decrease that paralleled the urinary excretion of chromium.  During repeated 

injections with 1.05 mg chromium(VI)/kg/day, every other day for 12 weeks, urinary excretion and 

diffusible chromium renal clearance rose at relatively high parallel rates, and reached plateaus at 

10 ng/min for urinary excretion and 550 μL/minute for renal clearance.  The filtered load increased 

slightly.  Since high levels of chromium were found in the renal cortex (see Section 3.4.2.4), the tubular 

reabsorption appeared to be limited by the accumulation of chromium in the tubular epithelium (Mutti et 

al. 1979). 

Rats given a subcutaneous injection of potassium dichromate (chromium(VI)) and chromium nitrate 

(chromium(III)) excreted 36% of the chromium(VI) dose in urine and 13.9% in the feces within 7 days; 

8 and 24.2% of the chromium(III) was excreted in the urine and feces within the same time period, 

respectively (Yamaguchi et al. 1983).  Within 4 days after an intravenous dose of 51chromium as 

chromium(III) chloride at 3 mg/kg chromium, rats excreted 5.23% of the dose in the feces and 16.3% in 

the urine (Gregus and Klaassen 1986). 

In rats treated by intravenous injection with 51chromium-labeled sodium chromate (chromium(VI)) or 

chromium(III) trichloride at 0.0003 or 0.345 mg chromium/kg, the bile contained 2–2.5% of the dose 

following chromium(VI) exposure; however, after chromium(III) exposure the concentration in the bile 

was ≈50 times lower (Manzo et al. 1983).  Similarly, 3.5–8.4% of chromium(VI) compounds was 

excreted in the bile as chromium(III), compared to 0.1–0.5% of chromium(III) compounds, after 

intravenous injection in rats (Cikrt and Bencko 1979; Norseth et al. 1982).  Administration of 
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diethylmaleate, which depletes glutathione, resulted in only chromium(VI) in the bile after injection of 

sodium chromate. 

Two hours after dosing rats intravenously with potassium dichromate at 0.45–4.5 mg chromium(VI)/kg, 

1.4–2.2% of the chromium was recovered in the bile.  Less than 1% of the total measurable chromium in 

the bile was identified as chromium(VI) compounds (Cavalleri et al. 1985). 

Male Swiss mice exposed to 52 mg chromium(III)/kg as chromium chloride by single intraperitoneal 

injection or subcutaneous injection had plasma clearance half-times of 41.2 and 30.6 hours, respectively.  

In each case, blood levels reached control levels by 6–10 days (Sipowicz et al. 1997). 

3.4.5 Physiologically Based Pharmacokinetic (PBPK)/Pharmacodynamic (PD) Models 

Physiologically based pharmacokinetic (PBPK) models use mathematical descriptions of the uptake and 

disposition of chemical substances to quantitatively describe the relationships among critical biological 

processes (Krishnan et al. 1994).  PBPK models are also called biologically based tissue dosimetry 

models.  PBPK models are increasingly used in risk assessments, primarily to predict the concentration of 

potentially toxic moieties of a chemical that will be delivered to any given target tissue following various 

combinations of route, dose level, and test species (Clewell and Andersen 1985).  Physiologically based 

pharmacodynamic (PBPD) models use mathematical descriptions of the dose-response function to 

quantitatively describe the relationship between target tissue dose and toxic end points.  

PBPK/PD models refine our understanding of complex quantitative dose behaviors by helping to 

delineate and characterize the relationships between: (1) the external/exposure concentration and target 

tissue dose of the toxic moiety, and (2) the target tissue dose and observed responses (Andersen and 

Krishnan 1994; Andersen et al. 1987).  These models are biologically and mechanistically based and can 

be used to extrapolate the pharmacokinetic behavior of chemical substances from high to low dose, from 

route to route, between species, and between subpopulations within a species.  The biological basis of 

PBPK models results in more meaningful extrapolations than those generated with the more conventional 

use of uncertainty factors.  

The PBPK model for a chemical substance is developed in four interconnected steps: (1) model 

representation, (2) model parameterization, (3) model simulation, and (4) model validation (Krishnan and 

Andersen 1994).  In the early 1990s, validated PBPK models were developed for a number of 
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toxicologically important chemical substances, both volatile and nonvolatile (Krishnan and Andersen 

1994; Leung 1993).  PBPK models for a particular substance require estimates of the chemical substance-

specific physicochemical parameters, and species-specific physiological and biological parameters.  The 

numerical estimates of these model parameters are incorporated within a set of differential and algebraic 

equations that describe the pharmacokinetic processes.  Solving these differential and algebraic equations 

provides the predictions of tissue dose.  Computers then provide process simulations based on these 

solutions.  

The structure and mathematical expressions used in PBPK models significantly simplify the true 

complexities of biological systems.  If the uptake and disposition of the chemical substance(s) are 

adequately described, however, this simplification is desirable because data are often unavailable for 

many biological processes.  A simplified scheme reduces the magnitude of cumulative uncertainty.  The 

adequacy of the model is, therefore, of great importance, and model validation is essential to the use of 

PBPK models in risk assessment. 

PBPK models improve the pharmacokinetic extrapolations used in risk assessments that identify the 

maximal (i.e., the safe) levels for human exposure to chemical substances (Andersen and Krishnan 1994).  

PBPK models provide a scientifically sound means to predict the target tissue dose of chemicals in 

humans who are exposed to environmental levels (for example, levels that might occur at hazardous waste 

sites) based on the results of studies where doses were higher or were administered in different species.  

Figure 3-5 shows a conceptualized representation of a PBPK model. 

PBPK models for chromium are discussed in this section in terms of their use in risk assessment, tissue 

dosimetry, and dose, route, and species extrapolations.  Two PBPK models for chromium have been 

reported that simulated developed by O’Flaherty absorption, distribution, metabolism, elimination, and 

excretion of chromium(III) and chromium(VI) compounds in the rat (O’Flaherty 1993c, 1996) and human 

(O’Flaherty et al. 2001). 

3.4.5.1 O’Flaherty Model (1993a, 1996, 2001) 

The structure of the O’Flaherty model is depicted in Figure 3-6.  Values for chromium parameters in the 

rat and human model are presented in Table 3-10.  The model includes compartments representing bone, 

kidney, liver, gastrointestinal tract, plasma, poorly-perfused tissues (e.g., muscle, skin), red blood cells, 

respiratory tract, and well-perfused tissues (e.g., brain, heart, lung, viscera).  Chromium(VI) is assumed to 
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Figure 3-5.  Conceptual Representation of a Physiologically Based
 
Pharmacokinetic (PBPK) Model for a
 

Hypothetical Chemical Substance
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Ingestion 
Lungs 

Liver 

Fat 

Slowly 
perfused 
tissues 

Richly 
perfused 
tissues 

Kidney 

Skin 

A 
R 
T 
E 
R 
I 
A 
L 

B 
L 
O 
O 
D 

Vmax 
Km 

GI 
Tract 

Feces 

Urine

 Chemicals 
contacting skin 

V 
E 
N 
O 
U 
S 

B 
L 
O 
O 
D 

Note: This is a conceptual representation of a physiologically based pharmacokinetic (PBPK) model for a 
hypothetical chemical substance.  The chemical substance is shown to be absorbed via the skin, by inhalation, or by 
ingestion, metabolized in the liver, and excreted in the urine or by exhalation. 

Source: adapted from Krishnan and Andersen 1994 
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Figure 3-6.  A Physiologically Based Model of Chromium Kinetics in the Rat 
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Source:  O’Flaherty et al. 1996
 

***DRAFT FOR PUBLIC COMMENT*** 



   
 

    
 
 

 
 
 
 

  

 

 
 

 

  
  

     
       

       
 

       
 

       
  

       
  

 
      

  
       
      

 
      

      

 
         
        
        
        

  
       

  
        
       
        
         
        
      

  
       

  
        

       
         

 
        

  

CHROMIUM 260 

3. HEALTH EFFECTS 

Table 3-10.  Chemical-specific Parameters in the Rat and Human Chromium
 
Models
 

Rat Human 
Parametera Cr(IIII) Cr(VI) Cr(IIII) Cr(VI) Definition 
Absorption 

KGI 0.01 0.04 0.25 2.5 First-order rate constant for absorption from the 
gastrointestinal tract (Da-1) 

KLU 0.2 2.0 NA NA First-order rate constant for absorption from the 
bioavailable lung pool (pool A) (Da-1) 

KMUCOA 0.8 0.8 NA NA First-order rate constant for mucociliary clearance from 
pool A to the gastrointestinal tract (Da-1) 

KMUCOB 0.025 0.025 NA NA First-order rate constant for mucociliary clearance from 
the nonbioavailable lung pool (pool B) to the 
gastrointestinal tract (Da-1) 

KLUAB 1.2 1.2 NA NA First-order rate constant for transfer from pool A to 
pool B (Da-1) 

FRLUNG NA NA 0.3 0.3 Fraction of inhaled chromium absorbed to blood 
FRTRGI NA NA 0.7 0.7 Fraction of inhaled chromium transferred to 

gastrointestinal tract. 
Distribution 

CR 5.0 15.0 NAb NAb Relative clearance of chromium into mineralizing bone 
(liters of blood plasma cleared per liter of new bone 
formed) 

KINRBC 0.0003 1.5 12.0 NA Clearance from plasma to red cell (L/Da) 
KDIN 0.007 1.5 3.0 30.0 Clearance from plasma to kidney (L/Da) 
LDIN 0.0001 1.5 3.0 30.0 Clearance from plasma to liver (L/Da) 
WDIN 0.0001 1.5 3.0 30.0 Clearance from plasma to other well-perfused tissues 

(L/Da) 
PDIN 0.0001 0.01 3.0 30.0 Clearance from plasma to poorly-perfused tissues 

(L/Da) 
BDIN 0.0001 0.01 NAb NAb Clearance from plasma to bone (L/Da) 
CR NA NA 5.0 15.0 Fraction deposition from blood to forming bone 
KOUTRBC 0.0003 10.0 12.0 NA Clearance from red cell to plasma (L/Da) 
KDOUT 0.001 10.0 3.0 30.0 Clearance from kidney to plasma (L/Da) 
LDOUT 0.0003 10.0 3.0 30.0 Clearance from liver to plasma (L/Da) 
WDOUT 0.001 10.0 3.0 30.0 Clearance from other well-perfused tissues to plasma 

(L/Da) 
PDOUT 0.003 10.0 3.0 30.0 Clearance from poorly perfused tissues to plasma 

(L/Da) 
BDOUT 0.003 10.0 NAb NAb Clearance from bone to plasma (L/Da) 

Excretion 
KFX 1.5 1.5 14.0 14.0 First-order rate constant for loss of chromium from 

intestinal tract contents to the feces (Da-1) 
QEC 0.065 0.065 NAc NAc Excretion clearance from the plasma (urinary 

clearance) (L/kg/Da) 
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Table 3-10.  Chemical-specific Parameters in the Rat and Human Chromium
 
Models
 

Rat Human 
Parametera Cr(IIII) Cr(VI) Cr(IIII) Cr(VI) Definition 

CLEARb NA NA 12.0 12.0 Parameter in expression for clearance from blood 
plasma to urine (L/day) 

MAXb NA NA 0.008 0.008 Parameter in expression for clearance from blood 
plasma to urine (mg/day) 

KMb NA NA 0.0008 0.0008 Parameter in expression for clearance from blood 
plasma to urine (mg/L) 

FB 0.0 0.0 NA NA Fraction of body burden secreted in the bile 
FI 0.0 0.0 NA NA Fraction of body burden excreted via the 

gastrointestinal tract 
Reduction 

KREDRC NA 0.7 NA 7.0 First-order rate constant for reduction of Cr(VI) to Cr(III) 
in the red cell (Da-1) 

KREDBP NA NA NA 0.2 First-order rate constant for reduction of Cr(VI) to Cr(III) 
in blood plasma (Da-1) 

KREDKL NA NA NA 500.0 First-order rate constant for reduction of Cr(VI) to Cr(III) 
in kidney (Da-1) 

KREDGI NA 10.0 NA 100.0 First-order rate constant for reduction of Cr(VI) to Cr(III) 
in gastrointestinal tract contents (Da-1) 

KRED NA 0.5 NA 5.0 First-order rate constant for reduction of Cr(VI) to Cr(III) 
in all other tissues and in lung contents (Da-1) 

Lag time for excretion of urine 
FRHOLD 0.7 0.7 NA NA Fraction of urinary chromium not excreted immediately; 

that is, temporarily held in pool 
KHOLD 0.05 0.05 NA NA First-order rate constant for excretion from the retained 

urine pool (Da-1) 
FR 0.10 0.10 NA NA Fraction of chromium in retained urine that is 

associated with the kidney 

aParameter names are those for human model in cases where the reported rat and human parameter names were 

not identical.
 
bExchanges between blood plasma and cortical and trabecular bone are simulated as functions of bone formation 

and resorption rates.
 
c 
QE = CLEAR 

CBP KM + 

MAX 
− , where QE is clearance from blood plasma to urine (L/day) and CBP is plasma 


concentration of chromium (mg/L).
 

NA =  not applicable
 

Sources:  O'Flaherty 1996 (rat parameters); O’Flaherty et al. 2001 (human parameters)
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be reduced to chromium(III) in all tissues, and in the gastrointestinal and respiratory tract. Reduction is 

represented as a first-order rate, with distinct rates for the red cell and gastrointestinal tract, and a single 

value representing all other tissues. 

Absorption of chromium from the gastrointestinal tract is simulated as the sum of competing first-order 

processes; transfer to the liver (absorption) and transfer of unabsorbed chromium to feces.  Parameter 

values for these two processes result in absorption of approximately 1–2% of an oral dose. 

The respiratory tract is represented with two subcompartments to distinguish a bioavailable chromium 

(pool A) from a nonbioavailable chromium (pool B).  Inhaled chromium first deposits in pool A from 

where it can be transferred to blood (i.e., absorption), transferred to the gastrointestinal tract (i.e., 

mucocilliary clearance), or transferred to pool B.  Chromium in pool B is cleared to the gastrointestinal 

tract.  Transfers within and out of the respiratory tract are represented with first-order rate constants.  

Transfers of chromium between plasma and soft tissues are represented with clearance terms (i.e., L/day), 

where clearance is given by the first-order rate constant (ke) for transfer and tissue volume (V, 

clearance=ke x V).  Distinct plasma-to-tissue and tissue-to-plasma clearance values are assigned to 

chromium(III) and chromium(VI), with faster clearances assumed for chromium(VI), by a factor of 

3,000–10,000, compared to chromium(III).  In the rat model, transfers of chromium between plasma and 

bone are represented with clearance constants; however, this is expanded in the human model to represent 

chromium uptake into bone as a function of bone formation rate, and return of chromium to plasma from 

bone as a function of bone resorption rate (see also O’Flaherty 1993c, 1995 for further information on the 

bone growth and reabsorption model). 

Absorbed chromium is excreted in urine.  Although a biliary secretion pathway was included in the 

model, flux through the pathway was subsequently set to zero, based on optimizations of the model 

against observations.  This parameterization is equivalent to assuming that either chromium is not 

secreted in bile, or if it is secreted into bile, it is essentially completely (and rapidly) absorbed.  Urinary 

excretion of chromium is represented as clearance from plasma.  In the rat model, plasma-to-urine 

clearance was assigned a constant value.  In the human model, urinary clearance is represented as a 

variable fraction of the glomerular filtration rate, with the fraction increasing with increasing plasma 

concentration (e.g., 0.7% of GFR at a concentration of 0.0001 mg/L; 40% of GFR at 0.01 mg/L). 
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Validation of the model. Optimization of parameter values and evaluation of the rat model are 

described in O’Flaherty (1996).  Initial values for the rat model were established based on data reported in 

various intravenous, oral, or intratracheal rat studies (Bragt and van Dura 1983; Cavalleri et al. 1985; 

Cikrt and Bencko 1979; Edel and Sabbioni 1985; MacKenzie et al. 1959; Mertz et al. 1969; Thompson 

and Hollis 1958; Weber 1983). Parameter values were optimized against data on kinetics of tissue levels 

and chromium excretion measured in rats that received intratracheal doses of 51Cr(VI) or 51Cr(III) (Bragt 

and van Dura 1983; Edel and Sabbioni 1985; Weber 1983). The optimized rat model was evaluated by 

comparing predictions of blood 51Cr kinetics to observations made in rats exposed 6 hours/day for 4 days 

to dusts of zinc [51Cr]chromate (76% respirable, Langård et al. 1978).  Predicted blood concentrations 

during exposure and postexposure kinetics agreed with observations.  The model was also evaluated 

against data from a drinking water study in which rats were exposed to drinking water concentrations of 

K2Cr(VI)O4 ranging from 0.45 to 25 mg/L, or to Cr(III)Cl3 at a concentration of 25 mg/L for a period of 

1 year (MacKenzie et al. 1958).  This was not a completely independent evaluation of the model since 

data from this study were used to set parameters for fractional uptake of chromium into bone.  Ranges for 

predicted:observed ratios for terminal tissue levels in rats exposed to 0.45–25 mg chromium(VI)/L were 

1.2–5 for liver, 0.3–1.2 for kidney, and 0.2–1.5 for bone (femur).  The ratio for rats exposed to 25 mg 

chromium(III)/L were 15 for liver, 0.9 for kidney, and 2 for bone. 

Optimization and evaluation of the human model is described in O’Flaherty et al. (2001).  The model was 

optimized with data on plasma and red blood cell chromium concentrations, and urinary chromium 

excretion in adult subjects who ingested a single dose of chromium(III) as CrCl3 or chromium(VI) as 

K2Cr2O7 (Finley et al. 1997; Kerger et al. 1996a, see Section 3.4.1.2 for description of these studies).  The 

model was evaluated against data on plasma chromium concentration kinetics and urinary excretion of 

chromium in a single adult subject who ingested 4 mg chromium(VI)/day as K2Cr2O7 for 17 days 

(Paustenbach et al. 1996;  see Section 3.4.1.2), with the only adjusted parameter being the absorption rate 

constant.  Although the model was optimized based on data from single dose studies, it reproduced the 

observed steady-state plasma chromium concentration, time to steady state, and elimination kinetics 

following cessation of the 17-day exposure. 

Risk assessment. The model accounts for most of the major features of chromium(VI) and 

chromium(III) absorption and kinetics, and reduction chromium(VI) to chromium(III), uptake into and 

retention in red blood cells, and uptake and retention in bone.  The human model associated bone 

chromium kinetics with bone formation and resorption and provides a structure for simulating age-

dependent kinetics attributable to changes in bone turnover (e.g., growth, pregnancy, senescence).  
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Bioavailability of chromium from environmental sources is mostly unknown, except for a few chemically 

defined salts. 

Target tissues. The rat and human models include parameters for predicting levels of chromium(III) 

and chromium(VI) in plasma, red blood cells, kidney, liver, bone, gastrointestinal tract, and respiratory 

tract.  However, the rat model was calibrated against data on the above tissues, only for single dose 

intratracheal or intravenous exposures.  Evaluations of predictions for repeated-dose exposures have been 

limited to blood concentration kinetics in an acute repeated dose inhalation exposure; and for terminal 

bone, kidney, and liver chromium levels in a 1-year drinking water study.  The human model has been 

calibrated against data on plasma and red blood cell chromium concentrations and urinary chromium 

excretion following single oral doses administered to humans.  Evaluation of predictions of repeated-dose 

outcomes have been limited to plasma and urine chromium kinetics, based on a study of a single subject 

exposure to chromium(VI) in drinking water for 17 days. 

Species extrapolation. Evaluation of the robustness of extrapolation of the rat or human models to 

other species has not been reported. 

Interroute extrapolation. The rat and human models include parameters for simulating inhalation 

and ingestion of chromium.  The rat model was calibrated against data from single-dose intratracheal or 

intravenous exposures, and was evaluated against repeated-dose studies of inhaled and ingested 

chromium.  The human model was calibrated and evaluated with data from ingestion studies; evaluation 

of the robustness of the model for predicting chromium kinetics following exposures to other routes has 

not been reported. 

3.5  MECHANISMS OF ACTION 
3.5.1 Pharmacokinetic Mechanisms 

The absorption of inhaled chromium compounds depends on a number of factors, including physical and 

chemical properties of the particles (oxidation state, size, solubility) and the activity of alveolar 

macrophages.  Chromium has been identified in the tissues of occupationally-exposed humans, 

suggesting that chromium can be absorbed from the lungs (Cavalleri and Minoia 1985; Gylseth et al. 

1977; Kiilunen et al. 1983; Mancuso 1997b; Minoia and Cavalleri 1988; Randall and Gibson 1987; 

Tossavainen et al. 1980).  Animal studies have also demonstrated increased amounts of chromium in the 

blood following inhalation or intratracheal instillation exposures (Baetjer et al. 1959b; Bragt and van 
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Dura 1983; Langård et al. 1978; Visek et al. 1953; Wiegand et al. 1984, 1987).  Chromium(VI) is more 

rapidly absorbed into the bloodstream than is chromium(III) (Gao et al. 1993; Suzuki et al. 1984).  

Chromium that is not absorbed in the lungs may be cleared via mucociliary clearance and enter the 

gastrointestinal tract. 

Chromium is poorly absorbed from the gastrointestinal tract; the primary site of chromium absorption 

appears to be the jejunum (Donaldson and Barreras 1966).  The bioavailability of chromium compounds 

seems to be most dependent on the oxidation state of the chromium atom.  However, other factors, 

including formulation of the chromium, can influence the extent of absorption.  Inorganic chromium(III) 

is very poorly absorbed, with only 0.5–2.8% of dietary chromium absorbed via the gastrointestinal tract of 

humans (Anderson 1986; Anderson et al. 1983; Donaldson and Barreras 1966; Gargas et al. 1994; Kerger 

et al. 1996a; Kuykendall et al. 1996).  Human studies demonstrate that chromium(VI) is effectively 

reduced to chromium(III) by gastric juices (De Flora et al. 1987a) and in general, chromium(VI) is better 

absorbed than chromium(III) following oral exposure in humans (Donaldson and Barreras 1966; Finley et 

al. 1996b; Kerger et al. 1996a; Kuykendall et al. 1996).  Absorption efficiencies ranging from 1.7 to 6.9% 

have been estimated in humans (Finley et al. 1996a; Kerger et al. 1996a, 1997; Kuykendall et al. 1996).  

Ingestion of chromium with a meal appears to increase the absorption efficiency (Chen et al. 1973).  

Both chromium(III) and chromium(VI) can penetrate human skin to some extent, especially if the skin is 

damaged.  Following dermal exposure, chromium has been detected in the blood, feces, and urine of 

exposed humans (Brieger 1920), though in this study, the skin was damaged, which likely facilitated 

absorption.  An average rate of systemic uptake of chromium(VI) in humans submersed in chlorinated 

water containing potassium dichromate(VI) for 3 hours was 1.5x10-4 μg/cm2-hour (Corbett et al. 1997).  

Chromium(VI) appears to penetrate the skin faster than chromium(III) (Mali et al. 1963; Spruit and van 

Neer 1966; Wahlberg 1970), though many other factors may be involved, including solvent (Liden and 

Lundberg 1979) and concentration (Baranowska-Dutkiewicz 1981). 

Absorbed chromium is carried throughout the body in the blood, eventually being distributed to all 

tissues.  Greatest concentrations of chromium are found in the blood, liver, lung, spleen, kidney, and heart 

(Kaufman et al. 1970; Schroeder et al. 1962; Teraoka 1981).  Because insoluble chromium is not 

completely cleared or absorbed following inhalation exposure, greater levels of chromium are often found 

in lung tissues following inhalation of chromium compounds than following other methods of exposure.  

Tissue levels appeared to be higher after exposure to chromium(VI) than to chromium(III).  This may be 

due to the greater ability of chromium(VI) to cross cell membranes and may also be a function of 
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administration of doses high enough to overwhelm the chromium(VI) reduction mechanisms.  De Flora et 

al. (1997) have demonstrated that liver, erythrocytes, whole blood, lung epithelial fluid, alveolar 

macrophages, and peripheral parenchyma cells all have the ability to reduce chromium(VI) to 

chromium(III).  Chromium has been detected in breast milk (Casey and Hambidge 1984; Shmitova 1980), 

but the relationship between chromium exposure, dietary or otherwise, and breast milk chromium levels is 

inconclusive (Anderson et al. 1993; Engelhardt et al. 1990; Mohamedshah et al. 1998). 

Systemic chromium(III) does not appear to be stored for extended periods of time within the tissues of the 

body.  However, the prolonged half-life of chromium(VI) compared to chromium(III) in humans (Kerger 

et al. 1997) and animals indicate that a portion of the absorbed chromium(VI) dose that is not converted 

to chromium(III) is being sequestered inside cells.  Single- and multiple-exposure studies in humans have 

shown a one-compartment clearance half-time in humans on the order of 36 hours (Kerger et al. 1997; 

Paustenbach et al. 1996) following oral exposure.  This half-time is sufficiently long to allow for 

accumulation of chromium following regular repeated exposure.  Following inhalation exposure, 

insoluble chromium that is not cleared from the lungs may remain for a considerable time.  In the blood, 

chromium(VI) is taken up by erythrocytes and reduced to chromium(III) which forms complexes with 

hemoglobin and other intracellular macromolecules; these complexes are retained within the erythrocyte 

for the life-span of the cell (Paustenbach et al. 2003). 

Inhaled chromium can be eliminated from the lungs by absorption into the bloodstream, by mucociliary 

clearance, and by lymphatic system clearance (Bragt and van Dura 1983; Perrault et al. 1995; Visek et al. 

1953; Wiegand et al. 1984, 1987).  The primary routes of elimination of absorbed chromium is urine and 

feces.  It can also be eliminated in hair and fingernails (Randall and Gibson 1989; Stearns et al. 1995a; 

Takagi et al. 1986).  Chromium, once reduced to chromium(III) in the liver, is then conjugated with 

glutathione and enters bile where it is excreted in the feces (Norseth et al. 1982).  Because chromium is 

poorly absorbed following oral exposure, a large percentage of the amount ingested is excreted in the 

feces.  The half-time of urinary excretion of chromium is short, 4–10 hours for inhalation exposure 

(Kiilunen et al. 1983), 10 hours for oral exposure to chromium(III) (Kerger et al. 1996a), and 40 hours for 

oral exposure to chromium(VI) (Kerger et al. 1996a, 1997).  Following dermal exposure, chromium that 

is not absorbed into the bloodstream will remain on the skin until it is eliminated, usually by washing or 

other physical processes.  Absorbed chromium is primarily eliminated in the urine. 
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3.5.2 Mechanisms of Toxicity 

The toxic potency of chromium is dependent on the oxidation state of the chromium atom, with 

chromium(VI) more potent than chromium(III).  The mechanisms of chromium toxicity and 

carcinogenicity are very complex.  They are mediated partly through reactive intermediates during 

intracellular reduction of chromium(VI) to chromium(III) and oxidative reactions, and partly mediated by 

chromium(III) which is the final product of intracellar chromium(VI) reduction and forms deleterious 

complexes with critical target macromolecules (Chen and Shi 2002; Costa 2003; Costa and Klein 2006a; 

Ding and Shi 2002; Jeejeebhoy 1999; Levina and Lay 2005; Liu and Shi 2001; O’Brien et al. 2003; 

Paustenbach et al. 2003; Shrivastava et al. 2002; Zhitkovich 2005).  Chromium(III) may form complexes 

with peptides, proteins, and DNA, resulting in DNA-protein crosslinks, DNA strand breaks, and 

alterations in cellular signaling pathways, which may contribute to toxicity and carcinogenicity of 

chromium compounds. 

The greater toxic potency of chromium(VI) relative to chromium(III) most likely is related to two factors: 

(1) the higher redox potential of chromium(VI) (Levina and Lay 2005; Reddy and Chinthamreddy 1999); 

and (2) the greater ability of chromium(VI) to enter cells (Costa 2003).  Differences in molecular 

structure contribute the greater cellular uptake of chromium(VI) compared to chromium(III) (Costa 2003; 

Costa and Klein 2006a).  At physiological pH, chromium(VI) exists as the tetrahedral chromate anion, 

resembling the forms of other natural anions (e.g., sulfate and phosphate) which are permeable across 

nonselective membrane channels.  Chromium(III), however, forms octahedral complexes and cannot 

easily enter through these channels.  Therefore, the lower toxicity to chromium(III) may be due in part to 

lack of penetration through cell membranes.  It follows that extracellular reduction of chromium(VI) to 

chromium(III) may result in a decreased penetration of chromium into cells, and therefore, a decreased 

toxicity. 

The higher redox potential of chromium(VI) contributes to the higher toxic potency of chromium(VI) 

relative to chromium(III) (Levina and Lay 2005), because once it is taken into cells, chromium(VI) is 

rapidly reduced to chromium(III), with chromium(V) and chromium(IV) as intermediates.  These 

reactions commonly involve intracellular species, such as ascorbate, glutathione, or amino acids (Aiyar et 

al. 1991; Blankenship et al. 1997; Capellmann et al. 1995; Hojo and Satomi 1991; Kim and Yurkow 

1996; Lin et al. 1992; Liu et al. 1997b; Mao et al. 1995; Wiegand et al. 1984; Zhitkovich et al. 1996).  

Chromium(VI), chromium(V), and chromium(IV) have all been shown to be involved in Fenton-like 

oxidative cycling, generating oxygen radical species (Aiyar et al. 1991; Chen et al. 1997; Liu et al. 1997b; 
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Luo et al. 1996; Mao et al. 1995; Molyneux and Davies 1995; Tsou et al. 1996).  It is believed that the 

formation of these radicals may be responsible for many of the deleterious effects of chromium on cells, 

including lipid peroxidation (Bagchi et al. 2002a; Hojo et al. 1999, 2000) and alterations in cellular 

communication, signaling pathways and cytoskeleton (Chen et al. 1997; Gao et al. 2002; Gunaratnam and 

Grant 2002, 2004; Kim and Yurkow 1996; Mikalsen 1990; O’Hara et al. 2007; Shumilla et al. 1998; 

Wang et al. 1996a; Xu et al. 1996; Ye et al. 1995). Cellular damage from exposure to many chromium 

compounds can be blocked by radical scavengers, further strengthening the hypothesis that oxygen 

radicals play a key role in chromium toxicity (Hojo et al. 2000; Luo et al. 1996; Tsou et al. 1996; Ueno et 

al. 1995a). 

The products of metabolic reduction of chromium(VI) (free radicals and chromium(IV) and (V)) and the 

newly generated chromium(III) are thought to be in part responsible for the carcinogenic effects seen in 

human and animal studies. The interaction of free radicals, chromium(V), chromium(IV), and 

chromium(III) with DNA can result in structural DNA damage, functional damage, and other cellular 

effects (Levina and Lay 2005; Singh et al. 1998a). The types of chromium-induced structural damage 

include DNA strand breaks (Aiyar et al. 1991; Bagchi et al. 2002a; Bryant et al. 2006; Casadevall et al. 

1999; Ha et al. 2004; Kuykendall et al. 1996; Manning et al. 1992; Messer et al. 2006; Pattison et al. 

2001; Ueno et al. 1995a), DNA-protein crosslinks (Aiyar et al. 1991; Blankenship et al. 1997; 

Capellmann et al. 1995; Costa et al. 1996, 1997; Kuykendall et al. 1996; Lin et al. 1992; Manning et al. 

1992; Mattagajasingh and Misra 1996; Miller et al. 1991; O’Brien et al. 2005; Quievryn et al. 2001; 

Zhitkovich et al. 1996), DNA-DNA interstrand crosslinks (Xu et al. 1996), chromium-DNA adducts, and 

chromosomal aberrations (Blankenship et al. 1997; Sugiyama et al. 1986a; Umeda and Nishimura 1979; 

Wise et al. 1993).  Functional damage includes DNA polymerase arrest (Bridgewater et al. 1994a, 1994b, 

1998), RNA polymerase arrest, mutagenesis, and altered gene expression.  However, DNA double strand 

breaks may not be due to free radical formation, but due to the formation of chromium-DNA ternary 

adducts, which lead to repair errors and collapsed replication forks (Ha et al. 2004).  Double strand breaks 

can also lead to alterations in cellular communication and effects on signaling pathways and cytoskeleton.  

In addition, results of recent studies in human lung cells suggest that chromosome instability is an 

important mechansism in the development of lung cancers; specifically, chromium-induced chromosome 

instability appears to be mediated through centrosome and spindle assembly checkpoint bypass (Holmes 

et al. 2006; Wise et al. 2006a). 

Location of particle deposition in the lung and extracellular dissolution of chromium(VI) compounds 

(e.g., solubility) are also important considerations regarding the mechansim of chromium(VI)-induced 
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carcinogenesis.  In chromate workers, analysis of bronchial tissues shows higher chromium 

concentrations in areas of bronchial bifurcation compared to other areas in the bronchi (Ishikawa et al. 

1994a).  Also, autopsy results show that some precancerous bronchial lesions originated at bronchial 

bifurcations (Ishikawa et al. 1994b).  Solubility of chromium(VI) compounds may also play a role in 

carcinogenic potency, with extracellular dissolution of the chromium compound critical to activity (Wise 

et al. 2004).  This hypothesis is supported by in vitro data suggesting that extracellular chromium ions are  

the proximate clastogen in Chinese hamster ovary cells (Wise et al. 2004). 

Chromium(III) can also interact with DNA to form adducts/complexes and DNA-protein crosslinks that 

interfere with DNA replication and transcription, and can promote the expression of regulatory genes 

such as nuclear factor-κβ, or may inhibit regulatory genes such as GRP78 (Chen et al. 1997; Kim and 

Yurkow 1996; Manning et al. 1992; Mikalsen 1990; O’Hara et al. 2003; Shumilla et al. 1998; Wang et al. 

1996a; Xu et al. 1996; Ye et al. 1995).  Disruption of these pathways by other compounds has been 

implicated in carcinogenesis.  The structural and functional damage can lead to growth arrest (Xu et al. 

1996) and apoptosis (Carlisle et al. 2000; Singh et al. 1999).  Numerous studies show that chromium can 

induce apoptosis (Asatiani et al. 2004; Bagchi et al. 2001; Carlisle et al. 2000; Flores and Perez 1999; 

Gambelunghe et al. 2006; Gunaratnam and Grant 2002, 2004; He et al. 2007; Manygoats et al. 2002; Petit 

et al. 2004; Russo et al. 2005; Vasant et al. 2003); although the mechanism by which chromium induces 

apoptosis is not fully understood, it is believed to involve oxidative stress and activation of the p-53 

protein (Pulido and Parrish 2003; Singh et al. 1998a). 

3.5.3 Animal-to-Human Extrapolations 

Species-related differences in chromium pharmacokinetics have been demonstrated, both between rodent 

species and between rodents and humans.  However, studies directly examining species differences have 

been limited.  Human microsomal chromium(VI) reduction is different from the P450-mediated 

microsomal reduction in rodents; specifically, the human system is much less oxygen-sensitive, has a 

much greater affinity for chromate, and is apparently mediated by flavoproteins (Myers and Myers 1998; 

Pratt and Myers 1993).  Tissue distributions of chromium were found to be different between rats and 

mice after administration of bolus amounts of chromium(VI).  Rat erythrocytes had a greater capacity to 

sequester chromium(VI) and reduce it to chromium(III) than mouse erythrocytes (Coogan et al. 1991b; 

Kargacin et al. 1993), thus demonstrating that both physiologic and metabolic differences can exist 

among species. 
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3.6  TOXICITIES MEDIATED THROUGH THE NEUROENDOCRINE AXIS
 

Recently, attention has focused on the potential hazardous effects of certain chemicals on the endocrine 

system because of the ability of these chemicals to mimic or block endogenous hormones.  Chemicals 

with this type of activity are most commonly referred to as endocrine disruptors. However, appropriate 

terminology to describe such effects remains controversial.  The terminology endocrine disruptors, 

initially used by Thomas and Colborn (1992), was also used in 1996 when Congress mandated the EPA to 

develop a screening program for “...certain substances [which] may have an effect produced by a 

naturally occurring estrogen, or other such endocrine effect[s]...”.  To meet this mandate, EPA convened a 

panel called the Endocrine Disruptors Screening and Testing Advisory Committee (EDSTAC), and in 

1998, the EDSTAC completed its deliberations and made recommendations to EPA concerning endocrine 

disruptors. In 1999, the National Academy of Sciences released a report that referred to these same types 

of chemicals as hormonally active agents. The terminology endocrine modulators has also been used to 

convey the fact that effects caused by such chemicals may not necessarily be adverse.  Many scientists 

agree that chemicals with the ability to disrupt or modulate the endocrine system are a potential threat to 

the health of humans, aquatic animals, and wildlife.  However, others think that endocrine-active 

chemicals do not pose a significant health risk, particularly in view of the fact that hormone mimics exist 

in the natural environment.  Examples of natural hormone mimics are the isoflavinoid phytoestrogens 

(Adlercreutz 1995; Livingston 1978; Mayr et al. 1992).  These chemicals are derived from plants and are 

similar in structure and action to endogenous estrogen.  Although the public health significance and 

descriptive terminology of substances capable of affecting the endocrine system remains controversial, 

scientists agree that these chemicals may affect the synthesis, secretion, transport, binding, action, or 

elimination of natural hormones in the body responsible for maintaining homeostasis, reproduction, 

development, and/or behavior (EPA 1997).  Stated differently, such compounds may cause toxicities that 

are mediated through the neuroendocrine axis.  As a result, these chemicals may play a role in altering, 

for example, metabolic, sexual, immune, and neurobehavioral function.  Such chemicals are also thought 

to be involved in inducing breast, testicular, and prostate cancers, as well as endometriosis (Berger 1994; 

Giwercman et al. 1993; Hoel et al. 1992). 

Based on results of in vivo and in vitro studies, chromium(VI) may alter function of the hypothalamic-

pituitary axis function.  Serum prolactin levels were decreased by 59% in male Wistar rats exposed to 

74 mg chromium(VI)/kg/day as potassium dichromate in drinking water for 30 days.  Incubation of 

cultured rats anterior pituitary cells with 0.1–10 μM chromium(VI) as potassium dichromate decreased 

prolactin secretion and cell viability (Quinteros et al. 2007).  No additional assessments of hypothalamic
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pituitary axis function were conduced in this study.  Serum testosterone levels were decreased by 20.8% 

in male New Zealand rabbits administered 3.6 mg chromium(VI)/kg/day as potassium dichromate for 

10 weeks by gavage (Yousef et al. 2006); however, since function of the hypothalamic-pituitary-gonadal 

axis was not assessed, it is unclear if this effect reflects endocrine disruption. 

3.7  CHILDREN’S SUSCEPTIBILITY 

This section discusses potential health effects from exposures during the period from conception to 

maturity at 18 years of age in humans, when all biological systems will have fully developed.  Potential 

effects on offspring resulting from exposures of parental germ cells are considered, as well as any indirect 

effects on the fetus and neonate resulting from maternal exposure during gestation and lactation.  

Relevant animal and in vitro models are also discussed. 

Children are not small adults.  They differ from adults in their exposures and may differ in their 

susceptibility to hazardous chemicals.  Children’s unique physiology and behavior can influence the 

extent of their exposure.  Exposures of children are discussed in Section 6.6, Exposures of Children. 

Children sometimes differ from adults in their susceptibility to hazardous chemicals, but whether there is 

a difference depends on the chemical (Guzelian et al. 1992; NRC 1993).  Children may be more or less 

susceptible than adults to health effects, and the relationship may change with developmental age 

(Guzelian et al. 1992; NRC 1993).  Vulnerability often depends on developmental stage.  There are 

critical periods of structural and functional development during both prenatal and postnatal life, and a 

particular structure or function will be most sensitive to disruption during its critical period(s).  Damage 

may not be evident until a later stage of development.  There are often differences in pharmacokinetics 

and metabolism between children and adults.  For example, absorption may be different in neonates 

because of the immaturity of their gastrointestinal tract and their larger skin surface area in proportion to 

body weight (Morselli et al. 1980; NRC 1993); the gastrointestinal absorption of lead is greatest in infants 

and young children (Ziegler et al. 1978).  Distribution of xenobiotics may be different; for example, 

infants have a larger proportion of their bodies as extracellular water, and their brains and livers are 

proportionately larger (Altman and Dittmer 1974; Fomon 1966; Fomon et al. 1982; Owen and Brozek 

1966; Widdowson and Dickerson 1964).  The infant also has an immature blood-brain barrier (Adinolfi 

1985; Johanson 1980) and probably an immature blood-testis barrier (Setchell and Waites 1975).  Many 

xenobiotic metabolizing enzymes have distinctive developmental patterns.  At various stages of growth 

and development, levels of particular enzymes may be higher or lower than those of adults, and 
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sometimes unique enzymes may exist at particular developmental stages (Komori et al. 1990b; Leeder 

and Kearns 1997; NRC 1993; Vieira et al. 1996).  Whether differences in xenobiotic metabolism make 

the child more or less susceptible also depends on whether the relevant enzymes are involved in activation 

of the parent compound to its toxic form or in detoxification.  There may also be differences in excretion, 

particularly in newborns who all have a low glomerular filtration rate and have not developed efficient 

tubular secretion and resorption capacities (Altman and Dittmer 1974; NRC 1993; West et al. 1948).  

Children and adults may differ in their capacity to repair damage from chemical insults.  Children also 

have a longer remaining lifetime in which to express damage from chemicals; this potential is particularly 

relevant to cancer. 

Certain characteristics of the developing human may increase exposure or susceptibility, whereas others 

may decrease susceptibility to the same chemical.  For example, although infants breathe more air per 

kilogram of body weight than adults breathe, this difference might be somewhat counterbalanced by their 

alveoli being less developed, which results in a disproportionately smaller surface area for alveolar 

absorption (NRC 1993). 

Chromium(III) is an essential nutrient required for maintaining normal glucose metabolism.  The IOM of 

the NAS determined an adequate intake of 0.2 μg chromium/day for infants aged 0–6 months; 5.5 μg 

chromium/day for infants aged 7–12 months; 11 μg chromium/day for children aged 1–3 years; 15 μg 

chromium/day for children aged 4–8 years; 25 μg chromium/day for boys aged 9–13 years; 21 μg 

chromium/day for girls aged 9–13 years; 35 μg chromium/day for boys aged 14–18 years; and 24 μg 

chromium/day for girls aged 14–18 years (IOM 2001). 

There is a limited amount of information available on the toxicity of chromium in children.  Most of the 

available data come from several case reports of children ingesting lethal concentrations of 

chromium(VI).  A variety of systemic effects were observed in a 22-month-old who accidentally ingested 

an unknown amount of sodium dichromate (Ellis et al. 1982), a 1-year-old who ingested an unknown 

amount of ammonium dichromate (Reichelderfer 1968), a 17-year-old who intentionally ingested 29 mg 

chromium(VI)/kg as potassium dichromate (Clochesy 1984; Iserson et al. 1983), and a 14-year-old who 

ingested 7.5 mg chromium(VI)/kg as potassium dichromate (Kaufman et al. 1970).  The effects included 

pleural effusion, bronchopneumonia, hypoxic changes in the myocardium, decreased blood pressure and 

cardiac output, abdominal pain and vomiting, gastrointestinal burns and hemorrhage, and liver and kidney 

necrosis.  An enlarged brain and cerebral edema were also observed in the 14-year-old (Kaufman et al. 
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1970).  These effects are similar to effects observed in adults who have ingested lethal doses and are part 

of the sequelae leading to death.  

A number of additional health effects have been observed in adults exposed to chromium (primarily 

chromium(VI)) at work.  The primary targets appear to be the respiratory tract, gastrointestinal tract, 

hematological system, liver, and kidneys; an increased cancer risk has also been observed.  Dermal 

contact in chromium sensitized individuals can lead to an allergic type dermatitis.  In the absence of data 

to the contrary, it is likely that these organs/systems will also be sensitive targets in children.  There is 

insufficient information to determine whether the susceptibility of children would differ from that of 

adults.  

Although there are no human studies that examined developmental end points, animal studies have 

consistently shown that chromium, particularly chromium(VI), is a developmental toxicant.  A number of 

developmental effects have been reported in oral studies involving maternal exposure to ≥46mg 

chromium(VI)/kg/day as potassium dichromate (Al-Hamood et al. 1998; Junaid et al. 1996b; Trivedi et al. 

1989).  The observed effects included increases in postimplantation losses, gross abnormalities (e.g., 

subdermal hemorrhage, decreased ossification, kinky tail), and impaired development of the reproductive 

system (e.g., impaired fertility in female offspring).  Similar developmental effects (e.g., post 

implantation losses, subdermal hemorrhage, decreased ossification) have also been observed in the 

offspring of rats and mice exposed to ≥37 mg chromium(VI)/kg/day for 20 or 90 days prior to mating 

(Junaid et al. 1996a; Kanojia et al. 1996, 1998).  Conflicting results have been found for chromium(III).  

No developmental effects were reported in the offspring of rats fed 1,806 mg chromium(III)/kg/day as 

chromium oxide for 60 days before mating and throughout gestation (Ivankovic and Preussmann 1975).  

However, impaired development of the reproductive system (decreased reproductive tissue weight and 

impaired fertility) were observed in the offspring of mice exposed to 74 mg chromium(III)/kg/day as 

chromium chloride (Al-Hamood et al. 1998).  Developmental effects have also been observed following 

intraperitoneal administration of chromium(III) chloride (Iijima et al. 1983; Matsumoto et al. 1976).  

Chromium may be transferred to fetuses through the placenta and to infants via breast milk.  Elevated 

levels of chromium have been reported in umbilical cord blood, placentae, and breast milk of women 

working in a dichromate(VI) manufacturing facility (Shmitova 1980).  As noted elsewhere in the profile, 

the reliability of this study is suspect because the levels of chromium in the blood and urine of the control 

women were much higher than background levels.  Measurement of the chromium content in 255 samples 

from 45 lactating American women revealed that most samples contained <0.4 μg/L, and the mean value 
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was 0.3 μg/L (Casey and Hambidge 1984).  While these probably represent background levels in women 

whose main exposure to chromium is via the diet, the findings indicate that chromium may be transferred 

to infants via breast milk.  These findings in humans are supported by animal data.  Studies in rats and 

mice have shown that chromium(VI) and chromium(III) crosses the placenta and enters into fetal tissue.  

Elevated levels of chromium have been observed in the placenta and fetal tissue of rats and mice exposed 

to potassium dichromate(VI) in drinking water during pregnancy (Saxena et al. 1990a).  The levels of 

chromium in the placenta were 3-and 3.2-fold higher in the exposed rats and mice, respectively, than in 

controls and fetal tissue chromium levels were 3.1-and 9.6-fold higher, respectively; the difference over 

control was only statistically significant in the mice.  Another study (Danielsson et al. 1982) also found 

elevated fetal tissue levels of chromium.  The chromium levels in the fetal tissues were 12–19% of 

maternal blood levels following maternal intravenous injections of sodium dichromate(VI) on gestational 

days 12–15 or 16–18 and 0.4–0.8% following maternal intravenous injections of chromium(III) 

trichloride on gestational days 12–15 or 16–18.  A study of transplacental transfer of chromium(III) in 

different forms indicated that placental transport varies with the chemical form (Mertz et al. 1969).  

Higher levels of chromium were found in the neonates of rats fed chromium in a commercial diet as 

compared to neonates of rats fed a chromium-deficient diet and given drinking water containing 

chromium acetate monohydrate.  Similarly chromium levels were significantly elevated in the offspring 

of rats administered chromium in the form of chromodulin from Brewer’s yeast by gavage than in the 

offspring of rats administered chromium trichloride intravenously or by gavage.  

There is very little information available in which to assess whether the pharmacokinetic properties of 

chromium would be different in children.  Sullivan et al. (1984) found that gastrointestinal absorption of 

radiolabeled chromium chloride, administered by gavage, was 10 times higher in 2-day-old rats as 

compared to levels absorbed in adult rats.  A similar pattern of distribution in the body was found in the 

immature and mature rats. 

3.8  BIOMARKERS OF EXPOSURE AND EFFECT 

Biomarkers are broadly defined as indicators signaling events in biologic systems or samples. They have 

been classified as markers of exposure, markers of effect, and markers of susceptibility (NAS/NRC 

1989). 

A biomarker of exposure is a xenobiotic substance or its metabolite(s) or the product of an interaction 

between a xenobiotic agent and some target molecule(s) or cell(s) that is measured within a compartment 
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of an organism (NAS/NRC 1989).  The preferred biomarkers of exposure are generally the substance 

itself, substance-specific metabolites in readily obtainable body fluid(s), or excreta.  However, several 

factors can confound the use and interpretation of biomarkers of exposure.  The body burden of a 

substance may be the result of exposures from more than one source. The substance being measured may 

be a metabolite of another xenobiotic substance (e.g., high urinary levels of phenol can result from 

exposure to several different aromatic compounds).  Depending on the properties of the substance (e.g., 

biologic half-life) and environmental conditions (e.g., duration and route of exposure), the substance and 

all of its metabolites may have left the body by the time samples can be taken.  It may be difficult to 

identify individuals exposed to hazardous substances that are commonly found in body tissues and fluids 

(e.g., essential mineral nutrients such as copper, zinc, and selenium).  Biomarkers of exposure to 

chromium are discussed in Section 3.8.1. 

Biomarkers of effect are defined as any measurable biochemical, physiologic, or other alteration within an 

organism that, depending on magnitude, can be recognized as an established or potential health 

impairment or disease (NAS/NRC 1989). This definition encompasses biochemical or cellular signals of 

tissue dysfunction (e.g., increased liver enzyme activity or pathologic changes in female genital epithelial 

cells), as well as physiologic signs of dysfunction such as increased blood pressure or decreased lung 

capacity.  Note that these markers are not often substance specific. They also may not be directly 

adverse, but can indicate potential health impairment (e.g., DNA adducts).  Biomarkers of effects caused 

by chromium are discussed in Section 3.8.2. 

A biomarker of susceptibility is an indicator of an inherent or acquired limitation of an organism's ability 

to respond to the challenge of exposure to a specific xenobiotic substance.  It can be an intrinsic genetic or 

other characteristic or a preexisting disease that results in an increase in absorbed dose, a decrease in the 

biologically effective dose, or a target tissue response.  If biomarkers of susceptibility exist, they are 

discussed in Section 3.10, Populations That Are Unusually Susceptible. 

3.8.1 Biomarkers Used to Identify or Quantify Exposure to Chromium 

As an essential nutrient, chromium is normally present in blood and urine. Chromium in body fluids 

(e.g., blood and urine) is the exposure biomarker of choice. Mean dietary chromium intake in the general 

U.S. population was estimated as 0.505 μg/kg/day (equivalent to 35.35 μg/day, assuming a body weight 

of 70 kg), with a range of 0.293–0.867 μg/kg/day (Moschandreas et al. 2002); however, only a small 

amount of dietary chromium is absorbed (≤3%). The IOM of the NAS (IOM 2001) determined an 
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adequate intake (e.g., a level typically consumed by healthy individuals) of 20–45 μg chromium(III)/day 

for adolescents and adults.  Daily dietary intake levels have been shown to correlate with total excretion 

of chromium in the urine and feces (Bunker et al. 1984).  The IOM (2001) reported average plasma 

chromium concentrations of 2–3 nmol/L (equivalent to 0.10–16 μg/L) and an average urinary chromium 

excretion of 0.22 μg/L or 0.2 μg/day; endogenous chromium concentrations also have been reported as 

0.01–0.17 μg/L (median 0.06 μg/L) in serum (Sunderman et al. 1989), 0.24–1.8 μg/L (median 0.4 μg/L) 

in urine (Iyengar and Woittiez 1988), and 0.234 mg/kg in hair (Takagi et al. 1986).  However, normal 

chromium levels in human fluid and tissues should be interpreted with caution.  The low sensitivity of the 

most commonly used detection methods and the ubiquitous presence of chromium in laboratories make 

detection of low levels of chromium in blood and urine difficult. 

Exposure to chromium may result in increased chromium concentrations in blood (whole blood, serum, 

and erythrocytes), urine, expired air, hair, and nails; of these, elevations of chromium in blood and urine 

are considered the most reliable indicators of exposure (Barceloux 1999; Caglieri et al. 2006).  Urinary 

elimination half-times for absorbed chromium(III) range from 10–40 hours (Kerger et al. 1996a).  

Assuming an elimination half-time of 40 hours, steady state, plasma concentration, and urinary excretion 

rate of chromium would reach 95% of steady state levels in approximately 7 days (Paustenbach et al. 

1996).  Once steady state is achieved, the daily amount of chromium excreted in urine will reflect the 

daily amount absorbed.  With cessation of exposure levels of chromium in plasma and urine will reach 

5% of steady state within 7 days.  The relatively rapid elimination kinetics of absorbed chromium(III) has 

implications for the use of plasma and urine as biomarkers of exposure to chromium.  Plasma and urinary 

chromium concentrations will largely reflect relatively recent exposure (i.e., exposures that occurred 

several weeks prior to the sample may not be detected from plasma or urinary chromium measurements). 

During relatively constant or repetitive exposures that achieve a steady state in plasma, daily urinary 

chromium excretion measured on a single day can be expected to be highly correlated with chromium 

intake.  This correlation will weaken with greater intermittency in the exposure, with greater dependence 

on the time of sampling with respect to the most recent exposure.  The above general principles apply to 

exposures to absorbed chromium(III) compounds; however, absorbed chromium(VI) has a longer 

retention time in blood.  Chromium(VI) that enters blood is taken up by red blood cells, reduced to 

chromium(III), and, in the process, form adducts with red blood cell hemoglobin and other proteins.  

These complexes are sufficiently stable to remain in the red blood cells for a substantial fraction of the 

lifespan of the red blood cell.  Therefore, following absorption of chromium(VI) in to blood, the 

elimination half-time of chromium in blood will be substantially longer than that in plasma. The 

elimination half-time of injected chromium(VI) (e.g., sodium chromate-51, used in the clinical assessment 
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of red blood cell volume) is approximately 25–35 days (Dever et al. 1989).  Based on a half-time of 

30 days in red blood cells, with cessation of exposure to and absorption of chromium(IV), levels of 

chromium in red blood cells will reach 5% of a previous steady state level within 130 days.  

Although chromium also accumulates in white blood cells, erythrocyte chromium has been shown to be a 

more sensitive measure of chromium exposure (Coogan et al. 1991b; Lukanova et al. 1996).  An increase 

in plasma levels of chromium may reflect both recent exposure and exposure that occurred during the past 

few months (e.g., chromium that is sequestered within erythrocytes for the lifespan of the cell), whereas 

elevated urine chromium primarily reflects exposure over the past 1–2 days (Barceloux 1999).  Distinct 

measurements of chromium in plasma and whole blood (reflecting intracellular distribution to 

erythrocytes) also be useful in distinguishing exposures to chromium(VI) compounds versus 

chromium(III) compounds; increased plasma levels of chromium may indicate exposure to both 

chromium(VI) and chromium(III), whereas increased chromium in erythrocytes indicates exposure to 

chromium(VI), since chromium(III) is not taken up by erythrocytes.  For example, evaluation of postshift 

whole blood, serum, erythrocytes, and urine in groups of dichromate production workers exposed mainly 

to chromium(VI) or chromium(III) showed relationships between exposure type (e.g., chromium(VI) or 

chromium(III)) and chromium in blood and urine (Minoia and Cavalleri 1988).  In 22 workers exposed 

primarily to chromium(VI) (0.008–0.212 mg chromium(VI)/m3, 0.010–0.10 mg chromium(III)/m3), the 

mean postwork-shift urinary chromium level was 31.5 μg total chromium/L; chromium(VI) was not 

detected in the urine samples (detection limit=0.05 μg chromium(VI)/L) due to in vivo reduction of 

chromium(VI) to chromium(III).  Concentrations of total chromium in serum, erythrocytes, and whole 

blood were 2.2, 8.9 and 6.9 μg/L, respectively; compared with control levels of 1.1, 1.0, and 1.4 μg/L, 

respectively.  In 15 workers exposed primarily to chromium(III) (0.046–1.689 mg chromium(III)/m3, 

0.002–0.023 mg chromium(VI)/m3), the mean postwork-shift urinary chromium level was 24.7 μg total 

chromium/L and concentrations of total chromium in serum, erythrocytes, and whole blood were 

3.1 μg/L, 1.4, and 1.8, respectively.  The level of chromium in serum of the workers exposed mainly to 

chromium(III) was significantly (p<0.001) higher than that measured in workers exposed mainly to 

chromium(VI) or in controls.  The level of chromium in erythrocytes of the workers exposed mainly to 

chromium(III) was significantly (p<0.001) less than that in workers exposed mainly to chromium(VI).  

The finding of higher levels of chromium in serum and lower levels of chromium in erythrocytes of 

workers exposed mainly to chromium(III) than in workers exposed mainly to chromium(VI) reflects the 

relative inability of chromium(III) to enter erythrocytes. 
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Although exposure to chromium may produce increases in chromium levels in both blood and urine 

chromium levels, the relationship between blood and urinary chromium levels may vary.  Entry of 

chromium(VI) into the red blood cells probably reflects a competition between plasma reduction to 

chromium(III) and red blood cells uptake of chromium(VI) and not the result or consequence of the 

exhaustion of plasma reducing ability.  When hexavalent chromium is incubated with washed isolated 

erythrocytes, almost all of the entire dose is taken up by the cells.  Chromium(VI) is then reduced inside 

the cells to trivalent chromium, essentially trapping it inside the erythrocyte.  In contrast, little 

chromium(III) appears to be taken up by erythrocytes in vitro incubations (Aaseth et al. 1982; Bentley 

1977; Donaldson and Barreras 1966; Gray and Sterling, 1950).  When chromium(VI) is incubated with 

whole blood or erythrocytes plus plasma, only a fraction (depending on conditions) of the chromium(VI) 

is taken up by the erythrocytes (Coogan et al. 1991b; Corbett et al. 1998; Lewalter et al. 1985; Wiegand et 

al. 1985), most likely due to the reduction of a portion of chromium(VI) to chromium(III) outside of the 

erythrocyte (Capellmann and Bolt 1992; Korallus et al. 1984; Richelmi et al. 1984).  Thus, chromium(III) 

is then largely excluded from the erythrocyte.  However, Korallus (1986a, 1986b) has proposed that the 

relationship between blood and urinary chromium levels may vary, possibly due to variability in plasma 

reduction capacity.  In vitro experiments indicate that when chromium(VI) plasma levels exceed the 

plasma reduction capacity (PRC), chromium(VI) enters erythrocytes, is reduced, and binds to 

hemoglobin.  The bond persists for the lifetime of the erythrocytes (120 days); therefore, a single 

determination of chromium in erythrocytes allows a longitudinal evaluation of exposure for an extended 

period in the past.  Low chromium concentrations in erythrocytes indicate that the amount of 

chromium(VI) uptake did not exceed the PRC.  Limited evidence suggests that the capacity of human 

plasma to reduce chromium(VI) compounds to chromium(III) compounds varies, with slow and fast 

reducers recognized (Korallus 1986a, 1986b).  It is not clear what is responsible for individual differences 

in the PRC, although difference in magnitude of PRC appears to correlate with the levels of ascorbic acid 

in plasma.  

The relationship between serum and urine chromium levels to occupational exposure levels has been 

investigated in numerous studies, with results showing correlations between exposure levels and 

chromium levels in blood and urine (Gylseth et al. 1977; Iarmarcovai et al. 2005; Kilburn et al. 1990; 

Lewalter et al. 1985; Lindberg and Vesterberg 1983a; McAughey et al. 1988; Medeiros et al. 2003a; 

Minoia and Cavalleri 1988; Muttamara and Leong 2004; Mutti et al. 1985b; Randall and Gibson 1987, 

1989; Saner et al. 1984; Sathwara et al. 2007; Simpson and Gibson 1992; Sjogren et al. 1983; Stridsklev 

et al. 2004; Takagi et al. 1986; Tola et al. 1977; Wiegand et al. 1988).  In workers exposed to 

chromium(VI) as chromium trioxide in the chrome plating industry, a significant correlation (r=0.71) was 
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observed found between exposure levels and postshift urinary chromium; for a TWA exposure of 

0.002 mg chromium(VI)/m3, the mean urinary chromium level was 5.2 μg/L (excluding workers with 

obvious skin contamination) (Lindberg and Vesterberg 1983a).  Significant correlations were observed 

between chromium concentrations in air (measured by personal sampling devices; 8-hour TWA) and 

levels of chromium in blood (r=0.99) and urine (r=0.89) in workers at a chromium alloy facility 

(Muttamara and Leong 2004).  In areas of low exposure, the air concentration of chromium (type not 

specified) was 5.75 μg/m3; in workers in this area, mean chromium concentrations in blood and urine 

(duration of sample collection was not reported) were 0.925 and 0.095 μg/dL, respectively. In areas of 

high exposure, the air concentration of chromium was 7.25 μg/m3, in workers in this area, mean 

chromium concentrations in blood and urine were 3.64 and 0.34 μg/dL, respectively.  An increase in 

urinary chromium of 12.2 μg/g creatinine above preexposure values or a total concentration of 29.8 μg/g 

creatinine (end-of-shift values) corresponded to an air concentration of 50 μg chromium(VI)/m3 from 

welding fumes (Mutti et al. 1985b).  Examination of end-of-shift chromium levels indicated a correlation 

between urinary chromium levels and exposure to soluble chromium(VI) compounds, but not to insoluble 

chromates or chromium(III) compounds (Minoia and Cavalleri 1988; Mutti et al. 1985b). The 

relationship between workroom air concentrations of water soluble chromium(VI) compounds and daily 

increases in urinary chromium (preexposure values subtracted from end-of-shift values) are shown in 

Figure 3-7.  Serum and urine concentrations of chromium were significantly elevated in a group of 

73 tannery workers, with exposure primarily to chromium(III) compounds, compared to a group of 

52 control subjects, at the end of the workweek on Friday and before exposure began on Monday (Randall 

and Gibson 1987).  Serum and urine chromium levels correlated with work area of the tannery, with the 

highest concentrations in workers handling wet hides in the chrome tanning and wringing departments.  

The time-weighted average level of total chromium in tannery air was 1.7 μg/m3 and did not vary 

significantly among the various tanneries involved in the study or among the various work areas of each 

tannery, with chromium(VI) levels in tannery air were below the detection limit of (0.1 μg/m3). 

Urinary and blood chromium have also been used as a biomarker for environmental exposure (Bukowski 

et al. 1991; Chang et al. 2006; Fagliano et al. 1997). However, interpretation of results may be limited by 

several factors, including that exposure must be sufficient such that urinary and blood concentrations are 

higher than the range of background concentrations and analytical limit of detection, high inter- and 

intrapersonal variability, and that different chemical forms have different bioavailabilities (Paustenbach et 

al. 1997; Finley et al. 1996b; Gargas et al. 1994; Kerger et al. 1997).  Furthermore, the short half-life of 

chromium (e.g., at least 90% of absorbed chromium is eliminated within 24 hours) make it difficult to 

assess exposure incidents.  Low-level, intermittent exposure, such as would occur with environmental 
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Figure 3-7. Relationship Between Water Soluble Chromium(VI) CrA and Daily
 
Increase in Urinary Chromium Levels (CrU) (Pre-exposure Values were 


Subtracted from End-of-Shift Values)
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exposures to soil, dust, and residential drinking water, may not be detected with urinary monitoring; 

however, it is more likely that urinary monitoring would detect higher-level continuous exposure or daily 

inhalation exposure to chromium(VI). Paustenbach et al. (1997) note that chromium intakes would have 

to exceed 2 μg/day in order to distinguish the exposure from background.  Large interpersonal variability 

(as high as a factor of 10) and intrapersonal variability (as high as a factor of 3) can result in highly 

variable erroneous conclusions regarding significant differences among populations.  

3.8.2 Biomarkers Used to Characterize Effects Caused by Chromium 

Chromium has been shown to produce effects to several systems, including the respiratory, 

gastrointestinal, hematological, and immunological systems (see Section 3.2); however, many of these 

effects are not specific for chromium.  Although effects to these physiological systems can be assessed 

with blood and respiratory function tests and by physical examination, these assessments would not serve 

as biomarkers specific for effects of chromium as impairment of these systems can result from a variety 

of other causes, including chemical toxicity, nutritional insufficiencies, and disease. 

Occupational exposure to chromium and its compounds has caused respiratory effects, such as 

pneumonitis, impaired pulmonary function, nasal septum perforations, irritation of the mucosa, 

inflammation, and cancer.  In addition, chromium can be irritating and corrosive to the skin.  Chromium 

exposure may cause asthma attacks and dermatitis in sensitive individuals.  Workers with urinary levels 

of chromium >15 μg/g creatinine had increased retinol binding protein and tubular antigens in the urine.  

The workroom levels ranged from 0.05 to 1.0 mg chromium(VI)/m3 as chromium trioxide (Franchini and 

Mutti 1988).  The urine of chromium(VI) exposed workers in a chromate production plant contained 

higher levels of a brush border protein and of retinol-binding protein in the urine than did nonexposed 

controls (Mutti et al. 1985a).  In a study of currently exposed chrome platers, ex-chrome platers, and 

referent groups of nonexposed workers, the urinary levels of β2-microglobulin were significantly higher 

(p=0.045), and elevated levels occurred more often in the presently exposed groups compared with its 

age-matched control group.  The levels of β2-microglobulin in the urine of the ex-chrome platers, 

however, were not different than those of its age-matched control group (Lindberg and Vesterberg 

1983b).  Another study of hard chrome electroplaters found a higher prevalence of workers with elevated 

N-acetyl-β-glucosamindase levels (Liu et al. 1998).  Although this study also found higher levels of 

β2-microglobulins in the chrome plater, the prevalence of elevated values was not significantly increased.  

The presence of low molecular weight proteins, such as retinol binding protein, antigens, or 
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ß2-microglobulin in the urine is believed to be an early indication of kidney dysfunction.  The lack of a 

significant difference in the ex-chrome platers compared with the control group suggests that the 

chromium-induced kidney damage may be reversible.  Cell culture and cell free studies discussed in 

Section 3.5.2 demonstrated that chromium forms protein-DNA crosslinks and adducts with DNA, and 

that these end points may be potentially useful biological markers, indicating the possibility of genotoxic 

effects or cancer in humans exposed to chromium.  However, no increases in protein-DNA crosslinks 

were observed in white cells from volunteers who were exposed to chromium(VI) in drinking water 

(Kuykendall et al. 1996). 

The possibility of using an immune-function assay as a potential biomarker for humans exposed to 

chromium has been examined (Snyder et al. 1996).  Isolated mononuclear cells from 46 individuals who 

lived and/or worked in areas in northern New Jersey at sites contaminated by chromium processing were 

stimulated by pokeweed mitogen.  Rates of stimulated cell growth and production of interleukin 6 (IL-6) 

were measured and compared to a control population of people who lived/worked in uncontaminated 

areas.  There was no significant increase in mitogen stimulation between people from contaminated areas 

and controls, but there was a significant (36%) decrease in the levels of IL-6 in monocytes in the 

chromium exposed group.  IL-6 is an important cytokine that is involved in the T-cell helper pathway of 

antibody production.  The significance of the lower levels may lead to decreased levels of antibody 

production. 

The effects of chromium(III) chloride, sodium chromate(VI), and potassium chromate(VI) on 

proliferation of mononuclear leukocytes obtained from chromium sensitive individuals (confirmed with 

positive patch tests) was compared to nonsensitive controls (confirmed by negative patch tests) (Räsänen 

et al. 1991).  Isolated cells were exposed to 25–50 μg/mL culture medium of chromium(III) chloride and 

to 0.025 to 0.1 μg/mL culture medium chromium(VI) salts, which gave optimum responses and cell 

growth ratios of treated/nontreated cells from eight sensitive individuals ranging from 1.56 to 13.22, 

average=5.8 (chromium(III)), from 2.24 to 11.43, average 5.4 sodium chromate, and from 1.82 to 9.48, 

average 5.4potassiium dichromate.  The nonsensitive individuals’ ratios were consistently lower with 

ranges from 0.90 to 2.28 and average ratios of 1.14, 1.30, and 1.56, respectively.  The authors felt that this 

in vitro methodology could be used diagnostically to assess chromium-sensitive individuals. 

For more information on biomarkers for renal and hepatic effects of chemicals see ATSDR/CDC 

Subcommittee Report on Biological Indicators of Organ Damage (Agency for Toxic Substances and 

Disease Registry 1990c) and for information on biomarkers for neurological effects see OTA (1990). 
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3.9  INTERACTIONS WITH OTHER CHEMICALS 

Potassium dichromate (10 mg/kg) administered by subcutaneous injection potentiated the effects of the 

nephrotoxins, mercuric chloride, citrinin, and hexachloro-1,3-butadiene, in rats. Effects on renal function 

included changes in urine volume, osmolality, electrolyte and glucose excretion, and a reduction in renal 

cortical slice organic ion transport.  Chromium(VI) compounds potentiated the effect of mercuric chloride 

on organic acid uptake but not organic base uptake by renal cortical slices (Baggett 1986; Haberman et al. 

1987).  A similar experiment with another nephrotoxin, maleic acid, demonstrated the potentiating effect 

of potassium dichromate (10 mg/kg administered subcutaneously) (Christenson et al. 1989).  Christenson 

et al. (1989) suggested that the combination of potassium dichromate with maleic acid might enhance 

damage to the brush border of the renal proximal tubules or that damage to the luminal cells by potassium 

dichromate might allow maleic acid to more easily enter the cells. 

Concomitant exposure of female Sprague-Dawley rats to chromium(VI) potassium dichromate and 

ethanol in drinking water for 22 weeks indicates that ethanol may enhance the hepatic effects of 

chromium(VI) (Acharya et al. 2001). Serum enzyme activity of ALT in rats treated with 10% ethanol and 

25 mg chromium(VI)/L (3.8 mg chromium(VI)/kg/day) was significantly increased compared to 

treatment of rats with ethanol or chromium(VI) alone.  However, the toxicological significance of this 

finding is uncertain, since serum ALT activities of rats treated with ethanol and chromium(VI) were 

increased by only 18% compared to treatment of rats with chromium(VI) alone. 

Interactions between selenium in the diet and ammonium dichromate in the drinking water were 

investigated in a study using rats.  During the experiment, one rat died and the other rats had atrophy of 

the central liver lobe when given selenium alone.  Dietary selenium and ammonium chromate in 

combination caused hepatic necrosis, resulting in the death of four rats (Moxon and DuBois 1939). 

Although the rats were not fed chromium alone, other studies indicate that the liver is a target for 

chromium exposure (see Section 3.2).  The mechanism for the interaction was not discussed. 

Exposure of female hairless mice to ultraviolet light in combination with chromium(VI) as potassium 

chromate in drinking water at concentrations of 2.5 or 5.0 mg potassium chromate(VI)/L (approximately 

0.18 or 0.35 mg chromium(VI)/kg/day) for 182 days, or in the diet at concentrations of 0, 2.5, or 5.0 mg 

potassium chromate(VI)/kg food (approximately 0.13 or 0.26 mg chromium(VI)/kg/day) for 26 weeks, 

produced an increased incidence of skin tumors compared to animals exposed to UV light alone or 
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chromium(VI) alone (Davidson et al. 2004; Uddin et al. 2007).  Exposure to chromium(VI) alone did not 

result in neoplasms. The chromium-induced enhancement of UV light-induced skin tumors did not 

appear to be mediated through oxidative damage, since concomitant treatment with vitamin E or 

selenomethionine did not decrease the chromium effect. 

Concomitant inhalation exposure to ozone and chromium(VI) may alter pulmonary clearance mechanisms 

in the deep lung (Cohen et al. 2003).  Compared to rats treated with insoluble chromium(VI) as calcium 

chromate (0.34–0.36 mg chromium(VI)/m3) alone for up to 48 weeks, concomitant exposure to ozone 

(0.59 mg/m3) resulted in decreased particle uptake and altered postphagocytic/endocytic processing of 

chromium particles by alveolar macrophages.  However, since toxicity was not assessed in this study, it is 

not known if ozone-induced alteration in alveolar macrophage function would result in increased toxicity 

of chromium(VI). 

A number of studies indicate an increase in the mutagenic effects of chromium(VI) compounds in 

combination with other chemicals.  Synergism has been observed between chromium(VI) and 

9-aminoacridine, nitrilotriacetic acid, and azide (Bronzetti and Galli 1989; Gava et al. 1989a; LaVelle 

1986a, 1986b; Montaldi et al. 1987), but the mechanisms are not clearly understood.  Potassium 

dichromate potentiated mutations produced by sodium azide in S. typhimurium or by 9-aminoacridine in 

S. typhimurium and E. coli.  Although the data were insufficient for speculation on the specific 

biochemical mechanism, it was suggested that the potentiation involved a specific effect of potassium 

dichromate on the interaction of 9-aminoacridine or sodium azide with DNA or on subsequent DNA 

replication and/or repair (LaVelle 1986a, 1986b).  Nitrilotriacetic acid, which appears to have no 

genotoxic potential itself, increased the frequencies of sister chromatid exchanges in Chinese hamster 

ovary cells and of micronuclei and chromosomal aberrations in cultured human lymphocytes that were 

seen with lead chromate alone.  However, nitrilotriacetic acid had no effect on the dose-related induction 

of sister chromatid exchanges in Chinese hamster ovary cells that was seen with potassium chromate 

alone.  It was suggested that nitrilotriacetic acid increased the solubility of the originally insoluble lead 

chromate, leading to increased uptake of the metal cation by the cells and subsequent increased 

genotoxicity (Montaldi et al. 1987).  Nitrilotriacetic acid increased the frequency of point mutations in 

S. cerevisiae observed with a low concentration of sodium chromate, but decreased the frequency with a 

5-fold higher concentration of sodium chromate.  It was suggested that at the low concentration of sodium 

chromate, nitrilotriacetic acid affected the uptake of chromium(VI), favoring reduction to chromium(III) 

ions, which formed a complex with nitrilotriacetic acid that can cross the membrane and interact with 

DNA.  At the high dose of sodium chromate, nitrilotriacetic acid may have affected the mechanism of 
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recombination repair of DNA breaks induced by chromate oxidizing activity (Bronzetti and Galli 1989).  

Nitrilotriacetic acid also increased the mutagenicity of potassium dichromate in S. typhimurium and 

D. melanogaster, presumably by favoring the reduction of chromium(VI) to chromium(III) (Gava et al. 

1989a).  Thus, it is possible that other hazardous substances at hazardous waste sites may be more 

dangerous due to the presence of chromium(VI). 

Ascorbic acid has been shown to have a protective effect in rats administered lethal dermal doses of 

potassium dichromate (25 mg chromium(VI)/rat), and in preventing ulcerations of the skin (Samitz 1970).  

The nephrotoxicity due to subcutaneous injections of potassium chromate in rats was prevented by 

intramuscular administration of ascorbic acid (Powers et al. 1986).  This occurred mainly through the 

reduction of chromium(VI) to the less toxic chromium(III) state. In cultured human bronchial cells, co

exposure to ascorbic acid and sodium chromate blocked chromate-induced clastenogenicity by preventing 

uptake of chromium(VI) ions by cells (Wise et al. 2004). Vitamin E protected against, while vitamin B2 

enhanced, the cytotoxicity and DNA strand breaks induced by sodium chromate in Chinese hamster cells 

in vitro. Vitamin E may exert its protective effect by scavenging radicals and/or chromium(V) during the 

reduction of chromium(VI) (Sugiyama 1991) (see Section 3.11.3).  N-Acetylcysteine, the glutathione 

precursor, was reported to be effective in increasing the urinary excretion of chromium in rats (Nadig 

1994). 

Studies have examined the effects of interactions between chromium and arsenic on blood cholesterol and 

glucose levels and changes in organ weight in rats (Aguilar et al. 1997).  Groups of five male Wistar rats 

were given food containing 5 μg/g of either arsenic(V) oxide, chromium(III) chloride, or a combination of 

both chemicals for 10 weeks.  Organ weight to body weight ratios of liver, spleen, lung, kidney, and heart 

were similar to control values for the three exposed groups.  Arsenic alone increased the cholesterol blood 

level from 47.27(±6.85 SD) mg/dL in the control group to 96.83(±6.11 SD).  The combination of arsenic 

and chromium reduced the blood cholesterol level to 46.69(±6.11 SD) mg/dL.  Neither chemical alone or 

in combination affected blood glucose levels.  In most tissues, the combination of chemicals reduced the 

chromium level appreciably below control values.  Supplemental chromium increased arsenic levels in 

liver, kidney, spleen, heart, and red blood cells, and reduced levels of arsenic in lung and hair tissues.  

Chromium did not appear to alter concentrations of arsenic in the liver. 

A study examining the chromium(VI) reduction in microsomes noted that the level of iron in the test 

system markedly influenced the Vmax of chromium(VI) reduction, suggesting that coexposure to 
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chromium(VI) and agents that increase intracellular iron might lead to increased risk for chromium(VI) 

toxicity (Myers and Myers 1998). 

The effects of chromium(III) chloride and sodium chromate(VI) on the hepatotoxicity of carbon 

tetrachloride exposure to mouse hepatocytes were examined by Tezuka et al. (1995).  Primary cultures of 

mouse hepatocytes were pretreated with 10 or 100 μM chromium for 24 hours followed by exposure to 1– 

5 mM carbon tetrachloride for up to 1 hour.  Chromium(VI) pretreatment significantly reduced the cell 

toxicity as well as lipid peroxidation caused by carbon tetrachloride.  Chromium(III) pretreatment did not 

have any effect on cell toxicity.  About 50% of chromium(VI) was taken up and reduced in the cells by 

90% to chromium(III) within 10 minutes.  The initial uptake rate of chromium(III) into cells was greater 

than 500-fold less than chromium(VI), and only about 5% was absorbed.  The protection against carbon 

tetrachloride damage by chromium(VI) was attributed to its rapid uptake and conversion to 

chromium(III), and it was determined that chromium(III) acts as a radical scavenger for the free radicals 

generated by carbon tetrachloride within the cell.  Furthermore, chromium(VI) pretreatment reduced the 

activity of NADPH cytochrome c reductase, which metabolizes carbon tetrachloride to reactive species.  

In a previous study (Tezuka et al. 1991), the same group found that pretreating mice and rats with 

chromium(III) also protected against hepatic toxicity. 

In order to examine the speciation of chromium in lemonade, Kool Aid, tea, dripped coffee, percolated 

coffee, and orange juice, potassium chromate(VI) was added to each of the beverages at a chromium 

concentration of 10 mg/L (Kerger et al. 1996b).  After 15 minutes, the concentrations of chromium(VI) 

were determined to be <0.4 mg/L for orange juice, <0.3 mg/L for coffee and tea, 2 mg/L for Kool Aid, 

and 0.3 mg/L for lemonade.  After 3–5 hours, essentially no residual chromium(VI) remained.  At higher 

concentrations (50 mg/L chromium(VI)), >99, 40, and 84% of the chromium(VI) was reduced after 3– 

5 hours in orange juice, lemonade, and coffee, respectively (not tested at the higher concentration in Kool 

Aid and tea). The reducing capacities were not correlated with total organic carbon or pH.  The reducing 

capacities of the beverages were attributed in part to ascorbic acid in lemonade and orange juice and to 

tannins in tea and coffee. 

3.10  POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE 

A susceptible population will exhibit a different or enhanced response to chromium than will most 

persons exposed to the same level of chromium in the environment.  Reasons may include genetic 

makeup, age, health and nutritional status, and exposure to other toxic substances (e.g., cigarette smoke).  
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These parameters result in reduced detoxification or excretion of chromium, or compromised function of 

organs affected by chromium. Populations who are at greater risk due to their unusually high exposure to 

chromium are discussed in Section 6.7, Populations with Potentially High Exposures. 

Acute inhalation LC50 and oral and dermal LD50 studies suggest that female animals are more sensitive to 

the lethal effects of chromium(VI) compounds (see Sections 3.2.1.1, 3.2.2.1, and 3.2.3.1).  Whether 

human females are more sensitive than males to toxic effects of chromium or its compounds is not 

known.  Other information identifying possible susceptible populations was not located.  The primary and 

most sensitive effects of exposure to chromium compounds to the respiratory, gastrointestinal, 

hematological, and immunological systems; thus, individuals with preexisting conditions of these systems 

may be at increased risk of exposure to chromium compounds.  Due to the sensitizing effects of 

chromium, some individuals who are sensitive to chromium may develop asthma as an anaphylactic 

response to inhaled chromium.  Also, there is limited evidence in some individuals have less ability than 

others to reduce chromium(VI) in the bloodstream and are more likely to be affected by the adverse 

effects of chromium exposure (Korallus 1986a, 1986b).  The ability to reduce chromium(VI) in the 

bloodstream may be related to the ascorbic levels in the plasma. However, the metabolic reduction of 

chromium(VI) may result in bioactivation and/or detoxification. 

Since chronic inhalation of cigarette smoke may result in squamous metaplasia in the respiratory mucosa, 

the risk of lung cancer due to inhalation of carcinogenic chromium compounds may be exacerbated in 

individuals who smoke cigarettes or are excessively exposed to passive smoke (Albert 1991). 

3.11  METHODS FOR REDUCING TOXIC EFFECTS 

This section will describe clinical practice and research concerning methods for reducing toxic effects of 

exposure to chromium.  However, because some of the treatments discussed may be experimental and 

unproven, this section should not be used as a guide for treatment of exposures to chromium.  When 

specific exposures have occurred, poison control centers and medical toxicologists should be consulted 

for medical advice.  The following texts provide specific information about treatment following exposures 

to chromium: 

Haddad LM, Shannon MW, Winchester JF, eds.  1998.  Chromium.  In:  Clinical management of 
poisoning and drug overdose.  3rd ed.  Philadelphia, PA:  W.B. Sanders Company, 794-795. 

Leikin JB, Paloucek FP, eds.  2002. In:  Leikin and Paloucek's poisoning and toxicology handbook.  3rd 
ed.  Hudson, OH:  Lexi-Comp, Inc., 372-379. 
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Schonwald S.  2004.  Chromium.  In:  Dart RC, ed.  Medical toxicology.  3rd ed.  Philadelphia, PA: 
Lippicott Williams & Wilkins, 1415-1417. 

3.11.1 Reducing Peak Absorption Following Exposure 

General recommendations for reducing absorption of chromium following acute inhalation exposure have 

included moving the patient to fresh air, monitoring for respiratory distress, and administering humidified 

supplemental oxygen with assisted ventilation if required (Haddad et al. 1998; Schonwald 2004).  If 

pulmonary effects such as bronchoconstriction are present, treatment with oxygen and bronchodilator 

drugs may be administered (Haddad et al. 1998).  The absorption of inhaled chromium compounds 

depends on such factors as oxidation state, particle size, and solubility.  Chromium(VI) passes through the 

alveolar lining of the lungs to the bloodstream more readily than does chromium(III) (see 

Section 3.4.1.1), and more soluble compounds are absorbed more readily than those that are less soluble 

(Bragt and van Dura 1983).  Although chromium(VI) is more readily absorbed from the lungs than 

chromium(III), various components of the respiratory system can reduce chromium(VI) to chromium(III), 

which is far less capable of crossing cell membranes than chromium(VI), thereby reducing the 

bioavailability of chromium to target cells other than the lung (De Flora and Wetterhahn 1989).  

Epithelial lining fluid (ELF) is capable of reducing chromium(VI) (Petrilli et al. 1986b) and may 

represent the first line of defense against inhaled chromium(VI).  Ascorbic acid (vitamin C) and 

glutathione, both of which were found to reduce chromium(VI) to chromium(III) in cell-free 

bronchoalveolar lavage fluid or soluble fractions of rat lungs in vitro, appear to be involved in this activity 

of ELF (Suzuki and Fukuda 1990).  Uptake and reduction of chromium(VI) by pulmonary alveolar 

macrophages, catalyzed by NADH- or NADPH-dependent cytosolic enzyme activities, may lead to 

virtually irreversible sequestration and efficient removal by mucociliary action (De Flora and Wetterhahn 

1989; De Flora et al. 1984, 1987b).  Reduction of chromium(VI) within pulmonary alveolar macrophage 

homogenates was stimulated in rats by the administration of the glutathione precursor, N-acetylcysteine 

(De Flora and Wetterhahn 1989).  As mentioned above, the reduction of chromium(VI) to chromium(III) 

by these various processes within the lungs serves as a natural defense mechanism by decreasing the 

amount of chromium absorbed and enhancing mucociliary clearance of chromium(III).  However, 

reduction of chromium(VI) to chromium(III) generates reactive intermediates, which may produce 

adverse effects.  Theoretically, further clearance from the lungs might be achieved by the administration 

of expectorants, but the efficacy of such a procedure has not been tested. 
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Chromium(III) is also poorly absorbed by the gastrointestinal tract, and chromium(VI) is reduced to 

chromium(III) in the gastric environment, limiting the bioavailability of chromium(VI) (De Flora et al. 

1987a; Donaldson and Barreras 1966).  Thus, the oral toxicity of chromium metal is low.  However, 

chromium(VI) compounds are highly corrosive to the gastrointestinal tract and can lead to hepatic, renal, 

hematological, and neurological effects (Clochesy 1984; Coogan et al. 1991a; Diaz-Mayans et al. 1986; 

Iserson et al. 1983; Kaufman et al. 1970; Kumar and Rana 1982, 1984; Samitz 1970; Saryan and Reedy 

1988).  The reduction of chromium(VI) to chromium(III) in the stomach is greatly enhanced at low pH 

and shortly after meals due to increased gastric juice secretion (De Flora et al. 1987a).  Therefore, 

administration of food might help decrease the gastrointestinal absorption of chromium.  The enhanced 

reduction of chromium(VI) at low pH suggests that, theoretically, oral administration of bicarbonates and 

antacids should be avoided.  Oral administration of ascorbic acid to further reduce chromium(VI) to 

chromium(III) might further decrease bioavailability (Haddad et al. 1998; Schonwald 2004), although this 

has not been proven (Leikin and Paloucek 2002; Schonwald 2004).  Other recommendations for reducing 

gastrointestinal absorption of chromium include diluting with water or saline followed by gastric lavage 

(Schonwald 2004).  Inducing emesis with syrup of ipecac is not recommended because of the possibility 

of irritation or burns to the esophagus (Nadig 1994; Schonwald 2004). 

In cases of dermal exposure, the skin should be thoroughly washed to prevent chromium absorption by 

the skin (Haddad et al. 1998; Leikin and Paloucek 2002; Schonwald 2004).  As chromium(VI), but not 

chromium(III), is readily absorbed by the skin, ascorbic acid in the washing solution could reduce 

chromium(VI) to chromium(III), thus decreasing absorption.  Application of the calcium disodium salt of 

ethylenediamine tetraacetic acid (EDTA), which acts as a chelating agent, has also been recommended 

after washing with water and application of ascorbic acid (Nadig 1994), especially in cases where the skin 

has been cut or abraded (Burrows 1983).  Ascorbic acid was found to protect chromium-sensitive workers 

who handled chromates in the lithographing and printing industries from dermatitis.  The ascorbic acid 

(10% solution) was kept near the work areas, and the workers soaked their hands and forearms as soon as 

possible after handling the chromate mixtures.  In addition, ascorbic acid prevented ulcerations of the skin 

in rats treated with potassium dichromate dermally (Samitz 1970).  An antichrome powder consisting of a 

mixture of 40% sodium metabisulfite, 20% ammonium chloride, 20% tartaric acid, and 20% sucrose as a 

10% aqueous solution was effective in reducing the healing time of chrome sores on the skin of guinea 

pigs to which potassium dichromate had been applied (Samitz and Epstein 1962).  Thorough irrigation 

with water has been recommended if the eyes have been exposed (Haddad et al. 1998; Schonwald 2004). 
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Both the cytotoxic effects of chromium(III) chloride, chromium(III) nitrate, sodium chromate(VI), 

sodium dichromate(VI), potassium dichromate(VI), and chromium(V) potassium sulfate dodecahydrate 

and the ability of ascorbic acid, glutathione 4-acetamido-4'-isothiocyanato-2,2-stibenedisolphonic acid 

(SITS) to prevent chromium toxicity in transformed human keratinocytes were examined (Little et al. 

1996).  This cell line was used because histopathological studies have shown that dichromate compounds 

have caused keratinocyte necrosis.  Cells were exposed to the chromium salts for 24 hours, and the 

viability of the cultures was examined for their ability to take up neutral red dye and release lactate 

dehydrogenase into the media.  None of the chromium(III) or chromium(V) salts seemed toxic to the cells 

at concentrations up to about 100 μM.  The chromium(VI) salts showed toxicity at about 8 μM, and there 

was little cell survival at 100 μM.  The dose-response curves were similar for all chromium(VI) salts 

tested.  Similar experiments were conducted with normal human keratinocytes obtained from 

abdominoplasties or breast reductions from six donors and treated with sodium dichromate.  The toxicity 

to normal cells overall seemed to be less than in the transformed line.  Ascorbic acid at 500 μM 

completely inhibited the cell toxicity caused by chromium(VI), whereas glutathione and SITS were less 

effective.  Ascorbate probably protected cells by reducing chromium(VI) and chelation of the reduced 

complex.  Glutathione may have formed complexes with the chromium(VI), which eventually led to 

chromium(III), whereas SITS may have inhibited the cellular uptake of the chromate by altering the non

specific membrane anion carrier.  The authors conclude that these available drugs provide protection 

against cytotoxicity to keratinocytes involved in dermatitis and may be useful to prevent toxic reactions to 

metals contacting the skin. 

The effect of decreasing the concentration of water-soluble chromium in cement from about 10 to 2 ppm 

on the incidences of chromium-induced dermatitis was examined among construction workers in Finland 

(Roto et al. 1996).  After 1987, when the decrease occurred, allergic dermatitis caused by chromium in 

the industry was reduced by 33% from previous levels, whereas irritant contact dermatitis remained 

unchanged. 

3.11.2 Reducing Body Burden 

Once chromium has been absorbed, it can be widely distributed throughout the body (see Section 3.4.2). 

Forced diuresis with careful monitoring of fluid and electrolyte status has been suggested, but not proven, 

to increase the elimination of chromates (Haddad et al. 1998).  In a case report of a fatality after ingestion 

of potassium chromate, hemodialysis and charcoal hemoperfusion did not significantly remove chromium 

from whole blood and had little effect on the management of chromium toxicity (Iserson et al. 1983).  
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However, hemodialysis was effective in saving the life of an electroplater who accidentally swallowed 

plating fluid containing chromium trioxide (Fristedt et al. 1965).  Because chromium may be sequestered 

in erythrocytes, exchange transfusion has been used as a way to decrease the body burden in serious acute 

poisoning (Kelly et al. 1982). 

Both chromium(VI) and chromium(III) can be transported in the blood.  Chromium(III) tends to bind to 

plasma proteins and is excreted in the urine.  Chromium(VI) may be poorly reduced to chromium(III) in 

plasma, but this reduction can be enhanced by the intravenous administration of ascorbic acid (Korallus et 

al. 1984).  However, reactions of chromium(VI) with sulfhydryl compounds or ascorbate may have mixed 

effects on toxicity, since such reactions yield reactive chromium intermediates, reactive oxygen species, 

and free cysteinyl and carbon radical species, which may be more damaging than chromium(VI) itself 

(Reynolds and Zhitkovich 2007; Shi et al. 1994; Stearns et al. 1994).  Generally, treatments for reducing 

body burden of chromium are chelation therapies similar to those used to reduce body burdens of other 

metals, although the use of ascorbic acid is specific for chromium.  Use of hemodialysis and 

N-acetylcysteine has been suggested to enhance elimination (Haddad et al. 1998; Leikin and Paloucek 

2002; Schonwald 2004), however, this has not been proven.  N-acetylcysteine, the glutathione precursor, 

was reported to be more effective than EDTA or dimercaptosuccinic acid in increasing the urinary 

excretion of chromium in rats (Banner et al. 1986; Nadig 1994); however, chelation with agents available 

in human clinical medicine, such as British Anti Lewisite (dimercaprol) and EDTA, has been shown to be 

generally ineffective in increasing the elimination of chromium (Ellis et al. 1982). However, calcium 

EDTA, administered intravenously, resulted in a rapid increase in the urinary excretion of chromium in 

metal workers (Sata et al. 1998).  Other polyaminocarboxylic acid chelating agents may be effective in 

removing chromium from organs.  In rats injected with potassium chromate, subsequent treatment with 

various polyaminocarboxylic acid chelating agents resulted in significant removal of chromium from the 

liver, kidney, heart, or brain, depending on the agent.  Ethylenediamine N,N'-diacetic acid (EDDA) 

removed significant amounts of chromium from the liver and heart.  Ethylenediamine N,N'-di 

(O-hydroxyphenyl acetic acid (EDDHA) removed significant amounts of chromium from the kidney, 

heart, and brain.  N-(2-hydroxyethyl)ethylenediamine triacetic acid (HEDTA) removed significant 

amounts of chromium from the liver and kidney.  Hexamethylene 1,6-diamino N,N,N',N'-tetraacetic acid 

(HDTA) removed significant amounts of chromium from the liver, kidney, and brain.  Triethylene 

tetramine N,N,N',N',N'',N''-hexaacetic acid (TTHA) removed significant amounts of chromium from the 

liver.  Ethyleneglycol-bis-(2-aminoethyl) tetraacetic acid (EGATA) did not remove significant amounts of 

chromium from any of the organs.  The relative ability of the polyaminocarboxylic acids to remove 

chromium from organs may be related to the number of amino or carboxyl groups as complexing centers 
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or by the presence of hydroxyl groups (Behari and Tandon 1980).  The use of these agents in humans has 

not been tested.  Chromium(VI), but not chromium(III), can readily cross cell membranes.  

Chromium(VI) readily enters erythrocytes, where it is reduced to chromium(III) by glutathione, and 

chromium(III) is essentially trapped within erythrocytes, where it binds to proteins, primarily 

hemoglobin.  This may explain the fact that chromium shows little toxicity at sites distant from 

administration sites (De Flora and Wetterhahn 1989).  The chromium(III) trapped within the erythrocytes 

would be released upon natural destruction of the erythrocyte and excreted in the urine. 

3.11.3 Interfering with the Mechanism of Action for Toxic Effects 

The reduction of chromium(VI) to chromium(III) inside of cells may be an important mechanism for the 

toxicity of chromium, whereas reduction of chromium(VI) outside of cells may be a major mechanism of 

protection.  After entering target cells, chromium(VI) itself and/or the metabolically reduced valence 

states exert toxic effects, as discussed in detail below (De Flora and Wetterhahn 1989).  Administration of 

a reducing agent (such as ascorbate) early enough after exposure to reduce chromium(VI) to 

chromium(III) in extracellular fluids before chromium(VI) penetrates cells may reduce toxicity; however, 

increased intracellular ascorbate may enhance toxicity.  For example, in animal studies, ascorbic acid has 

been shown to protect against lethality of dermal potassium dichromate (Samitz 1970) and prevent 

nephrotoxicity of subcutaneously administered potassium chromate (Powers et al. 1986).  However, 

increased intracellular ascorbate concentrations has been shown to enhance chromium(VI) toxicity in 

cultured human fibroblasts (Reynolds and Zhitkovich 2007).  Therefore, agents that enhance reduction of 

chromium(VI) to chromium(III) may have mixed effects on toxicity.  The effect of ascorbate or other 

reducing agents on chromium toxicity in humans has not been established. 

Once chromium enters the cell, ligand displacement and/or redox reactions of chromium(VI) with 

enzymes, proteins, and other molecules leads to reduction to chromium(V), chromium(IV), and 

chromium(III), with the generation of active oxygen species and radicals.  The resulting toxicity depends 

on the nature of the cellular component that reacts with chromium(VI) and on the nature of the reactive 

species formed from the reaction.  Chromium(VI) can be reduced metabolically by a number of cellular 

components under physiological conditions.  Reduction by glutathione or cysteine can lead to generation 

of all valence states (particularly chromium(V)) and radicals.  For example, in vitro reaction of 

chromium(VI) with glutathione led to the formation of glutathione thiyl radicals and chromium(V) 

complexes (Aiyar et al. 1991).  Chromium(V)-glutathione complexes have been shown to form DNA 

adducts.  Reduction by ascorbate leads to chromium(III), but chromium(V) has been generated by the 
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reaction of chromium(VI) with riboflavin (vitamin B2) and ribose derivatives (De Flora and Wetterhahn 

1989).  Reaction of chromium(VI) with hydrogen peroxide has led to the formation of chromium(V) 

complexes and hydroxyl radicals (Aiyar et al. 1991).  Other important intracellular reduction reactions of 

chromium(VI) involve enzyme-catalyzed and NADPH-dependent mechanisms.  Microsomal reduction of 

chromium(VI) by cytochrome P450 to chromium(III) may involve the transient formation of 

chromium(V) (De Flora and Wetterhahn 1989).  Chromium(III), the final stable product of chromium(VI) 

reduction, can form chromium-DNA adducts and mediate crosslinking of DNA strands and DNA protein 

(De Flora and Wetterhahn 1989; Manning et al. 1992; Xu et al. 1996).  Thus, the metabolic reduction of 

chromium(VI) may represent bioactivation and/or detoxification.  If a bioactivation process, intracellular 

reduction of chromium(VI) would lead to the ultimate toxic species.  Conversely, if chromium(VI) is the 

toxic agent, then effects would be elicited only if the amount of chromium(VI) entering target cells 

saturates the reducing mechanisms.  

Differences in the intracellular metabolic pathways that result in the reduction of chromium(VI) will 

affect the nature of the reactive intermediates.  For example, chelating ligands, such as glutathione and 

sugars, stabilize chromium(V) as an oxidation state, increasing its lifetime in the cell and ability to reach 

DNA in the nucleus.  Cytochrome P450-dependent reduction of chromium(VI) to chromium(V) and 

chromium(IV), with generation of reactive radicals, which takes place in the endoplastic reticulum, could 

occur in close enough proximity to the nuclear membrane and nonenzymatic reduction within the nucleus 

could occur in close enough proximity to chromatin for the transient intermediates to exert their effects, 

such as DNA strand breaks and radical-DNA adducts.  As noted above, chromium(III) can form 

chromium-DNA adducts and mediate crosslinking of DNA strands and DNA protein (De Flora and 

Wetterhahn 1989). 

The role of glutathione in chromium-induced renal toxicity was investigated by Hojo and Satomi (1991).  

Male ddY mice (6 animals per dose group) were administered potassium dichromate(VI) (0.6 mmol 

chromium/kg), potassium tetraperoxochromate(V) (1.0 mmol/kg), green chromium(V)-glutathione 

complex (1.0 mmol/kg), and chromium nitrate (III) (0.6 mmol/kg); animals were sacrificed 24 hours after 

chromium injection and changes in kidney weight and function were assessed.  Chromium(VI) resulted in 

a 10.7%±2.7 decrease in body weight, a 2-fold increase in serum urea nitrogen, a decrease in kidney 

nonprotein sulfhydryl contents (3.3±0.1 versus control values of 3.7±0.1) and a decrease of kidney

glutathione reductase activity from a control value of 17.4±1.5 to 14.1±1.3 U/g.  Potassium 

tetraperoxochromate(V) treatment resulted in 50% of the animals dying.  Body weights and kidney

glutathione reductase activity were much lower than for animals treated with chromium(VI), and serum 
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urea levels were 102.9±17.7 mg/dL, which is about twice that observed in animals treated with 

chromium(VI).  The chromium(V) glutathione complex was much less toxic and showed values that were 

similar or close to control values.  Pretreatment with 10 mmol/kg glutathione methyl ester in the 

chromium(VI)-treated animals appeared to reduce the body weight loss and caused the serum urea levels 

to be normal.  Butathione sulfoximine (an inhibitor of glutathione synthesis) greatly enhanced the levels 

of serum urea, loss of glutathione reductase activity and decrease in kidney nonprotein sulfhydryl groups.  

Butathione sulfoximine pretreatment resulted in one of the six animals dying.  Animals treated with 

chromium(III) experienced weight loss, but other parameters were not markedly changed from control 

values.  Pretreatment with butathione sulfoximine in animals treated with chromium(III) only caused a 

decrease in kidney nonprotein sulfhydryl groups.  The authors indicated that with excess levels of 

glutathione, chromium(VI) is more readily reduced to chromium(III), whereas at lower levels of 

glutathione the reduction process is slower, resulting in slower reduction of the more toxic intermediate 

chromium(V).  Also, at higher concentrations of glutathione, chromium(V)-glutathione complexes may 

form which may prevent chromium(V) from reacting at target sites that elicit toxic responses.  

As discussed above, reactive intermediates formed during intracellular reduction of chromium(VI) to 

chromium(III) may interact with hydrogen peroxide, generating hydroxyl radicals, which can induce cell 

damage.  Several animal and in vitro studies have assessed the effects of anti-oxidant agents on 

chromium-induced oxidative cell injury.  Administration of folic acid, a free radical scavenger, to rabbits 

reduced potassium dichromate-induced increases in the concentration of free radical in liver, testes, brain, 

kidney, and lung and in serum liver enzyme activities of AST and ALT (El-Demerdash et al. 2006).  

Vitamin E, an antioxidant, has been shown to reduce potassium dichromate-induced renal toxicity and 

hepatotoxicity in rats (Appenroth et al. 2001; Arreola-Mendoza et al. 2006; Rao et al. 2006).  Vitamin B6, 

which may have anti-oxidant potential due to its role as a co-factor in the synthesis of cysteine, reduced 

oxidative stress in the liver of rats exposed to potassium dichromate (Anand 2005). In vitro studies 

indicated that vitamin E protected against, while vitamin B2 enhanced, the cytotoxicity and DNA single-

strand breaks induced by sodium chromate in Chinese hamster cells. Formation of DNA-protein 

crosslinks by chromium(VI) in cell culture was prevented by addition of ascorbic acid (Capellmann et al. 

1995), and ascorbic acid protected cells against chromosomal breakage and apoptosis.  Vitamin E also 

protected cells against chromosomal breaks (Blankenship et al. 1997) and decreased chromium(III)

induced oxidative damage to calf thymus DNA in vitro, as indicated by decreased formation of 

8-hydroxydeoxyguanosine (Qi et al. 2000).  Vitamin E may exert its protective effect by scavenging 

radicals and/or chromium(V) during the reduction of chromium(VI) (Sugiyama 1991).  Selenium (as 

sodium selenate), an essential trace element, has been shown to reduce the genotoxicity of chromium 
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dichromate in human lymphocytes in vitro as assessed by the Comet assay, although sodium selenite and 

selenous acid enhanced chromium-induced DNA damage; sodium selenate also decreased chromium-

induced genotoxicity in S. typhmuirium (strain TA102), as assessed by the Ames assay (Cemeli et al. 

2003).  Other vitamins or essential elements might also be effective in mitigating the effects of chromium 

by modulating the metabolic processes.  The use of vitamins and essential elements for reducing the 

toxicity of chromium has not been studied in humans. 

Thyroxine was found to ameliorate acute renal failure induced in rats by potassium dichromate, possibly 

by stimulating gluconeogenesis and Na-K ATPase activity in the renal cortex, influencing protein 

synthesis, and promoting glucose and amino acid uptake by epithelial cells.  These events would be 

expected to aid in the repair and regeneration of the damaged tubular epithelial cells (Siegel et al. 1984). 

The use of thyroxine has not been tested in humans. 

Todralazine, an antihypertensive drug, was found to markedly reduce the mutagenic activity of potassium 

dichromate (VI) in the bacterial tester strain TA100 and in the B. subtilis rec assay (Gasiorowski et al. 

1997).  Spectroanalysis indicated that chromium(VI) was reduced to chromium(III) by todralazine and 

that todralazine formed a complex with the chromium(III) ions.  The reduction and complexing of 

chromium may have prevented chromium from crossing the membrane and may have prevented harmful 

interactions with DNA.  Another study by this group found that complexing copper(II) chromate(VI) to 

organic ligands (e.g., 2-(2'-pyridyl)imidazole, 2,2'-bipyridyl, 1,10-phenanthroline) resulted in a decrease 

in the mutagenicity of chromium(VI) as assessed by the Ames and B. subtilis rec assays (Gasiorowski et 

al. 1998). 

3.12  ADEQUACY OF THE DATABASE 

Section 104(I)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the 

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 

adequate information on the health effects of chromium is available.  Where adequate information is not 

available, ATSDR, in conjunction with the National Toxicology Program (NTP), is required to assure the 

initiation of a program of research designed to determine the health effects (and techniques for developing 

methods to determine such health effects) of chromium. 

The following categories of possible data needs have been identified by a joint team of scientists from 

ATSDR, NTP, and EPA.  They are defined as substance-specific informational needs that if met would 
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reduce the uncertainties of human health assessment.  This definition should not be interpreted to mean 

that all data needs discussed in this section must be filled.  In the future, the identified data needs will be 

evaluated and prioritized, and a substance-specific research agenda will be proposed. 

3.12.1 Existing Information on Health Effects of Chromium 

The existing data on health effects of inhalation, oral, and dermal exposure of humans and animals to 

chromium are summarized in Figures 3-8 and 3-9.  The purpose of these figures is to illustrate the 

existing information concerning the health effects of chromium.  Each dot in the figures indicates that one 

or more studies provide information associated with that particular effect.  The dot does not necessarily 

imply anything about the quality of the study or studies, nor should missing information in this figure be 

interpreted as a “data need”.  A data need, as defined in ATSDR’s Decision Guide for Identifying 

Substance-Specific Data Needs Related to Toxicological Profiles (Agency for Toxic Substances and 

Disease Registry 1989), is substance-specific information necessary to conduct comprehensive public 

health assessments.  Generally, ATSDR defines a data gap more broadly as any substance-specific 

information missing from the scientific literature. 

A major source of oral exposure of humans to chromium is via the diet including chromium-rich diet 

supplements.  Chromium(III) at low levels is essential to nutrition, and studies of chromium deficiency 

have been conducted.  Information regarding health effects of exposure to chromium(VI) or 

chromium(III) in humans comes mainly from case reports of acute accidental or intentional ingestion, 

acute accidental dermal exposure, and from occupational case reports and epidemiology studies, which 

primarily involve inhalation and dermal exposure.  In occupational studies, it is often difficult to separate 

exposure to chromium(VI) from chromium(III).  Case reports have shown that ingestion and dermal 

contact with chromium(VI) can cause death.  These reports have also described the serious systemic and 

neurological sequelae of exposure leading to death.  Occupational exposures to chromium(VI) and/or 

chromium(III) are associated with respiratory and nasal, cardiovascular, gastrointestinal, hematological, 

hepatic, renal, and dermal effects.  Immunological effects in humans exposed by inhalation and dermal 

contact consist of sensitization resulting in asthma and contact dermatitis, which can be exacerbated by 

oral exposure.  Limited information was available regarding reproductive effects of occupational 

exposure to chromium(VI).  Limited information was found on neurological behavioral effects.  

Information is also available regarding genotoxic effects in workers exposed to chromium(VI) and cancer 

in workers exposed to chromium(VI) and/or chromium(III). 
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Figure 3-8.  Existing Information on Health Effects of Chromium(VI) 
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Figure 3-9.  Existing Information on Health Effects of Chromium(III) 
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Information regarding the levels of exposure to chromium(VI) compounds that cause death in animals is 

available for the inhalation, oral, and dermal routes.  Information regarding respiratory effects of acute 

inhalation exposure of animals to chromium(VI) was available.  Acute oral studies have evaluated effects 

of chromium(VI) on hematology and clinical chemistry.  Acute dermal exposure of animals to 

chromium(VI) can cause irritation, edema, necrosis, and chrome sores.  Information on systemic effects 

of chromium(VI) in animals is available for intermediate- and chronic-duration exposure by the inhalation 

route.  Information regarding effects of oral exposure is available for intermediate and chronic durations.  

The immunological effects of chromium(VI) in animals have been studied after inhalation and dermal 

exposure.  An inhalation study reported no developmental or reproductive effects of chromium(VI).  The 

reproductive and developmental effects of oral chromium(VI) have been evaluated following oral 

exposure, showing adverse effects, particularly to the male reproductive system.  Information regarding 

the genotoxicity and carcinogenicity of chromium(VI) is available for both the inhalation and oral routes.  

Information regarding levels of chromium(III) compounds that result in death is available only for the 

oral route.  Systemic effects of acute-duration exposure to chromium(III) are limited to the respiratory 

system- and intermediate-duration inhalation exposure to chromium(III) are limited to the respiratory 

system.  Information on systemic effects of chronic inhalation exposure to chromium(III) is limited to a 

study that used a mixture of chromium(VI) and chromium(III).  Studies of intermediate- and chronic 

duration oral exposure to chromium(III) failed to find any systemic, neurological, developmental, 

reproductive, or carcinogenic effects.  The immunological and genotoxic effects of chromium(III) in 

animals have not been tested by the oral route.  Information regarding effects of dermal exposure of 

animals to chromium(III) is limited to a study of skin ulceration after acute exposure and dermal 

sensitization tests.  One report of chronic renal failure after ingestion of over-the-counter chromium 

picolinate at 0.6 mg/day was found in literature (Wasser et al. 1997). 

In addition to the information on chromium(VI) and chromium(III), limited information is available 

regarding health effects of chromium(0) and chromium(IV).  Briefly, the available information on 

chromium(0) consists of studies that examined workers at an alloy steel plant (Triebig et al. 1987) and 

boilermakers (Verschoor et al. 1988) for possible renal effects.  Information on chromium(IV) consists of 

a 2-year inhalation study of chromium dioxide in rats that found no effects upon hematological, clinical 

chemistry, and urinalysis parameters and no histopathological effects on respiratory, cardiovascular, 

gastrointestinal, hepatic, renal, dermal/ocular, neurological, and reproductive organs (Lee et al. 1989). 
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3.12.2 Identification of Data Needs 

Acute-Duration Exposure. Acute inhalation exposure of humans to chromium(VI) as occurs in 

occupational settings can result in respiratory irritation (dyspnea, cough, wheezing, sneezing, rhinorrhea, 

choking sensation), dizziness, and headache at high concentrations, and can trigger asthmatic attacks in 

sensitized individuals (Lieberman 1941; Meyers 1950; Novey et al. 1983; Olaguibel and Basomba 1989).  

High airborne levels of chromium(VI) can also cause gastrointestinal irritation (Lucas and Kramkowski 

1975; Mancuso 1951; Meyers 1950).  Information on toxic effects in humans after oral exposure to 

chromium(VI) is limited to case reports of humans who ingested lethal or near lethal doses.  Serious 

respiratory, cardiovascular, gastrointestinal, hematological, hepatic, renal, and neurological effects have 

been described as sequelae leading to death (Clochesy 1984; Iserson et al. 1983; Kaufman et al. 1970; 

Saryan and Reedy 1988).  Acute dermal exposure can cause skin burns and can also have similar sequelae 

that lead to death (Brieger 1920; Major 1922).  No information regarding systemic effects of acute 

inhalation exposure of animals to chromium(VI) was located.  Information regarding effects of acute oral 

exposure of animals to chromium(VI) include a report of gastrointestinal hemorrhage in rats given a lethal 

dose of potassium dichromate (Samitz 1970), evaluations of hematology and clinical chemistry 

parameters in rats and mice exposed for 4–5 days (NTP 2007, 2008a) and increased resorptions in mice 

given potassium dichromate during gestation (Junaid et al. 1996b).  Information regarding effects of acute 

dermal exposure of animals to chromium(VI) is limited to studies of dermal irritation and sensitization 

(Gad et al. 1986; Merkur'eva et al. 1982; Samitz 1970; Samitz and Epstein 1962).  The information in 

humans indicates that many organs can be targets of acute exposure to chromium(VI) if exposure levels 

are high enough.  Studies in animals show that hematological effects occur following acute oral exposure 

and may be the earliest indication of more severe adverse effects observed following longer duration 

exposures. No information was located regarding systemic effects in humans after acute exposure to 

chromium(III) compounds by any route.  Acute inhalation studies of chromium trichloride in hamsters 

(Henderson et al. 1979) and chromic oxide and basic chromium sulfate in rats (Derelanko et al. 1999) 

indicated that the respiratory system is also a target of chromium(III) exposure.  Acute dermal studies 

show that chromium(III) can be a sensitizer, and that dermal challenge of sensitized individuals with 

chromium(III) compounds can elicit a response (Hansen et al. 2003; Samitz and Epstein 1962).  LD50 

values for chromium(VI) and chromium(III) compounds indicate that chromium(III) is less toxic than 

chromium(VI) (Shubochkin and Pokhodzie 1980; Smyth et al. 1969; Vernot et al. 1977). 

Additional studies involving acute exposure to both chromium(VI) and chromium(III) compounds by all 

routes would be helpful, especially if they evaluated comprehensive toxicological end points and 
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exposure-response relationships.  Studies defining the possible synergistic effects of chromium with other 

nephrotoxins, such as mercury and cadmium, which may be stored together at toxic waste sites, would 

also be useful.  There are populations surrounding hazardous waste sites that might be exposed to the 

substance for short periods; therefore, this information is important. 

Intermediate-Duration Exposure. There are no studies regarding systemic effects in humans after 

oral exposure of intermediate duration to either chromium(VI) or chromium(III).  Intermediate-duration 

exposure to primarily chromium(VI) in occupational studies caused nasal and respiratory effects (Bovet et 

al. 1977; Davies et al. 1991; Gomes 1972; Kleinfeld and Rosso 1965; Lee and Goh 1988; Sorahan et al. 

1987; Taylor 1966).  Intermediate-duration exposure in occupational settings involving dermal exposure 

also can cause chrome ulcers or holes in the skin (Gomes 1972; Lee and Goh 1988; Lieberman 1941; PHS 

1953; Smith 1931).  An MRL of 5x10-6 mg chromium(VI)/m3 has been determined for upper respiratory 

effects in humans after intermediate-duration inhalation exposure to chromium(VI) as chromium(VI) 

trioxide mist and other hexavalent chromium mists and dissolved aerosols, based on the study by 

Lindberg and Hedenstierna (1983). 

The respiratory tract and the immune system are targets in animals exposed to chromium(VI) and 

chromium(III) via inhalation for intermediate durations (Adachi 1987; Adachi et al. 1986; Glaser et al. 

1985, 1990; Johansson et al. 1986a, 1986b), with LOAEL values identified for respiratory and immune 

effects after inhalation (Glaser et al. 1985, 1990).  An MRL of 0.0003 mg chromium(VI)/m3 has been 

determined for lower respiratory effects in humans after intermediate-duration inhalation exposure to 

chromium(VI) as particulate hexavalent compounds based on the study in rats by Glaser et al. (1990).  An 

intermediate-duration study on chromium(III) compounds in rats identified respiratory system as the 

target for inhaled insoluble chromic oxide and soluble basic chromium sulfate (Derelanko et al. 1999).  

Based on differences in respiratory effects of these two compounds, distinct intermediate-duration MRLs 

were derived for insoluble and soluble trivalent chromium compounds.  The minimal LOAEL of 3 mg 

chromium(III)/m3 for septal cell hyperplasia and chronic interstitial inflammation of the lung in male rats 

exposed to chromic oxide was used to derive the intermediate-duration inhalation MRL of 0.005 mg 

chromium(III)/m3 for insoluble trivalent chromium compounds.  The LOAEL of 3 mg chromium(III)/m3 

for lesions of the larynx (granulomatous inflammation) and nose (inflammation) in female rats exposed to 

basic chromium sulfate was used to derive the intermediate-duration inhalation MRL of 0.0001 mg 

chromium(III)/m3 for soluble trivalent chromium compounds. 
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The gastrointestinal and hematological systems were identified as the primary targets of intermediate-

duration oral exposure of rats and mice exposed to chromium(VI) in drinking water (NTP 2007, 2008a). 

An intermediate-duration oral MRL of 0.005 mg chromium(VI)/kg/day has been determined for 

hematological effects (e.g., microcytic, hypochromic anemia) in rats after intermediate-duration oral 

exposure to chromium(VI) as sodium dichromate dihydrate in drinking water in a study by NTP (2008a). 

In addition, developmental and reproductive studies identify chromium(VI) as a reproductive and 

developmental toxicant in monkey, rats, and mice after oral exposure (Al-Hamood et al. 1998; Aruldhas 

et al. 2004, 2005, 2006; Bataineh et al. 1997; Chowdhury and Mitra 1995; Junaid et al. 1996b; Kanojia et 

al. 1996, 1998; Subramanian et al. 2006; Trivedi et al. 1989; Yousef et al. 2006; Zahid et al. 1990).  Oral 

studies of intermediate-duration in rats and mice reported no effects of chromium(III) in any system 

(Ivankovic and Preussmann 1975; NTP 2008b; Shara et al. 2005).  Adverse reproductive effects were 

observed following oral exposure to chromium(III), although NOAEL values were not established. No 

dermal studies of intermediate duration in animals were located.  The toxicity of intermediate-duration 

exposure to chromium compounds is relatively well characterized for the oral and inhalation routes.  

Dermal studies would be useful to determine possible target organs other than the skin.  There are 

populations surrounding hazardous waste sites that might be exposed to the substance for similar 

durations. 

Chronic-Duration Exposure and Cancer. The respiratory system (Bovet et al. 1977; Cohen et al. 

1974; Davies et al. 1991; Gibb et al. 2000a; Keskinen et al. 1980; Kleinfeld and Rosso 1965; Kuo et al. 

1997a; Letterer 1939; Lindberg and Hedenstierna 1983; Lucas and Kramkowski 1975; Mancuso 1951; 

Meyers 1950; Novey et al. 1983; Olaguibel and Basomba 1989; Sassi 1956; Sluis-Cremer and du Toit 

1968; Sorahan et al. 1987; Taylor 1966) and the skin (Gomes 1972; Hanslian et al. 1967; Lee and Goh 

1988; Lieberman 1941; PHS 1953; Royle 1975b) are the primary target organs for occupational exposure 

to chromium and its compounds. An MRL of 5x10-6 mg chromium(VI)/m3 has been determined for upper 

respiratory effects in humans after chronic-duration inhalation exposure to chromium(VI) as 

chromium(VI) trioxide mist and other hexavalent chromium mists and dissolved aerosols, based on the 

study by Lindberg and Hedenstierna (1983).  There are more data regarding the effects of chronic 

inhalation exposure in humans and animals than there are regarding the effects of oral exposure.  Studies 

of populations residing in areas contaminated with chromium(VI) in China have found such effects as 

oral ulcer, diarrhea, abdominal pain, indigestion, vomiting, constipation, nose and eye irritation, 

headache, fatigue, dizziness, and leukocytosis (Zhang and Li 1987).  Chronic inhalation studies with rats, 

mice, guinea pigs, and rabbits also identify the respiratory system as the main target of chromium(VI) and 

chromium(III) exposure (Glaser et al. 1986, 1988; Nettesheim and Szakal 1972; Steffee and Baetjer 
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1965).  Chronic oral exposure studies in rats and mice exposed to chromium(VI) in drinking water 

identify the hematological and gastrointestinal systems as the primary targets of chronic oral exposure 

(NTP 2008a), with gastrointestinal effects more sensitive than hematological effects.  A chronic-duration 

oral MRL of 0.001 mg chromium(VI)/kg/day based on gastrointestinal effects (diffuse epithelial 

hyperplasia of the duodenum) was derived for hexavalent chromium compounds.  Chronic oral exposure 

to chromium(III) compounds did not result in any target organ toxicity in animals (Ivankovic and 

Preussmann 1975; MacKenzie et al. 1958; NTP 2008b; Schroeder et al. 1965; Shara et al. 2007); thus, no 

chronic-duration MRL was derived for chromium(III) compounds since target organs have not been 

identified and no NOAEL for reproductive effects of oral exposures has been adequately characterized.  

As noted above, the skin is a sensitive target of toxicity in workers exposed to airborne chromium (the 

effects resulted from direct dermal contact with chromium).  No chronic dermal studies in animals were 

located.  Because water and soil sources can be contaminated near hazardous waste sites, more 

information regarding chronic oral or dermal exposure would be useful. 

Cancer.  Occupational and environmental epidemiological studies indicate a correlation between long-

term exposure to chromium(VI) compounds and lung cancer (Alderson et al. 1981; Baetjer 1950b; 

Bidstrup 1951; Bidstrup and Case 1956; Braver et al. 1985; Cole and Rodu 2005; Crump et al. 2003; 

Dalager et al. 1980; Davies 1979, 1984; Davies et al. 1991; EEH 1976, 1983; Enterline 1974; Franchini et 

al. 1983; Frentzel-Beyme 1983; Gibb et al. 2000b; Goldbohm et al. 2006; Haguenoer et al. 1981; Hayes et 

al. 1979, 1989; Korallus et al. 1982; Langård and Norseth 1975; Langård and Vigander 1983; Langård et 

al. 1980; Machle and Gregorius 1948; Mancuso 1975, 1997a; Mancuso and Hueper 1951; Ohsaki et al. 

1978; Park and Stayner 2006; Park et al. 2004; Pastides et al. 1994; PHS 1953; Rosenman and Stanbury 

1996; Sassi 1956; Satoh et al. 1981; Sheffet et al. 1982; Silverstein et al. 1981; Sjogren et al. 1987; 

Sorahan et al. 1987; Taylor 1966; Zhang and Li 1987). Occupational studies generally consider 

inhalation exposures, while environmental studies involve exposure by inhalation, ingestion, and dermal 

contact.  Additional studies on populations exposed to chromium in drinking water would be useful to 

determine if a causal relationship with cancer exists.  A unit risk for cancer from inhalation exposure to 

chromium(VI) compounds has been derived (IRIS 2008) from an occupational study (Mancuso 1975).  

Chronic inhalation of chromium(VI) compounds was carcinogenic in rats (Glaser et al. 1986) and mice 

(Nettesheim et al. 1971), and the 2-year carcinogenicity study on oral chromium(VI) provided clear 

evidence of oral cancers in rats and gastrointestinal cancers in mice (NTP 2008a). Cancer studies by 

parenteral route support the conclusions that chromium(VI) is carcinogenic (Furst et al. 1976; Hueper 

1955, 1958; Hueper and Payne 1959, 1962; Laskin et al. 1970; Levy et al. 1986; Roe and Carter 1969; 

Steinhoff et al. 1986).  For chromium(III) compounds, evidence for carcinogenesis (preputial adenomas in 
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male rats) in the NTP (2008b) 2-year bioassay was equivocal.  The available human and animal data are 

sufficient for determining that chromium(VI) is carcinogenic following inhalation and oral exposure.  

However, additional animal studies are needed to adequately assess the carcinogenic potential of 

chromium(III) following inhalation and oral exposure. 

Genotoxicity. Several studies evaluating chromosomal aberrations, sister chromatid exchange, 

micronuclei, DNA strand breaks and DNA-protein crosslinks in workers exposed to chromium(VI) have 

been conducted, some reporting positive results (Benova et al. 2002; Deng et al. 1988; Gambelunghe et 

al. 2003; Koshi et al. 1984; Lai et al. 1998; Medeiros et al. 2003a; Sarto et al. 1982; Stella et al. 1982; 

Vaglenov et al. 1999; Werfel et al. 1998; Wu et al. 2001) and some reporting negative results (Benova et 

al. 2002; Gao et al. 1994; Hamamy et al. 1987; Husgafvel-Pursiainen et al. 1982; Littorin et al. 1983; 

Medeiros et al. 2003a; Nagaya 1986; Nagaya et al. 1991).  However, most of these studies are limited by 

factors such as lack of exposure data, co-exposure to other potentially genotoxic agents, and too few 

workers for meaningful statistical analysis.  Mostly positive results have been found in rodents and 

D. melanogaster exposed to chromium(VI) compounds in vivo (De Flora et al. 2006; Gava et al. 1989a; 

Itoh and Shimada 1993; Kaya et al. 2002; Kirpnick-Sobol et al. 2006; Mirsalis et al. 1996; NTP 2007; 

Olvera et al. 1993; Paschin et al. 1982; Rasmuson 1985; Rodriguez-Arnaiz and Martinez 1986; Sarkar 

et al. 1993; Shindo et al. 1989; Tsapakos et al. 1983b; Ueno et al. 2001; Wang et al. 2006; Wild 1978; 

Zimmering et al. 1985).  Numerous in vitro genotoxicity studies have been conducted in bacteria 

(Bennicelli et al. 1983; De Flora 1978, 1981; Haworth et al. 1983; Kanematsu et al. 1980; Kortenkamp 

et al. 1996b; Llagostera et al. 1986; Nakamuro et al. 1978; Nishioka 1975; NTP 2007; Olivier and Marzin 

1987; Tagliari et al. 2004; Venier et al. 1982; Venitt and Levy 1974; Watanabe et al. 1998a; Yamamoto et 

al. 2002), yeast (Bonatti et al. 1976; Fukunaga et al. 1982; Kirpnick-Sobol et al. 2006; Singh 1983), 

cultured animal cell systems (Briggs and Briggs 1988; DiPaolo and Casto 1979; Douglas et al. 1980; 

Elias et al. 1989b; Fornace et al. 1981; Kowalski et al. 1996; Levis and Majone 1979; MacRae et al. 1979; 

Montaldi et al. 1987; Newbold et al. 1979; Ohno et al. 1982; Raffetto et al. 1977; Seoane and Dulout 

1999; Sugiyama et al. 1986a; Tsuda and Kato 1977; Ueno et al. 1995a; Umeda and Nishimura 1979; 

Venier et al. 1982; Wise et al. 1993; Yang et al. 1992), and human cell systems (Blasiak and Kowalik 

2000; Depault et al. 2006; Douglas et al. 1980; Fornace et al. 1981; Gomez-Arroyo et al. 1981; Ha et al. 

2004, 2004; Holmes et al. 2006; MacRae et al. 1979; Montaldi et al. 1987; Nakamuro et al. 1978; Sarto et 

al. 1980; Stella et al. 1982; Sugiyama et al. 1986a; Trzeciak et al. 2000; Whiting et al. 1979; Wise et al. 

2002, 2004, 2006a, 2006b), mostly with positive results.  The vast majority of studies, therefore, clearly 

indicated that chromium(VI) compounds are genotoxic. 
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Genotoxicity data are also available for chromium(III) compounds.  A study in tannery workers, who 

were exposed mainly to chromium(III), reported negative results for chromosomal aberrations and sister 

chromatid exchange (Hamamy et al. 1987), while positive results for micronuclei and DNA-protein 

crosslinks were reported in another study on tannery workers (Medeiros et al. 2003a).  Chromium 

trichloride, chromium picolinate, and niacin-bound chromium(III) also did not cause DNA damage, or 

increased frequencies of micronuclei in rats exposed in vivo (Cupo and Wetterhahn 1985; De Flora et al. 

2006; NTP 2008b; Shara et al. 2005).  Transplacental exposure to chromium(III) chloride salt resulted in 

DNA deletions (Kirpnick-Sobol et al. 2006). Mostly negative results have been found in in vitro 

genotoxicity studies of chromium(III) compounds in bacteria (Bennicelli et al. 1983; De Flora 1981; 

Kanematsu et al. 1980; Llagostera et al. 1986; Matsui 1980; Nishioka 1975; NTP 2008b; Olivier and 

Marzin 1987; Petrilli and De Flora 1978b; Shara et al. 2005; Venier et al. 1982, 1989; Yamamoto et al. 

2002), and mammalian cell systems (Fornace et al. 1981; Itoh and Shimada 1996; Le Curieux et al. 1992; 

Levis and Majone 1979; MacRae et al. 1979; Newbold et al. 1979; Ohno et al. 1982; Raffetto et al. 1977; 

Sarkar et al. 1993; Sarto et al. 1980; Shara et al. 2005; Stella et al. 1982; Tsuda and Kato 1977; Ueno 

et al. 1995a; Umeda and Nishimura 1979; Whiting et al. 1979; Wise et al. 1993; Yang et al. 1992).  

Chromium(III) did not increase the number of micronuclei in polychromatic erythrocytes in mice (Itoh 

and Shimada 1996).  Several studies have found weakly positive or positive results in Chinese hamster 

ovary cells (Coryell and Stearns 2006; Levis and Majone 1979; Stearns et al. 2002), mouse fetal cells 

(Raffetto et al. 1977), mouse lymphoma cells (Whittaker et al. 2005), and human cell lines (Blasiak and 

Kowalik 2000; Nakamuro et al. 1978; Stella et al. 1982). 

Chromium(III) compounds are less genotoxic than chromium(VI) compounds in intact cell systems 

because of the relative inability of chromium(III) to cross cell membranes; however, chromium(III) is 

more genotoxic than chromium(VI) when tested in vitro in subcellular targets (Kowalski et al. 1996; 

Snow 1991; Snow and Xu 1989).  The reduction of chromium(VI) to chromium(III) as the ultimate 

genotoxicant within cells may account for the genotoxicity of chromium(VI) (Beyersmann and Koster 

1987). However, in intact cells, chromium(III) appears less genotoxic than chromium(VI) due to 

decreased cellular permeability to chromium(III). 

Additional studies in workers with known levels of chromium exposure that control for confounding 

factors would be useful for defining levels at which chromosomal aberrations occur in humans exposed to 

chromium(VI) in the workplace.  Also, better dose-response relationships would be useful for the various 

genotoxic and regulatory effects observed with chromium to better determine which end points are the 

most sensitive and dominant at exposures near environmental levels. 
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Reproductive Toxicity. No reliable information was located regarding reproductive effects in 

humans after inhalation, oral, or dermal exposure to chromium or its compounds. Studies in women 

exposed occupationally also show that chromium can be transferred to fetuses through the placenta 

(Shmitova 1980).  Inhalation studies would be useful for determining the reproductive toxicity of inhaled 

chromium and compounds and for establishing exposure-response relationships.  Adverse effects on the 

male reproductive system (included decreased spermatogenesis and histopathological alterations to the 

epididymis) were observed in monkeys exposed to chromium(VI) in drinking water for 180 days 

(Aruldhas et al. 2004, 2005, 2006; Subramanian et al. 2006).  Effects on spermatogenesis were reported in 

male rats given chromium(VI) by gavage for 90 days (Chowdhury and Mitra 1995) and in rabbits exposed 

to chromium(VI) in drinking water for 10 weeks (Yousef et al. 2006).  In male mice, oral exposure of 

intermediate duration to chromium(VI) or chromium(III) was reported to result in decreased 

spermatogenesis and cellular degeneration of the outer layer of seminiferous tubules (Zahid et al. 1990); 

alterations in testicular, seminal vesicle, and preputial gland weights and decreased fertility were observed 

in mice following intermediate-duration exposure to chromium(VI) or chromium(III) (Elbetieha and Al-

Hamood 1997). However, results of the study by Elbetieha and Al-Hamood 1997 should be interpreted 

with caution due to concern regarding experimental methods (see discussion in Section 2.3, Minimal Risk 

Levels). But other studies found no reproductive effects in male or female mice (NTP 1996a, 1996b, 

1997, 2007, 2008a) exposed to chromium(VI) or chromium(III) (NTP 2008b; Shara et al. 2005, 2007).  

Alterations in sexual behavior and aggressive behavior toward other males were observed in male rats 

exposed to chromium(VI) or chromium(III) (Bataineh et al. 1997).  Female mice or rats exposed orally to 

chromium(VI) compounds prior to mating (Junaid et al. 1996a; Kanojia et al. 1996, 1998) or female mice 

exposed during gestation (Junaid et al. 1996b; Trivedi et al. 1989) had increased fetal resorptions and 

decreased litter size.  Alterations in ovarian and uterine weights and impaired fertility were observed in 

female mice that were exposed to chromium(III) or chromium(VI) and then were mated with unexposed 

mice (Elbetieha and Al-Hamood 1997) ; however, these results should be interpreted with caution due to 

concern regarding experimental methods (see discussion in Section 2.3, Minimal Risk Levels).  

Reductions in numbers of follicles and ova/mouse were seen following oral chromium(III) exposure 

(Murthy et al. 1996).  Impaired development of the reproductive system was observed in the female 

offspring of mice exposed to potassium dichromate(VI) or chromium(III) chloride (Al-Hamood et al. 

1998).  A decrease in the number of pregnancies was observed in female rats administered 33.6 mg 

chromium(III)/kg/day as chromium chloride (by gavage) on gestational days 1–3; the same treatment on 

gestational days 4–6 did not alter the number of pregnancies (Bataineh et al. 2007). Distribution studies 

in pregnant rats given chromium(VI) or chromium(III) orally (Mertz et al. 1969) or intravenously 
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(Danielsson et al. 1982) and in pregnant mice given chromium(III) intraperitoneally (Iijima et al. 1983) 

indicated that chromium can cross the placenta after administration of either valence state.  The available 

data on reproductive effects of chromium and its compounds are inadequate for establishing dose 

relationships; thus, further studies to establish the LOAEL and NOAEL values would be valuable.  No 

dermal toxicity studies examining reproductive end points were identified; dermal studies would be useful 

for assessing the reproductive toxicity of chromium and compounds following dermal contact and for 

establishing exposure-response relationships. 

Developmental Toxicity. No reliable information was located regarding developmental toxicity in 

humans after inhalation, oral, or dermal exposure or in animals after dermal exposure to chromium or its 

compounds.  A study in women exposed occupationally reported that chromium can be transferred to 

fetuses through the placenta (Shmitova 1980), but the poor quality and reporting of this study preclude its 

use for drawing conclusions regarding potential developmental effects of chromium in humans.  In female 

rats and mice, oral exposure of acute or intermediate duration to chromium(VI) compounds resulted in 

fetal toxicity (Elsaieed and Nada 2002; Junaid et al. 1996a, 1996b; Kanojia et al. 1996, 1998; Trivedi et 

al. 1989), but a NOAEL for these effects was not identified.  Impaired development of the reproductive 

system was observed in the female offspring of mice exposed to potassium dichromate(VI) or 

chromium(III) chloride (Al-Hamood et al. 1998).  Distribution studies in rat dams given chromium(VI) or 

chromium(III) intravenously (Danielsson et al. 1982) or orally (Mertz et al. 1969) and in mouse dams 

given chromium(III) intraperitoneally (Iijima et al. 1983) indicated that chromium can cross the placenta 

after administration of either valence state.  No developmental effects were observed in the offspring of 

rats fed 1,806 mg chromium(III)/kg/day as chromium oxide for 60 days before mating and throughout the 

gestational period (Ivankovic and Preussmann 1975).  No pharmacokinetic studies have been conducted 

regarding the distribution of chromium or its compounds to the fetus after inhalation or dermal exposure 

of the dams.  Further oral developmental studies of chromium(VI) and chromium(III) in mice and other 

species would be useful to determine a NOAEL.  These studies should include examination of 

developmental/neural end points.  Developmental studies using inhalation exposure would be useful to 

determine if developmental effects are route specific.  Data from oral, inhalation and dermal studies 

would be useful for determining dose-response relationships. 

Immunotoxicity. In humans, allergic sensitization, characterized by asthma attacks and dermatitis, 

has been reported after occupational inhalation or occupational dermal exposure (Keskinen et al. 1980; 

Leroyer et al. 1998; Moller et al. 1986; Olaguibel and Basomba 1989) or dermal exposure (Burrows 1983; 

Engel and Calnan 1963; Engebrigtsen 1952; Eun and Marks 1990; Fregert 1975; Hansen et al. 2003; 
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Kaplan and Zeligman 1962; Levin et al. 1959; Nethercott et al. 1994; Newhouse 1963; Peltonen and Fraki 

1983; Samitz and Shrager 1966; Wahba and Cohen 1979; Winder and Carmody 2002; Winston and 

Walsh 1951) to chromium compounds.  Two occupational studies suggest that chromium exposure affects 

the leukocyte populations in the blood of workers (Boscolo et al. 1997; Mancuso 1951).  Delayed 

anaphylactoid reaction was observed in one case (Moller et al. 1986).  Dermatitis was exacerbated in 

sensitized individuals by oral exposure to chromium(VI) (Goitre et al. 1982; Kaaber and Veien 1977). 

In rats, nonspecific disease resistance mechanisms of the lung are inhibited by inhalation exposure to 

chromium and its compounds (Glaser et al. 1985).  Inhalation exposure of intermediate duration alters 

immunoglobulin levels, lymphocyte responses to antigen and lectin, and spleen weight in rats (Glaser et 

al. 1985), as well as alteres numbers of total recoverable cells, neutrophils, and monocytes, and 

percentages of pulmonary macrophages in bronchopulmonary lavage (Cohen et al. 1998).  Intermediate-

duration oral exposure of rats to chromium(VI) increased the proliferative response of T- and 

B-lymphocytes to mitogens and antigens (Snyder and Valle 1991). 

There are sufficient data to determine that chromium or its compounds affect the immune system.  More 

sensitive tests of the immune function after inhalation, oral, or dermal exposure to chromium or its 

compounds would be useful to determine the threshold levels for effects in humans.  Studies evaluating 

exposure levels required to produce sensitization and elicitation of allergic responses would also provide 

additional information regarding threshold levels.  Additional studies that explore changes in cytokine 

levels (Snyder et al. 1996) caused by chromium exposure should prove helpful since they may provide 

mechanistic information as to how chromium may affect immune function. 

Neurotoxicity. Exposure of humans to high levels of airborne chromium(VI) in occupational and 

environmental settings produced symptoms of dizziness, headache, and weakness (Lieberman 1941).  

Cerebral edema was found in a case of fatal poisoning by ingestion (Kaufman et al. 1970).  No studies 

were located describing neurotoxic effects in animals after inhalation and dermal exposure to chromium 

or its compounds.  A 28-day drinking water study in rats reported decreased motor activity and ponderal 

balance, although a complete battery of neurological function tests was not conducted (Diaz-Mayans et al. 

1986).  Some distribution studies have detected chromium in the brain (Behari and Tandon 1980; 

Danielsson et al. 1982; Kaufman et al. 1970; Tandon et al. 1979).  More recently, patients with 8–25-fold 

higher chromium blood levels that resulted from parenteral feeding did not have increased signs of 

somatopsychic responses (Lovrincevic et al. 1996).  However, the number of patients studied was small 

and they were suffering from serious clinical diseases. 
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Since the central nervous system may be a target organ for exposure to chromium or its compounds, 

additional inhalation, oral, and dermal studies would be useful to corroborate the limited data and would 

provide useful information for populations near hazardous waste sites.  More information on people 

(adults, children) environmentally exposed to chromium would be useful to assess its potential to effect 

neuro/behavioral end points. 

Epidemiological and Human Dosimetry Studies. Most epidemiology studies use cohorts of 

occupationally exposed individuals and provide consistent data indicating that inhaled chromium can be 

carcinogenic (Alderson et al. 1981; Baetjer 1950b; Bidstrup 1951; Bidstrup and Case 1956; Braver et al. 

1985; Cole and Rodu 2005; Crump et al. 2003; Cruz et al. 2006; Dalager et al. 1980; Davies 1979, 1984; 

Davies et al. 1991; EEH 1976, 1983; Enterline 1974; Fernandez-Nieto et al. 2006; Franchini et al. 1983; 

Frentzel-Beyme 1983; Gibb et al. 2000b; Goldbohm et al. 2006; Haguenoer et al. 1981; Hayes et al. 1979, 

1989; Korallus et al. 1982; Langård and Norseth 1975; Langård and Vigander 1983; Langård et al. 1980; 

Machle and Gregorius 1948; Mancuso 1975, 1997a; Mancuso and Hueper 1951; Ohsaki et al. 1978; Park 

and Stayner 2006; Park et al. 2004;Pastides et al. 1994; PHS 1953; Rosenman and Stanbury 1996; Sassi 

1956; Satoh et al. 1981; Sheffet et al. 1982; Silverstein et al. 1981; Sjogren et al. 1987; Sorahan et al. 

1987; Taylor 1966) and can cause other toxic effects such as respiratory irritation, nasal septum 

perforation, and chrome sores on the skin (due to dermal exposure) (Bovet et al. 1977; Cohen et al. 1974; 

Davies et al. 1991; Gibb et al. 2000a; Gomes 1972; Hanslian et al. 1967; Keskinen et al. 1980; Kitamura 

et al. 2003; Kleinfeld and Rosso 1965; Lee and Goh 1988; Lieberman 1941; Letterer 1939; Lucas and 

Kramkowski 1975; Mancuso 1951; Meyers 1950; Novey et al. 1983; Olaguibel and Basomba 1989; Osim 

et al. 1999; PHS 1953; Royle 1975b; Sassi 1956; Sluis-Cremer and du Toit 1968; Sorahan et al. 1987; 

Taylor 1966).  Results of epidemiological data are consistent with results of studies in experimental 

animals showing that the lung is the target organ for inhaled chromium(VI).  Epidemiology studies in the 

chromate production industry and in chrome pigment manufacture and chrome plating have consistently 

shown an association with increased risk of lung cancer, but studies in other industries, such as stainless 

steel welding, electroplating, and ferrochromium production, have yielded inconclusive results. Exposure 

to chromium(VI) in these industries is associated with these effects, but the case for chromium(III) is less 

clear.  Further studies in these industries may lead to more conclusive results.  Measurements of 

chromium in urine and blood are useful for monitoring occupational exposure to chromium compounds.  

However, chromium(III) is an essential nutrient, and levels in biological fluids might be enough to mask 

low level exposures.  One environmental epidemiology study suggested that residence near a 

ferrochromium plant did not pose a risk of cancer (Axelsson and Rylander 1980), but an environmental 
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study (which included oral exposure due to contaiminated well water) in China found that residence near 

an alloy plant that smelted chromium was associated with increased incidences of lung and stomach 

cancer (Zhang and Li 1987). 

Mechanisms of Action. Numerous studies have investigated the mechanisms of celluar toxicity and 

genotoxicity.  Toxicity appears to be related partly through reactive intermediates during intracellular 

reduction of chromium(VI) and oxidative reactions, and partly mediated by chromium(III), which is the 

final product of intracellar chromium(VI) reduction and forms deleterious complexes with critical target 

macromolecules (Chen and Shi 2002; Costa 2003; Costa and Klein 2006a; Ding and Shi 2002; Jeejeebhoy 

1999; Levina and Lay 2005; Liu and Shi 2001; O’Brien et al. 2003; Paustenbach et al. 2003; Shrivastava 

et al. 2002; Zhitkovich 2005). The products of metabolic reduction of chromium(VI) (free radicals and 

chromium(V) and (IV)) and the newly generated chromium(III) are thought to be, in part, primarily 

responsible for the genotoxic effects that lead to carcinogeniticty seen in human and animal studies.  The 

types of chromium-induced structural damage include DNA strand breaks (Aiyar et al. 1991; Bagchi et al. 

2002a; Bryant et al. 2006; Casadevall et al. 1999; Ha et al. 2004; Kuykendall et al. 1996; Manning et al. 

1992; Messer et al. 2006; Pattison et al. 2001; Ueno et al. 1995a), DNA-protein crosslinks (Aiyar et al. 

1991; Blankenship et al. 1997; Capellmann et al. 1995; Costa et al. 1996, 1997; Kuykendall et al. 1996; 

Lin et al. 1992; Manning et al. 1992; Mattagajasingh and Misra 1996; Miller et al. 1991; O’Brien et al. 

2005; Quievryn et al. 2001; Zhitkovich et al. 1996), DNA-DNA interstrand crosslinks (Xu et al. 1996), 

chromium-DNA adducts, and chromosomal aberrations (Blankenship et al. 1997; Sugiyama et al. 1986a; 

Umeda and Nishimura 1979; Wise et al. 1993).  Results of other studies suggest that geneotoxicity of 

chromium is due to the formation of chromium-DNA ternary adducts, which lead to repair errors, 

collapsed replication forks, alterations in cellular communication, and effects on signaling pathways and 

cytoskelton (Ha et al. 2004), and centrosome and spindle assembly checkpoint bypass leading to 

chromosome instability (Holmes et al. 2006; Wise et al. 2006a).  Studies on mechanisms of action of 

chromium are actively ongoing in the current and future literature (see Section 3.12.3, Ongoing Studies). 

Biomarkers of Exposure and Effect. 

Exposure. There are studies correlating chromium in urine (Gylseth et al. 1977; Iarmarcovai et al. 2005; 

Kilburn et al. 1990; Lindberg and Vesterberg 1983a; Lukanova et al. 1996; Medeiros et al. 2003a; 

McAughey et al. 1988; Minoia and Cavalleri 1988; Muttamara and Leong 2004; Mutti et al. 1985b; 

Sjogren et al. 1983; Stridsklev et al. 2004; Tola et al. 1977), blood (Iarmarcovai et al. 2005; Kilburn et al. 

1990; Medeiros et al. 2003a; McAughey et al. 1988; Minoia and Cavalleri 1988; Muttamara and Leong 
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2004; Randall and Gibson 1987; Stridsklev et al. 2004; Sathwara et al. 2007), hair (Randall and Gibson 

1989; Saner et al. 1984; Takagi et al. 1986), and erythrocytes (Lukanova et al. 1996; Minoia and Cavalleri 

1988) to occupational exposure levels.  All current methods of biological monitoring are useful primarily 

for occupational exposure scenarios.  Since chromium is an essential element, levels of chromium 

compounds have to be relatively high in humans before they signify an increase due to exposure.  Hair 

has been useful in determining chronic occupational exposure to chromium in high concentrations 

(Randall and Gibson 1989); the usefulness of this method for detecting prior exposures is limited to a 

timespan of months (Simpson and Gibson 1992).  Erythrocytes (with a half-life of 120 days) can be used 

to monitor intermediate exposures, and blood or urine can be used to determine acute exposures (Korallus 

1986a, 1986b).  Occupational exposure to chromium can cause chromosomal aberrations (Koshi et al. 

1984; Sarto et al. 1982; Stella et al. 1982).  Therefore, chromosomal abnormalities may be useful for 

monitoring chromium exposure; however, other chemicals are capable of causing these effects.  

Chromium(VI) compounds are able to bind to macromolecules in the body and can form DNA-protein 

crosslinks (Coogan et al. 1991b).  However, no increase in these crosslinks was observed in leukocytes 

from volunteers over a 240-minute time period after ingestion of chromium(VI) as potassium chromate 

(Kuykendall et al. 1996).  The identification of chromium-protein/peptide complexes specific for 

chromium(VI) exposure and small enough to be excreted in the urine may be useful for biomonitoring in 

detecting low level exposure to populations near hazardous waste sites.  As discussed in Section 3.8.1, 

there are a number of limitations to using urinary monitoring to assess environmental exposure to 

chromium (Paustenbach et al. 1997).  However, urinary monitoring has the advantage of easy sample 

collection and is noninvasive.  Mathematical models have been used to identify “excess” urinary 

chromium in a population exposed to low levels of chromium (Fagliano et al. 1997).  Further refinement 

of these models as more data are collected from unexposed and exposed populations will also be useful in 

detecting low level exposures. 

Effect. Chromosomal aberrations have been observed in workers exposed by inhalation to chromium 

compounds (Koshi et al. 1984; Sarto et al. 1982; Stella et al. 1982).  Moreover, chromium(VI) 

compounds can bind to macromolecules that are excreted in the urine (Coogan et al. 1991b). The use of 

these techniques to detect chromosomal aberrations and chromium-macromolecular complexes would be 

useful in identifying populations near hazardous waste sites that would be at higher risk.  In addition, the 

finding of increased retinol binding protein, ß2-microglobulin, and brush border proteins in the urine of 

workers exposed to chromium may serve as an early indication of kidney damage (Franchini and Mutti 

1988; Lindberg and Vesterberg 1983b; Liu et al. 1998; Mutti et al. 1985b).  Additional screening for low 

molecular weight proteins in occupationally exposed individuals will help to determine if these proteins 
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can be used as reliable indicators of renal damage due to chromium exposure.  Snyder et al. (1996) found 

no difference in mitogenic stimulation of mononuclear cells isolated from people environmentally/ 

occupationally exposed to chromium as compared to nonexposed individuals.  However, monocytes in 

the exposed population had a 36% lower level of the cytokine IL-6 that is involved in antibody 

production.  As discussed in Section 3.3, chromium induces many types of DNA lesions such as 

chromium-DNA complexes, DNA adducts, and DNA-protein crosslinks that are potential markers of 

genotoxic or cancer effects due to chromium exposure.  However, only one study has attempted to utilize 

such end points and reported that volunteers exposed to chromium in drinking water showed no increase 

in protein-DNA crosslinking in blood cells (Kuykendall et al. 1996).  However, further studies may show 

that other types of lesions induced by chromium may be more sensitive.  Räsänen et al. (1991) developed 

an in vitro method to assess chromium sensitivity by measuring mononuclear leukocyte proliferation in 

response to chromium(III) chloride, sodium chromate(VI), and potassium chromate(VI).  Additional 

studies would be useful to validate this method. 

Absorption, Distribution, Metabolism, and Excretion. The pharmacokinetics database is 

substantial for human and animal exposure to chromium compounds.  Chromium and its compounds can 

be absorbed after oral (Anderson 1981, 1986; Anderson et al. 1983; Bunker et al. 1984; DiSilvestro and 

Dy 2007; Donaldson and Barreras 1966; Finley et al. 1996b; Gargas et al. 1994; Kerger et al. 1997; 

Kuykendall et al. 1996; Paustenbach et al. 1996), inhalation (Adachi et al. 1981; Cavalleri and Minoia 

1985; Gylseth et al. 1977; Langård et al. 1978; Kiilunen et al. 1983; Mancuso 1997b; Minoia and 

Cavalleri 1988; Randall and Gibson 1987; Suzuki et al. 1984; Tossavainen et al. 1980), and dermal 

(Baranowska-Dutkiewicz 1981; Brieger 1920; Corbett et al. 1997; Liden and Lundberg 1979; Mali et al. 

1963; Samitz and Shrager 1966; Spruit and van Neer 1966; Wahlberg 1970; Wahlberg and Skog 1965) 

exposure.  For the general population, oral exposure via the diet to chromium(III) is the most significant 

route.  Occupational exposure usually involves inhalation and dermal routes.  Pharmacokinetic data are 

generally consistent with regard to absorption, distribution, and excretion among species.  Chromium(VI) 

compounds are absorbed more readily through cell membranes than are chromium(III) compounds 

(MacKenzie et al. 1958; Maruyama 1982; Witmer et al. 1989, 1991).  Absorption is greater through the 

lungs than through the gastrointestinal tract (Baetjer et al. 1959b; Bragt and van Dura 1983; Kuykendall 

et al. 1996; Visek et al. 1953; Wiegand et al. 1984, 1987). 

Examination of tissues taken at autopsy from occupationally and environmentally exposed people indicate 

widespread distribution of chromium (Brune et al. 1980; Hyodo et al. 1980; Kollmeier et al. 1990; 

Mancuso 1997b; Schroeder et al. 1962; Teraoka 1981).  Widespread distribution of chromium has also 
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been found in animals after oral exposure (Kargacin et al. 1993; Witmer et al. 1989, 1991).  The 

distribution of chromium in animals after intratracheal, parenteral, or dermal exposure is greatest in the 

lungs, liver, kidneys, blood, spleen, testes, and brain (Baetjer et al. 1959a; Behari and Tandon 1980; 

Bryson and Goodall 1983; Coogan et al. 1991b; Lim et al. 1983; Mutti et al. 1979; Tandon et al. 1979; 

Visek et al. 1953; Wahlberg and Skog 1965; Weber 1983).  Oral exposure studies indicate that higher 

levels of chromium(VI) compounds are absorbed than are levels of chromium(III) compounds.  Studies in 

humans occupationally and environmentally exposed to chromium(VI) (Casey and Hambidge 1984; 

Shmitova 1980) and in animals exposed to chromium(VI) or chromium(III) demonstrate the ability for 

chromium to cross the placenta (Mertz et al. 1969; Saxena et al. 1990a).  Chromium(VI) crosses more 

readily than chromium(III). 

There are no data to indicate that the route of exposure influences the metabolism of chromium.  

Regardless of the route of exposure, chromium(VI) inside the body is reduced to chromium(III) by 

ascorbic acid, glutathione, or by the NADPH-dependent cytochrome P450 system (Aaseth et al. 1982; 

Chen and Shi 2002; Costa 2003; Costa and Klein 2006a; De Flora et al. 1984, 1997; Ding and Shi 2002; 

Garcia and Jennette 1981; Gruber and Jennette 1978; Jeejeebhoy 1999; Levina and Lay 2005; Liu and Shi 

2001; Liu et al. 1995; Mikalsen et al. 1989; O’Brien et al. 2003; Paustenbach et al. 2003; Petrilli et al. 

1985, 1986a; Samitz 1970; Shrivastava et al. 2002; Suzuki and Fukuda 1990; Wiegand et al. 1984; 

Zhitkovich 2005). 

Analysis of the urine of workers occupationally exposed to chromium(VI) indicates that chromium is 

excreted in the trivalent form, which is consistent with in vivo reduction of chromium(VI) to 

chromium(III) (Cavalleri and Minoia 1985; Minoia and Cavalleri 1988).  Oral studies in humans and 

animals indicate that most of the chromium(VI) or chromium(III) ingested is excreted in the feces 

(Bunker et al. 1984; Donaldson and Barreras 1966; Donaldson et al. 1984; Henderson et al. 1979; Sayato 

et al. 1980), consistent with the poor gastrointestinal absorption of chromium.  After dermal exposure of 

humans and animals, chromium can be found in the urine and feces (Brieger 1920; Wahlberg and Skog 

1965).  Chromium has been detected in hair and fingernails of the general population of several countries 

(Takagi et al. 1986, 1988) and in the breast milk of nursing mothers (Casey and Hambidge 1984), 

indicating these media as routes of excretion.  Data regarding excretion after exposure of animals to 

chromium(VI) or chromium(III) by other routes indicated that excretion occurs rapidly, and primarily via 

the kidneys, once chromium(VI) is reduced (Gregus and Klaassen 1986; Yamaguchi et al. 1983).  Thus, 

absorption, distribution, and excretion of chromium have been studied extensively.  Additional studies 
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examining the enzymatic reduction of chromium(VI) compounds in rodents and humans would be of 

value in determining the potential biological impact of the reported differences in those pathways. 

Comparative Toxicokinetics. Toxicokinetic data in humans, dogs, rats, mice, rabbits, and hamsters 

generally correlate well among species (see references above).  However, exposures to chromium(VI) 

resulted in different organ distribution patterns between rats and mice (Kargacin et al. 1993), and the 

chromium levels in mouse fetal tissues were elevated over maternal blood levels, whereas in rats, these 

differences were not found (Saxena et al. 1990a).  In addition, comparisons of human and rat hepatic 

microsomal ability to reduce chromium(VI) indicated differences in microsomal complexes involved 

(Myers and Myers 1998; Pratt and Myers 1993).  Therefore, additional comparison studies among species 

would be useful to determine variations in the absorption, distribution, metabolism, and excretion of 

chromium.  A PBPK model (O’Flaherty 1996; O’Flaherty et al. 2001) that has been partially validated 

has been developed based on rats.  As described previously, the model is quite sophisticated, but 

additional physiological and kinetic parameters from both humans and other animal species are needed in 

order for the model to be employed for extrapolation across species and for use in risk assessment.  

Furthermore, additional metabolic data are needed with regard to insoluble chromium and its elimination 

and solubilization, particularly in lung tissue. 

Methods for Reducing Toxic Effects. Methods for reducing the absorption of chromium from the 

lungs consist primarily of administering ascorbic acid or N-acetylcysteine, which enhance the reduction 

of chromium(VI) to chromium(III) (De Flora and Wetterhahn 1989; Suzuki and Fukuda 1990).  

Chromium(III) passes the alveolar lining into the bloodstream less readily than chromium(VI) and is 

cleared by mucociliary clearance.  A study might be conducted to determine whether administration of 

expectorants would enhance clearance from the lungs.  Oral administration of ascorbic acid to further 

reduce chromium(VI) to chromium(III) might further decrease bioavailability (Haddad et al. 1998; 

Kuykendall et al. 1996; Schonwald 2004), although this has not been proven (Leikin and Paloucek 2002; 

Schonwald 2004).  After dermal exposure, thorough washing and ascorbic acid therapy to enhance the 

reduction of chromium(VI) to chromium(III) (Schonwald 2004), followed by chelation with EDTA 

(Nadig 1994), would greatly reduce dermal absorption.  Administration of ascorbic acid has also been 

used to enhance the reduction of chromium(VI) to chromium(III) in plasma (Korallus et al. 1984), which 

would reduce the body burden of chromium because chromium(III) would bind to plasma protein and be 

excreted in the urine.  Studies could be conducted to determine if other reducing agents would be more 

effective than ascorbic acid.  Once inside the cell, chromium(VI) can enter many reactions resulting in 

reduction to various oxidation states with the generation of reactive oxygen species and radicals, all of 

***DRAFT FOR PUBLIC COMMENT*** 



   
 

    
 
 

 
 
 
 

  

 

   

   

 

 

  

   

   

    

   

   

 

  

    

  

 

      

    

  

 

   

 

   

  

    

  

  

 

     

  

  

     

    

 

CHROMIUM 315 

3. HEALTH EFFECTS 

which may be more or less toxic than chromium(III) (De Flora and Wetterhahn 1989).  Gasiorowski et al. 

(1997, 1998) showed that stabilizing chromium in the hexavalent oxidation state, via complexing to a 

ligand, decreased the mutagenicity of chromium(VI).  Methods could be developed to interfere with these 

various reactions, but such methods may be counterproductive because they might shift one reaction to 

another with undesirable consequences.  In vitro studies have indicated that vitamin E, ascorbic acid, and 

glutatione protected against cellular damage, including chromosomal breakage, DNA-protein crosslinks, 

and apoptosis (cell death)  (Blankenship et al. 1997; Little et al. 1996; Sugiyama 1991; Wise et al. 1993, 

2004), while vitamin B2 enhanced the cytotoxicity and DNA single-strand breaks induced by 

chromium(VI) (Sugiyama 1991).  Vitamin E may have scavenged radicals and/or chromium(V) during 

the reduction of chromium(VI) (Sugiyama 1991).  Other vitamins might also be effective in mitigating 

chromium's effects; thus, studies on the effect of vitamins on chromium toxicity may provide additional 

information on the potential to reduce toxic effects.  Although the administration of thyroxine has been 

shown to ameliorate potassium dichromate-induced acute renal failure in rats (Siegel et al. 1984), its use 

in humans has not been tested.  Further studies are needed to assess the safety of administering thyroxine 

to mitigate chromium toxicity. 

Children’s Susceptibility. Data needs relating to both prenatal and childhood exposures, and 

developmental effects expressed either prenatally or during childhood, are discussed in detail in the 

Developmental Toxicity subsection above. 

A limited amount of information is available on the toxicity of chromium in children; most of the 

available data come from children ingesting lethal doses of chromium(VI) (Clochesy 1984; Ellis et al. 

1982; Iserson et al. 1983; Kaufman et al. 1970; Reichelderfer 1968).  Studies that examine sensitive end 

points such as respiratory effects following inhalation exposure, or gastrointestinal, hematological, liver 

and kidney effects in young animals would be useful for assessing whether children will be unusually 

susceptible to chromium toxicity.  The available animal data suggest that chromium is a developmental 

toxicant.  As discussed in Section 3.2.2.6, the observed developmental effects include postimplantation 

losses, gross abnormalities, and impaired reproductive development in the offspring (Al-Hamood et al. 

1998; Junaid et al. 1996a, 1996b; Kanojia et al. 1996, 1998; Trivedi et al. 1989). Data needs relating to 

development are discussed in detail in the Developmental Toxicity subsection above.  There are some 

data in humans and animals that provide evidence that chromium can cross the placenta and be transferred 

to an infant via breast milk (Casey and Hambidge 1984; Danielsson et al. 1982; Mertz et al. 1969; Saxena 

et al. 1990a; Shmitova 1980).  There are no data on whether chromium is stored in maternal tissues and 

whether these stores can be mobilized during pregnancy or lactation. 
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An age-related difference in the extent of gastrointestinal absorption of chromium(III) was reported in one 

study (Sullivan et al. 1984); it is not known if a similar relationship would exist for chromium(VI).  No 

other information is available that evaluated potential differences between adults and children.  

Toxicokinetic studies examining how aging can influence the absorption, distribution, and excretion of 

chromium, particularly chromium(VI) would be useful in assessing children’s susceptibility to chromium 

toxicity.  There are no data to determine whether there are age-specific biomarkers of exposure or effects 

or any interactions with other chemicals that would be specific for children.  There is very little available 

information on methods for reducing chromium toxic effects or body burdens; it is likely that research in 

adults would also be applicable to children.  

Child health data needs relating to exposure are discussed in Section 6.8.1, Identification of Data Needs: 

Exposures of Children. 

3.12.3 Ongoing Studies 

Ongoing studies pertaining to chromium toxicity have been identified and are shown in Table 3-11. 
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Table 3-11.  Ongoing Studies on Chromium 

Investigator Study Topic Institution Sponsor 
Avery S Role of oxidative mechanisms 

in the toxicity of metals 
University of 
Nottingham 

National Institute of General 
Medical Sciences 

Cohen M Properties of metals may 
govern toxicities in the lungs 

New York 
University School 
of Medicine 

National Institute of General 
Medical Sciences 

Myers C Human lung chromium toxicity: 
Role of cytochrome b5 

Medical College 
of Wisconsin 

National Institute of 
Environmental Health Sciences 

Patierno S Chromium genotoxicity: 
Response and repair 
mechanisms 

George 
Washington 
University 

National Institute of 
Environmental Health Sciences 

Stearns D Uptake and mutagenicity of 
moderately soluble hexavalent 
chromium 

Northern Arizona 
University 

National Institute of 
Environmental Health Sciences 

Sugden K Oxidative DNA lesion formation 
from chromate exposure 

University of 
Montana 

National Institute of 
Environmental Health Sciences 

Zhitkovich A Biological dosimetry of 
hexavalent chromium 

Brown University National Institute of 
Environmental Health Sciences 

Zhitkovich A Genotoxicity of chromium 
compounds 

Brown University National Institute of 
Environmental Health Sciences 

Zhitkovich A Sensitivity mechanisms in 
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Source:  FEDRIP 2008 
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CHROMIUM 318 

3. HEALTH EFFECTS 
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CHROMIUM 319 

4. CHEMICAL AND PHYSICAL INFORMATION 

4.1  CHEMICAL IDENTITY 

Information regarding the chemical identity of chromium is located in Table 4-1. 

The synonyms, trade name, chemical formula, and identification numbers of chromium and selected salts 

are reported in Table 4-1. 

4.2  PHYSICAL AND CHEMICAL PROPERTIES 

Information regarding the physical and chemical properties of chromium is located in Table 4-2. 

Chromium is a metallic element with oxidation states ranging from chromium(-II) to chromium(+VI).  

The important valence states of chromium are II, III, and VI.  Elemental chromium, chromium(0), does 

not occur naturally.  The divalent state (II or chromous) is relatively unstable and is readily oxidized to 

the trivalent (III or chromic) state.  Chromium compounds are stable in the trivalent state and occur in 

nature in this state in ores, such as ferrochromite (FeCr2O4).  The hexavalent (VI or chromate) is the 

second most stable state.  However, hexavalent chromium rarely occurs naturally, but is produced from 

anthropogenic sources (Alimonti et al. 2000; Barceloux 1999; EPA 1984a; Johnson et al. 2006; Shanker 

et al. 2005).  Chromium in the hexavalent state occurs naturally in the rare mineral crocoite (PbCrO4) 

(Hurlbut 1971; Papp and Lipin 2001). 

The solubility of chromium compounds varies, depending primarily on the oxidation state. Trivalent 

chromium compounds, with the exception of acetate, hexahydrate of chloride, and nitrate salts, are 

generally insoluble in water (Table 4-2).  The zinc and lead salts of chromic acid are practically insoluble 

in cold water (Table 4-2).  The alkaline metal salts (e.g., calcium, strontium) of chromic acid are less 

soluble in water.  Some hexavalent compounds, such as chromium(VI) oxide (or chromic acid), and the 

ammonium and alkali metal salts (e.g., sodium and potassium) of chromic acid are readily soluble in 

water.  The hexavalent chromium compounds are reduced to the trivalent form in the presence of 

oxidizable organic matter. However, in natural waters where there is a low concentration of reducing 

materials, hexavalent chromium compounds are more stable (EPA 1984a; Loyaux-Lawniczak et al. 

2001). 
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CHROMIUM	 320 

4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-1.  Chemical Identity of Chromium and Compounds 

Characteristic	 Information 
Chemical name Chromium(0)	 Chromium(III) acetate, Chromium(III) nitrate, 

monohydrate nonahydrate 
Synonym(s)	 Chrome; Chrom Acetic acid, chromium Nitric acid, chromium (III) 

(German); Chrome salt, hydrate; chromic salt, nonahydrate; chromium 
(French) acetate, hydrate nitrate, nonahydrate 

Registered trade name(s) Chrome No data No data 
Chemical formula Cr Cr(CH3COO)3•H2O Cr(NO3)3•9H2O 
Chemical structure Cr 

Identification numbers: 
CAS registry 7440-47-3 25013-82-5 7789-02-8 
NIOSH RTECS GB420000 AG3053333 GB6300000 
EPA hazardous waste D007 No data No data 
OHM/TADS 7216647 No data No data 
DOT/UN/NA/IMDG shipping Not assigned No data No data 
HSDB 910 No data No data 
NCI Not assigned No data No data 
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CHROMIUM 321 

4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-1.  Chemical Identity of Chromium and Compounds 

Characteristic Information 
Chemical name Chromium(III) Chromium(III) chloride, Ferrochromite 

chloride hexahydrate (Chromium[III]) 
Synonym(s) Chromium Hexaaquachromium Chromite 

trichloride (III) chloride 
Registered trade name(s) C177295 No data No data 
Chemical formula CrCl3 Cr(Cl)3•6H20 FeCr2O4 
Chemical structure Cr[Cl2(H2O)4]Cl•2H2O FeOCr2O3 

Identification numbers: 
CAS registry 10025-73-7 10060-12-5 1308-31-2 
NIOSH RTECS GB5425000 GB5450000 GB4000000 
EPA hazardous waste No data No data D007 
OHM/TADS No data No data No data 
DOT/UN/NA/IMDG shipping No data No data No data 
HSDB No data No data 2963 
NCI No data No data No data 

***DRAFT FOR PUBLIC COMMENT*** 



   
 

  
 
 

 
 
 
 

  

  
 

  
  

 
 

 
 

  
 

 
 

 

 
 

    
    

  

 

 

    
     
     
      
     
      
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     

CHROMIUM	 322 

4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-1.  Chemical Identity of Chromium and Compounds 

Characteristic	 Information 
Chemical name	 Chromium(III) Chromium(III) Chromium(III) sulfate 

oxide phosphate 
Synonym(s)	 Chromium Chromumorthophos- Sulfuric acid, chromium (III) 

sesquioxide; phate; phosphoric acid, salt 
dichromium trioxide chromium (III) salt 

Registered trade name(s)	 No data Amaudon=s Green Chromitan B 
Chemical formula	 Cr2O3 CrPO4 Cr2(SO4)3 

Chemical structure	 O=CrCOCCr=O SO4=CrBSO4BCr=SO4 

Identification numbers: 
CAS registry 1308-38-9 7789-04-0 10101-53-8 
NIOSH RTECS GB6475000 GB6840000 GB7200000 
EPA hazardous waste D007 No data D0007 
OHM/TADS Not assigned No data 7800052 
DOT/UN/NA/IMDG shipping Not assigned No data Not assigned 
HSDB 1619 No data 2543 
NCI Not assigned No data Not assigned 
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CHROMIUM 323 

4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-1.  Chemical Identity of Chromium and Compounds 

Characteristic Information 
Chemical name Sodium chromite Ammonium dichromate 

(Chromium[III]) Chromium(IV) oxide (Chromium[VI]) 
Synonym(s) No data Chromium dioxide Chromic acid, diamonium 

salt 
Registered trade name(s) No data No data No data 
Chemical formula NaCrO2 CrO2 (NH4)2Cr2O7 

Chemical structure NaOBCr=O O=Cr=O 

Identification numbers: 
CAS registry 12314-42-0 12018-01-8 7789-09-5 
NIOSH RTECS No data GB6400000 HX7650000 
EPA hazardous waste No data D007 Not assigned 
OHM/TADS No data No data 7217321 
DOT/UN/NA/IMDG shipping No data No data UN1439; IM05.1 
HSDB No data 1620 481 
NCI No data No data No data 
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CHROMIUM	 324 

4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-1.  Chemical Identity of Chromium and Compounds 

Characteristic	 Information 
Chemical name	 Calcium chromate Lead chromate 

(Chromium[VI]) Chromium(VI) trioxide (Chromium[VI]) 
Synonym(s)	 Chromic acid, Chromic acid, Chromic acid, lead salt 

calcium salt chromium anhydride 
Registered trade name(s)	 Calcium Chrome No data Chrome Yellow G 

Yellow 
Chemical formula	 CaCrO4 CrO3 PbCrO4 

Chemical structure 

Identification numbers: 
CAS registry 13765-19-0 1333-82-0 7758-97-6 
NIOSH RTECS GB2750000 GB6650000 GB2975000 
EPA hazardous waste U032; D007 D007 D007; D008 
OHM/TADS 7800051 Not assigned Not assigned 
DOT/UN/NA/IMDG shipping NA9096 YB1463/UNI5.1; Not assigned 

IM05.1 
HSDB 248 518; NA1463 1650 
NCI Not assigned UN1463 Not assigned 
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CHROMIUM	 325 

4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-1.  Chemical Identity of Chromium and Compounds 

Characteristic	 Information 
Chemical name	 Potassium 

chromate Potassium dichromate Sodium chromate 
(Chromium[VI]) (Chromium[VI]) (Chromium[VI]) 

Synonym(s) Chromic acid, Chromic acid, 
dipotassium salt dipotassium salt Chromic acid, disodium salt 

Registered trade name(s) No data No data Caswell No. 757 
Chemical formula K2CrO4 K2Cr2O7 Na2CrO4 

Chemical structure 

Identification numbers: 
CAS registry 7789-00-6 7778-50-9 7775-11-3 
NIOSH RTECS GB2940000 HX7680000 GB2955000 
EPA hazardous waste No data No data D007 
OHM/TADS 7217277 7217278 7216891 
DOT/UN/NA/IMDG shipping NA9142 NA1479; IM09.0 No data 
HSDB 1249 1238 2962 
NCI Not assigned Not assigned Not assigned 
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CHROMIUM 326 

4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-1.  Chemical Identity of Chromium and Compounds 

Characteristic Information 
Chemical name Sodium dichromate, dihydrate 

(Chromium[VI]) Strontium chromate (Chromium[VI]) 
Synonym(s) Chromic acid, disodium salt; Chromic acid, strontium salt 

dihydrate 
Registered trade name(s) No data No data 
Chemical formula NaCr2O7•2H20 SrCrO4 

Chemical structure 

Identification numbers: 
CAS registry 7789-12-0 7789-06-2 
NIOSH RTECS HX7750000 GB3240000 
EPA hazardous waste No data D007 
OHM/TADS No data 780058 
DOT/UN/NA/IMDG shipping No data NA9149 
HSDB No data 2546 
NCI No data Not assigned 
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CHROMIUM	 327 

4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-1.  Chemical Identity of Chromium and Compounds 

Characteristic	 Information 
Chemical name Zinc chromate (Chromium[VI])	 Chromium(III) picolinate 
Synonym(s) Chromic acid, zinc salt	 CrPic; Chromium 

2-pyridinecarboxylate; Chromium; 
tris(picolinato)-; Picolinic acid; 
chromium salt 

Registered trade name(s) CI Pigment Yellow	 No data 
Chemical formula ZnCrO4	 C18H12CrN3O6 

Chemical structure 

Identification numbers: 
CAS registry 13530-65-9 14639-25-9 
NIOSH RTECS GB3290000 No data 
EPA hazardous waste D007 No data 
OHM/TADS 7217401 No data 
DOT/UN/NA/IMDG shipping Not assigned No data 
HSDB 6188 No data 
NCI Not assigned No data 

Sources:  HSDB 2008; NIOSH 2005 

CAS = Chemical Abstracts Services; DOT/UN/NA/IMCO = Department of Transportation/United Nations/North 
America/International Maritime Dangerous Goods Code; EPA = Environmental Protection Agency; 
HSDB = Hazardous Substances Data Bank; NCI = National Cancer Institute; NIOSH = National Institute for 
Occupational Safety and Health; OHM/TADS = Oil and Hazardous Materials/Technical Assistance Data System; 
RTECS = Registry of Toxic Effects of Chemical Substances 
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CHROMIUM 328 

4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-2.  Physical and Chemical Properties of Chromium and Compounds 

Property Chromium 

Chromium(III) 
acetate, 
monohydrate 

Chromium(III) 
nitrate, 
nonahydrate 

Chromium(III) 
chloride 

Molecular weight 51.996 229.13 400.15 158.35 
Color Steel-gray Gray-green or 

bluish-green 
Purple or violet Violet or purple 

Physical state Solid Solid Solid Solid 
Melting point 1,90±10 °C No data 60 °C ≈1,150 °C 
Boiling point 

Density at 20 °C 

2,642 °C 

7.14 (28 °C)a 

No data 

No data 

Decomposes at 
100 °C 
No data 

Decomposes at 
1,300 °C 
2.87 (25 °C)a 

Odor odorless No data No data No data 
Odor threshold: 

Water No data No data No data No data 
Air No data No data No data No data 

Solubility: 
Water at 20 °C Insoluble Soluble Soluble Slightly soluble in 

hot water 
Organic solvents Insoluble in 

common organic 
solvents 

45.4 g/L in 
methanol 
(15 оC); 2 g/L in 
acetone (15 оC) 

Soluble in 
ethanol and 
acetone 

Insoluble in cold 
water, acetone, 
methanol, and 
ether 

Partition coefficients: 
Log Kow Not applicable Not applicable Not applicable Not applicable 
Log Koc Not applicable Not applicable Not applicable Not applicable 

Vapor pressure at 20 °C 1 mmHg (1,616 
°C) 

No data No data No data 

Henry's law constant at 25 °C Not applicable Not applicable Not applicable Not applicable 
Autoignition temperature No data No data No data No data 
Flashpoint No data No data No data No data 
Flammability limits No data No data No data No data 
Conversion factors No data No data No data No data 
Explosive limits No data No data No data No data 
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CHROMIUM 329 

4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-2.  Physical and Chemical Properties of Chromium and Compounds 

Chromium(III) 
chloride, Ferrochromite Chromium(III) Chromium(III) 

Property hexahydrate (Chromium[III]) oxide phosphate 
Molecular weight 266.45 223.84 151.99 146.97 

Color Violet Brown-black Green Gray-brown to 
blackd 

Physical state Solid Solid Solid Solid 
Melting point 83 °C No data 2,435 °C >1,800 °C 
Boiling point No data No data 3,000 оC No data 
Density at 20 °C 1.76b 4.97 (20 °C) 5.22 (25 оC)b 2.94 (32.5 °C)a,c 

Odor No data No data No data No data 
Odor threshold: 

Water No data No data No data No data 
Air No data No data No data No data 

Solubility: 
Water at 20 °C 58.5 g/100 cc at Insoluble Insoluble Insolublec 

25 °C 
Organic solvents Soluble in No data Insoluble in Insoluble in 

ethanol ethanol alcohol, acetone 
Partition coefficients: 

Log Kow No data Not applicable Not applicable Not applicable 
Log Koc No data Not applicable Not applicable Not applicable 

Vapor pressure at 20 °C No data No data No data No data 
Henry's law constant at 25 °C No data Not applicable Not applicable Not applicable 
Autoignition temperature No data No data No data No data 
Flashpoint No data No data No data No data 
Flammability limits No data No data No data No data 
Conversion factors No data No data No data No data 
Explosive limits No data No data No data No data 
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CHROMIUM 330 

4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-2.  Physical and Chemical Properties of Chromium and Compounds 

Sodium Ammonium 
Chromium(III) chromite Chromium(IV) dichromate 

Property sulfate (Chromium[III]) oxide (Chromium[IV]) 
Molecular weight 392.18 106.98 83.99 252.07 
Color Violet, red, peach No data Brown-black Orange 
Physical state Solid No data Solid Solid 
Melting point No data No data Decomposes at Decomposes at 

300 °C 180 °C 
Boiling point No data No data Not applicable Not applicable 
Density at 20 °C 3.012 No data No data 2.15 (25 °C)a 

Odor No data No data No data odorless 
Odor threshold: 

Water No data No data No data No data 
Air No data No data No data No data 

Solubility: 
Water at 20 °C Insoluble No data Insoluble In water (wt/wt): 

15.5% (0 оC); 
26.67% (20 оC); 
36.99% (40 оC); 
46.14% (60 оC); 
54.20% (80 оC) 

Organic solvents soluble in No data No data Soluble in alcohols, 
alcohols insoluble in acetone 

Partition coefficients: 
Log Kow Not applicable Not applicable Not applicable Not applicable 
Log Koc Not applicable Not applicable Not applicable Not applicable 

Vapor pressure at 20 °C No data No data No data No data 
Henry's law constant at 25 °C Not applicable Not applicable Not applicable Not applicable 
Autoignition temperature No data No data No data No data 
Flashpoint No data No data No data No data 
Flammability limits No data No data No data No data 
Conversion factors No data No data No data No data 
Explosive limits No data No data No data No data 
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CHROMIUM 331 

4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-2.  Physical and Chemical Properties of Chromium and Compounds 

Calcium Potassium 
chromate Chromium(VI) Lead chromate chromate 

Property (Chromium[VI]) trioxide (Chromium[VI]) (Chromium[VI]) 
Molecular weight 156.07 99.99 323.19 194.19 
Color Yellow Red Yellow Yellow 
Physical state Solid Solid Solid Solid 
Melting point No data 197 °C 844 °C 975 °C 
Boiling point No data Decomposes Decomposes No data 
Density at 20 °C 2.89b 2.70 (25 °C) 6.12 (15 °C) 2.732 (18 °C) 
Odor No data Odorless No data Odorless 
Odor threshold: 

Water No data No data No data No data 
Air No data No data No data No data 

Solubility: 
Water at 20 °C 2.23 g/100 mL 61.7 g/100 cc at 5.8 μg/100 mL 62.9 g/100 at 20 

0 °C °C 
Organic solvents No data Soluble in Soluble 0.2 mg/l 62.9 G/100 cc 

ethanol, ethyl water water (20 °C) 
ether, sulfuric 
and nitric acids Insoluble in 79.2 g/100 cc 

acetic acid; water (100 °C) 
Soluble 61.7 soluble in dilute 
g/100 cc water nitric acid and in Insoluble in alcohol 
(0 °C) solution of fixed 

alkali hydroxides 
67.45 g/100 cc 
water (100 °C) Soluble in acid, 

insoluble in 
167.299 lb/100 lb ammonia 
water (70 °F) 

Soluble in acetic 
acid and acetone 

Partition coefficients: 
Log Kow Not applicable Not applicable Not applicable Not applicable 
Log Koc Not applicable Not applicable Not applicable Not applicable 

Vapor pressure at 20 °C No data No data No data 0 
Henry's law constant at 25 °C Not applicable Not applicable Not applicable Not applicable 
Autoignition temperature No data No data No data No data 
Flashpoint No data No data No data No data 
Flammability limits No data No data No data No data 
Conversion factors No data No data No data No data 
Explosive limits No data No data No data No data 
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CHROMIUM 332 

4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-2.  Physical and Chemical Properties of Chromium and Compounds 

Potassium Sodium dichromate, 
dichromate Sodium chromate dihydrate 

Property (Chromium[VI]) (Chromium[VI]) (Chromium[VI]) 
Molecular weight 294.18 161.97 298.00 
Color Red Yellow Red 
Physical state Solid Solid Solid 
Melting point 398 °C 792 °C 356.7 °C 
Boiling point Decomposes at 500 No data Decomposes at 400 °C 

°C 
Density at 20 °C 2.676 (25 °C) 2.710B2.736b 2.52 (13 °C) 
Odor No data No data No data 
Odor threshold: 

Water No data No data No data 
Air No data No data No data 

Solubility: 
Water at 20 °C 4.9 g/100 cc at 0 °C 87.3 g/100 cc at 30 °C 230 g/100 cc at 0 °C 
Organic solvents Insoluble in ethanol Soluble in methanol Insoluble in ethanol 

and acetone 
Partition coefficients: 

Log Kow Not applicable Not applicable Not applicable 
Log Koc Not applicable Not applicable Not applicable 

Vapor pressure at 20 °C No data No data No data 
Henry's law constant at 25 °C Not applicable Not applicable Not applicable 
Autoignition temperature No data No data No data 
Flashpoint No data No data No data 
Flammability limits No data No data No data 
Conversion factors No data No data No data 
Explosive limits No data No data No data 
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CHROMIUM 333 

4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-2.  Physical and Chemical Properties of Chromium and Compounds 

Strontium chromate Zinc chromate Chromium(III) 
Property (Chromium[VI]) (Chromium[VI]) picolinate 
Molecular weight 203.61 181.97 418.3c 

Color Yellow Lemon-yellow Ruby redd 

Physical state Solid Solid Crystald 

Melting point No data No data No data 
Boiling point No data No data No data 
Density at 20 °C 3.895 (15 °C) 3.40b No data 
Odor No data Odorless No data 
Odor threshold: 

Water No data No data No data 
Air No data No data No data 

Solubility: 
Water at 20 °C 0.12 g/100 cc at 15 °C Insoluble 1 ppm at 25 °Cd 

Organic solvents Soluble in acetyl Insoluble in acetone >6 g/L (DMSO)d 

acetone 
Partition coefficients: 

Log Kow Not applicable Not applicable 1.753e 

Log Koc Not applicable Not applicable No data 
Vapor pressure at 20 °C No data No data No data 
Henry's law constant at 25 °C Not applicable Not applicable No data 
Autoignition temperature No data No data No data 
Flashpoint No data No data No data 
Flammability limits No data No data No data 
Conversion factors No data No data No data 
Explosive limits No data No data No data 

aTemperature at which the densities were measured has been given only when such data are available
bTemperature at which density was measured was not specified. 
cO’Neil et al. 2006 
dBroadhurst et al. 1997 
eChakov et al. 1999 

DMSO=dimethylsulfoxide 
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CHROMIUM 334 

4.  CHEMICAL AND PHYSICAL INFORMATION 

In humans, chromium(III) is an essential nutrient that may play a role in glucose, fat, and protein 

metabolism possibly by potentiating the action of insulin.  However, there is some emerging controversy 

whether chromium(III) is essential and more work has been suggested to elucidate its mechanism of 

action. Chromium picolinate, a trivalent form of chromium complexed with picolinic acid, is used as a 

dietary supplement, because it is claimed to speed metabolism and may have anti-diabetic effects 

(Broadhurst et al. 1997).  However, there still remains controversy over the use of chromium(III) in 

diabetes, and several researchers claim no demonstrated effects of chromium(III) on diabetes or insulin 

resistance (Althuis et al. 2002).  Currently, the mechanism of transport and absorption of chromium 

picolinate has not been determined, although spectroscopic analysis has shown that chromium picolinate 

is a very stable complex in the body and its absorption properties may be due to its ability to cross 

membranes (Chakov et al. 1999). 
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CHROMIUM 335 

5. PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 

5.1  PRODUCTION 

Tables 5-1 and 5-2 list the facilities in each state that manufacture or process chromium, the intended use, 

and the range of maximum amounts of chromium that are stored on site. There are currently 

3,567 facilities that produce or process chromium in the United States.  The data listed in Tables 5-1 and 

5-2 are derived from the Toxics Release Inventory (TRI) (TRI06 2008).  Only certain types of facilities 

were required to report.  Therefore, this is not an exhaustive list. 

Chromium metal is commercially produced in the United States by the reduction of chromite ore with 

carbon, aluminum, or silicon, and subsequent purification.  Sodium chromate and dichromate are 

produced by roasting chromite ore with soda ash.  Most other chromium compounds are produced from 

sodium chromate and dichromate (Hartford 1979; Papp and Lipin 2001; Westbrook 1979).  For example, 

basic chromic sulfate (Cr(OH)SO4), commonly used in tanning, is commercially produced by the 

reduction of sodium dichromate with organic compounds (e.g., molasses) in the presence of sulfuric acid 

or by the reduction of dichromate with sulfur dioxide.  Lead chromate, commonly used as a pigment, is 

produced by the reaction of sodium chromate with lead nitrate or by reaction of lead monoxide with 

chromic acid solution (IARC 1990). 

The major manufacturers of chromium compounds in 2007 are summarized in Table 5-3 (SRI 2007). 

Tables 5-1 and 5-2 report the number of facilities in each state that manufacture and process chromium, 

the intended use of the products, and the range of maximum amounts of chromium products that are 

stored on site.  The data reported in Tables 5-1 and 5-2 are derived from TRI of EPA (TRI06 2008).  The 

TRI data should be used with caution since only certain types of facilities were required to report.  Hence, 

this is not an exhaustive list. 

5.2  IMPORT/EXPORT 

Chromite ore and foundry sand; chromium chemicals, ferroalloys, and metal; and stainless steel represent 

the bulk of the market for chromium.  In 2006, the United States produced chromium ferroalloys, metal, 

chemicals, and stainless steel.  The United States is a major producer of the end products of chromium, 
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5.  PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 

Table 5-1.  Facilities that Produce, Process, or Use Chromium 

Minimum Maximum 
Number of amount on site amount on site 

Statea facilities in poundsb in poundsb Activities and usesc 

AK 2 10,000 999,999 12 
AL 94 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
AR 52 0 9,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
AZ 56 0 9,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
CA 174 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
CO 48 100 999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14 
CT 72 100 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
DE 12 100 999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 12 
FL 45 0 499,999,999 1, 2, 3, 5, 7, 8, 9, 10, 11, 12, 13, 14 
GA 88 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
HI 1 10,000 99,999 8 
IA 82 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14 
ID 14 0 999,999 1, 3, 5, 8, 9, 10, 12, 13 
IL 138 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
IN 157 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
KS 47 0 9,999,999 1, 2, 3, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
KY 98 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
LA 70 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14 
MA 66 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
MD 48 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
ME 16 0 9,999,999 1, 2, 3, 8, 12 
MI 162 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
MN 74 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
MO 67 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
MS 34 0 499,999,999 1, 2, 3, 5, 7, 8, 10, 11, 12 
MT 12 100 999,999 1, 2, 3, 4, 5, 6, 7, 8, 10, 11, 12, 14 
NC 79 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
ND 14 1,000 999,999 1, 2, 3, 5, 7, 8, 9, 12, 13 
NE 35 100 9,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 
NH 21 0 49,999,999 3, 6, 7, 8, 9, 11, 12 
NJ 99 0 49,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
NM 17 100 999,999 2, 3, 6, 7, 8, 9, 10, 11, 12 
NV 41 100 999,999 1, 2, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
NY 118 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
OH 229 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
OK 83 0 99,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
OR 68 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
PA 238 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
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5.  PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 

Table 5-1.  Facilities that Produce, Process, or Use Chromium 

Minimum Maximum 
Number of amount on site amount on site 

Statea facilities in poundsb in poundsb Activities and usesc 

PR 11 0 99,999,999 1, 2, 3, 5, 8, 9, 11, 12 
RI 18 0 999,999 1, 2, 3, 6, 7, 8, 9, 11, 12 
SC 97 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
SD 15 100 999,999 1, 5, 7, 8, 9, 11, 12, 13, 14 
TN 101 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
TX 189 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
UT 54 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
VA 61 0 99,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
VT 14 100 999,999 2, 3, 4, 6, 8, 9, 11 
WA 64 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
WI 123 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
WV 40 100 99,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 
WY 9 0 99,999 1, 8, 9, 11, 12, 13 

aPost office state abbreviations used 
bAmounts on site reported by facilities in each state 
cActivities/Uses: 
1.  Produce 6.  Impurity 11.  Chemical Processing Aid 
2.  Import 7.  Reactant 12.  Manufacturing Aid 
3.  Onsite use/processing 8.  Formulation Component 13.  Ancillary/Other Uses 
4.  Sale/Distribution 9.  Article Component 14.  Process Impurity 
5.  Byproduct 10.  Repackaging 

Source:  TRI06 2008 (Data are from 2006) 
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5.  PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 

Table 5-2.  Facilities that Produce, Process, or Use Chromium Compounds 

Minimum Maximum 
Number of amount on site amount on site 

Statea facilities in poundsb in poundsb Activities and usesc 

AK 12 10,000 9,999,999 1, 2, 3, 5, 7, 8, 10, 11, 12, 13, 14 
AL 125 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
AR 73 0 99,999,999 1, 2, 3, 4, 5, 7, 8, 9, 10, 11, 12, 13, 14 
AZ 79 0 49,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
CA 185 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
CO 31 100 9,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14 
CT 58 0 49,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
DE 29 0 49,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
FL 71 0 999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
GA 119 0 49,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
HI 9 1,000 999,999 7, 8, 10, 11 
IA 62 0 49,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
ID 23 0 49,999,999 1, 2, 3, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
IL 219 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
IN 191 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
KS 64 0 9,999,999 1, 2, 3, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
KY 107 0 999,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
LA 75 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 
MA 67 0 9,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 
MD 70 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
ME 27 100 499,999,999 1, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 
MI 196 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
MN 71 0 999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
MO 91 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
MS 69 0 49,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
MT 17 100 999,999 1, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14 
NC 119 0 999,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
ND 14 1,000 999,999 1, 3, 5, 7, 8, 9, 10, 11, 12, 13, 14 
NE 37 0 999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 
NH 16 0 99,999 1, 4, 5, 7, 8, 9, 10, 11 
NJ 121 0 49,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
NM 32 100 10,000,000,000 1, 2, 3, 4, 5, 7, 8, 9, 11, 12, 13, 14 
NV 40 100 499,999,999 1, 2, 3, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
NY 140 0 49,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
OH 303 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
OK 59 0 9,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
OR 59 0 9,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14 
PA 272 0 999,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
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5.  PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 

Table 5-2.  Facilities that Produce, Process, or Use Chromium Compounds 

Minimum Maximum 
Number of amount on site amount on site 

Statea facilities in poundsb in poundsb Activities and usesc 

PR 22 0 9,999,999 1, 2, 3, 5, 7, 8, 10, 11, 12, 13, 14 
RI 20 0 999,999 2, 3, 4, 7, 8, 9, 12 
SC 103 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
SD 11 100 99,999 1, 2, 3, 5, 6, 7, 8, 9, 11, 13 
TN 118 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
TX 279 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
UT 62 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
VA 73 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
VT 8 100 99,999 2, 3, 7, 8, 10, 11 
WA 72 0 9,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 
WI 127 0 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 
WV 74 100 499,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14 
WY 20 0 9,999,999 1, 2, 3, 4, 5, 7, 9, 11, 12, 13, 14 

aPost office state abbreviations used 
bAmounts on site reported by facilities in each state 
cActivities/Uses: 
1.  Produce 6.  Impurity 11.  Chemical Processing Aid 
2.  Import 7.  Reactant 12.  Manufacturing Aid 
3.  Onsite use/processing 8.  Formulation Component 13.  Ancillary/Other Uses 
4.  Sale/Distribution 9.  Article Component 14.  Process Impurity 
5.  Byproduct 10.  Repackaging 

Source:  TRI06 2008 (Data are from 2006) 
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CHROMIUM 340 

5.  PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 

Table 5-3.  Major Manufacturers of Chromium Compounds in 2007 

Chemical Manufacturer Location 
Chromic anhydride 
Chromic hydrate 
Chromic sulfate 

Chromium(III) acetate 

Chromium(III) acetylacetonate 

Chromium boride 

Chromium carbonyl 

Chromium(III) chloride 

Chromium diboride 
Chromium difluoride 
Chromium 2-ethylhexanoate 

Chromium fluoride 
Chromium hexacarbonyl 
Chromium hydroxide 
Chromium(III) hydroxide 
Chromium hydroxyl diacetate 

Chromium hydroxyl dichloride 

Chromium napthenate 
Chromium nitrate 

Chromium ocetenoate 

Chromium octoate 

Chromium oxide 

Johnson Matthey, Inc.; Alfa Aesar
 
Elementis Chromium LP
 

Blue Grass Chemical Specialties, LLC
 
Elementis LTP L.P.
 

Johnson Mathey, Inc.; Alfa Aesar
 
Blue Grass Chemical Specialties, LLC
 
McGean-Rohco, Inc.; McGean 

Speciality Chemical Division
 
The Shepherd Chemical Company
 

MacKenzie Company
 
The Shepherd Chemical Company
 

CERAC, Inc.
 
Johnson Mathey, Inc.; Alfa Aesar
 
Strem Chemicals Incorporated
 
McGean-Rohco, Inc.; McGean 

Specialty Chemicals Division
 

Blue Grass Chemical Specialties, LLC
 
McGean-Rohco, Inc.; McGean 

Specialty Chemicals Division
 

Johnson Matthey, Inc.; Alfa Aesar
 
Atotech USA, Inc.
 
OM Group, Inc.
 
The Shepherd Chemical Company
 

Atotech USA
 

Strem Chemicals Incorporated
 

Elementis Chromium LP
 

Elementis Chromium LP
 

McGean-Rohco, Inc.; McGean 

Specialty Chemicals Division
 

McGean-Rohco, Inc.; McGean 

Specialty Chemicals Division
 

OM Group, Inc.
 
Blue Grass Chemical Specialties, LLC
 
McGean-Rohco Inc.; McGean 

Specialty Chemicals Division
 
The Shepherd Chemical Company
 

OM Group, Inc.
 
The Shepherd Chemical Company
 

OM Group, Inc.
 
The Shepherd Chemical Company
 

Elementis Chromium LP
 

Ward Hill, Massachusetts 
Corpus Christi, Texas 
New Albany, Indiana 
Amarillo, Texas 
Dakota City, Nebraska 
Milwaukee, Wisconsin 
Ward Hill, Massachusetts 
New Albany, Indiana 
Cleveland, Ohio 

Cincinnati, Ohio 
Bush, Louisiana 
Cincinnati, Ohio 
Milwaukee, Wisconsin 
Ward Hill, Massachusetts 
Newburyport, Massachusetts 
Cleveland, Ohio 

New Albany, Indiana 

Cleveland, Ohio 
Ward Hill, Massachusetts 
Rock Hill, South Carolina 
Franklin, Pennsylvania 
Cincinnati, Ohio 
Rock Hill, South Carolina 
Newburyport, Massachusetts 
Corpus Christi, Texas 
Corpus Christi, Texas 
Cleveland, Ohio 

Cleveland, Ohio 

Franklin, Pennsylvania 
New Albany, Indiana 
Cleveland, Ohio 

Cincinnati, Ohio 
Franklin, Pennsylvania 
Cincinnati, Ohio 
Franklin, Pennsylvania 
Cincinnati, Ohio 
Corpus Christi, Texas 
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CHROMIUM 341 

5.  PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 

Table 5-3.  Major Manufacturers of Chromium Compounds in 2007 

Chemical Manufacturer Location 
Chromium potassium sulfate McGean-Rohco, Inc.; McGean 

Specialty Chemicals Division 
Cleveland, Ohio 

Chromium-silicon monoxide CERAC, Inc. Milwaukee, Wisconsin 
Chromium(III) sulfate Blue Grass Chemical Specialties, LLC 

Elementis LTP L.P. 

Johnson Mathey, Inc.; Alfa Aesar 

New Albany, Indiana 
Amarillo, Texas 
Dakota City, Nebraska 
Milwaukee, Wisconsin 
Ward Hill, Massachusetts 

Chromotropic acid, disodium salt Johnson-Mathhey, Inc.; Alfa Aesar Ward Hill, Massachusetts 

Source:  SRI 2007  
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CHROMIUM 342 

5.  PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 

which include chromium chemicals, metal, and stainless steel, but until recently, the United States had not 

mined chromium (Stokinger 1981; USGS 2008b).  Oregon Resources Corporation (ORC), a subsidiary of 

Industrial Minerals Corporation (Australia), extracted bulk samples of chromite ore at its surface mine in 

Coos County, Oregon.  ORC developed its material beneficiation process to recover chromite, garnet, and 

zircon minerals with production expected to start in 2008 (IMC 2007).  Although chromium is currently 

mined in Oregon, the United States receives the majority of chromium ores from other countries.  From 

2003 to 2006, chromium contained in chromite ore and chromium ferroalloys and metal were imported 

from South Africa (34%), Kazakhstan (18%), Russia (7%), Zimbabwe (6%), and other (35%) (USGS 

2008b). 

U.S. imports and exports are summarized in Table 5-4 (USGS 2008a). 

5.3  USE 

The metallurgical, refractory, and chemical industries are the fundamental users of chromium.  In the 

metallurgical industry, chromium is used to produce stainless steels, alloy cast irons, nonferrous alloys, 

and other miscellaneous materials. In 1988, the U.S. chemical and metallurgical industries accounted for 

83.9% and the refractory industry for 16.1% of the total domestic consumption of chromite (USDI 

1988a).  The stainless steel industry is the leading consumer of chromium materials.  A significant 

amount of chromium is imported and exported in stainless steel mill products and scrap, with 

ferrochromiums as the main components used by the metallurgical industry.  Typical weight percent of 

chromium in stainless steel and chromium alloys ranges from 11.5 to 30%.  In the refractory industry, 

chromium is a component in chrome and chrome-magnesite, magnesite-chrome bricks, and granular 

chrome-bearing and granular chromite, which are used as linings for high temperature industrial furnaces. 

In the chemical industry, both chromium(III) and chromium(VI) are used primarily in pigments.  Other 

uses include chromium(VI) in metal finishing, chromium(III) in leather tanning, and chromium(VI) in 

wood preservatives.  Table 5-5 lists the approximate distribution of use for chromium chemicals in the 

major applications in the United States and Western world in 1996 with a comparison to use in the United 

States for 1951 (Barnhart 1997).  Smaller amounts of chromium are used as catalysts and in 

miscellaneous applications, such as drilling muds, chemical manufacturing, textiles, toners for copying 

machines, magnetic tapes, and dietary supplements (Carlton 2003; CMR 1988a, 1988b; Davis and 

Vincent 1997; EPA 1984a; IARC 1990; Papp and Lipin 2001; Radivojevic and Cooper 2008; USDI 

1988a).  Chromium alloys are also used in metal joint prostheses (Sunderman et al. 1989).  Chromium 

picolinate, a trivalent form of chromium complexed with picolinic acid, is used as a dietary supplement, 
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5.  PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 

Table 5-4.  U.S. Chromium Imports and Exports 

Imports (thousands of metric tons gross Exports (in thousands of metric tons gross 
Year weight) weight) 
2003 441 188 
2004 489 171 
2005 503 220 
2006 520 212 
2007 510 210 

Source:  USGS 2008a 
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5.  PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 

Table 5-5.  Historical Use of Chromium in the United States and Western World 

Use 1996 Western world 1996 United States 1951 United States 
Wood preservation 15% 52% 2% 
Leather tanning 40% 13% 20% 
Metals finishing 17% 13% 25% 
Pigments 15% 12% 35% 
Refractory 3% 3% 1% 
Other 10% 7% 17% 

Souce:  Barnhart 1997 
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5.  PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 

with the claim that it reduces symptoms of type II diabetes and hypoglycemia (Broadhurst et al. 1997), 

although a recent meta-review concludes that the results are still inconclusive (Althuis et al. 2002). 

5.4  DISPOSAL 

Information regarding the disposal of finished products and wastes produced during the manufacturing of 

consumable items that contain chromium is limited.  In 1987, 25% of the chromium demand in the United 

States was supplied by recycled stainless steel scrap.  Although a large portion of the chromium wastes 

from plating operations is also recovered, large amounts of chromium-containing waste waters from 

plating, finishing, and textile industries are discharged into surface waters.  A substantial amount of 

chromium enters sewage treatment plants from industrial and residential sources (Klein et al. 1974; 

TRI06 2008).  Presently, slag from roasting/leaching of chromite ore is one of the materials excluded 

from regulation under the Resource Conservation and Recovery Act by the 1980 Bevill Amendment.  

However, emission control dust or sludge from ferrochromium and ferrochromium-silicon production is 

listed as hazardous waste by EPA (1988b).  Land filling appears to be the most important method for the 

disposal of chromium wastes generated by chemical industries.  Of the total chromium released in the 

environment by chemical industries, approximately 82.3% is released on land.  An equally large amount 

of chromium waste is transferred off-site (see Section 5.2).  It is anticipated that most of this off-site 

waste will be disposed of in landfills after proper treatment.  It is important to convert chromium wastes 

into forms of chromium that have low mobilities in soils and low availabilities to plants and animals 

before land disposal.  Chromium(III) oxide is one such form.  Chromium in chemical industry wastes 

occurs predominantly in the hexavalent form.  The treatment of chromium(VI) waste often involves 

reduction to chromium(III) and precipitation as the hydrous oxide with lime or caustic soda.  

Chromium(III) waste can also be converted into hydrous oxide or may be incinerated to form the oxide 

before land disposal.  There is not much known about the disposal method of waste refractory materials 

used as lining for metallurgical furnaces or the disposal practices for the finished products containing 

chromium, such as chromium-containing pigments (Fishbein 1981; Komori et al. 1990a; NRCC 1976; 

Polprasert and Charnpratheep 1989; Westbrook 1979). 

Chromium is listed as a toxic substance under Section 313 of the Emergency Planning and Community 

Right to Know Act (EPCRA) under Title III of the Superfund Amendments and Reauthorization Act 

(SARA) (EPA 1995).  Disposal of wastes containing chromium is controlled by a number of federal 

regulations (see Chapter 8). 
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6. POTENTIAL FOR HUMAN EXPOSURE 

6.1  OVERVIEW 

Chromium has been identified in at least 1,127 of the 1,699 hazardous waste sites that have been 

proposed for inclusion on the EPA National Priorities List (NPL) (HazDat 2008).  However, the number 

of sites evaluated for chromium is not known.  The frequency of these sites can be seen in Figure 6-1.  Of 

these sites, 1,117 are located within the United States and 10 are located in the Commonwealth of Puerto 

Rico (not shown). 

Human exposure to chromium occurs from both natural and anthropogenic sources.  Chromium is present 

in the Earth's crust, with the main natural source of exposure being continental dust present in the 

environment (Barnhart 1997; Fishbein 1981; Pellerin and Booker 2000).  Chromium is released into the 

environment in larger amounts as a result of human activities, which account for 60–70% of the total 

emissions of atmospheric chromium (Alimonti et al. 2000; Barceloux 1999; Seigneur and Constantinous 

1995).  This is indicated by the value of the enrichment factor (the enrichment factor relates the amount of 

chromium relative to an aluminum standard) of 3.5–8.1 (Dasch and Wolff 1989; Milford and Davidson 

1985).  Elements with enrichment factors >1 are assumed to have originated from anthropogenic sources 

(Schroeder et al. 1987).  Of the estimated 2,700–2,900 tons of chromium emitted to the atmosphere 

annually from anthropogenic sources in the United States, approximately one-third is in the hexavalent 

form (EPA 1990b; Johnson et al. 2006).  Industrial releases to the air, water, and soil are also potential 

sources of chromium exposure, and account for the majority of the anthropogenic releases (Johnson et al. 

2006).  The electroplating, leather tanning, and textile industries release large amounts of chromium to 

surface waters (Avudainayagam et al. 2003; Fishbein 1981; Johnson et al. 2006).  Disposal of chromium-

containing commercial products and coal ash from electric utilities and other industries are major sources 

of chromium releases into the soil (Barceloux 1999; Nriagu and Pacyna 1988).  Solid waste and slag 

produced during chromate manufacturing processes when disposed of improperly in landfills can be 

potential sources of chromium exposure as well (Barceloux 1999; Kimbrough et al. 1999). 

Chromium is primarily removed from the atmosphere by fallout and precipitation. The residence time of 

chromium in the atmosphere has not been directly measured, but by using copper as a model, it is 

expected to be <10 days (Nriagu 1979).  The arithmetic mean concentrations of total chromium in the 

ambient air in United States, urban, suburban, and rural areas monitored during 1977–1984 ranged from 
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Figure 6-1.  Frequency of NPL Sites with Chromium Contamination 
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5 to 525 ng/m3, with the vast majority of samples <100 ng/m3 (EPA 1984a, 1990b).  Ambient air in the 

United States usually contains very little chromium; at most measuring stations, the concentration was 

<300 ng/m3 and median levels were <20 ng/m3 As a result of smoking, indoor air contaminated with 

chromium can be 10–400 times greater than outdoor air concentrations (WHO 2003). 

Chromium in the aquatic phase occurs in the soluble state or as suspended solids adsorbed onto clayish 

materials, organics, or iron oxides.  Most of the soluble chromium is present as chromium(VI) or as 

soluble chromium(III) complexes and generally accounts for a small percentage of the total.  Soluble 

chromium(VI) may persist in some bodies of water, but will eventually be reduced to chromium(III) by 

organic matter or other reducing agents in water (Cary 1982; EPA 1984a; Lide 1998).  The residence 

times of chromium (total) in lake water range from 4.6 to 18 years, with the majority of the chromium in 

lakes and rivers ultimately deposited in the sediments (Schmidt and Andren 1984).  In the United States, 

chromium concentrations are up to 84 µg/L in surface water and 0.2–1 µg/L in rainwater (WHO 2003). 

Most drinking water supplies in the United States contain <5µg/L of chromium (WHO 2003).  In ocean 

water, the mean chromium concentration is 0.3 μg/L (Cary 1982).  In the United States, the groundwater 

concentration of chromium is generally low, with measurements in the range of 2–10 µg/L in shallow 

groundwater; levels as high as 50 µg/L have been reported in some supplies (WHO 2003).  

Total chromium concentrations in U.S. soils range from 1 to 2,000 mg/kg, with a mean of 37.0 mg/kg 

(USGS 1984).  Chromium(III) in soil is mostly present as insoluble carbonate and oxide of 

chromium(III); therefore, it will not be mobile in soil.  The solubility of chromium(III) in soil and its 

mobility may increase due to the formation of soluble complexes with organic matter in soil, with a lower 

soil pH potentially facilitating complexation (Avudainayagam et al. 2003).  Chromium has a low mobility 

for translocation from roots to the aboveground parts of plants (Calder 1988; Cary 1982; EPA 1984a, 

1985a; King 1988; Stackhouse and Benson 1989). 

A common area for exposure to chromium is from food sources. The typical chromium levels in most 

foods range from <10 to 1300 µg/kg, with the highest concentrations being found in meat, fish, fruits, and 

vegetables (WHO 2003).  The general population is exposed to chromium by inhaling air, drinking water, 

or eating food or food supplements that contain chromium.  However, the primary source of exposure for 

non-occupational workers to chromium comes from food sources, although drinking water can be a 

source of exposure when the levels are >25 µg/L (WHO 2003).   
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Dermal exposure to chromium may also occur during the use of consumer products that contain 

chromium, such as wood treated with copper dichromate or chromated copper arsenate and leather tanned 

with chromic sulfate.  In addition, people who reside in the vicinity of chromium waste disposal sites and 

chromium manufacturing and processing plants have a greater probability of elevated chromium exposure 

(Pellerin and Booker 2000). 

Exposure to chromium for occupational groups can be two orders of magnitude higher than the exposure 

to the general population (Hemminki and Vainio 1984).  Occupational exposure to chromium occurs 

mainly from chromate production, stainless steel production and welding, chrome plating, production of 

ferrochrome alloys, chrome pigment production and user industries, and from working in tanning 

industries (Pellerin and Booker 2000; Stern 1982) 

6.2  RELEASES TO THE ENVIRONMENT 

The Toxics Release Inventory (TRI) data should be used with caution because only certain types of 

facilities are required to report (EPA 2005).  This is not an exhaustive list.  Manufacturing and processing 

facilities are required to report information to the TRI only if they employ 10 or more full-time 

employees; if their facility is included in Standard Industrial Classification (SIC) Codes 10 (except 1011, 

1081, and 1094), 12 (except 1241), 20–39, 4911 (limited to facilities that combust coal and/or oil for the 

purpose of generating electricity for distribution in commerce), 4931 (limited to facilities that combust 

coal and/or oil for the purpose of generating electricity for distribution in commerce), 4939 (limited to 

facilities that combust coal and/or oil for the purpose of generating electricity for distribution in 

commerce), 4953 (limited to facilities regulated under RCRA Subtitle C, 42 U.S.C. section 6921 et seq.), 

5169, 5171, and 7389 (limited S.C. section 6921 et seq.), 5169, 5171, and 7389 (limited to facilities 

primarily engaged in solvents recovery services on a contract or fee basis); and if their facility produces, 

imports, or processes ≥25,000 pounds of any TRI chemical or otherwise uses >10,000 pounds of a TRI 

chemical in a calendar year (EPA 2005). 

6.2.1 Air 

Estimated releases of 337,330 pounds of chromium to the atmosphere from 938 domestic manufacturing 

and processing facilities in 2006, accounted for about 1% of the estimated total environmental releases 

from facilities required to report to the TRI (TRI06 2008).  Estimated releases of 490,546 pounds of 

chromium compounds to the atmosphere from 1,521 domestic manufacturing and processing facilities in 
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2006, accounted for about 1% of the estimated total environmental releases from facilities required to 

report to the TRI (TRI06 2008).  These releases are summarized in Tables 6-1 and 6-2. 

Total chromium has been identified in air samples at 48 of 1,699 current or former NPL hazardous waste 

sites where it was detected in some environmental media (HazDat 2008). 

Continental dust flux is the main natural source of chromium in the atmosphere; volcanic dust and gas 

flux are minor natural sources of chromium in the atmosphere (Fishbein 1981).  Chromium is released 

into the atmosphere mainly by anthropogenic stationary point sources, including industrial, commercial, 

and residential fuel combustion, via the combustion of natural gas, oil, and coal (Kimbrough et al. 1999; 

Pacyn and Pacyn 2001; Seigneur and Constantinous 1995).  Other important anthropogenic stationary 

point sources of chromium emission to the atmosphere are metal industries, such as chrome plating and 

steel production (EPA 1990b; Johnson et al. 2006; Pacyn and Pacyn 2001).  Approximately one-third of 

the atmospheric releases of chromium are believed to be in the hexavalent form, chromium(VI) (Johnson 

et al. 2006).  Other potentially small sources of atmospheric chromium emission are cement-producing 

plants (cement contains chromium), the wearing down of asbestos brake linings that contain chromium, 

incineration of municipal refuse and sewage sludge, and emission from chromium-based automotive 

catalytic converters.  Emissions from cooling towers that previously used chromate chemicals as rust 

inhibitors are also atmospheric sources of chromium (EPA 1984b, 1990b; Fishbein 1981). 

6.2.2 Water 

Estimated releases of 114,852 pounds of chromium to surface water from 938 domestic manufacturing 

and processing facilities in 2006, accounted for about 1% of the estimated total environmental releases 

from facilities required to report to the TRI (TRI06 2008).  Estimated releases of 574,728 pounds of 

chromium compounds to surface water from 1,521 domestic manufacturing and processing facilities in 

2006, accounted for about 1% of the estimated total environmental releases from facilities required to 

report to the TRI (TRI06 2008).  

Total chromium has been identified in surface water and groundwater samples at 427 of 1,699 and 813 of 

1,699 current or former NPL hazardous waste sites where it was detected in some environmental media 

(HazDat 2008).  
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Table 6-1.  Releases to the Environment from Facilities that Produce, Process, or
 
Use Chromiuma
 

Reported amounts released in pounds per yearb 

Total release 
On- and off-

Statec RFd Aire Waterf UIg Landh Otheri On-sitej Off-sitek site 
AK 1 0 0 21,000 22,000 0 43,000 0 43,000 
AL 20 4,558 298 0 52,862 185,896 7,667 235,947 243,614 
AR 12 5,637 269 0 13,686 0 5,644 13,948 19,592 
AZ 12 163,323 32 0 532,831 11,705 688,637 19,253 707,891 
CA 39 1,430 493 0 79,064 6,434 46,152 41,270 87,422 
CO 6 21 27 0 32,156 27,070 32,039 27,235 59,274 
CT 13 139 1,617 0 47,929 14,315 194 63,806 64,000 
DE 2 5 0 0 364 0 5 364 369 
FL 15 1,955 59 0 134,519 722 48,148 89,107 137,255 
GA 20 1,765 372 0 57,841 2,012 7,127 54,863 61,990 
IA 23 4,049 709 0 38,226 92,627 4,476 131,135 135,611 
ID 2 56 0 0 334,455 0 334,511 0 334,511 
IL 48 5,578 21,374 0 77,246 16,042 5,964 114,277 120,241 
IN 57 15,780 5,443 0 2,043,519 85,506 17,947 2,132,301 2,150,248 
KS 11 1,895 1,013 0 3,173 4,800 2,370 8,511 10,881 
KY 30 8,287 1,255 0 141,687 15,575 9,129 157,674 166,803 
LA 19 2,455 115 0 17,611 5 4,985 15,200 20,185 
MA 21 1,765 413 0 11,206 21,137 4,000 30,522 34,522 
MD 1 258 15 0 0 250 258 265 523 
ME 5 144 1,123 0 102 405 154 1,620 1,774 
MI 37 12,336 1,149 0 90,611 10,492 13,929 100,658 114,587 
MN 8 1,758 54 0 5,866 1 1,758 5,921 7,679 
MO 24 7,789 5,731 0 9,668 559 8,312 15,435 23,747 
MS 12 7,045 527 0 20,851 250 7,067 21,607 28,673 
MT 2 32 0 0 687,248 0 687,280 0 687,280 
NC 22 1,199 123 0 19,368 68,337 1,306 87,722 89,028 
ND 2 22 6 0 4,953 0 24 4,957 4,981 
NE 7 1,072 517 0 74,072 2,450 1,072 77,039 78,111 
NH 3 90 8 0 253 18,567 90 18,829 18,919 
NJ 8 790 20 0 14,411 0 793 14,428 15,221 
NM 2 15 0 0 218,200 0 218,215 0 218,215 
NV 9 985 241 0 333,614 930 332,702 3,067 335,769 
NY 30 3,591 3,831 0 126,761 22,484 3,782 152,884 156,667 
OH 90 12,810 11,949 69 663,116 215,357 398,183 505,118 903,301 
OK 16 3,742 920 0 24,379 255 4,006 25,290 29,296 
OR 8 1,811 69 0 138,906 4 134,460 6,330 140,790 
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Table 6-1.  Releases to the Environment from Facilities that Produce, Process, or
 
Use Chromiuma
 

Reported amounts released in pounds per yearb 

Total release 
On- and off-

Statec RFd Aire Waterf UIg Landh Otheri On-sitej Off-sitek site 
PA 87 17,076 3,949 0 1,021,579 76,723 69,470 1,049,856 1,119,326 
PR 2 11,148 0 0 5 0 11,148 5 11,153 
RI 2 6 250 0 0 32 6 282 287 
SC 22 4,725 524 0 251,022 3,488 6,185 253,573 259,759 
SD 5 79 0 0 16,948 0 16,579 448 17,027 
TN 21 3,305 1,433 0 122,693 7,882 106,296 29,017 135,313 
TX 50 8,436 25,278 467,512 446,753 1,922 900,179 49,722 949,901 
UT 6 583 14 0 67,972 1,189 21,198 48,560 69,757 
VA 11 553 983 0 67,637 2,706 1,054 70,825 71,878 
VT 2 23 15 0 0 3,229 23 3,244 3,267 
WA 12 6,355 18,695 0 32,792 14,277 7,647 64,472 72,119 
WI 74 10,761 3,927 0 896,104 28,906 12,125 927,573 939,698 
WV 5 25 5 0 26,059 251 19,025 7,315 26,340 
WY 2 69 8 0 28,658 250 28,477 508 28,985 
Total 938 337,330 114,852 488,581 9,050,976 965,042 4,274,796 6,681,985 10,956,781 

aThe TRI data should be used with caution since only certain types of facilities are required to report.  This is not an 

exhaustive list.  Data are rounded to nearest whole number.
 
bData in TRI are maximum amounts released by each facility.
 
cPost office state abbreviations are used.
 
dNumber of reporting facilities.

eThe sum of fugitive and point source releases are included in releases to air by a given facility.
 
fSurface water discharges, waste water treatment-(metals only), and publicly owned treatment works (POTWs) (metal
 
and metal compounds).

gClass I wells, Class II-V wells, and underground injection.

hResource Conservation and Recovery Act (RCRA) subtitle C landfills; other on-site landfills, land treatment, surface 

impoundments, other land disposal, other landfills.

iStorage only, solidification/stabilization (metals only), other off-site management, transfers to waste broker for
 
disposal, unknown

jThe sum of all releases of the chemical to air, land, water, and underground injection wells.

kTotal amount of chemical transferred off-site, including to POTWs.
 

RF = reporting facilities; UI = underground injection 

Source:  TRI06 2008 (Data are from 2006) 
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Table 6-2.  Releases to the Environment from Facilities that Produce, Process, or
 
Use Chromium Compoundsa
 

Reported amounts released in pounds per yearb 

Total release 
On- and 

Statec RFd Aire Waterf UIg Landh Otheri On-sitej Off-sitek off-site 
AK 3 5 2 0 1,319,096 0 1,319,103 0 1,319,103 
AL 47 13,993 3,753 0 1,286,925 130,962 1,209,640 225,993 1,435,633 
AR 26 2,962 1,237 0 52,072 196,825 43,413 209,683 253,096 
AZ 19 3,337 1,848 0 2,744,366 11,427 2,742,448 18,530 2,760,978 
CA 59 1,521 43,301 1,467 368,099 109,292 269,108 254,573 523,681 
CO 12 550 3 0 68,120 309 45,180 23,802 68,982 
CT 13 886 1,309 0 14,000 52,417 949 67,664 68,613 
DE 9 2,273 825 0 228,879 31,033 75,776 187,234 263,010 
DL 37 4,736 537 0 579,255 16,676 515,478 85,726 601,204 
GA 47 8,471 3,549 0 779,139 9,673 752,026 48,806 800,832 
HI 1 0 0 0 0 0 0 0 0 
IA 15 5,283 1,841 0 183,140 20,675 46,619 164,320 210,938 
ID 1 3,330 5 0 435,548 0 438,883 0 438,883 
IL 93 8,438 37,556 1,458 2,105,214 267,923 667,536 1,753,052 2,420,589 
IN 92 60,518 169,387 1,900 2,947,399 362,957 1,521,315 2,020,847 3,542,162 
KS 23 52,599 2,923 250 312,827 201,641 138,199 432,041 570,240 
KY 48 37,387 7,866 0 842,740 106,458 737,981 256,469 994,451 
LA 19 1,862 1,192 0 225,541 25,554 153,523 100,626 254,149 
MA 13 802 34 0 123,335 18,418 30,059 112,530 142,589 
MD 23 3,519 1,247 5 117,989 175,703 75,846 222,617 298,463 
ME 6 26 45,771 0 39,978 20,486 486 105,775 106,261 
MI 83 12,043 19,271 14,202 550,023 105,809 269,032 432,316 701,349 
MN 24 1,680 32,504 0 120,801 75,465 81,013 149,438 230,451 
MO 30 4,152 774 0 384,845 20,519 114,340 295,950 410,290 
MS 25 2,349 1,146 844,400 960,595 284,408 1,797,876 295,022 2,092,898 
MT 7 3,172 0 0 307,563 660 200,490 110,904 311,394 
NC 47 13,844 2,000 0 1,478,427 198,532 1,434,308 258,495 1,692,803 
ND 7 4,833 243 0 328,820 1,587 151,221 184,262 335,483 
NE 12 4,333 3,817 0 106,858 6,997 87,413 34,592 122,005 
NH 3 56 0 0 2,200 2 1,856 402 2,258 
NJ 21 2,543 3,178 0 70,282 51,995 12,637 115,360 127,998 
NM 4 987 140 0 193,622 0 194,369 380 194,749 
NV 9 406 350 0 3,139,144 0 3,139,886 14 3,139,900 
NY 31 3,873 1,160 0 92,555 132,591 72,200 157,979 230,179 
OH 115 36,176 48,506 1,395,849 3,242,604 2,760,101 2,877,140 4,606,096 7,483,236 
OK 18 19,020 714 11,502 463,558 10,538 439,890 65,442 505,332 
OR 20 713 154 0 233,263 2,733 198,714 38,149 236,863 
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Table 6-2.  Releases to the Environment from Facilities that Produce, Process, or
 
Use Chromium Compoundsa
 

Reported amounts released in pounds per yearb 

Total release 
On- and 

Statec RFd Aire Waterf UIg Landh Otheri On-sitej Off-sitek off-site 
PA 119 81,454 81,764 0 2,869,224 613,481 1,267,287 2,378,635 3,645,922 
PR 5 560 0 0 179 0 560 179 739 
RI 4 82 5 0 375 0 87 375 462 
SC 33 7,058 13,395 0 767,121 27,752 190,802 624,524 815,326 
SD 2 0 0 0 0 0 0 0 0 
TN 47 6,027 17,121 0 2,499,080 4,200 2,039,524 486,903 2,526,428 
TX 107 30,761 5,206 24,558 1,448,331 109,977 741,400 877,432 1,618,832 
UT 16 2,954 567 0 2,137,746 32,207 1,911,981 261,493 2,173,474 
VA 25 2,393 2,801 0 282,803 4,409 253,251 39,155 292,406 
VT 1 0 0 0 250 0 0 250 250 
WA 15 521 791 0 183,135 29,607 165,742 48,312 214,053 
WI 52 5,014 5,557 0 402,601 104,162 8,132 509,202 517,334 
WV 27 27,051 9,245 0 1,303,237 57,066 864,358 532,241 1,396,599 
WY 6 3,994 135 0 117,102 0 121,231 0 121,231 
Total 1521 490,546 574,728 2,295,591 38,460,006 6,393,229 29,420,309 18,793,790 48,214,098 

aThe TRI data should be used with caution since only certain types of facilities are required to report.  This is not an 

exhaustive list.  Data are rounded to nearest whole number.
 
bData in TRI are maximum amounts released by each facility.
 
cPost office state abbreviations are used.
 
dNumber of reporting facilities.

eThe sum of fugitive and point source releases are included in releases to air by a given facility.
 
fSurface water discharges, waste water treatment-(metals only), and publicly owned treatment works (POTWs) (metal
 
and metal compounds).
 
gClass I wells, Class II-V wells, and underground injection.

hResource Conservation and Recovery Act (RCRA) subtitle C landfills; other on-site landfills, land treatment, surface 

impoundments, other land disposal, other landfills.

iStorage only, solidification/stabilization (metals only), other off-site management, transfers to waste broker for
 
disposal, unknown

jThe sum of all releases of the chemical to air, land, water, and underground injection wells.

kTotal amount of chemical transferred off-site, including to POTWs.
 

RF = reporting facilities; UI = underground injection 

Source:  TRI06 2008 (Data are from 2006) 
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On a worldwide basis, the major chromium source in aquatic ecosystems is domestic waste water 

effluents (32.2% of the total) (Barceloux 1999).  The other major sources are metal manufacturing 

(25.6%), ocean dumping of sewage (13.2%), chemical manufacturing (9.3%), smelting and refining of 

nonferrous metals (8.1%), and atmospheric fallout (6.4%) (Nriagu and Pacyna 1988).  Annual 

anthropogenic input of chromium into water has been estimated to exceed anthropogenic input into the 

atmosphere (Nriagu and Pacyna 1988).  However, land erosion, a natural source of chromium in water, 

was not included in the Nriagu and Pacyna (1988) estimation of chromium contributions to the aquatic 

environment. 

6.2.3 Soil 

Estimated releases of 9,050,976 pounds of chromium to soils from 938 domestic manufacturing and 

processing facilities in 2006, accounted for about 82% of the estimated total environmental releases from 

facilities required to report to the TRI (TRI06 2008).  An additional 965,042 pounds of chromium were 

transferred to waste broker for disposal. Estimated releases of 38,460,006 pounds of chromium 

compounds to soils from 1,521 domestic manufacturing and processing facilities in 2006, accounted for 

about 80% of the estimated total environmental releases from facilities required to report to the TRI 

(TRI06 2008).  An additional 1,131,559 million pounds, constituting about 3.4% of the total 

environmental emissions, were released via underground injection (TRI06 2008).  An additional 

6,393,229 pounds were transferred to waste broker for disposal.  These releases are summarized in Tables 

6-1 and 6-2.  

Total chromium has been identified in soil and sediment samples at 696 of 1,699 and 471 of 1,699 current 

or former NPL hazardous waste sites where it was detected in some environmental media (HazDat 2008).  

On a worldwide basis, the disposal of commercial products that contain chromium may be the largest 

contributor, accounting for 51% of the total chromium released to soil (Nriagu and Pacyna 1988).  Other 

significant sources of chromium release into soil include the disposal of coal fly ash and bottom fly ash 

from electric utilities and other industries (33.1%), agricultural and food wastes (5.3%), animal wastes 

(3.9%), and atmospheric fallout (2.4%) (Nriagu and Pacyna 1988).  Solid wastes from metal 

manufacturing constituted <0.2% to the overall chromium release in soil.  However, the amount of 

chromium in sludge or residue that is disposed of in landfills by manufacturing and user industries that 
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treat chromate wastes in ponds and lagoons is not included in the estimation by Nriagu and Pacyna 

(1988). 

6.3  ENVIRONMENTAL FATE 
6.3.1 Transport and Partitioning 

Chromium is present in the atmosphere primarily in particulate form; naturally occurring gaseous forms 

of chromium are rare (Cary 1982; Kimbrough et al. 1999; Seigneur and Constantinous 1995).  The 

transport and partitioning of particulate matter in the atmosphere depends largely on particle size and 

density.  Atmospheric particulate matter is deposited on land and water via wet and dry deposition.  Wet, 

dry, and total deposition rates of chromium and several other trace metals in remote, rural and urban areas 

were summarized by Schroeder et al. (1987).  Deposition rates tended to be highest in urban areas that 

had greater atmospheric levels of chromium as compared to rural and remote locations.  The rates of wet 

and dry deposition are dependent upon several factors, including particle and aerosol size distribution 

(Kimbrough et al. 1999).  The mass mean aerodynamic diameter (MMAD) of chromium aerosols or 

particulates emitted from several industrial sources are ≤10 μm and it has been estimated that chromium-

containing particulates emitted from these industrial sources can remain airborne for 7–10 days and are 

subject to long-range transport (Kimbrough et al. 1999).  Based on a troposphere to stratosphere turnover 

time of 30 years (EPA 1979), atmospheric particles with a residence time of <10 days are not expected to 

transport from the troposphere to the stratosphere and there are no data in the reviewed literature 

indicating that chromium particles are transported from the troposphere to the stratosphere (Pacyna and 

Ottar 1985).  

Since chromium compounds cannot volatilize from water, transport of chromium from water to the 

atmosphere is not likely, except by transport in windblown sea sprays.  Most of the chromium released 

into water will ultimately be deposited in the sediment.  A very small percentage of chromium in the 

water column is present in both soluble and insoluble forms.  In the aquatic phase, chromium(III) occurs 

mostly as suspended solids adsorbed onto clayish materials, organics, or iron oxide (Fe2O3) present in 

water.  Approximately 10.5–12.6% of chromium in the aquatic phase of the Amazon and Yukon Rivers 

was in solution, the rest being present in the suspended solid phase (Cary 1982; King 1988).  The ratio of 

chromium in suspended solids to dissolved form in an organic-rich river in Brazil was 2.1 (Malm et al. 

1988).  
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The bioconcentration factor (BCF) for chromium(VI) in rainbow trout (Salmo gairdneri) is 1.  In bottom-

feeder bivalves, such as the oyster (Crassostrea virginica), blue mussel (Mytilus edulis), and soft shell 

clam (Mya arenaria), the BCF values for chromium(III) and chromium(VI) range from 86 to 192 (EPA 

1980, 1984a; Fishbein 1981; Schmidt and Andren 1984).  The bioavailability of chromium(III) to 

freshwater invertebrates (Daphnia pulex) decreased with the addition of humic acid (Ramelow et al. 

1989).  This decrease in bioavailability was attributed to lower availability of the free form of the metal 

due to its complexation with humic acid.  Based on this information, chromium is not expected to 

biomagnify in the aquatic food chain.  Although higher concentrations of chromium have been reported in 

plants growing in high chromium-containing soils (e.g., soil near ore deposits or chromium-emitting 

industries and soil fertilized by sewage sludge) compared with plants growing in normal soils, most of the 

increased uptake in plants is retained in roots, and only a small fraction is translocated in the aboveground 

part of edible plants (Cary 1982; WHO 1988).  Therefore, bioaccumulation of chromium from soil to 

aboveground parts of plants is unlikely (Petruzzelli et al. 1987).  There is no indication of 

biomagnification of chromium along the terrestrial food chain (soil-plant-animal) (Cary 1982). 

The mobility of chromium in soil is dependent upon the speciation of chromium, which is a function of 

redox potential and the pH of the soil.  In most soils, chromium will be present predominantly in the 

chromium(III) oxidation state.  This form has very low solubility and low reactivity, resulting in low 

mobility in the environment (Barnhart 1997; Jardine et al. 1999; Robson 2003).  Under oxidizing 
-conditions, chromium(VI) may be present in soil as CrO4

–2 and HCrO4 (James et al. 1997).  In this form, 

chromium is relatively soluble and mobile. A leachability study comparing the mobility of several 

metals, including chromium, in soil demonstrated that chromium had the least mobility of all of the 

metals studied (Sahuquillo et al. 2003).  These results support previous data finding that chromium is not 

very mobile in soil, especially in the trivalent oxidation state (Balasoiu et al. 2001; Jardine et al. 1999; Lin 

et al. 1996; Robson 2003).  These results are further supported by a leachability investigation in which 

chromium mobility was studied for a period of 4 years in a sandy loam (Sheppard and Thibault 1991). 

The vertical migration pattern of chromium in this soil indicated that after an initial period of mobility, 

chromium forms insoluble complexes and little leaching is observed.  Chromium present as insoluble 

oxide, Cr2O3·nH2O, exhibited limited mobility in soil (Rifkin et al. 2004).  Flooding of soils and the 

subsequent anaerobic decomposition of plant detritus matters may increase the mobilization of 

chromium(III) in soils due to formation of soluble complexes (Stackhouse and Benson 1989).  This 

complexation may be facilitated by a lower soil pH.  
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A smaller percentage of total chromium in soil exists as soluble chromium(VI) and chromium(III) 

complexes, which are more mobile in soil.  Chromium that is irreversibly sorbed onto soil (e.g., in the 

interstitial lattice of geothite, FeOOH) will not be bioavailable to plants and animals under any condition.  

Organic matter in soil is expected to convert soluble chromate, chromium(VI), to insoluble chromium(III) 

oxide, Cr2O3 (Calder 1988).  Surface runoff from soil can transport both soluble and bulk precipitate of 

chromium to surface water.  Soluble and unadsorbed chromium(VI) and chromium(III) complexes in soil 

may leach into groundwater.  The leachability of chromium(VI) in the soil increases as the pH of the soil 

increases.  On the other hand, lower pH present in acid rain may facilitate leaching of acid-soluble 

chromium(III) complexes and chromium(VI) compounds in soil.  Chromium has a low mobility for 

translocation from roots to aboveground parts of plants (Cary 1982).  However, depending on the 

geographical areas where the plants are grown, the concentration of chromium in aerial parts of certain 

plants may differ by a factor of 2–3 (Cary 1982). 

6.3.2 Transformation and Degradation 
6.3.2.1  Air 

In the atmosphere, chromium(VI) may be reduced to chromium(III) at a significant rate by vanadium 

(V2+, V3+, and VO2+), Fe2+, HSO3-, and As3+ (EPA 1987b; Kimbrough et al. 1999).  Conversely, 

chromium(III), if present as a salt other than Cr2O3, may be oxidized to chromium(VI) in the atmosphere 

in the presence of at least 1% manganese oxide (EPA 1990b). The estimated atmospheric half-life for 

chromium(VI) reduction to chromium(III) was reported in the range of 16 hours to about 5 days 

(Kimbrough et al. 1999). 

6.3.2.2  Water 

The reduction of chromium(VI) to chromium(III) and the oxidation of chromium(III) to chromium(VI) in 

water has been investigated extensively.  Reduction of chromium(VI) to chromium(III) can occur under 

suitable conditions in the aqueous environment, if an appropriate reducing agent is available.  The most 

significant reducing agents present in aqueous systems include (in order of decreasing reduction ability) 

organic matter, hydrogen sulfide, sulfur, iron sulfide, ammonium, and nitrate (Kimbrough et al. 1999).  

The reduction of chromium(VI) by S-2 or Fe+2 ions under anaerobic conditions occurs rapidly, with the 

reduction half-life ranging from instantaneous to a few days (Seigneur and Constantinous 1995).  

However, the reduction of chromium(VI) by organic sediments and soils was much slower and depended 

on the type and amount of organic material and on the redox condition of the water.  The reduction half
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life of chromium(VI) in water with soil and sediment ranged from 4 to 140 days, with the reaction 

typically occurring faster under anaerobic rather than aerobic conditions (Saleh et al. 1989).  Generally, 

the reduction of chromium(VI) to chromium(III) is also favored under acidic conditions (Kimbrough et al. 

1999). 

Oxidation of chromium(III) to chromium(VI) can also occur in the aqueous environment, depending on 

several factors.  Although oxygen is known to oxidize chromium(III) to chromium(VI), dissolved oxygen 

by itself in natural waters did not cause any measurable oxidation of chromium(III) to chromium(VI) over 

a period of 128 days (Saleh et al. 1989).  When chromium(III) was added to lake water, a slow oxidation 

of chromium(III) to chromium(VI) occurred, corresponding to an oxidation half-life of nine years.  

Addition of 50 mg/L manganese oxide accelerated the process, decreasing the oxidation half-life to 

approximately 2 years (Saleh et al. 1989).  The oxidation of chromium(III) to chromium(VI) during 

chlorination of water was highest in the pH range of 5.5–6.0 (Saleh et al. 1989).  However, the process 

would rarely occur during chlorination of drinking water because of the low concentrations of 

chromium(III) in these waters, and the presence of naturally occurring organics that may protect 

chromium(III) from oxidation, either by forming strong complexes with chromium(III) or by acting as a 

reducing agent to free available chlorine (EPA 1988c).  In chromium(III)-contaminated waste waters 

having pH ranges of 5–7, chlorination may convert chromium(III) to chromium(VI) in the absence of 

chromium(III)-complexing and free chlorine reducing agents (EPA 1988c). 

Chromium speciation in groundwater also depends on the redox potential and pH conditions in the 

aquifer.  Chromium(VI) predominates under highly oxidizing conditions; whereas chromium(III) 

predominates under reducing conditions.  Oxidizing conditions are generally found in shallow, 

oxygenated aquifers, and reducing conditions generally exist in deeper, anaerobic groundwaters.  In 

natural groundwater, the pH is typically 6–8, and CrO4
-2 is the predominant species of chromium in the 

hexavalent oxidation state, while Cr(OH)2
+1 will be the dominant species in the trivalent oxidation state.  

This species and other chromium(III) species will predominate in more acidic pH; Cr(OH)3 and 

Cr(OH)4
-1 predominate in more alkaline waters (Calder 1988). 

6.3.2.3  Sediment and Soil 

The fate of chromium in soil is greatly dependent upon the speciation of chromium, which is a function of 

redox potential and the pH of the soil.  In most soils, chromium will be present predominantly in the 

chromium(III) state.  This form has very low solubility and low reactivity resulting in low mobility in the 
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environment and low toxicity in living organisms (Ashley et al. 2003; Barnhart 1997; EPA 1994b).  
-Under oxidizing conditions, chromium(VI) may be present in soil as CrO4

–2 and HCrO4 (James et al. 

1997).  In this form, chromium is relatively soluble, mobile, and toxic to living organisms.  In deeper soil 

where anaerobic conditions exist, chromium(VI) will be reduced to chromium(III) by S-2 and Fe+2 present 

in soil. The reduction of chromium(VI) to chromium(III) is possible in aerobic soils that contain 

appropriate organic energy sources to carry out the redox reaction, with the reduction of chromium(VI) to 

chromium(III) facilitated by low pH (Cary 1982; EPA 1990b; Saleh et al. 1989). 

The oxidation of chromium(III) to chromium(VI) in soil is facilitated by the presence of organic 

substances, oxygen, manganese dioxide, moisture, and the elevated temperatures in surface soil that result 

from brush fires (Calder 1988; Cary 1982).  Organic forms of chromium(III) (e.g., humic acid complexes) 

are more easily oxidized than insoluble oxides.  However, oxidation of chromium(III) to chromium(VI) 

was not observed in soil under conditions of maximum aeration and a maximum pH of 7.3 (Bartlett and 

Kimble 1976).  It was later reported that soluble chromium(III) in soil can be partly oxidized to 

chromium(VI) by manganese dioxide in soil, and the process is enhanced at pH values >6 (Bartlett 1991).  

Because most chromium(III) in soil is immobilized due to adsorption and complexation with soil 

materials, the barrier to this oxidation process is the lack of availability of mobile chromium(III) to 

immobile manganese dioxide in soil surfaces.  Due to this lack of availability of mobile chromium(III) to 

manganese dioxide surfaces, a large portion of chromium in soil will not be oxidized to chromium(VI), 

even in the presence of manganese dioxide and favorable pH conditions (Bartlett 1991; James et al. 

1997).  

The microbial reduction of chromium(VI) to chromium(III) has been discussed as a possible remediation 

technique in heavily contaminated environmental media or wastes (Chen and Hao 1998; EPA 1994b).  

Factors affecting the microbial reduction of chromium(VI) to chromium(III) include biomass 

concentration, initial chromium(VI) concentration, temperature, pH, carbon source, oxidation-reduction 

potential, and the presence of both oxyanions and metal cations.  Although high levels of chromium(VI) 

are toxic to most microbes, several resistant bacterial species have been identified that could ultimately be 

employed in remediation strategies (Chen and Hao 1998; EPA 1994b).  Elemental iron, sodium sulfite, 

sodium hydrosulfite, sodium bisulfite, sodium metabisulfite sulfur dioxide, and certain organic 

compounds such as hydroquinone have also been shown to reduce chromium(VI) to chromium(III) and 

have been discussed as possible remediation techniques in heavily contaminated soils (Higgins et al. 

1997; James et al. 1997). The limitations and efficacy of these and all remediation techniques are 

dependent upon the ease in which the reducing agents are incorporated into the contaminated soils. 
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6.4  LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT 

Reliable evaluation of the potential for human exposure to chromium depends in part on the reliability of 

supporting analytical data from environmental samples and biological specimens.  Concentrations of 

chromium in unpolluted atmospheres and in pristine surface waters are often so low as to be near the 

limits of current analytical methods.  In reviewing data on chromium levels monitored or estimated in the 

environment, it should also be noted that the amount of chemical identified analytically is not necessarily 

equivalent to the amount that is bioavailable.  The analytical methods available for monitoring chromium 

in a variety of environmental media are detailed in Chapter 7. 

6.4.1 Air 

Levels of total chromium in the ambient air in U.S. urban and nonurban areas during 1977–1984 are 

reported in EPA's National Aerometric Data Bank (EPA 1984a, 1990b).  According to this databank, the 

arithmetic mean total chromium concentrations from a total of 2,106 monitoring stations ranged from 5 to 

525 ng/m3. The two locations that showed the highest total arithmetic mean chromium concentrations 

were in Steubenville, Ohio, in 1977 (525 ng/m3) and in Baltimore, Maryland, in 1980 (226 ng/m3) (EPA 

1990b).  Arithmetic mean total chromium concentrations in only 8 of 173 sites monitored in 1984 were 

>100 ng/m3 (EPA 1990b).  

An indoor/outdoor air study was conducted in southwestern Ontario to measure levels of chromium(VI) 

and the size fraction of chromium(VI). Indoor and outdoor samples were taken from 57 homes during the 

summer months of 1993.  The concentrations were 0.1–0.6 ng/m3 indoors (geometric mean 0.2 ng/m3) 

and were 0.10–1.6 ng/m3 outdoors (geometric mean 0.55 ng/m3).  The indoor concentrations were less 

than half of the outdoor concentrations.  Analysis of airborne chromium(VI) particles showed that they 

were inhalable in size (Bell and Hipfner 1997).  A study measured the levels of chromium(VI) and total 

chromium in the ambient air in Hudson County, New Jersey.  The concentrations of chromium(VI) in the 

indoor air of residences in Hudson County in 1990 ranged from 0.38 to 3,000 ng/m3, with a mean of 

1.2 ng/m3 (Falerios et al. 1992). 

Another study analyzed the relationship between soil levels of chromium and chromium content of the 

atmosphere.  An indoor/outdoor study was conducted at 25 industrial sites in Hudson County, New Jersey 

to analyze soils containing chromite ore processing residues.  The industrial sites include industrial, 

manufacturing, trucking, and warehouse facilities.  The study found industrial indoor chromium(VI) and 
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total chromium concentrations to be 0.23–11 and 4.1–130 ng/m3 and industrial outdoor chromium(VI) 

and total chromium concentrations to be 0.013–15.3 and 1.9–84.5 ng/m3. The results of this study found 

that higher levels of chromium(VI) in soil do not necessarily result in higher levels of chromium(VI) in 

air (Finley et al. 1993).  The mean concentration of total chromium at the same sites was 7.1 ng/m3, with a 

concentration range of 3.7–12 ng/m3. Monitoring data in Hudson County, New Jersey has shown a 

background chromium(VI) concentration of 0.2–3.8 ng/m3 with a mean concentration of 1.2 ng/m3 (Scott 

et al. 1997a). The airborne total chromium concentration range was 1.5–10 ng/m3 with a mean 

concentration of 4.5 ng/m3 (Scott et al. 1997a).  The mean airborne chromium(VI) and total chromium 

concentrations in the indoor air of industrial sites in Hudson County, New Jersey, contaminated by 

chromite ore-processing residue were 3 ng/m3 (range, 0.23–11 ng/m3) and 23 ng/m3 (range, 4.11– 

130 ng/m3), respectively.  The mean airborne chromium(VI) and total chromium concentrations in 

outdoor air for the same sites were 9.9 ng/m3 (range, 0.13–110 ng/m3) and 37 ng/m3 (range, 1.9– 

250 ng/m3), respectively (Falerios et al. 1992).  

An air dispersion model was developed which accurately estimated chromium(VI) concentrations at two 

of these industrial sites in Hudson County, New Jersey (Scott et al. 1997b).  The background corrected 

airborne concentrations in ng/m3 for seven sampling dates are reported as measured (modeled values in 

parentheses): 0.0 (0.41); 6.2 (7.7); 0.9 (1.7); 2.8 (2.7); 0.0 (0.08); 0.3 (0.1); and 1.2 (0.12).  The estimated 

percent levels of chromium(III) and chromium(VI) in the U.S. atmosphere from anthropogenic sources 

are given in Table 6-3 (EPA 1990b).  Fly ash from a coal-fired power plant contained 1.4–6.1 mg/kg 

chromium(VI) (Stern et al. 1984).  In a field study to assess inhalation exposure to chromium during 

showering and bathing activities, the average chromium(VI) concentration in airborne aerosols ranged 

from 87 to 324 ng/m3 when water concentrations of 0.89–11.5 mg/L of chromium(VI) were used in a 

standard house shower (Finley et al. 1996a). 

The concentrations of atmospheric chromium in remote areas range from 0.005 to 2.6 ng/m3 (Barrie and 

Hoff 1985; Cary 1982; Schroeder et al. 1987; Sheridan and Zoller 1989).  Saltzman et al. (1985) 

compared the levels of atmospheric chromium at 59 sites in U.S. cities during 1968–1971 with data from 

EPA's National Aerometric Data Bank file for 1975–1983.  They concluded that atmospheric chromium 

levels may have declined in the early 1980s from the levels detected in the 1960s and 1970s. 
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Table 6-3.  Estimates of U.S. Atmospheric Chromium Emissions from
 
Anthropogenic Sources
 

Estimated 
number of Chromium emissions Estimated hexavalent 

Source category sources (metric tons/year) chromium (percent) 
Combustion of coal and oil Many 1,723 0.2 
Chromium chemical manufacturing 2 18 67 
Chemical manufacturing cooling towers 2,039 43 100 
Petroleum refining cooling towers 475 32 100 
Specialty/steel production 18 103 2.2 
Primary metal cooling towers 224 8 100 
Chrome plating 4,000 700 ~100 
Comfort cooling towers 38,000 7.2–206 100 
Textile manufacturing cooling towers 51 0.1 100 
Refractory production 10 24 1.3 
Ferrochromium production 2 16 5.4 
Sewage sludge incineration 133 13 <0.1 
Tobacco cooling towers 16 0.2 100 
Utility industry cooling towers 6 1.0 100 
Chrome ore refining 6 4.8 <0.1 
Tire and rubber cooling towers 40 0.2 100 
Glass manufacturing cooling towers 3 0.01 100 
Cement production 145 3 0.2 
Municipal refuse incineration 95 2.5 0.3 
National total 2,700–2,900 

Source:  EPA 1990b 
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6.4.2 Water 

Chromium concentrations in U.S. river water usually range from <1 to 30 μg/L (EPA 1984a; Malm et al. 

1988; Ramelow et al. 1987), with a median value of 10 μg/L (Eckel and Jacob 1988; Smith et al. 1987).  

Chromium concentrations in lake water generally do not exceed 5 μg/L (Borg 1987; Cary 1982), with 

higher levels of chromium related to anthropogenic pollution sources.  Dissolved chromium 

concentrations of 0.57–1.30 μg/L were reported in the Delaware River near Marcus Hook and Fieldsboro, 

Pennsylvania in January 1992, with chromium(III) composing 67% of the total (Riedel and Sanders 

1998).  In March 1992, these concentrations decreased to 0.03–0.23 μg/L.  In general, the concentration 

of chromium in ocean water is much lower than that in lakes and rivers.  The mean chromium 

concentration in ocean water is 0.3 μg/L, with a range of 0.2–50 μg/L (Cary 1982).  The mean 

concentration of chromium in rainwater is 0.14–0.9 μg/L (Barrie et al. 1987; Dasch and Wolff 1989). 

The concentrations of total chromium in groundwater at the Idaho National Engineering Laboratory, 

where chromate is used as a corrosion inhibitor, ranged from <1 to 280 μg/L (USGS 1989).  The water 

from a village well situated near a waste pond receiving chromate waste in Douglas, Michigan, contained 

10,800 μg/L chromium(VI).  Similarly, water from a private well adjacent to an aircraft plant in Nassau 

County, New York, contained 25,000 μg/L chromium(VI), while water from a public well adjacent to 

another aircraft plant in Bethpage, New York, contained 1,400 μg/L chromium(VI) (Davids and Lieber 

1951).  In a later study, water from an uncontaminated well in Nassau County, New York, contained an 

undetectable level of chromium(VI), whereas a contaminated well in the vicinity of a plating plant 

contained 6,000 μg/L chromium(VI) (Lieber et al. 1964).  A high chromium concentration (120 μg/L) 

was detected in private drinking water wells adjacent to an NPL site in Galena, Kansas (Agency for Toxic 

Substances and Disease Registry 1990a).  

The chromium levels detected in drinking water in an earlier study (1962–1967 survey) may be erroneous 

due to questionable sampling and analytical methods (see Section 7.1) (EPA 1984a).  Total chromium 

levels in drinking water were reported to range from 0.2 to 35 μg/L (EPA 1984a). Most drinking water 

supplies in the United States contain <5 µg/L of of total chromium (WHO 2003).  The concentration of 

chromium in household tap water may be higher than supply water due to corrosion of chromium-

containing pipes.  At a point of maximum contribution from corrosion of the plumbing system, the peak 

chromium in tap water in Boston, Massachusetts was 15 μg/L (Ohanian 1986).  A survey that targeted 

drinking waters from 115 Canadian municipalities during 1976–1977 reported the median and the range 

of chromium concentrations to be <2.0 μg/L (detection limit) and <2.0–8.0 μg/L, respectively (Meranger 
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et al. 1979). A recent monitoring survey of drinking water by the California Department of Public Health 

found that levels of chromium(VI) were <10 μg/L in 86% (2,003 out of 2,317 sources) of the drinking 

water sources sampled; however, levels above 50 μg/L were noted in six sources (CDPH 2007).  In this 

survey, a source was defined as those reporting more than a single detection of chromium(VI) and may 

include both raw and treated sources, distribution systems, blending reservoirs, and other sampled 

entities. These data did not include agricultural wells, monitoring wells, or more than one representation 

of the same source (e.g., a source with both raw and treated entries is counted a single source). 

6.4.3 Sediment and Soil 

The chromium level in soils varies greatly and depends on the composition of the parent rock from which 

the soils were formed.  Basalt and serpentine soils, ultramafic rocks, and phosphorites may contain 

chromium as high as a few thousand mg/kg (Merian 1984) whereas soils derived from granite or 

sandstone will have lower concentrations of chromium (Swaine and Mitchell 1960).  The concentration 

range of chromium in 1,319 samples of soils and other surficial materials collected in the conterminous 

United States was 1–2,000 mg/kg, with a geometric mean of 37 mg/kg (USGS 1984).  Chromium 

concentrations in Canadian soils ranged from 5 to 1,500 mg/kg, with a mean of 43 mg/kg (Cary 1982).  In 

a study with different kinds of soils from 20 diverse sites including old chromite mining sites in 

Maryland, Pennsylvania, and Virginia, the chromium concentration ranged from 4.9 to 71 mg/kg (Beyer 

and Cromartie 1987).  A polynuclear aromatic hydrocarbon (PAH) soil study was conducted to determine 

the metal levels in soil at the edge of a busy road that runs through the Aplerbecker Forest in West 

Germany.  Chromium(VI) concentrations of 64 mg/kg were measured, and these concentrations were 2

to 4-fold higher along the road than in the natural forest (Munch 1993).  The soil beneath decks treated 

with chrominated copper arsenate (CCA), a wood preservative, had an average chromium content of 

43 mg/kg (Stilwell and Gorny 1997). 

Chromium has been detected at a high concentration (43,000 mg/kg) in soil at the Butterworth Landfill 

site in Grand Rapid City, Michigan, which was a site listed on the NPL (Agency for Toxic Substances 

and Disease Registry 1990b). 

Chromium was detected in sediment obtained from the coastal waters of the eastern U.S. seashore at 

concentrations of 3.8–130.9 μg/g in 1994 and 0.8–98.1 μg/g in 1995 (Hyland et al. 1998). 
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6.4.4 Other Environmental Media 

The concentration of chromium in the particulate portion of melted snow collected from two urban areas 

(Toronto and Montreal) of Canada ranged from 100 to 3,500 mg/kg (Landsberger et al. 1983).  In the 

suspended materials and sediment of water bodies, chromium levels ranged from 1 to 500 mg/kg (Byrne 

and DeLeon 1986; EPA 1984a; Mudroch et al. 1988; Ramelow et al. 1987).  The chromium concentration 

in incinerated sewage sludge ash may be as high as 5,280 mg/kg (EPA 1984a). 

Total chromium levels in most fresh foods are extremely low (vegetables [20–50 μg/kg], fruits 

[20 μg/kg], and grains and cereals [40 μg/kg]) (Fishbein 1984). The chromium levels of various foods are 

reported in Table 6-4.  In a study to find the concentrations of chromium in edible vegetables in Tarragon 

Province, Spain, the highest levels of chromium were found in radish root and spinach, with a 

nonsignificant difference between the samples collected in two areas (northern industrial and southern 

agricultural).  The samples ranged in concentration from 0.01 to 0.21 μg/g (industrial) and from 0.01 to 

0.22 μg/g (agricultural) (Schuhmacker et al. 1993).  Acidic foods that come into contact with stainless 

steel surfaces during harvesting, processing, or preparation for market are sometimes higher in chromium 

content because of leaching conditions.  Processing, however, removes a large percentage of chromium 

from foods (e.g., whole-grain bread contains 1,750 μg/kg chromium, but processed white bread contains 

only 140 μg/kg; and molasses contains 260 μg/kg chromium, but refined sugar contains only 20 μg/kg 

chromium) (Anderson 1981; EPA 1984a). 

Chromium levels in oysters, mussels, clams, and mollusks vary from <0.1 to 6.8 mg/kg (dry weight) 

(Byrne and DeLeon 1986; Ramelow et al. 1989).  Fish and shellfish collected from ocean dump sites off 

New York City, Delaware Bay, and New Haven, Connecticut, contained <0.3–2.7 mg/kg chromium (wet 

weight) (Greig and Jones 1976).  The chromium concentration in fish sampled from 167 lakes in the 

northeastern United States was 0.03–1.46 μg/g with a mean concentration of 0.19 μg/g (Yeardley et al. 

1998).  Higher levels of chromium in forage of meat animals have been reported for plants grown in soils 

with a high concentration of chromium (see Section 6.3.1).  Cigarette tobacco reportedly contains 0.24– 

14.6 mg/kg chromium, but no estimates were available regarding the chromium levels in inhaled cigarette 

smoke (Langård and Norseth 1986).  Cigarette tobacco grown in the United States contains ≤6.3mg/kg 

chromium (IARC 1980). 

Cement-producing plants are a potential source of atmospheric chromium.  Portland cement contains 

41.2 mg/kg chromium (range 27.5–60 mg/kg).  Soluble chromium accounts for 4.1 mg/kg (range 1.6– 
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Table 6-4.  Chromium Content in Various U.S. Foods 

Mean concentration 
Sample (μg/kg) Reference 
Fresh vegetables 30–140 EPA 1984a 
Frozen vegetables 230 EPA 1984a 
Canned vegetables 230 EPA 1984a 
Fresh fruits 90–190 EPA 1984a 
Fruits 20 EPA 1984a 
Canned fruits 510 EPA 1984a 
Dairy products 100 EPA 1984a 
Chicken eggs 160–520 Kirpatrick and Coffin 1975 
Chicken eggs 60 Kirpatrick and Coffin 1975 
Whole fish 50–80 EPA 1984a 
Edible portion of fresh fin fish <100–160 Eisenberg and Topping 1986 
Meat and fish 110–230 EPA 1984a 
Seafoods 120–470 EPA 1984a 
Grains and cereals 40–220 EPA 1984a 
Sugar, refineda <20 WHO 1988 

aValue in Finnish sugar 
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8.8 mg/kg) of which 2.9 mg/kg (range 0.03–7.8 mg/kg) is chromium(VI) (Fishbein 1981). The wearing 

down of vehicular brake linings that contain asbestos represents another source of atmospheric chromium.  

Asbestos may contain ≈1,500 mg/kg of chromium.  The introduction of catalytic converters on U.S. 

automobiles in 1975 in the United States represented an additional source of atmospheric chromium.  

Catalysts, such as copper chromite, emit <106 metal-containing condensation nuclei per cubic centimeter 

in vehicular exhaust, under various operating conditions (Fishbein 1981). 

6.5  GENERAL POPULATION AND OCCUPATIONAL EXPOSURE 

The general population is exposed to chromium by inhaling ambient air, ingesting food, and drinking 

water containing chromium.  Home-based exposures can occur to the families of occupational workers in 

what is known as worker-to-family exposures.  Home exposures can also occur through proximity to 

hazardous waste sites (Pellerin and Booker 2000).  A study measured the relationships between chromium 

in household dust and chromium in the urine of Hudson County, New Jersey residents (Pellerin and 

Booker 2000). Three major producers of chromium (VI) in the form of chromate were active in the area 

for over 70 years, and produced over 2 million tons of chromium containing slag waste (Pellerin and 

Booker 2000).  Chromium (VI) levels as high as several hundred parts per million were measured in some 

of the soil samples extracted from the area (Pellerin and Booker 2000).  

Dermal exposure of the general public to chromium can occur from skin contact with consumer products 

that contain chromium.  Some of the consumer products known to contain chromium are certain wood 

preservatives, cement, cleaning materials, textiles, and leather tanned with chromium (WHO 1988).  Both 

chromium(III) and chromium(VI) are known to penetrate the skin, although chromium(VI) penetrates to a 

higher degree (Robson 2003).  However, no quantitative data for dermal exposure to chromium-

containing consumer products were located.  Levels of chromium in ambient air (<0.01–0.03 μg/m3) 

(Fishbein 1984; Pellerin and Booker 2000) and tap water (<1 μg/L) (Pellerin and Booker 2000) have been 

used to estimate the daily intake of chromium via inhalation (<0.2–0.6 μg) and tap water (<4 μg).  These 

estimates are based on an air inhalation rate of 20 m3/day and a drinking water consumption rate of 

2 L/day.  The daily chromium intake for the U.S. population from consumption of selected diets (diets 

with 25 and 43% fat) has been estimated to range from 25 to 224 μg with an average of 76 μg 

(Kumpulainen et al. 1979).  The chromium concentrations in tissues and body fluids of the general 

population are given in Table 6-5. 
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Table 6-5.  Chromium Content in Tissues and Body Fluids of the General
 
Population
 

Sample Median or mean Range Reference 
Serum 0.006 μg/L 0.01–0.17 μg/L Sunderman et al. 1987 
Urine 0.4 μg/L 0.24–1.8 μg/L Iyengar and Woittiez 1988 
Lung 201 μg/kg (wet weight) 28–898 μg/kg (wet weight) Raithel et al. 1987 
Breast milk 0.30 μg/L 0.06–1.56 μg/L Casey and Hambidge 1984 
Hair 0.234 mg/kg Not available Takagi et al. 1986 
Nail 0.52 mg/kg No applicable Takagi et al. 1988 
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Workers in industries that use chromium can be exposed to concentrations of chromium two orders of 

magnitude higher than exposure to the general population, and that workers in some 80 different 

professions may be exposed to chromium (VI) (Hemminki and Vainio 1984; Pellerin and Booker 2000). 

Occupational exposure to chromium occurs mainly from chromate production, stainless steel production 

and welding, chromium plating, ferrochrome alloys and chrome pigment production, and working in 

tanning industries (Ashley et al. 2003).  A list of industries that may be sources of chromium exposure is 

given in Table 6-6.  For most occupations, exposure is due to both chromium(III) and chromium(VI) 

present as soluble and insoluble fractions.  However, exceptions include the tanning industry, where 

exposure is mostly from soluble chromium(III), and the plating industry, where exposure is due to soluble 

chromium(VI).  The typical concentration ranges of airborne chromium(VI) to which workers in these 

industries were exposed during an average of 5–20 years of employment were: chromate production, 

100–500 μg/m3; stainless steel welding, 50–400 μg/m3; chromium plating, 5–25 μg/m3; ferrochrome 

alloys, 10–140 μg/m3; and chrome pigment, 60–600 μg/m3 (Stern 1982).  In the tanning industry, except 

for two bath processes, the typical exposure range due to chromium(III) was 10–50 μg/m3. A study of 

chromium (VI) levels of in the air of a chrome plating shop measured concentrations of chromium (VI) in 

the range of 10–30 µg/m3 for chrome plating shops with local exhaust (Pellerin and Booker 2000).  In 

plating shops without local exhaust, the levels were much higher, up to 120 µg/m3 (Pellerin and Booker 

2000).  In an occupational exposure study of chromium in an aircraft construction factory, airborne 

samples were collected over a 4-hour period; urinary samples were collected at the beginning (Monday), 

end (Friday), and after the work shift in order to analyze the absorption of chromium during working 

hours (Gianello et al. 1998).  The air sampling results were 0.02–1.5 mg/m3, and the urine sampling 

results were 0.16–7.74 μg/g creatinine.  Compared to the ACGIH and BEI-ACGIH Hygiene Standard of 

50 μg/m3, both sets of results indicated a very low risk of exposure.  The National Occupational Exposure 

Survey (NOES) conducted by NIOSH from 1981 to 1983 estimated that 304,829 workers in the United 

States were potentially exposed to chromium(VI) (NIOSH 1989).  The NOES database does not contain 

information on the frequency, concentration, or duration of exposure; the survey only estimates the 

number of workers potentially exposed to chemicals in the workplace. 

In a survey of workers in pigment factories in England that produced strontium and lead chromate, the 

concentrations of chromium in the whole blood in exposed workers ranged from 3 to 216 μg/L, compared 

to a level of <1 μg/L for the nonoccupationally exposed population (McAughey et al. 1988).  The 

corresponding concentrations in the urine of exposed workers and the unexposed population were 1.8– 

575 μg chromium/g creatinine and <0.5 μg chromium/g creatinine, respectively (McAughey et al. 1988).  
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Table 6-6.  Industries that May be Sources of Chromium Exposure 

Abrasives manufacturers 
Acetylene purifiers 
Adhesives workers 
Aircraft sprayers 
Alizarin manufacturers 
Alloy manufactures 
Aluminum anodizers 
Anodizers 
Battery manufacturers 
Biologists 
Blueprint manufacturers 
Boiler scalers 
Candle manufacturers 
Cement workers 
Ceramic workers 
Chemical workers 
Chromate workers 
Chromium-alloy workers 
Chromium-alum workers 
Chromium platers 
Copper etchers 
Copper-plate strippers 
Corrosion-inhibitor workers 
Crayon manufacturers 
Diesel locomotive repairmen 
Drug manufacturers 
Dye manufacturers 
Dyers 
Electroplaters 
Enamel workers 
Explosive manufacturers 
Fat purifiers 
Fireworks manufacturers 
Flypaper manufacturers 
Furniture polishers 
Fur processors 
Glass-fibre manufacturers 
Glue manufacturers 
Histology technicians 
Jewelers 

Source:  IARC 1990 

Laboratory workers 
Leather finishers 
Linoleum workers 
Lithographers 
Magnesium treaters 
Match manufacturers 
Metal cleaners 
Metal workers 
Milk preservers 
Oil drillers 
Oil purifiers 
Painters 
Palm-oil bleachers 
Paper water proofers 
Pencil manufacturers 
Perfume manufacturers 
Photoengravers 
Photographers 
Platinum polishers 
Porcelain decorators 
Pottery frosters 
Pottery glazers 
Printers 
Railroad engineers 
Refractory-brick manufacturers 
Rubber manufacturers 
Shingle manufacturers 
Silk-screen manufacturers 
Smokeless-powder manufacturers 
Soap manufacturers 
Sponge bleachers 
Steel workers 
Tanners 
Textile workers 
Wallpaper printers 
Wax workers 
Welders 
Wood-preservative workers 
Wood stainers 
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Other investigators have found a higher lung burden for chromium in occupational groups than in 

unexposed groups.  The median concentration of chromium in the lungs of deceased smelter workers in 

Sweden was 450 μg/kg (wet weight), compared to a value of 110 μg/kg (wet weight) for rural controls 

and 199 μg/kg (wet weight) for urban controls (Gerhardsson et al. 1988). 

6.6  EXPOSURES OF CHILDREN 

This section focuses on exposures from conception to maturity at 18 years in humans.  Differences from 

adults in susceptibility to hazardous substances are discussed in Section 3.7, Children’s Susceptibility. 

Children are not small adults.  A child’s exposure may differ from an adult’s exposure in many ways.  

Children drink more fluids, eat more food, breathe more air per kilogram of body weight, and have a 

larger skin surface in proportion to their body volume.  A child’s diet often differs from that of adults.  

The developing human’s source of nutrition changes with age:  from placental nourishment to breast milk 

or formula to the diet of older children who eat more of certain types of foods than adults.  A child’s 

behavior and lifestyle also influence exposure.  Children crawl on the floor, put things in their mouths, 

sometimes ingest inappropriate materials (such as dirt or paint chips), and spend more time outdoors.  

Children also are closer to the ground, and they do not use the judgment of adults to avoid hazards (NRC 

1993). 

Children living in vicinities where there are chromium waste sites nearby may be exposed to chromium to 

a greater extent than adults through inhalation of chromium particulates and through contact with 

contaminated soils.  One study has shown that the average concentration of chromium in the urine of 

children at ages five and younger was significantly higher than in adults residing near sites where 

chromium waste slag was used as fill material (Fagliano et al. 1997), and the soil levels of a hazardous 

waste disposal site in New Jersey were measured at levels up to 120 µg/m3 (Pellerin and Booker 2000).  

The tendency of young children to ingest soil, either intentionally through pica or unintentionally through 

hand-to-mouth activity, is well documented and can result in ingestion of chromium present in soil and 

dust.  Soil may affect the bioavailability of contaminants in several ways, most likely by acting as a 

competitive sink for the contaminants.  In the presence of soil, the contaminants will partition between 

absorption by the gut and sorption onto the soil particles.  If a soil has a longer residence time in the gut 

than food particles, then sorption may enhance the overall absorption of the contaminant (Sheppard et al. 

1995).  If the contaminant is irreversibly bound to soil particles, then the contaminant is unlikely to be 

absorbed in the gastrointestinal tract.  Hexavalent chromium exists in soils as a relatively soluble anion 
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and may be present in bioavailable form, possibly with enhanced absorption due to the presence of the 

soil itself.  In contrast, chromium(III) present in soil is generally not very soluble or mobile under most 

environmental conditions and is not readily bioavailable (James et al. 1997).  Studies discussing the oral 

absorption of chromium in rats from a soil surface in which 30% of the chromium was in hexavalent form 

and 70% was in trivalent form suggested that while absorption in animals is quite low, chromium 

appeared to be better absorbed from soil than from soluble chromate salts (Witmer et al. 1989, 1991).  

However, less than half of the administered dose of chromium could be accounted for in this study, and in 

separate experiments with low dosages administered to the rats, the control animals actually had higher 

concentrations of chromium than the animals that were administered the oral dose.  Children may 

accidently ingest chromium picolinate in households whose members use this product as a dietary 

supplement unless it is well stored and kept away from children.  Small amounts of chromium are used in 

certain consumer products such as toners in copying machines and printers, but childhood exposure from 

these sources are expected to be low.  Children may also be exposed to chromium from parents’ clothing 

or items removed from the workplace if the parents are employed in a setting where occupational 

exposure is significant (see Section 6.5).  Chromium has been detected in breast milk at concentrations of 

0.06–1.56 μg/L (Casey and Hambidge 1984), suggesting that children could be exposed to chromium 

from breast-feeding mothers.  Studies on mice have shown that chromium crosses the placenta and can 

concentrate in fetal tissue (Danielsson et al. 1982; Saxena et al. 1990a). 

A study done on the potential exposure of teenagers to airborne chromium from steel dust in the New 

York City subway system found significantly higher concentrations of chromium than in home and 

ambient samples.  The conclusion from the study was that the increased concentration was most likely 

due to steel dust present in the subway system as the source of chromium (Chillrud et al. 2004).  

Chromium levels in the New York City subway system are greater than ambient levels by approximately 

two orders of magnitude.  Levels observed in the study of chromium ≈84 ng/m3 are similar to chronic 

reference guidelines in both Canada and the United States and were 40–100 times the adult range in the 

estimated 10-5 lifetime cancer risk (Chillrud et al. 2004). The reference values for exposure to chromium 

range from 2 to 100 ng/m3 (Wu et al. 2001).  The study measured total chromium levels, without 

separating the species of chromium into chromium (III) and chromium (VI).  Previous studies have 

suggested that airborne chromium generated from steel welding have a significant amount of 

chromium(VI) present, extending the possibility that there is a possibility for chromium(VI) to be present 

in the steel dust in the New York City subway system as well (Chillrud et al. 2004; Edme et al. 1997). 
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Another study done on the bones of deceased neonatal humans in Poland found that statistically 

significant differences in chromium concentrations were observed.  In addition, a positive correlation 

between pairs of metals was observed, specifically between the pairing of chromium and lead.  

(Baranowski et al. 2002).  Bones were chosen to examine, since they are a useful reference in regards to 

heavy metal exposure and accumulation, and are therefore an accurate measure of chronic exposure. 

6.7  POPULATIONS WITH POTENTIALLY HIGH EXPOSURES 

In addition to individuals who are occupationally exposed to chromium (see Section 6.5), there are 

several groups within the general population that have potentially high exposures (higher-than

background levels) to chromium.  Persons using chromium picolinate as a dietary supplement will also be 

exposed to higher levels of chromium than those not ingesting this product (Anderson 1998b).  Like many 

other products used to promote weight loss or speed metabolism, there is also the potential for overuse of 

this product by some members of the population in order to achieve more dramatic results (Wasser et al. 

1997).  People may also be exposed to higher levels of chromium if they use tobacco products, since 

tobacco contains chromium (IARC 1980). 

Workers in industries that use chromium are one segment of the population that is especially at high risk 

to chromium exposure.  Many industrial workers are exposed to chromium(VI) levels in air that exceed 

the accepted occupational exposure limits (Blade et al. 2007).  Occupational exposure from chromate 

production, stainless steel welding, chromium plating, and ferrochrome and chrome pigment production is 

especially significant since the exposure from these industries is to chromium(VI).  Occupational 

exposure to chromium(III) compounds may not be as great a concern as exposure to chromium(VI) 

compounds.  Among the general population, residents living near chromate production sites may be 

exposed to higher levels of chromium(VI) in air.  Ambient concentrations as high as 2.5 μg/m3 chromium 

in air were detected in a 1977 sample from Baltimore, Maryland (EPA 1984a).  People who live near 

chromium waste disposal sites and chromium manufacturing and processing plants may be exposed to 

elevated levels of chromium.  The airborne concentrations of chromium(VI) and total chromium in a 

contaminated site in Hudson County, New Jersey were studied (Falerios et al. 1992).  The mean 

concentrations of both chromium(VI) and total chromium in indoor air of the contaminated site were 

about three times higher than the mean indoor air concentrations of uncontaminated residential sites in 

Hudson County.  Although the mean concentration of chromium(VI) in outdoor air was much lower than 

the current occupational exposure limit of 50 μg/m3, levels in 10 of 21 samples at the contaminated site 

exceeded the background urban outdoor chromium(VI) concentration of 4 ng/m3.  Similarly, the total 
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chromium concentration in 11 of 21 outdoor air samples from the contaminated site exceeded the outdoor 

mean concentration of 15 ng/m3 for urban New Jersey.  However, recent sampling data from Hudson 

County, New Jersey have shown that more than two-thirds of previously sampled sites contaminated with 

chromite ore processing residue did not have statistically significant mean concentrations greater than the 

background levels (Scott et al. 1997a).  These data, as well as the results of a soil dispersion model (Scott 

et al. 1997b), suggest that heavy vehicular traffic over unpaved soil surfaces containing chromium(VI) are 

required for high levels of atmospheric chromium(VI) at these sites.  Persons using contaminated water 

for showering and bathing activities may also be exposed via inhalation to potentially high levels of 

chromium(VI) in airborne aerosols (Finley et al. 1996a).  In a field study to simulate daily bathing 

activity, airborne chromium(VI) concentrations were about 2 orders of magnitude greater than ambient 

outdoor air concentrations when water concentrations of 5.4 and 11.5 mg/L were used in the shower.  

A study was conducted from September to November 1989 to determine the levels of chromium in urine 

and red blood cells of state employees who worked at a park (with only indirect exposure potential) 

adjacent to chromium-contaminated sites in Hudson County, New Jersey (Bukowski et al. 1991).  The 

chromium levels in red blood cells and urine of 17 of these employees showed no differences compared 

to 36 employees who worked at state parks outside Hudson County.  The authors concluded that urinary 

and blood levels of chromium are poor biological markers in gauging low-level environmental exposure 

to chromium.  This study also concluded that chromium levels in blood and urine depended on other 

confounding variables, such as exercise, past employment in a chromium-exposed occupation, beer 

drinking, and diabetic status.  Other lifestyle (e.g., smoking), dietary, or demographic factors had no 

measurable effect on blood and urinary chromium.  These conclusions are consistent with the results of a 

study that measured the urinary excretion of chromium following oral ingestion of chromite ore 

processing residue material for three days (Finley and Paustenbach 1997).  These results indicate no 

statistical difference in mean urinary chromium concentrations in groups of individuals exposed to 

chromite ore processing residue material versus the control group.  High levels of chromium were 

detected in the urine and hair of individuals living near a chromite ore-processing plant in Mexico (Rosas 

et al. 1989), which suggests the possibility of using these media as biological markers in gauging long 

term, high-level environmental exposure to chromium. 

Elevated levels of chromium in blood, serum, urine, and other tissues and organs have been observed in 

patients with cobalt-chromium knee and hip arthroplasts (Coleman et al. 1973; Michel et al. 1987; 

Sunderman et al. 1989). 
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The chromium content in cigarette tobacco from the United States has been reported to be 0.24–6.3 mg/kg 

(IARC 1980), but neither the chemical form nor the amount of chromium in tobacco smoke is known.  

People who use tobacco products may be exposed to higher-than-normal levels of chromium. 

6.8  ADEQUACY OF THE DATABASE 

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the 

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 

adequate information on the health effects of chromium is available.  Where adequate information is not 

available, ATSDR, in conjunction with NTP, is required to assure the initiation of a program of research 

designed to determine the health effects (and techniques for developing methods to determine such health 

effects) of chromium. 

The following categories of possible data needs have been identified by a joint team of scientists from 

ATSDR, NTP, and EPA.  They are defined as substance-specific informational needs that if met would 

reduce the uncertainties of human health assessment. This definition should not be interpreted to mean 

that all data needs discussed in this section must be filled.  In the future, the identified data needs will be 

evaluated and prioritized, and a substance-specific research agenda will be proposed. 

6.8.1  Identification of Data Needs 

Physical and Chemical Properties. As seen in Section 4.2, the relevant physical and chemical 

properties of chromium and its compounds are known (Hartford 1979; NIOSH 2008; Weast 1985) and 

prediction of environmental fate and transport of chromium in environmental media is possible.  

However, the physical or chemical forms and the mode by which chromium(III) compounds are 

incorporated into biological systems are not well characterized.  The determination of the solubilities of 

hexavalent chromium compounds in relevant body fluids (e.g., the solubility of chromates in lung fluid) 

may also be helpful. 

Production, Import/Export, Use, Release, and Disposal. Knowledge of a chemical's 

production volume is important because it may indicate environmental contamination and human 

exposure.  If a chemical's production volume is high, there is an increased probability of general 

population exposure via consumer products and environmental sources, such as air, drinking water, and 

food.  Data concerning the production (Hartford 1979; Papp and Lipin 2001; SRI 1997; USGS 2008b), 

import (USGS 2008b), and use (CMR 1988a, 1988b; EPA 1984a; IARC 1990; Papp and Lipin 2001; 
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USDI 1988a; USGS 2008b) of commercially significant chromium compounds are available.  Chromium
 

is not generally used to process foods for human consumption or added to foods other than diet
 

supplements.  Thus, consumer exposure to chromium occurs mostly from natural food sources (Bennett
 

1986; EPA 1984a; Kumpulainen et al. 1979), but this exposure will increase particularly for people who 


consume acidic food cooked in stainless steel utensils (Anderson 1981; EPA 1984a).  Exposure to 


chromium occurs to a much lesser extent from products such as toners of photocopying machines, some 


wood treatment chemicals, and through other chromium-containing consumer products (CMR 1988a, 


1988b; EPA 1984a; IARC 1990; USDI 1988a).
 

As seen in Tables 6-1 and 6-2, the largest amount of chromium from production and user facilities is
 

disposed of on land or transferred to an off-site location.  More detailed site-and medium-specific (e.g., 


air, water, or soil) release data for chromium that is disposed of off-site are necessary to assess the 


exposure potential to these compounds from different environmental media and sources.  There are EPA
 

guidelines regarding the disposal of chromium wastes and OSHA regulations regarding the levels of 


chromium in workplaces (EPA 1988a; OSHA 1998a).
 

According to the Emergency Planning and Community Right-to-Know Act of 1986, 42 U.S.C. 


Section 11023, industries are required to submit substance release and off-site transfer information to the 


EPA.  The TRI, which contains this information for 2006, became available in May of 2008.  This
 

database is updated yearly and should provide a list of industrial production facilities and emissions.
 

Environmental Fate. Information is available to permit assessment of the environmental fate and 


transport of chromium in air (Pacyna and Pacyna 2001; Schroeder et al. 1987; Scott et al. 1997a, 1997b), 


water (Cary 1982; Comber and Gardner 2003; EPA 1980, 1984a; Fishbein 1981; Schmidt and Andren 


1984; WHO 2003) and soil (Ashley et al. 2003; Avudainayagam et al. 2003; Balasoiu et al. 2001; Bartlett 


1991; Calder 1988; Cary 1982; Jardine et al. 1999; Rifkin et al. 2004).  Chromium is primarily removed 


from the atmosphere by fallout and precipitation.  By analogy with copper, the residence time of
 

chromium in the atmosphere is expected to be <10 days (Nriagu 1979).  Most of the chromium in lakes 


and rivers will ultimately be deposited in the sediments.  Chromium in the aquatic phase occurs in the
 

soluble state or as suspended solids adsorbed onto clayish materials, organics, or iron oxides (Cary 1982).  


Most of the soluble chromium is present as chromium(VI) or as soluble chromium(III) complexes and 


generally accounts for a small percentage of the total (Cary 1982).  Additional data, particularly regarding
 

chromium's nature of speciation, would be useful to fully assess chromium's fate in air.  For example, if
 

chromium(III) oxide forms some soluble salt in the air due to speciation, its removal by wet deposition 
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will be faster.  No data regarding the half-life of chromium in the atmosphere or a measure of its 

persistence are available.  In aquatic media, sediment will be the ultimate sink for chromium, although 

soluble chromates may persist in water for years (Cary 1982; EPA 1984a).  Additional data elucidating 

the nature of speciation of chromium in water and soil would also be desirable and a direct measurement 

of the chromium residence time in the atmosphere would be useful. 

Bioavailability from Environmental Media. The bioavailability of chromium compounds from 

contaminated air, water, soil, or plant material in the environment has not been adequately studied.  

Absorption studies of chromium in humans and animals provide information regarding the extent and rate 

of inhalation (Cavalleri and Minoia 1985; Kiilunen et al. 1983; Langård et al. 1978) and oral exposure 

(Anderson 1981, 1986; Anderson et al. 1983; Donaldson and Barreras 1966; Randall and Gibson 1987; 

Suzuki et al. 1984).  A sorption study has measured the amount of chromium(VI) when iron particles are 

present in the water samples; the conclusion was that soluble chromium(VI) present in the water could 

sorb on to iron particles present in the acidic environment of the stomach, and thus, be less bioavailable 

(Parks et al. 2004).  These available absorption studies indicate that chromium(VI) compounds are 

generally more readily absorbed from all routes of exposure than are chromium(III) compounds.  This is 

consistent, in part, with the water solubilities of these compounds (Bragt and van Dura 1983).  The 

bioavailability of both forms is greater from inhalation exposure than from ingestion or dermal exposure.  

The bioavailability of chromium from soil depends upon several factors (Witmer et al. 1989).  Factors 

that may increase the mobility of chromium in soils include the speculated conversion of chromium(III) 

to chromium(VI), increases in pH, and the complexation of chromium(III) with organic matter from 

water-soluble complexes.  Data on the bioavailability of chromium compounds from actual environmental 

media and the difference in bioavailability for different media need further development. 

Food Chain Bioaccumulation. It is generally believed that chromium does not bioconcentrate in 

fish (EPA 1980, 1984a; Fishbein 1981; Schmidt and Andren 1984) and there is no indication of 

biomagnification of chromium along the aquatic food chain (Cary 1982).  However, recent skin biopsy 

data indicate that North Atlantic right whales are exposed to hexavalent chromium and accumulate a 

range of 4.9–10 μg chromium/g tissue with a mean of 7.1 μg chromium/g tissue (Wise et al. 2008).  Some 

data indicate that chromium has a low mobility for translocation from roots to aboveground parts of plants 

(Cary 1982; WHO 1988).  However, more data regarding the transfer ratio of chromium from soil to 

plants and biomagnification in terrestrial food chains would be desirable. 
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Exposure Levels in Environmental Media. The atmospheric total chromium concentration in the 

United States is typically <10 ng/m3 in rural areas and 10–30 ng/m3 in urban areas (Fishbein 1984; WHO 

2003).  Most drinking water supplies in the United States contain <5 µg/L of chromium (WHO 2003).  

The chromium level in soils varies greatly and depends on the composition of the parent rock from which 

the soils were formed.  Basalt and serpentine soils, ultramafic rocks, and phosphorites may contain 

chromium as high as a few thousand mg/kg (Merian 1984), whereas soils derived from granite or 

sandstone will have lower concentrations of chromium (Swaine and Mitchell 1960).  The concentration 

range of chromium in 1,319 samples of soils and other surficial materials collected in the conterminous 

United States was 1–2,000 mg/kg, with a geometric mean of 37 mg/kg (USGS 1984).  There is a large 

variation in the available data regarding the levels of chromium in foods (EPA 1984a).  Concentrations 

ranges are 30–230 μg/kg in vegetables, 20–510 μg/kg in fruits, 40–220 μg/kg in grains and cereals, and 

110–230 μg/kg in meats and fish (EPA 1984a).  It would be useful to develop nationwide monitoring data 

on the levels of chromium in U.S. ambient air and drinking water, and these data should quantitate levels 

of both chromium(III) and chromium(VI) and not just total chromium. 

Exposure Levels in Humans. The general population is exposed to chromium by inhaling ambient 

air and ingesting food and drinking water containing chromium.  Dermal exposure of the general public to 

chromium can occur from skin contact with certain consumer products that contain chromium or from 

contact with chromium contaminated soils.  Some of the consumer products known to contain chromium 

are certain wood preservatives, cement, cleaning materials, textiles, and leather tanned with chromium 

(WHO 1988).  However, no quantitative data for dermal exposure to chromium-containing consumer 

products were located.  Levels of chromium in ambient air (<0.01–0.03 μg/m3) (Fishbein 1984; WHO 

2003) and tap water (<2 μg/L) (WHO 2003) have been used to estimate the daily intake of chromium via 

inhalation (<0.2–0.6 μg) and tap water (<4 μg).  These estimates are based on an air inhalation rate of 

20 m3/day and a drinking water consumption rate of 2 L/day.  The daily chromium intake for the U.S. 

population from consumption of selected diets (diets with 25 and 43% fat) has been estimated to range 

from 25 to 224 μg, with an average of 76 μg (Kumpulainen et al. 1979). This value is within the range 

established by the World Health Organization (WHO) as a mean chromium intake form food and water of 

52–943 µg/day (WHO 2003).  However, few data on the levels of chromium in body tissues or fluids for 

populations living near hazardous waste sites are available.  Such data could be a useful tool as an early 

warning system against harmful exposures.  In addition, there is a need for data on the background levels 

of chromium in body fluids of children.  Such data would be important in assessing the exposure levels of 

this group of people. 
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This information is necessary for assessing the need to conduct health studies on these populations. 

Exposures of Children. Limited data exist regarding exposure and body burdens of chromium in 

children.  Chromium has been detected in breast milk at concentrations of 0.06–1.56 μg/L (Casey and 

Hambidge 1984), suggesting that children could be exposed to chromium from breast-feeding mothers. 

Studies in mice have shown that chromium crosses the placenta and can concentrate in fetal tissue 

(Danielsson et al. 1982; Saxena et al. 1990a).  Because children living near areas contaminated with 

chromium have been shown to have elevated chromium levels in urine as compared to adults (Fagliano et 

al. 1997), additional body burden studies are required to evaluate the exposures and the potential 

consequences that this might have upon children.  This is particularly important around heavily 

contaminated soils where children may be exposed dermally or through inhalation of soil particulates 

during play activities.  These studies may determine if children may be more susceptible than adults to the 

toxic effects of chromium including immunosensitivity.  Studies are necessary that examine children’s 

weight-adjusted intake of chromium and determine how it compares to that of adults.  Since chromium is 

often detected in soil surfaces and children ingest soil either intentionally through pica or unintentionally 

through hand-to-mouth activity, pica is a unique exposure pathway for children.  Studies have shown that 

although absorption of chromium is low, it may be enhanced slightly from contaminated soil surfaces 

(Witmer et al. 1989, 1991). 

Child health data needs relating to susceptibility are discussed in Section 3.12.2, Identification of Data 

Needs: Children’s Susceptibility. 

Exposure Registries. No exposure registries for chromium were located.  This substance is not 

currently one of the compounds for which a sub-registry has been established in the National Exposure 

Registry.  The substance will be considered in the future when chemical selection is made for sub-

registries to be established.  The information that is amassed in the National Exposure Registry facilitates 

the epidemiological research needed to assess adverse health outcomes that may be related to exposure to 

this substance. 

6.8.2 Ongoing Studies 

The Federal Research in Progress (FEDRIP 2008) database provides additional information obtainable 

from a few ongoing studies that may fill in some of the data needs identified in Section 6.8.1 (see 

Table 6-7). 
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Table 6-7.  Ongoing Studies on Chromium 

Principal investigator Affiliation	 Research description 
David Brautigan University of Virginia Define the biochemical basis of chromium 

enhancement of insulin action 
William Cefalu Pennington Biomedical Study the changes in insulin uptake on chromium 

Research Center supplementation 
Mitchell Cohen New York University School Study biological interactions of metals and 

of Medicine improve deign of metallopharmaceuticals 
Jeffrey Elmendorf Indiana University: Purdue Chromium action and role in the glucose transport 

University at Indianapolis system 
Emily Horvath Indiana University: Purdue Cellular insulin resistance mechanisms 

University at Indianapolis 
Joshua Jacobs Rush University Medical Metal release and effects in people with metal-on-

Center hip replacements 
Sushil Jain Louisiana State University Cytokine production; role of chromium in 

preventing oxidative stress 
Umesh Masharani University of California, San The effects of chromium on insulin action 

Francisco 
Mahmood Mozaffari Medical College of Georgia Effect of chromium on glucose metabolism 
Charles Myers Medical College of Wisconsin Study the mechanisms of chromium(VI) in the 

human lung system 
Patricia Opresko University of Pittsburgh at Understand the mechanisms of genomic 

Pittsburgh instability associated with aging 
Viresh Rawal University of Chicago	 Investigation of metal-salen complexes for use in 

C-C bond forming reactions; Diels-Alder catalyst 
development 

James Rigby Wayne State University	 Study metal mediated cyclo-addition reactions to 
synthesize natural products 

Diane Stearns Northern Arizona University	 Study the difference in mutations caused by 
soluble chromium vs. insoluble chromium; 
discover mechanism of cellular entry by soluble 
chromium compounds 

Kent Sugden University of Montana Study the role of chromium in DNA mutations and 
cancer 

Bo Xu Southern Research Institute The effect of chromium exposure on DNA 
damage 

Ziling Xue University of Tennessee, Development of an analytical method to 
Knoxville determine chromium levels in biological fluids 

Anatoly Zhitkovich Brown University Study the role of chromium in genetic alteration of 
cells after exposure 

Source:  FEDRIP 2008 
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7. ANALYTICAL METHODS 

The purpose of this chapter is to describe the analytical methods that are available for detecting, 

measuring, and/or monitoring chromium compounds, their metabolites, and other biomarkers of exposure 

to chromium compounds.  The intent is not to provide an exhaustive list of analytical methods, but to 

identify well-established methods that are used as the standard methods of analysis.  Many of the 

analytical methods used for environmental samples are approved by federal agencies and organizations 

such as EPA and the National Institute for Occupational Safety and Health (NIOSH).  Other methods 

presented in this chapter are those that are approved by groups such as the Association of Official 

Analytical Chemists (AOAC) and the American Public Health Association (APHA).  Additionally, 

analytical methods are included that modify previously used methods to lower detection limits and/or to 

improve accuracy and precision in detection. 

7.1  BIOLOGICAL MATERIALS 

Several methods are available for the analysis of chromium in different biological media, with some 

recent methods of chromium determination reported in Table 7-1.  Multiple reviews on the subject 

provide more detailed descriptions of the available analytical methods (EPA 1984a; Fishbein 1984; IARC 

1986a, 1990; Torgrimsen 1982; WHO 1988).  Frequently used methods for determining low levels of 

chromium in biological samples include neutron activation analysis (NAA); mass spectrometry (MS); 

graphite spark atomic emission spectrometry (AES); and graphite furnace atomic absorption spectrometry 

(GFAAS) (Greenberg and Zeisler 1988; Plantz et al. 1989; Urasa and Nam 1989; Veillon 1989).  A newly 

added technique includes the use of total reflection X-ray fluorescence (TXRF) for analysis of total 

chromium in the air (Adekola and Eletta 2007).   

There are numerous issues and considerations in collecting and analyzing the chromium content in 

presented samples.  Some of these issues include problems with collection, contamination, and 

determining accurate concentration levels of the chromium content in the samples.  The determination of 

trace quantities of chromium in biological materials requires special precautionary measures, from the 

initial sample collection process to the final analytical manipulations of the samples. 

Contaminates including dust contamination or losses of the samples during collection, transportation, and 

storage should be avoided (EPA 1984a).  Chromium-containing grinding and homogenizing equipment 

should not be used for preparation of biological samples.  Reagents of the highest purity should be used to 
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Table 7-1. Analytical Methods for Determining Chromium in Biological Materials 

Sample 
Sample Analytical detection Percent 
matrix Preparation method method limit recovery Reference 
Plasma Wet ashing with PIXE 0.3 μg/L 87% at Simonoff et al. 

HNO3/HCIO4/H2SO4; 4.5 μg/g 1984 
residue complexed with 
APDC and extracted with 
MIBK; evaporated 
residue dissolved 
deposited in HNO3/HCE, 
and solution on a 
polycarbonate foil 

Blood, serum Sample after wet GC/ECD 0.03 pg 0.5 pg No data Fishbein 1984 
digestion converted to a 1.0 ng 
volatile chelate usually 
with fluorinated 
acetylacetone 

Serum Mg(NO3)3 added to GFAAS 0.005 μg/L 103% at Randall and 
serum, dried by 0.30 μg/L Gibson 1987 
Lyophilization, ashed, 
and dissolved in 0.1 N 
HCI 

Blood Diluted with 0.1% EDTA GFAAS 0.09 μg/L No data Dube 1988 
and 5% isopropanol Zeeman

effect 
background 
correction 

Blood or Wet ashing with ICP-AES 1 μg/100 g 114% NIOSH 1994a 
tissue HNO3/HCIO4/H2SO4 blood 0.2 μg/g recovery at (Method No. 

tissue 10 μg/sample 8005) 
Erythrocytes Dilution with Triton X100 GFAAS No data No data Lewalter et al. 

1985 
Serum and 
urine 

HNO3 de-proteinization GFAAS with 
pyrolytic 
graphite tube 
and Zeeman 
background 
correction 

0.02 μg/L 
(serum) 
0.1 μg/L 
(urine) 

No data Sunderman et al. 
1989 

Body fluids 
(milk, urine, 
etc.) 

Dried sample ashed by 
oxygen plasma, H2O2 
addition, drying, dilution 
in 1N HCl 

GFAAS with 
tungsten 
iodide or 
deuterium arc 

<0.25 μg/L 91% at 
0.55 μg/L 

Kumpulainen 
1984 

or CEWM 
background 
correction 

Urine None GFAAS 0.05 μg/L 91% at 
0.22 μg/L 

Randall and 
Gibson 1987 
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7. ANALYTICAL METHODS 

Table 7-1. Analytical Methods for Determining Chromium in Biological Materials 

Sample 
Sample Analytical detection Percent 
matrix Preparation method method limit recovery Reference 
Urine None GFAAS with 0.09 μg/L No data Harnly et al. 1983 

CEWM (CEWM-AAS) 
background 0.02 μg/L 
correction (WM-AES) 
and WM-AES 

Urine No sample preparation ICP-AES 12 μg/L 77% at Kimberly and 
other than addition of 13 μg/L Paschal 1985 
yttrium internal standard 

Urine Sorption onto ICP-AES 0.1 μg/sample 100% NIOSH 1994b 
polydithiocarbonate recovery at (Method 8310) 
resin, ash sorbate in low 1 μg/50mL 
temperature oxygen urine 
plasma and dissolve in 
HNO3/HCIO4 

Urine None GFAAS 0.0052 μg/L No data Kiilunen et al. 
1987 

Urine Sample spiked with GFAAS 0.03– No data Veillon et al. 1982 
standard chromium 0.04 μg/L 
(standard addition) 

Urine Diluted with water GFAAS 0.09 μg/kg No data Dube 1988 
Zeeman
effect-
background 
correction 

Milk powder Mixed with water GFAAS 5 μg/kg 134–141% at Wagley et al. 
17.7 μg/kg 1989 

Tissue(Chro Injection of sodium EPR 0.1 mmol/kg No data Liu et al. 1994 
mium(V)) dichromate 

AAS = atomic absorption spectrophotometry; APDC = ammonium pyrrolidine dithiocarbonate; CEWM = continuum 
source echelle monochromator wavelength-modulated; ECD = electron capture detector; 
EDTA = ethylenediaminetetraacetic acid; EPR = electron paramagnetic resonance spectroscopy; GC = gas 
chromatography; GFAS = graphite furnace AAS; H2O2 = hydrogen peroxide; H2SO4 = sulfuric acid; HCI = 
hydrochloric acid; HCIO4 = perchloric acid; HNO3 = nitric acid; ICP-AES = inductively coupled plasma-atomic 
emission spectrometry; Mg(NO3)3 = magnesium nitrate; MIBK = methylisobutyl ketone; MS = mass spectrometry; 
PIXE = proton-induced X-ray emission spectrometry; XRF = X-ray fluorescence analysis; WM-AES = wavelength-
modulated atomic emission spectrometry 
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7. ANALYTICAL METHODS 

avoid contamination, and the potential loss of chromium due to volatilization during wet and dry ashing 

should be minimized (EPA 1984a). 

The determination of chromium in most biological samples is difficult because of the matrix interference 

and the very low concentrations present in these samples.  Prior to 1978, numerous erroneous results were 

reported for the chromium level in urine using electrothermal atomic absorption spectrometry (EAAS) 

because of the inability of conventional atomic absorption spectrometry systems to correct for the high 

nonspecific background absorption.  Similarly, the reported serum and plasma chromium concentrations 

of normal subjects have varied more than 5,000-fold since the early 1950s.  The chromium levels in 

human serum or plasma as reported in the mid-1980s ranged from 0.01 to 0.3 μg/L, and the daily urinary 

excretion rate of chromium in healthy and nonoccupationally exposed humans is <1 μg/day (Anderson 

1987; Harnly et al. 1983; Sunderman et al. 1989; Veillon 1989).   

The problem of generating accurate data for chromium in biological samples is further complicated by the 

lack of Standard Reference Materials (SRM).  Standards in chromium certified materials, such as brewer's 

yeast (DOC 1976c), bovine liver (DOC 1977b, 1982), human serum (DOC 1985, 1993b, 2003), urine 

(DOC 1993c), orchard leaves (DOC 1977a), spinach leaves (DOC 1976b, 1996), pine needles (DOC 

1993a), oyster tissue (DOC 1983, 1989), and tomato leaves (DOC 1976a), have been issued by the 

National Institute of Standards and Technology (formerly the National Bureau of Standards).  However, 

due to the previous lack of SRMs, older data should be interpreted with caution (EPA 1984a), unless the 

data are verified by interlaboratory studies (WHO 1988). 

In addition to the consideration of contamination and potential loss of sample, it should be noted that 

chromium may exist as several different oxidation states in biological media.  Two of the most common 

oxidation states are chromium (III) and chromium (VI).  Each of these oxidation states displays very 

different physical and biological properties.  In biological samples where chromium is generally present 

as chromium(III), the choice of a particular method is dictated by several factors, including the type of 

sample, its chromium level, and the scope of the analysis (Kumpulainen 1984). 

The preceding factors, in combination with the desired precision and accuracy and the cost of analysis, 

should be considered in selecting a particular analytical method.  Although the methods reported in 

Table 7-1 represent some of the more recent methods, they are not necessarily the ones most commonly 

used.  A comparison of the various standard methods and approaches for maintaining sample purity and 

integrity during sampling, handling, and analysis are provided by Kumpulainen (1984). 
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7.2  ENVIRONMENTAL SAMPLES 

Analytical methods for determining chromium in environmental samples are reported in Table 7-2.  The 

three commonly used methods that have the greatest sensitivity for chromium detection in air are 

GFAAS, instrumental neutron activation analysis (INAA), and graphite spark atomic emission 

spectrometry (Schroeder et al. 1987).  Measurements of low levels of chromium concentrations in water 

have been made by specialized methods, such as inductively coupled plasma mass spectrometry (ICP

MS), capillary column gas chromatography (HRGC) of chelated chromium with electron capture 

detection (ECD), and electrothermal vaporization inductively coupled plasma mass spectrometry 

(Gonzalez et al. 2005; Henshaw et al. 1989; Malinski et al. 1988; Parks et al. 2004; Schaller and Neeb 

1987).  A method using high performance liquid chromatography (HPLC) interfaced with direct current 

plasma emission spectrometer has been used for the determination of chromium(III) and chromium(VI) in 

water samples (Krull et al. 1983).  An acid digestion procedure followed by AAS has been developed that 

can quantify chromium(VI) in soil, sediment, and sludge (Ayyamperumal 2006; Oygard et al. 2004).  The 

preferred methods for digestion of environmental samples have been discussed by Griepink and Tolg 

(1989).  

Many of the same issues with the biological samples are also present in environmental analysis, including 

issues of collection, contamination, and detection.  Chromium may be present in both the trivalent and 

hexavalent oxidation states in most ambient environmental and occupational samples, and the distinction 

between soluble and insoluble forms of chromium(VI) is sometimes necessary.  The quantification of 

soluble and insoluble chromium is done by determining chromium concentrations in aqueous filtered and 

unfiltered samples.  However, soluble chromium(VI) may be reduced to chromium(III) on filtering media, 

particularly at low concentrations, and under acidic conditions.  Teflon® filter and alkaline solution are 

most suitable to prevent this reduction (Sawatari 1986).  Routine analytical methods are not available that 

can quantify the concentration of both chromium(VI) and chromium(III) in air samples when present at a 

total concentration of <1 μg/m3 (EPA 1990a), although two methods described in Table 7-2 can determine 

chromium(VI) concentrations alone in air at a minimum detection limit of 0.1 ng/m3 for a 20-m3 sample 

(CARB 1990). 

As in the case of biological samples, contamination and chromium loss in environmental samples during 

sample collection, storage, and pretreatment should be avoided.  Chromium loss from aqueous samples 
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Table 7-2. Analytical Methods for Determining Chromium in Environmental
 
Samples
 

Sample Analytical Sample Percent 
matrix Preparation method method detection limit recovery Reference 
Air (total 
chromium) 

Air (total 
chromium) 

Air (total 
chromium) 

Air (total 
chromium) 

Air (total 
chromium) 

Air 
(chromium(VI)) 

Air 
(chromium(VI)) 

Occupational 
air (welding 
fumes) 

Air particulate matter 
collected on filter is cut 
out and irradiated with 
X-ray photons 
The collected 
particulates in filter 
dissolved in HNO3, dried 
and redissolved in 
acidified water 
Particulate matter 
collected on cellulose 
ester filter, digested with 
aqua regia 
Air particulate collected 
on cellulose ester filter, 
wet wash with HCI/HNO3 

Sample collected on 
cellulose ester 
membrane filter 
dissolved in acid 
mixtures 
Sample collected on 
sodium carbonate-
impregnated cellulose 
filter leached with 
sodium bicarbonate 
Sample collected in 
filters containing sodium 
bicarbonate buffer at 
15 L/minute 
The particular matter on 
filter wet ashed with 
H2SO4 and chromium(III) 
oxidized to 
chromium(VI) by 
addition of Na2O2; the 
centifuged solution was 
acidified with HCl and 
reduced to chromium(III) 
by SO2; the solution was 
complexed with 
β-isoproyl tropolone in 
CHCl3 

XRF 

ICP-AES 

ICP-AES 

Flame 
atomic 
absorption 
ICP-AES 

Ion 
chromato
graphy/ 
coulometric 

Ion 
chromato
graphy/ 
coulometric 
HPLC-UV 

0.017 μg/m3	 No data 

0.05–0.2 ng/m3 No data 

1 μg/m3	 87–102% at 
0.5–100 μg 

0.06 μg/sample 98% at 45– 
90 μg/sample 

1 μg/sample	 98% at 
2.5 μg/filter 

0.1 ng/m3 for 89–99% at 
20 m3 sample 100 ng 

0.01 ng/m3 for 94% 
20 m3 sample 

10 pg	 No data 

Wiersema et al. 
1984 

Barrie and Hoff 
1985 

Lo and Arai 1988 

NIOSH 1994c 
(Method 7024) 

NIOSH 1994d 
(Method 7300) 

CARB 1990 

Sheehan et al. 
1992 

Maiti and Desai 
1986 
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7. ANALYTICAL METHODS 

Table 7-2. Analytical Methods for Determining Chromium in Environmental
 
Samples
 

Sample Analytical Sample Percent 
matrix Preparation method method detection limit recovery Reference 
Occupational 
air (chromium 
(VI)) 
Welding fumes 
(total 
chromium(VI)) 

Welding fumes 
(total 
chromium(VI)) 

Simultaneous 
determination 
of 
chromium(III) 
and 
chromium(VI) 
in water extract 
from metal 
fumes 

Atmospheric 
deposition 
(snow); 
determination 
in soluble 
(chromium(VI)) 
and particulate 
(chromium(III)) 
part 

Extract with 0.05 M 
(NH4)2SO4–0.5 M 
(NH4)2SO4.1 M NH3. 
Air particulate collected 
on PVC filter is extracted 
with hot 3% Na2CO3 and 
2% NaOH, acidified with 
H2SO4 and complexed 
with diphenyl carbazide 
Air particulate collected 
on PVC filter, extracted 
with H2SO4 and 
complexed with 
diphenylcarbazide 

Sample solution at pH 5 
reacted with disodium 
ethylenediamine 
tetraacetic acid at 50 °C 
for 1 hour 

The melted snow filtered 
through Nucleopore 
filter; the filtrate acidified 
with HNO3; and dried by 
freeze-drier; residue 
dissolved in HNO3; this 
preconcentrated solution 
placed in plastic tubes; 
both plastic tube and 
Nucleopore filter 
irradiated with protons 
Either the above 
Nucleopore filter or the 
preconcentrated liquid 
placed in plastic vial is 
irradiated by thermal 
neutron 

FIA-UV/VIS 

Spectro
photometry 
at 540 nm 

Chromato
graphy at 
540 nm 
Spectro
photometry 
at 540 nm 
HPLC on 
anion 
exchange 
column with 
Na2CO3 
eluting 
solution and 
simultan
eous UV 
and AAS 
detection 
PIXE 

INAA 

0.11 ng	 >90% Wang et al. 
1997a 

0.05 μg/sample No data NIOSH 1994e 
(Method 7600); 
Zatka 1985 

3.5 μg/sample No data NIOSH 1994f 
(Method 7604) 

0.2 ng by 95–105% at Suzuki and 
UV for 0.002–2.0 μg Serita 1985 
chromium(VI) 
2.0 ng by UV 
5.0 ng by AAS 
for chromium 
(IV) 5 ng by 
AAS for 
chromium (III) 

2 μg/L (soluble No data Jervis et al. 
portion) 1983; 
26 μg/L (snow Landsberger et 
particle) al. 1983 

5 μg/L (soluble No data Jervis et al. 
portion) 1983; 
115 μg/g (snow Landsberger et 
particle) al. 1983 
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CHROMIUM	 390 

7. ANALYTICAL METHODS 

Table 7-2. Analytical Methods for Determining Chromium in Environmental
 
Samples
 

Sample Analytical Sample Percent 
matrix Preparation method method detection limit recovery Reference 
Drinking water, Complex chromium(VI) Furnace 2.3 μg/L No data EPA 1983c 
surface water, in water with APDC at AAS (Method 218.5) 
and certain pH 2.4 and extracted 
domestic and with MIBK 
industrial 
effluents 
(dissolved 
chromium(VI)) 
Drinking water, Buffer solution Ion 0.3 μg/L 100% at EPA 1996a 
groundwater introduced into ion chromato- 100 μg/L (Method 7199) 
and water chromatograph.  graphy 
effluents Derivitized with spectro
(chromium(VI)) dipenylcarbazide photometry 

at 530 mm 
Waste water Buffered sample mixed DPPA at 30 μg/L 90% at Harzdorf and 
and industrial with AlCl3 and the pH 10–12 0.2 mg/L Janser 1984 
effluent for precipitate separated by 
chromium(VI) centrifugation or filtration 
only 
Waste water Sample mixed with a Spectro- Lower than No data Qi and Zhu 1986 
1986	 masking agent and photometry diphenyl
(chromium(VI))	 cetyltrimethyl- at 583 nm carbazone 

ammonium bromide method 
solution at pH 4.7B6.6, 
heated in water bath at 
50 C for 10 minutes 

Water (total	 Calcium nitrate added to GFAAS or 1.0 μg/L 97–101% at EPA 1983a, 
chromium)	 water and chromium is ICP/AES (GFAAS) 19–77 μg/L 1986a (Method 

converted to 7.0 μg/L 218.2 and 7191) 
chromium(III) by 
acidified H2O2 

Industrial Digest with nitric ICP-AES 4.7 μg/L 101% at EPA 1996b 
wastes, soils, acid/hydrogen peroxide 3.75 mg/L (Method 6010b) 
sludges, 
sediments, and 
other solid 
wastes (total 
chromium) 
Oil wastes, Dissolve in xylene or AAS or 0.05 mg/L 107% at EPA 1986b 
oils, greases, methyl isobutyl ketone GFAAS 15 μg/L (Method 7190) 
waxes, crude 
oil (soluble 
chromium) 
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CHROMIUM 391 

7. ANALYTICAL METHODS 

Table 7-2. Analytical Methods for Determining Chromium in Environmental
 
Samples
 

Sample Analytical Sample Percent 
matrix Preparation method method detection limit recovery Reference 
Groundwater, Chromium(VI) is AAS or 0.05 mg/L 93–96% at EPA 1986c 
domestic and coprecipitated with lead GFAAS (AAS) 2.3 μg/L 40 μg/L (Method 7195) 
industrial waste sulfate, reduced, and (GFAAS) 
(chromium[VI]) resolubilized in nitric 

acid 
Groundwater- Chelation with AAS No data 96% at EPA 1983b, 
EP extract, ammonium pyrrolidine 50 μg/L 1986d (Method 
domestic, and dithiocarbonate and 218.4 and 7197) 
industrial waste extraction with methyl 
(chromium[VI]) isobutyl ketone 
Water, waste Direct DPPA 10 μg/L 93% at 5 mg/L EPA 1986e 
water, and EP (Method 7198) 
extracts 
(chromium(VI)) 
Soil, sediment Acid digestion extraction AAS No data 85–115% Ayyamperumal 
and sludges using HNO3 2006; Oygard et 
(chromium(VI)) al. 2004 

AAS=atomic absorption spectrophotometry; AlCl3=aluminum chloride; APDC=ammonium pyrrolidine dithiocarbonate; 
CHCl3=chloroform; DPPA=differential pulse polarographic analysis; EAAS=electrothermal atomic absorption 
spectrometry; EP=extraction procedure (for toxicity testing); FIA/uv/vis=flow injection analysis-ultraviolet/visible 
spectroscopy; GFAAS=graphite furnace atomic absorption spectrometry; H2SO4=sulfuric acid; HCI=hydrochloric 
acid; HNO3=nitric acid; HPLC=high pressure liquid chromatography; ICP-AES=inductively coupled plasma-atomic 
emission spectrometry; INAA=instrumental neutron activation analysis; MIBK=methylisobutyl ketone; Na2O2=sodium 
peroxide; NaOH=sodium hydroxide; Na2CO3=sodium carbonate; (NH4)2SO4=ammonium sulfate; NH3=ammonia; 
PIXE=proton-induced X-ray emission spectrometry; SO2=sulfur dioxide; UV=ultraviolet; XRF=X-ray fluorescence 
analysis 
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CHROMIUM 392 

7. ANALYTICAL METHODS 

due to adsorption on storage containers should be avoided by using polyethylene or similar containers and 

acidifying the solution to the proper pH.  

7.3  ADEQUACY OF THE DATABASE 

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the 

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 

adequate information on the health effects of  chromium compounds is available. Where adequate 

information is not available, ATSDR, in conjunction with NTP, is required to assure the initiation of a 

program of research designed to determine the health effects (and techniques for developing methods to 

determine such health effects) of chromium compounds. 

The following categories of possible data needs have been identified by a joint team of scientists from 

ATSDR, NTP, and EPA.  They are defined as substance-specific informational needs that if met would 

reduce the uncertainties of human health assessment.  This definition should not be interpreted to mean 

that all data needs discussed in this section must be filled.  In the future, the identified data needs will be 

evaluated and prioritized, and a substance-specific research agenda will be proposed. 

7.3.1 Identification of Data Needs 

Methods for Determining Biomarkers of Exposure and Effect. There are studies correlating 

chromium in urine (Cocker et al. 2007; Gylseth et al. 1977; Kilburn et al. 1990; Lindberg and Vesterberg 

1983a; McAughey et al. 1988; Minoia and Cavalleri 1988; Mutti et al. 1985b; Sjogren et al. 1983; Tola et 

al. 1977), blood (Kilburn et al. 1990; Lewalter et al. 1985; McAughey et al. 1988; Wiegand et al. 1988), 

hair (Randall and Gibson 1987, 1989; Takagi et al. 1986), hair in children (Chiba et al. 2004), nails 

(Takagi et al. 1988), and erythrocytes (Lukanova et al. 1996) to occupational exposure levels.  Since 

chromium is an essential element, levels of chromium compounds have to be relatively high in humans 

before they signify an increase due to exposure.  Hair has been useful in determining chronic occupational 

exposure to chromium in high concentrations (Randall and Gibson 1989), although the utility of this 

method for detecting prior exposures has a limited timespan of months (Simpson and Gibson 1992).  

Analytical methods to detect chromium concentrations in urine (Randall and Gibson 1987), whole blood 

(Case et al. 2001; Dube 1988; Fahrni 2007), serum/plasma (Simonoff et al. 1984), and tissue (Fahrni 

2007; Liu et al. 1994) have been reported.  Generally, the detection limits are in the sub ppb to ppb range, 

and recoveries are good (>70%).  
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CHROMIUM 393 

7. ANALYTICAL METHODS 

Chromium induced DNA-protein complexes were prepared as a biomarker of exposure, as discussed in 

Section 3.12.2.  These complexes can be detected by potassium chloride-sodium dodecyl sulfate mediated 

precipitation.  These methods have a number of inherent limitations including tedious methodology and 

being subject to considerable interindividual and interlaboratory variations (Singh et al. 1998b).  Only one 

study has attempted to utilize this biomarker, and it was found that volunteers exposed to chromium in 

drinking water showed no increase in protein-DNA crosslinking in blood cells (Kuykendall et al. 1996).  

This suggests that this procedure may not be sensitive enough for use in environmental monitoring unless 

an individual has received a potentially toxic level of exposure.  In addition, chromium forms chromium-

DNA complexes inside of cells, and these complexes constitute a potential biomarker for the assessment 

of environmental or occupational exposure.  A novel method has been described for the sensitive 

detection of chromium-DNA adducts using inductively coupled plasma mass spectrometry (Singh et al. 

1998b). The detection limits of this method are in the parts per trillion range and allow for the detection 

of as few as 2 chromium adducts per 10,000 bases, which coupled with the low DNA sample 

requirements, make this method sensitive enough to measure background levels in the population.  There 

are no data to determine whether there are age-specific biomarkers of exposure or effects or any 

interactions with other chemicals that would be specific for children.   

Methods for Determining Parent Compounds and Degradation Products in Environmental 
Media. Methods are available and in use for detecting chromium in air, water, and soil environments.  

Air contaminated with chromium(VI), particularly in occupational settings, is of great concern.  Methods 

have been developed that can determine low levels of total chromium and chromium(VI) in the air, with 

detection limits in the ng/m3 range and excellent recoveries (90% or better) (Ashley et al. 2003; Barrie 

and Hoff 1985; CARB 1990; NIOSH 1994c, 1994d; Sheehan et al. 1992).  These methods are sufficient 

to determine background chromium levels in the environment and levels at which health effects may 

occur.  Chromium can be detected in water at concentrations in the ppb range (Abu-Saba and Flegal 1997; 

EPA 1983a, 1996a; Harzdorf and Janser 1984 Parks et al. 2004) and household and bottled drinking water 

(Al-Saleh and Al-Doush 1998), with recoveries of ≥90% being reported in some studies.  In addition, 

there are also methods that can differentiate chromium(VI) from chromium(III) in water samples (EPA 

1986c).  A reliable analytical method for extracting and quantifying chromium, including chromium(VI), 

from soil surfaces has also been reported (Ayyamperumal et al. 2006; Oygard et al. 2004).  Analytical 

methods exist that are sufficient for measuring background levels of chromium in soil (Ayyamperumal et 

al. 2006; EPA 1996b; Finley and Paustenbach 1997; Oygard et al. 2004) and water (EPA 1983a, 1983b, 

1983c, 1986a, 1996a; Finley and Paustenbach 1997) and also water samples collected from various 

geological sites of interest (Gonzalez et al. 2005; Parks et al. 2004). 
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CHROMIUM 394 

7. ANALYTICAL METHODS 

7.3.2 Ongoing Studies 

Analytical methods for the detection of chromium compounds at increasingly lower concentrations are 

currently under development.  Targeted areas of interest include air, water, and soil monitoring, with 

special emphasis being placed on populations considered vulnerable or potentially at risk, such as 

children and occupational workers.  Additionally, more reliable methods to separate chromium(III) 

analysis from chromium(VI) analysis in collected samples is a source of interest and active research. 
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CHROMIUM 395 

8. REGULATIONS, ADVISORIES, AND GUIDELINES
 

MRLs are substance specific estimates, which are intended to serve as screening levels, are used by 

ATSDR health assessors and other responders to identify contaminants and potential health effects that 

may be of concern at hazardous waste sites. 

An MRL of 5x10-6 mg chromium(VI)/m3 has been derived for intermediate- and chronic-duration 

inhalation exposure to chromium(VI) as chromium trioxide mist and other dissolved hexavalent 

chromium aerosols and mists.  The MRL is based on a LOAEL of 0.002 mg chromium(VI)/m3 for upper 

respiratory effects in humans in the occupational exposure study by Lindberg and Hedenstierna (1983), 

which spanned both intermediate and chronic durations. 

An MRL of 0.0003 mg chromium(VI)/m3 has been derived for intermediate-duration inhalation exposure 

to chromium(VI) as particulate hexavalent chromium compounds.  The MRL is based on a benchmark 

concentration of 0.016 mg chromium(VI)/m3 for increases in lactate dehydrogenase activity in 

bronchiolavage fluid from rats in the study by Glaser et al. (1990). 

An MRL of 0.005 mg chromium(VI)/kg/day has been derived for intermediate-duration oral exposure to 

hexavalent chromium compounds for hematological effects (e.g., microcytic, hypochromic anemia) in 

rats using data from a study by NTP (2008a). Because several hematological parameters are used to 

define the clinical picture of anemia, the MRL is based on the average BMDL2sd values for hemoglobin, 

MCV, and MCH of 0.52 mg chromium(VI)/kg/day.  

An MRL of 0.001 mg chromium(VI)/kg/day has been derived for chronic-duration oral exposure to 

hexavalent chromium compounds.  The MRL is based on a benchmark dose of 0.09 mg 

chromium(VI)/kg/day for diffuse epithelial hyperplasia of the duodenum in mice in a study by NTP 

(2008a). 

An MRL of 0.005 mg chromium(III)/m3 has been derived for intermediate-duration inhalation exposure 

to insoluble trivalent chromium particulate compounds.  The MRL is based on a minimal LOAEL of 

3 mg chromium(III)/m3 for trace-to-mild septal cell hyperplasia and chronic interstitial inflammation of 

the lung in rats in the study by Derelanko et al. (1999). 
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CHROMIUM 396 

8. REGULATIONS, ADVISORIES, AND GUIDELINES 

An MRL of 0.0001 mg chromium(III)/m3 has been derived for intermediate-duration inhalation exposure 

to soluble trivalent chromium particulate compounds. The MRL is based on a LOAEL of 3 mg 

chromium(III)/m3 for nasal and larynx lesions in rats in the study by Derelanko et al. (1999). 

A chronic oral reference dose (RfD) of 0.003 mg chromium(VI)/kg/day has been derived and verified by 

EPA for soluble salts of chromium(VI) (e.g., potassium chromate, sodium chromate, potassium 

dichromate, and sodium dichromate) (IRIS 2008).  The RfD is based on a NOAEL for systemic effects in 

rats exposed to 2.5 mg chromium(VI)/kg/day as potassium chromate in the drinking water for 1 year in 

the study by MacKenzie et al. (1958). 

A chronic inhalation RfC of 0.008 μg chromium(VI)/m3 has been derived and verified by EPA for 

chromic acid mists and dissolved chromium(VI) aerosols (IRIS 2008).  The RfC is based on a LOAEL for 

nasal septum atrophy in workers exposed to 0.002 mg chromium(VI)/m3 (Lindberg and Hedenstierna 

1983). 

A chronic inhalation RfC of 0.0001 mg chromium(VI)/m3 has been derived and verified by EPA for 

chromium(VI) particulates (IRIS 2008).  The RfC is based on a benchmark concentration of 0.016 mg 

chromium(VI)/m3 derived from data for lactate dehydrogenase activity in bronchoalveolar lavage fluid in 

rats exposed to sodium dichromate (Glaser et al. 1990).   

A chronic oral RfD of 1.5 mg chromium(III)/kg/day has been derived and verified by EPA for insoluble 

salts of chromium(III) (e.g., chromium oxide and chromium sulfate) (IRIS 2008).  The RfD is based on a 

NOAEL for systemic effects in rats fed 1,800 mg chromium(III)/kg/day for 5 days/week for 600 feedings 

(840 total days) in the study by Ivankovic and Preussmann (1975).  EPA has determined that the data are 

inadequate for the development of an RfC for chromium(III) due to the lack of relevant toxicity study 

addressing the respiratory effects of chromium(III) (IRIS 2008). 

The Institute of Medicine (IOM) of the National Academy of Sciences (NAS) determined an adequate 

intake (e.g., a level typically consumed by healthy individuals) of 20–45 µg chromium(III)/day for 

adolescents and adults (IOM 2001) 

The international and national regulations, advisories, and guidelines regarding chromium in air, water, 

and other media are summarized in Table 8-1.  
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CHROMIUM 397 

8. REGULATIONS, ADVISORIES, AND GUIDELINES 

Table 8-1. Regulations and Guidelines Applicable to Chromium 

Agency Description Information Reference 
INTERNATIONAL 
Guidelines: 

IARC Carcinogenicity classification IARC 2008 
Chromium, metallic Group 3a 

Chromium (III) compounds 
Chromium (VI) 

Group 3a 

Group 1b 

WHO Air quality guidelines 
Chromium (VI) 1 µg/m3 for a lifetime 

risk of 4x10-2 

WHO 2000 

Drinking water quality guidelines WHO 2004 
Chromium (for total chromium) 0.05 mg/Lc 

NATIONAL 
Regulations and 
Guidelines: 
a. Air 

ACGIH TLV (8-hour TWA) 
Calcium chromate (as Cr) 0.001 mg/m3 

ACGIH 2007 

Chromium and inorganic 
compounds (as Cr) 

Metal and chromium (III) 
compounds 
Water-soluble chromium (VI) 
compounds 
Insoluble chromium (VI) 
compounds 

0.5 mg/m3 

0.05 mg/m3 

0.01 mg/m3 

Lead chromate 
As Pb 
As Cr 

Strontium chromate (as Cr) 
Zinc chromates (as Cr) 

0.05 mg/m3 

0.012 mg/m3 

0.0005 mg/m3 

0.01 mg/m3 

TLV basis (critical effects) 
Calcium chromate (as Cr) Lung cancer 
Chromium 

Metal and chromium (III) 
compounds 

Upper respiratory tract 
and skin irritation 

Water-soluble chromium (VI) 
compounds 

Upper respiratory tract 
irritation and cancer 

Insoluble chromium (VI) 
compounds 

Lung cancer 
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CHROMIUM	 398 

8. REGULATIONS, ADVISORIES, AND GUIDELINES 

Table 8-1. Regulations and Guidelines Applicable to Chromium 

Agency Description	 Information Reference 
NATIONAL (cont.) 

ACGIH TLV basis (critical effects) ACGIH 2007 
Lead chromate Male reproductive 

damage, teratogenic As Pb 
effects, and vasocon-As Cr striction 

Strontium chromate (as Cr) Cancer 
Zinc chromates (as Cr) Nasal cancer 

EPA AEGL-1, -2, and -3 No data EPA 2007a
 

Second list of AEGL priority EPA 2008a
 
chemicals for guideline development
 

Chromium (III) chloride Yes
 

Hazardous air pollutant EPA 2007b
 
42 USC 7412
 Chromium compounds Yes
 

NIOSH REL (8-hour TWA) NIOSH 2005
 

Chromium, metal, chromium (II), 0.5 mg/m3
 

and chromium (III) compounds
 

REL (10-hour TWA)
 
Chromium (VI) trioxide (as Cr)d,e 0.001 mg/m3
 

IDLH 
Chromium, metal (as Cr) 250 mg/m3 

Chromium (VI) trioxide (as 15 mg/m3 

chromium [VI])e 

Target organs 
Chromium, metal Eyes, skin, and 

respiratory system 
Chromium (VI) trioxide Blood, respiratory 

system, liver, kidneys, 
eyes, and skin 

Category of pesticides NIOSH 1992 
Potassium chromate Group 1 pesticide 
Potassium dichromate Group 1 pesticide 
Sodium chromate Group 1 pesticide 

OSHA PEL (8-hour TWA) for general OSHA 2007a 
industry (ceiling limit) 29 CFR 1910.1000, 

Table Z-2 
Chromium (II) compounds (as Cr) 0.5 mg/m3 

Chromium (III) compounds (as Cr) 0.5 mg/m3
 

Chromium metal and insoluble salt 1.0 mg/m3 ,
 
(as Cr)
 
Chromium (VI) compounds 5 μg/m3	 OSHA 2007d 

29 CFR 1910.1026 

***DRAFT FOR PUBLIC COMMENT*** 



   
 

   
 
 

 
 
 
 

  

  
 

    
     

 
  

  
  

      
       
    

  
   

     
  

  
  

  
  

 
      
      
    

  
   

     
  

    
   

 
  

  
   

    
    
    
    
    
 

 
  

    
    

 
 

   
 

 

     
     
  

 
  

    
      
      

CHROMIUM 

8. REGULATIONS, ADVISORIES, AND GUIDELINES 

399 

Agency 

Table 8-1. Regulations and Guidelines Applicable to Chromium 

Description Information Reference 
NATIONAL (cont.) 

PEL (8-hour TWA) for shipyard OSHA 2007c 
industry (ceiling limit) 29 CFR 1915.1000 

Chromium (II) compounds (as Cr) 0.5 mg/m3 

Chromium (III) compounds (as Cr) 0.5 mg/m3 

Chromium metal and insoluble salt 1.0 mg/m3 

(as Cr) 
Chromium (VI) compounds 0.5 μg/m3 OSHA 2007e 

29 CFR 1915.1026 
OSHA PEL (8-hour TWA) for construction 

industry (ceiling limit) 
OSHA 2007b 
29 CFR 1926.55, 
Appendix A 

Chromium (II) compounds (as Cr) 0.5 mg/m3 

Chromium (III) compounds (as Cr) 0.5 mg/m3 
Chromium metal and insoluble salt 1.0 mg/m3 

(as Cr) 
Chromium (VI) compounds 0.5 μg/m3 OSHA 2007f 

29 CFR 1926.1126 
b. Water 

EPA Designated as hazardous substances EPA 2008b 
in accordance with Section 40 CFR 116.4 
311(b)(2)(A) of the Clean Water Act 

Ammonium dichromate Yes 
Calcium chromate Yes 
Chromium (III) sulfate Yes 
Potassium chromate Yes 
Strontium chromate Yes 

Drinking water standards and health EPA 2006a 
advisories 

Chromium (total) 
1-day health advisory for a 1 mg/L 
10-kg child 
10-day health advisory for a 1 mg/L 
10-kg child 
DWEL 0.1 mg/L 
Lifetime No data 

National secondary drinking water EPA 2003 
standards 

Chromium (total) 
MCL 0.1 mg/L 
Public health goal 0.1 mg/L 
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CHROMIUM	 400 

8. REGULATIONS, ADVISORIES, AND GUIDELINES 

Table 8-1. Regulations and Guidelines Applicable to Chromium 

Agency Description	 Information Reference 
NATIONAL (cont.) 

National recommended water quality No data EPA 2006b 
criteriag 

Chromium (III) 
Freshwater CMC 570 μg/L 
Freshwater CCC 74 μg/L 

Chromium (VI) 
Freshwater CMC 16 μg/L 
Freshwater CCC 11 μg/L 
Saltwater CMC 1,100 μg/L 
Saltwater CCC 50 μg/L 

EPA	 Toxic pollutants designated pursuant EPA 2008i 
to Section 307(a)(1) of the Clean 40 CFR 401.15 
Water Act 

Chromium and compounds Yes 
Reportable quantities of hazardous EPA 2008c 
substances  designated pursuant to 40 CFR 117.3 
Section 311 of the Clean Water Act 

Chromium (III) sulfate 100 pounds 
Potassium chromate 10 pounds 
Strontium chromate 10 pounds 

c. Food 
EPA Inert ingredients permitted for use in EPA 2008e 

nonfood use pesticide products 
Chromium (III) oxide Yes 
Sodium chromate Yes 

FDA	 Bottled drinking water FDA 2007a 
21 CFR 165.110 Chromium 0.1 mg/L 

EAFUSh No data FDA 2008 
Indirect food additives: adhesives FDA 2007b 
and components of coatings 21 CFR 175.105 

Sodium chromate Yes 
Recommended daily intake FDA 2007c 

21 CFR 101.9 Chromium	 120 μg 
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CHROMIUM 401 

8. REGULATIONS, ADVISORIES, AND GUIDELINES 

Table 8-1. Regulations and Guidelines Applicable to Chromium 

Agency Description Information Reference 
NATIONAL (cont.) 

d. Other 
ACGIH Carcinogenicity classification ACGIH 2007 

Calcium chromate (as Cr) A2i 

Chromium 
Metal and chromium (III) A4j 

compounds 
Water-soluble chromium (VI) A1k 

compounds 
Insoluble chromium (VI) A1k 

compounds 
Lead chromate 

As Pb A2i 

As Cr A2i 

Strontium chromate (as Cr) A2i 

Zinc chromates (as Cr) A1k 

ACGIH Biological exposure indices ACGIH 2007 
Chromium 

Water-soluble chromium (VI) 
fume 

Total chromium in urine at 25 μg/L 
end of shift at end of 
workweek 
Total chromium in urine 10 μg/L 
increase during shift 

EPA Carcinogenicity classification IRIS 2008 
Chromium(III), insoluble salts Group Dl 

Chromium (VI) 
Inhalation route of exposure Group Am
 

Oral route of exposure Group Dl
 

RfC 
Chromium(III), insoluble salts Not available 
Chromium (VI) 

Chromic acid mists and 8x10-6 mg/m3 

dissolved Cr (VI) aerosols 
Cr(VI) particulates 1x10-4 mg/m3 

RfD 
Chromium(III), insoluble salts 1.5 mg/kg/day 
Chromium (VI) 3x10-3 mg/kg/day 

Master Testing List Yesn EPA 2008f 
RCRA waste minimization PBT EPA 1998c 
priority chemical list 63 FR 60332 

Chromium Yes 
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CHROMIUM 402 

8. REGULATIONS, ADVISORIES, AND GUIDELINES 

Table 8-1. Regulations and Guidelines Applicable to Chromium 

Agency Description Information Reference 
NATIONAL (cont.) 

Standards for owners and operators EPA 2008d 
of hazardous waste TSD facilities; 40 CFR 264, 
groundwater monitoring list Appendix IX 

Chromium (total) Yes 
Superfund, emergency planning, and 
community right-to-know 

Designated CERCLA hazardous EPA 2008j 
substance 40 CFR 302.4 

Ammonium dichromate Yeso 

Yeso,p Calcium chromate 
Chromium Yesq 

Chromium and compounds Yesr 

Chromium (III) sulfate Yeso 

Potassium chromate Yeso 

Strontium chromate Yeso 

EPA Superfund, emergency planning, and 
community right-to-know 

Reportable quantity EPA 2008j 
40 CFR 302.4 Ammonium dichromate 10 pounds 

Chromium 5,000 pounds 
Calcium chromate 10 pounds 
Chromium and compounds Nones 

Chromium (III) sulfate 1,000 pounds 
Potassium chromate 10 pounds 
Strontium chromate 10 pounds 

Effective date of toxic chemical EPA 2008h 
release reporting 40 CFR 372.65 

Chromium 01/01/1987 
Extremely Hazardous Substances EPA 2008g 

40 CFR 355, Chromium (III) chloride 
Appendix A Reportable quantity 1 pound 

Threshold planning quantity 1,000 pounds 
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8. REGULATIONS, ADVISORIES, AND GUIDELINES 

Table 8-1. Regulations and Guidelines Applicable to Chromium 

Agency Description Information Reference 
NATIONAL (cont.) 

NTP Carcinogenicity classification NTP 2005 
Chromium (VI) compounds Known to be human 

carcinogens Calcium chromate 
Chromium (VI) trioxide 
Ferrochromite 
Lead chromate 
Strontium chromate 
Zinc chromate 

aGroup 3:  The agent is not classifiable as to its carcinogenicity to humans.
 
bGroup 1: The agent is carcinogenic to humans.
 
cProvisional guideline value, as there is evidence of a hazard, but the available information on health effects is 

limited.
 
dThe NIOSH REL (10-hour TWA) is 0.001 mg Cr(VI)/m3 for all hexavalent chromium (Cr[(VI]) compounds.  NIOSH 

considers all chromium (VI) compounds (including chromic acid, tert-butyl chromate, zinc chromate, and chromyl
 
chloride) to be potential occupational carcinogens.

eNIOSH potential occupational carcinogen.
 
fGroup 1 pesticides: contains the pesticides that pose a significant risk of adverse acute health effects at low
 
concentrations.
 
gThe CMC is an estimate of the highest concentration of a material in surface water to which an aquatic
 
community can be exposed briefly without resulting in an unacceptable effect.  The CCC is an estimate of the 

highest concentration of a material in surface water to which an aquatic community can be exposed indefinitely
 
without resulting in an unacceptable effect.

hThe EAFUS list of substances contains ingredients added directly to food that FDA has either approved as food 

additives or listed or affirmed as GRAS.
 
iA2:  Suspected human carcinogen.
 
jA4:  Not classifiable as a human carcinogen.
 
kA1:  Confirmed human carcinogen.
 
lGroup D:  not classified as to its human carcinogenicity.
 
mGroup A:  known human carcinogen by the inhalation route of exposure.
 
nChromium was recommended to the MTL by ATSDR in 1994 and the testing needs development is currently
 
underway.  The testing needs include acute toxicity, neurotoxicity, reproductive, and immunotoxicity health effects.
 
oDesignated CERCLA hazardous substance pursuant to Section 311(b)(2) of the Clean Water Act.

pDesignated CERCLA hazardous substance pursuant to Section 3001 of the Resource Conservation and 

Recovery Act.

qDesignated CERCLA hazardous substance pursuant to Section 307(a) of the Clean Water.
 
rDesignated CERCLA hazardous substance pursuant to Section 307(a) of the Clean Water Act and Section 112 of
 
the Clean Air Act.
 
sIndicates that no reportable quantity is being assigned to the generic or broad class.
 

ACGIH = American Conference of Governmental Industrial Hygienists; AEGL = acute exposure guideline levels;
 
CCC = Criterion Continuous Concentration; CERCLA = Comprehensive Environmental Response, Compensation,
 
and Liability Act; CFR = Code of Federal Regulations; CMC = Criteria Maximum Concentration; DWEL = drinking
 
water equivalent level; EAFUS = Everything Added to Food in the United States; EPA = Environmental Protection 

Agency; FDA = Food and Drug Administration; FR = Federal Register; GRAS = Generally Recognized As Safe;
 
IARC = International Agency for Research on Cancer; IDLH = immediately dangerous to life or health;
 
IRIS = Integrated Risk Information System; MTL = Master Testing List; NIOSH = National Institute for
 
Occupational Safety and Health; NTP = National Toxicology Program; OSHA = Occupational Safety and Health 

Administration; PBT = persistant, bioacumulative, and toxic; PEL = permissible exposure limit; RCRA = Resource
 
Concervation and Recovery Act; REL = recommended exposure limit; RfC = inhalation reference concentration;
 
RfD = oral reference dose; TLV = threshold limit values; TSD = transport, storage, and disposal; TWA = time-

weighted average; USC = United States Code; WHO = World Health Organization
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10.  GLOSSARY
 

Absorption—The taking up of liquids by solids, or of gases by solids or liquids. 

Acute Exposure—Exposure to a chemical for a duration of 14 days or less, as specified in the 
Toxicological Profiles. 

Adsorption—The adhesion in an extremely thin layer of molecules (as of gases, solutes, or liquids) to the 
surfaces of solid bodies or liquids with which they are in contact. 

Adsorption Coefficient (Koc)—The ratio of the amount of a chemical adsorbed per unit weight of 
organic carbon in the soil or sediment to the concentration of the chemical in solution at equilibrium. 

Adsorption Ratio (Kd)—The amount of a chemical adsorbed by sediment or soil (i.e., the solid phase) 
divided by the amount of chemical in the solution phase, which is in equilibrium with the solid phase, at a 
fixed solid/solution ratio.  It is generally expressed in micrograms of chemical sorbed per gram of soil or 
sediment. 

Benchmark Dose (BMD)—Usually defined as the lower confidence limit on the dose that produces a 
specified magnitude of changes in a specified adverse response.  For example, a BMD10 would be the 
dose at the 95% lower confidence limit on a 10% response, and the benchmark response (BMR) would be 
10%.  The BMD is determined by modeling the dose response curve in the region of the dose response 
relationship where biologically observable data are feasible.   

Benchmark Dose Model—A statistical dose-response model applied to either experimental toxicological 
or epidemiological data to calculate a BMD. 

Bioconcentration Factor (BCF)—The quotient of the concentration of a chemical in aquatic organisms 
at a specific time or during a discrete time period of exposure divided by the concentration in the 
surrounding water at the same time or during the same period. 

Biomarkers—Broadly defined as indicators signaling events in biologic systems or samples. They have 
been classified as markers of exposure, markers of effect, and markers of susceptibility. 

Cancer Effect Level (CEL)—The lowest dose of chemical in a study, or group of studies, that produces 
significant increases in the incidence of cancer (or tumors) between the exposed population and its 
appropriate control. 

Carcinogen—A chemical capable of inducing cancer. 

Case-Control Study—A type of epidemiological study that examines the relationship between a 
particular outcome (disease or condition) and a variety of potential causative agents (such as toxic 
chemicals).  In a case-controlled study, a group of people with a specified and well-defined outcome is 
identified and compared to a similar group of people without outcome. 

Case Report—Describes a single individual with a particular disease or exposure.  These may suggest 
some potential topics for scientific research, but are not actual research studies. 

***DRAFT FOR PUBLIC COMMENT*** 



   
 

  
 
 

 
 
 
 

  

  
 

 
 

   
 

 
      

     
 

 
 

   
    

 
   

 
 

 
 

  
 

 
  

 
 

   
    

  
 

 
  

  
 

 
 

 
 

    
  

  
 

   
 

 

 
 

 

CHROMIUM 514 

10.  GLOSSARY 

Case Series—Describes the experience of a small number of individuals with the same disease or 
exposure.  These may suggest potential topics for scientific research, but are not actual research studies. 

Ceiling Value—A concentration of a substance that should not be exceeded, even instantaneously. 

Chronic Exposure—Exposure to a chemical for 365 days or more, as specified in the Toxicological 
Profiles. 

Cohort Study—A type of epidemiological study of a specific group or groups of people who have had a 
common insult (e.g., exposure to an agent suspected of causing disease or a common disease) and are 
followed forward from exposure to outcome.  At least one exposed group is compared to one unexposed 
group. 

Cross-sectional Study—A type of epidemiological study of a group or groups of people that examines 
the relationship between exposure and outcome to a chemical or to chemicals at one point in time. 

Data Needs—Substance-specific informational needs that if met would reduce the uncertainties of human 
health assessment. 

Developmental Toxicity—The occurrence of adverse effects on the developing organism that may result 
from exposure to a chemical prior to conception (either parent), during prenatal development, or 
postnatally to the time of sexual maturation.  Adverse developmental effects may be detected at any point 
in the life span of the organism. 

Dose-Response Relationship—The quantitative relationship between the amount of exposure to a 
toxicant and the incidence of the adverse effects. 

Embryotoxicity and Fetotoxicity—Any toxic effect on the conceptus as a result of prenatal exposure to 
a chemical; the distinguishing feature between the two terms is the stage of development during which the 
insult occurs.  The terms, as used here, include malformations and variations, altered growth, and in utero 
death. 

Environmental Protection Agency (EPA) Health Advisory—An estimate of acceptable drinking water 
levels for a chemical substance based on health effects information.  A health advisory is not a legally 
enforceable federal standard, but serves as technical guidance to assist federal, state, and local officials. 

Epidemiology—Refers to the investigation of factors that determine the frequency and distribution of 
disease or other health-related conditions within a defined human population during a specified period.  

Genotoxicity—A specific adverse effect on the genome of living cells that, upon the duplication of 
affected cells, can be expressed as a mutagenic, clastogenic, or carcinogenic event because of specific 
alteration of the molecular structure of the genome. 

Half-life—A measure of rate for the time required to eliminate one half of a quantity of a chemical from 
the body or environmental media. 

Immediately Dangerous to Life or Health (IDLH)—The maximum environmental concentration of a 
contaminant from which one could escape within 30 minutes without any escape-impairing symptoms or 
irreversible health effects. 
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Immunologic Toxicity—The occurrence of adverse effects on the immune system that may result from 
exposure to environmental agents such as chemicals. 

Immunological Effects—Functional changes in the immune response. 

Incidence—The ratio of individuals in a population who develop a specified condition to the total 
number of individuals in that population who could have developed that condition in a specified time 
period. 

Intermediate Exposure—Exposure to a chemical for a duration of 15–364 days, as specified in the 
Toxicological Profiles. 

In Vitro—Isolated from the living organism and artificially maintained, as in a test tube. 

In Vivo—Occurring within the living organism. 

Lethal Concentration(LO) (LCLO)—The lowest concentration of a chemical in air that has been reported 
to have caused death in humans or animals. 

Lethal Concentration(50) (LC50)—A calculated concentration of a chemical in air to which exposure for 
a specific length of time is expected to cause death in 50% of a defined experimental animal population. 

Lethal Dose(LO) (LDLo)—The lowest dose of a chemical introduced by a route other than inhalation that 
has been reported to have caused death in humans or animals. 

Lethal Dose(50) (LD50)—The dose of a chemical that has been calculated to cause death in 50% of a 
defined experimental animal population. 

Lethal Time(50) (LT50)—A calculated period of time within which a specific concentration of a chemical 
is expected to cause death in 50% of a defined experimental animal population. 

Lowest-Observed-Adverse-Effect Level (LOAEL)—The lowest exposure level of chemical in a study, 
or group of studies, that produces statistically or biologically significant increases in frequency or severity 
of adverse effects between the exposed population and its appropriate control. 

Lymphoreticular Effects—Represent morphological effects involving lymphatic tissues such as the 
lymph nodes, spleen, and thymus. 

Malformations—Permanent structural changes that may adversely affect survival, development, or 
function. 

Minimal Risk Level (MRL)—An estimate of daily human exposure to a hazardous substance that is 
likely to be without an appreciable risk of adverse noncancer health effects over a specified route and 
duration of exposure. 

Modifying Factor (MF)—A value (greater than zero) that is applied to the derivation of a Minimal Risk 
Level (MRL) to reflect additional concerns about the database that are not covered by the uncertainty 
factors.  The default value for a MF is 1. 

Morbidity—State of being diseased; morbidity rate is the incidence or prevalence of disease in a specific 
population. 
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Mortality—Death; mortality rate is a measure of the number of deaths in a population during a specified 
interval of time. 

Mutagen—A substance that causes mutations.  A mutation is a change in the DNA sequence of a cell’s 
DNA.  Mutations can lead to birth defects, miscarriages, or cancer. 

Necropsy—The gross examination of the organs and tissues of a dead body to determine the cause of 
death or pathological conditions. 

Neurotoxicity—The occurrence of adverse effects on the nervous system following exposure to a 
chemical. 

No-Observed-Adverse-Effect Level (NOAEL)—The dose of a chemical at which there were no 
statistically or biologically significant increases in frequency or severity of adverse effects seen between 
the exposed population and its appropriate control.  Effects may be produced at this dose, but they are not 
considered to be adverse. 

Octanol-Water Partition Coefficient (Kow)—The equilibrium ratio of the concentrations of a chemical 
in n-octanol and water, in dilute solution. 

Odds Ratio (OR)—A means of measuring the association between an exposure (such as toxic substances 
and a disease or condition) that represents the best estimate of relative risk (risk as a ratio of the incidence 
among subjects exposed to a particular risk factor divided by the incidence among subjects who were not 
exposed to the risk factor).  An OR of greater than 1 is considered to indicate greater risk of disease in the 
exposed group compared to the unexposed group. 

Organophosphate or Organophosphorus Compound—A phosphorus-containing organic compound 
and especially a pesticide that acts by inhibiting cholinesterase. 

Permissible Exposure Limit (PEL)—An Occupational Safety and Health Administration (OSHA) 
allowable exposure level in workplace air averaged over an 8-hour shift of a 40-hour workweek. 

Pesticide—General classification of chemicals specifically developed and produced for use in the control 
of agricultural and public health pests. 

Pharmacokinetics—The dynamic behavior of a material in the body, used to predict the fate 
(disposition) of an exogenous substance in an organism.  Utilizing computational techniques, it provides 
the means of studying the absorption, distribution, metabolism, and excretion of chemicals by the body. 

Pharmacokinetic Model—A set of equations that can be used to describe the time course of a parent 
chemical or metabolite in an animal system.  There are two types of pharmacokinetic models:  data-based 
and physiologically-based.  A data-based model divides the animal system into a series of compartments, 
which, in general, do not represent real, identifiable anatomic regions of the body, whereas the 
physiologically-based model compartments represent real anatomic regions of the body. 

Physiologically Based Pharmacodynamic (PBPD) Model—A type of physiologically based dose-
response model that quantitatively describes the relationship between target tissue dose and toxic end 
points.  These models advance the importance of physiologically based models in that they clearly 
describe the biological effect (response) produced by the system following exposure to an exogenous 
substance. 
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Physiologically Based Pharmacokinetic (PBPK) Model—Comprised of a series of compartments 
representing organs or tissue groups with realistic weights and blood flows. These models require a 
variety of physiological information:  tissue volumes, blood flow rates to tissues, cardiac output, alveolar 
ventilation rates, and possibly membrane permeabilities.  The models also utilize biochemical 
information, such as air/blood partition coefficients, and metabolic parameters.  PBPK models are also 
called biologically based tissue dosimetry models. 

Prevalence—The number of cases of a disease or condition in a population at one point in time. 

Prospective Study—A type of cohort study in which the pertinent observations are made on events 
occurring after the start of the study.  A group is followed over time. 

q1*—The upper-bound estimate of the low-dose slope of the dose-response curve as determined by the 
multistage procedure.  The q1* can be used to calculate an estimate of carcinogenic potency, the 
incremental excess cancer risk per unit of exposure (usually μg/L for water, mg/kg/day for food, and 
μg/m3 for air). 

Recommended Exposure Limit (REL)—A National Institute for Occupational Safety and Health 
(NIOSH) time-weighted average (TWA) concentration for up to a 10-hour workday during a 40-hour 
workweek. 

Reference Concentration (RfC)—An estimate (with uncertainty spanning perhaps an order of 
magnitude) of a continuous inhalation exposure to the human population (including sensitive subgroups) 
that is likely to be without an appreciable risk of deleterious noncancer health effects during a lifetime.  
The inhalation reference concentration is for continuous inhalation exposures and is appropriately 
expressed in units of mg/m3 or ppm. 

Reference Dose (RfD)—An estimate (with uncertainty spanning perhaps an order of magnitude) of the 
daily exposure of the human population to a potential hazard that is likely to be without risk of deleterious 
effects during a lifetime.  The RfD is operationally derived from the no-observed-adverse-effect level 
(NOAEL, from animal and human studies) by a consistent application of uncertainty factors that reflect 
various types of data used to estimate RfDs and an additional modifying factor, which is based on a 
professional judgment of the entire database on the chemical.  The RfDs are not applicable to 
nonthreshold effects such as cancer. 

Reportable Quantity (RQ)—The quantity of a hazardous substance that is considered reportable under 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).  Reportable 
quantities are (1) 1 pound or greater or (2) for selected substances, an amount established by regulation 
either under CERCLA or under Section 311 of the Clean Water Act.  Quantities are measured over a 
24-hour period. 

Reproductive Toxicity—The occurrence of adverse effects on the reproductive system that may result 
from exposure to a chemical.  The toxicity may be directed to the reproductive organs and/or the related 
endocrine system. The manifestation of such toxicity may be noted as alterations in sexual behavior, 
fertility, pregnancy outcomes, or modifications in other functions that are dependent on the integrity of 
this system. 
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Retrospective Study—A type of cohort study based on a group of persons known to have been exposed 
at some time in the past.  Data are collected from routinely recorded events, up to the time the study is 
undertaken.  Retrospective studies are limited to causal factors that can be ascertained from existing 
records and/or examining survivors of the cohort. 

Risk—The possibility or chance that some adverse effect will result from a given exposure to a chemical. 

Risk Factor—An aspect of personal behavior or lifestyle, an environmental exposure, or an inborn or 
inherited characteristic that is associated with an increased occurrence of disease or other health-related 
event or condition. 

Risk Ratio—The ratio of the risk among persons with specific risk factors compared to the risk among 
persons without risk factors.  A risk ratio greater than 1 indicates greater risk of disease in the exposed 
group compared to the unexposed group. 

Short-Term Exposure Limit (STEL)—The American Conference of Governmental Industrial 
Hygienists (ACGIH) maximum concentration to which workers can be exposed for up to 15 minutes 
continually.  No more than four excursions are allowed per day, and there must be at least 60 minutes 
between exposure periods.  The daily Threshold Limit Value-Time Weighted Average (TLV-TWA) may 
not be exceeded. 

Standardized Mortality Ratio (SMR)—A ratio of the observed number of deaths and the expected 
number of deaths in a specific standard population. 

Target Organ Toxicity—This term covers a broad range of adverse effects on target organs or 
physiological systems (e.g., renal, cardiovascular) extending from those arising through a single limited 
exposure to those assumed over a lifetime of exposure to a chemical. 

Teratogen—A chemical that causes structural defects that affect the development of an organism. 

Threshold Limit Value (TLV)—An American Conference of Governmental Industrial Hygienists 
(ACGIH) concentration of a substance to which most workers can be exposed without adverse effect.  
The TLV may be expressed as a Time Weighted Average (TWA), as a Short-Term Exposure Limit 
(STEL), or as a ceiling limit (CL). 

Time-Weighted Average (TWA)—An allowable exposure concentration averaged over a normal 8-hour 
workday or 40-hour workweek. 

Toxic Dose(50) (TD50)—A calculated dose of a chemical, introduced by a route other than inhalation, 
which is expected to cause a specific toxic effect in 50% of a defined experimental animal population. 

Toxicokinetic—The absorption, distribution, and elimination of toxic compounds in the living organism. 
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Uncertainty Factor (UF)—A factor used in operationally deriving the Minimal Risk Level (MRL) or 
Reference Dose (RfD) or Reference Concentration (RfC) from experimental data.  UFs are intended to 
account for (1) the variation in sensitivity among the members of the human population, (2) the 
uncertainty in extrapolating animal data to the case of human, (3) the uncertainty in extrapolating from 
data obtained in a study that is of less than lifetime exposure, and (4) the uncertainty in using lowest
observed-adverse-effect level (LOAEL) data rather than no-observed-adverse-effect level (NOAEL) data.  
A default for each individual UF is 10; if complete certainty in data exists, a value of 1 can be used; 
however, a reduced UF of 3 may be used on a case-by-case basis, 3 being the approximate logarithmic 
average of 10 and 1. 

Xenobiotic—Any chemical that is foreign to the biological system 
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APPENDIX A.  ATSDR MINIMAL RISK LEVELS AND WORKSHEETS 
 

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) [42 U.S.C. 

9601 et seq.], as amended by the Superfund Amendments and Reauthorization Act (SARA) [Pub. L. 99–

499], requires that the Agency for Toxic Substances and Disease Registry (ATSDR) develop jointly with 

the U.S. Environmental Protection Agency (EPA), in order of priority, a list of hazardous substances most 

commonly found at facilities on the CERCLA National Priorities List (NPL); prepare toxicological 

profiles for each substance included on the priority list of hazardous substances; and assure the initiation 

of a research program to fill identified data needs associated with the substances. 

 

The toxicological profiles include an examination, summary, and interpretation of available toxicological 

information and epidemiologic evaluations of a hazardous substance.  During the development of 

toxicological profiles, Minimal Risk Levels (MRLs) are derived when reliable and sufficient data exist to 

identify the target organ(s) of effect or the most sensitive health effect(s) for a specific duration for a 

given route of exposure.  An MRL is an estimate of the daily human exposure to a hazardous substance 

that is likely to be without appreciable risk of adverse noncancer health effects over a specified duration 

of exposure.  MRLs are based on noncancer health effects only and are not based on a consideration of 

cancer effects.  These substance-specific estimates, which are intended to serve as screening levels, are 

used by ATSDR health assessors to identify contaminants and potential health effects that may be of 

concern at hazardous waste sites.  It is important to note that MRLs are not intended to define clean-up or 

action levels. 

 

MRLs are derived for hazardous substances using the no-observed-adverse-effect level/uncertainty factor 

approach.  They are below levels that might cause adverse health effects in the people most sensitive to 

such chemical-induced effects.  MRLs are derived for acute (1–14 days), intermediate (15–364 days), and 

chronic (365 days and longer) durations and for the oral and inhalation routes of exposure.  Currently, 

MRLs for the dermal route of exposure are not derived because ATSDR has not yet identified a method 

suitable for this route of exposure.  MRLs are generally based on the most sensitive chemical-induced end 

point considered to be of relevance to humans.  Serious health effects (such as irreparable damage to the 

liver or kidneys, or birth defects) are not used as a basis for establishing MRLs.  Exposure to a level 

above the MRL does not mean that adverse health effects will occur. 
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MRLs are intended only to serve as a screening tool to help public health professionals decide where to 

look more closely.  They may also be viewed as a mechanism to identify those hazardous waste sites that 

are not expected to cause adverse health effects.  Most MRLs contain a degree of uncertainty because of 

the lack of precise toxicological information on the people who might be most sensitive (e.g., infants, 

elderly, nutritionally or immunologically compromised) to the effects of hazardous substances.  ATSDR 

uses a conservative (i.e., protective) approach to address this uncertainty consistent with the public health 

principle of prevention.  Although human data are preferred, MRLs often must be based on animal studies 

because relevant human studies are lacking.  In the absence of evidence to the contrary, ATSDR assumes 

that humans are more sensitive to the effects of hazardous substance than animals and that certain persons 

may be particularly sensitive.  Thus, the resulting MRL may be as much as 100-fold below levels that 

have been shown to be nontoxic in laboratory animals. 

 

Proposed MRLs undergo a rigorous review process:  Health Effects/MRL Workgroup reviews within the 

Division of Toxicology and Environmental Medicine, expert panel peer reviews, and agency-wide MRL 

Workgroup reviews, with participation from other federal agencies and comments from the public.  They 

are subject to change as new information becomes available concomitant with updating the toxicological 

profiles.  Thus, MRLs in the most recent toxicological profiles supersede previously published levels.  

For additional information regarding MRLs, please contact the Division of Toxicology and 

Environmental Medicine, Agency for Toxic Substances and Disease Registry, 1600 Clifton Road NE, 

Mailstop F-32, Atlanta, Georgia 30333. 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical name: Chromium(VI) aerosols and mists 
CAS number: 18540-29-9 
Date: October 2008 
Profile status: Final Draft Pre-Public Comment 
Route: [X] Inhalation [ ] Oral 
Duration: [ ] Acute [X] Intermediate [X] Chronic 
Key to figure: 11, 29 
Species: Human 
 
Minimal Risk Level:  5x10-6 mg chromium(VI)/m3

 

 for dissolved hexavalent chromium aerosols and 
mists. 

Reference

 

:  Lindberg E, Hedenstierna G.  1983.  Chrome plating:  Symptoms, findings in the upper 
airways, and effects on lung function.  Arch Environ Health 38:367-374. 

Experimental design:  Eighty-five male and 19 female chrome-plating workers exposed to chromic acid 
were assessed for nose, throat, and chest symptoms, were inspected for effects in nasal passages, and were 
given pulmonary function tests.  Study participants were compared to a reference group of 119 auto 
mechanics who were not exposed to chromium.  The length of worker exposures to chromic acid ranged 
from 0.1 to 36 years, spanning intermediate- and chronic-exposure durations.  Since the study population 
included workers exposed for both intermediate and chronic durations, data are considered appropriate for 
derivation of the intermediate- and chronic-duration inhalation MRLs.  Chromium exposures were 
measured using personal air samplers and stationary equipment positioned close to the baths containing 
chromic acid.  The exposure categories were defined as high average daily concentrations >0.002 mg 
chromium(VI)/m3], low (average daily concentrations <0.002 mg chromium(VI)/m3), and mixed category 
(chromium(VI) was <0.002 mg chromium(VI)/m3

 

, with exposure to other acids and metallic salts).  
Correlations with nasal irritation and respiratory functions were also determined for peak exposures.  
Statistical analyses were performed using the chi-square test with Yate’s correction when comparing 
nasal findings, and the Student’s two tail t-test was used when comparing lung function findings.  

Effects noted in study and corresponding doses:  Nasal irritation (p<0.05), mucosal atrophy (p<0.05), and 
ulceration (p<0.01), and decreases in spirometric parameters (forced vital capacity, forced expired volume 
in 1 second, and forced mid-expiratory flow) were observed in workers occupationally exposed to 
≥0.002 mg chromium(VI)/m3

 

 as chromic acid with a median exposure period of 2.5 years.  About 60% of 
the exposed subjects were smokers, but no consistent association between exposure and cigarette smoking 
was observed.  Short-term peak exposures to chromic acid correlated better with nasal septum damage 
than with 8-hour mean concentrations. 

Dose end point used for MRL derivation:  0.002 mg chromium(VI)/m3 (nasal irritation, mucosal atrophy, 
decreased FVC, FEP1

 
, and FEV) 

[ ] NOAEL [X] LOAEL [ ] benchmark concentration (BMC) 
 
The LOAEL of 0.002 mg chromium(VI)/m3 for upper respiratory effects was selected as the point of 
departure for derivation of the intermediate- and chronic-duration inhalation MRLs for dissolved 
hexavalent chromium aerosols and mists.  The LOAEL was duration-adjusted to a LOAELADJ of 
0.0005 mg chromium(VI)/m3 for continuous exposure.  The intermediate- and chronic-duration inhalation 
MRLs of 0.000005 mg chromium(VI)/m3 for dissolved hexavalent chromium aerosols and mists were 
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derived by dividing the LOAELADJ of 0.0005 mg chromium(VI)/m3

 

 by a composite uncertainty factor of 
100 (10 for use of a LOAEL and 10 for human variability). 

Uncertainty factors used in MRL derivation
 

: 

[X] 10 for use of a LOAEL 
[  ]  10 for extrapolation from animals to humans 
[X] 10 for human variability 
 
Was a conversion factor used from ppm in food or water to a mg/body weight dose
 

? Not applicable. 

If an inhalation study in animals, list conversion factors used in determining human equivalent dose

 

:  No.  
Not applicable. 

Was a conversion used from intermittent to continuous exposure?  Yes, the LOAEL of 0.002 mg 
chromium(VI)/m3 was multiplied by 8 hour/24 hour and by 5 days/7 days to yield a duration-adjusted 
LOAEL (LOAELADJ) of 0.0005 mg chromium(VI)/m3

 
. 

Other additional studies or pertinent information that lend support to this MRL:  The respiratory tract is 
the major target of inhalation exposure to chromium(VI) compounds in humans and animals.  Respiratory 
effects due to inhalation exposure are probably due to direct action of chromium at the site of contact.  In 
workers exposed to dissolved hexavalent chromium aerosols and mists (as chromium trioxide mist) for 
intermediate durations, nasal irritation, ulceration, and mucosal atrophy and rhinorrhea have been 
reported, with LOAEL values ranging from 0.09 to 0.1 mg chromium(VI)/m3 (Gibb et al. 2000a; Gomes 
1972; Kleinfeld and Rosso 1965).  Similarly, studies in rats and mice have shown that the upper 
respiratory tract is a primary target of exposure to inhaled chromium trioxide mist, with LOAEL values 
ranging from 0.49 to 3.63 mg chromium(VI)/m3

 

 (Adachi 1987; Adachi et al. 1986; Kim et al. 2004).  In 
addition, numerous intermediate- and chronic-duration exposure studies of workers to chromium(VI) 
compounds in general identify the respiratory tract as the primary target of exposure, with reports of 
epistaxis, chronic rhinorrhea, nasal itching and soreness, nasal mucosal atrophy, perforations and 
ulceration of the nasal septum, bronchitis, pneumonoconiosis, decreased pulmonary function, and 
pneumonia (Bovet et al. 1977; Cohen et al. 1974; Davies et al. 1991; Gomes 1972; Greater Tokyo Bureau 
of Hygiene 1989; Hanslian et al. 1967; Keskinen et al. 1980; Kleinfeld and Rosso 1965; Lee and Goh 
1988; Letterer 1939; Lieberman 1941; Lindberg and Hedenstierna 1983; Lucas and Kramkowski 1975; 
Mancuso 1951; Meyers 1950; Novey et al. 1983; Pastides et al. 1991; PHS 1953; Royle 1975b; Sassi 
1956; Sluis-Cremer and du Toit 1968; Sorahan et al. 1987; Taylor 1966).   

Agency Contact (Chemical Manager):   Sharon Wilbur 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical name: Chromium(VI) particulates 
CAS number: 18540-29-9 
Date: October 2008 
Profile status: Final Draft Pre-Public Comment 
Route: [X] Inhalation [ ] Oral 
Duration: [ ] Acute [X] Intermediate [ ] Chronic 
Key to figure: 14 
Species: Rat 
 
Minimal Risk Level:  0.0003 mg chromium (VI)/m3

 
 for hexavalent chromium particulate compounds 

Reference

 

:  Glaser U, Hochrainer D, Steinholf D.  1990.  Investigation of irritating properties of inhaled 
CrVI with possible influence on its carcinogenic action.  Environ Hyg 2:235-245.  

Experimental design:  Eight-week-old male Wistar rats (30 animals in each group) were exposed 
22 hours/day, 7 days/week to 0, 0.05, 0.1, 0.2, or 0.4 mg chromium(VI)/m3 as sodium dichromate aerosol 
particulates.  Groups of 10 animals were sacrificed after 30 or 90 days of exposure or after 90 days of 
exposure and a 30-day recovery period.  The respective mass median mean diameters (MMAD) and 
geometric standard deviation were 0.28 μm and 1.63 for the 0.5 and 0.1 mg chromium(VI)/m3 
concentrations and 0.39 μm and 1.72 for the 0.2 and 0.4 mg chromium(VI)/m3

 

 concentrations.  
Hematological, clinical chemistry, and urinalysis tests were performed.  Gross and histological 
examinations were limited to the upper airway epithelia, left lung lobes, and the kidneys.  In addition, 
lung lavage fluid was analyzed for total protein, albumin, lactate dehydrogenase, and β-glucuronidase 
activities. 

Effects noted in study and corresponding doses:  No deaths or abnormal clinical signs occurred at any of 
the exposures.  Body weight was significantly (p<0.001) decreased at 0.2 and 0.4 mg chromium(VI)/m3 
for 30 days, at 0.4 mg chromium(VI)/m3 for 90 days (p<0.05), and at 0.2 (p<0.01) and 0.4 mg 
chromium(VI)/m3 (p<0.05) in the recovery group.  No differences in urinary protein and no exposure-
related histopathological lesions were noted.  No differences were seen in analysis of serum levels or 
activities of alanine aminotransferese, alkaline phosphatase, glucose, urea, total bilirubin, total 
cholesterol, or phospholipids.  There were no hematological effects on red blood cells, but the white 
blood cell counts increased significantly in a dose-related manner at ≥0.1 mg chromium(VI)/m3 after 
30 days and at ≥0.05 mg chromium(VI)/m3

 

 after 90 days.  White blood cells counts were not increased in 
90 day exposure plus 30-day observation group.  

Obstructive respiratory dyspnea occurred at ≥0.2 mg chromium(VI) chromium(VI)/m3 after 30 and 
90 days.  Mean lung weight was increased in all exposure groups and was statistically increased at 
≥0.05 mg chromium(VI)/m3 for 30 days, and at ≥0.1 mg chromium(VI)/m3 for 90 days and in the 90-day 
plus recovery period group.  Histological examination revealed slight hyperplasia in high incidence at 
≥0.05 mg chromium(VI)/m3 at 30 days.  With longer exposure, the incidence declined, indicating repair.  
Lung fibrosis occurred at ≥0.1 mg chromium(VI)/m3 for 30 days, but was not seen in rats exposed for 
90 days.  Accumulation of macrophages was observed in all exposed rats, regardless of exposure 
concentration or duration.  This histiocytosis probably accounts for the increased lung weight.  Histology 
of upper airways revealed focal inflammation.  Results of bronchoalveolar lavage (BAL) analysis 
provided further information of the irritation effect.  Total protein in BAL fluid was significantly 
increased in all exposed groups, but declined in the recovery period.  Albumin in BAL fluid increased in a 
dose-related manner at all concentrations in the 30-day group, but recovery started during 90-day 
exposure and continued during the 30-day observation period.  The activities of lactate dehydrogenase 
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and β-glucuronidase, measures of cytotoxicity, were elevated at 0.2 and 0.4 mg chromium(VI)/m3

 

 for 
30 and 90 days, but returned to control values during the recovery period.  The number of macrophages in 
the BAL fluid had significantly increased after 30 and 90 days, but normalized during the recovery 
period.  The macrophages were undergoing cell division or were multinucleate and larger.  This activation 
of macrophages was not observed in the recovered rats.  The study authors concluded that inflammation is 
essential for the induction of most chromium inhalation effects and may influence the carcinogenicity of 
chromium(VI) compounds. 

Dose end point used for MRL derivation:  0.016 mg/m3 (alterations in lactate dehydrogenase levels in 
bronchoalveolar lavage), converted to a BMCLHEC of 0.010 mg chromium(VI)/m
 

3 

 [  ] NOAEL [  ] LOAEL [X] benchmark concentration (BMC) 
 
The Agency adopted the benchmark concentration (BMC) analysis of the Glaser et al. (1990) data 
conducted by Malsch et al. (1994) for deriving an intermediate-duration inhalation MRL for hexavalent 
chromium particulate compounds.  Using the 90-day exposure data (as described above), Malsch et al. 
(1994) developed BMCLs for lung weight and BAL fluid levels of lactate dehydrogenase, protein, and 
albumin.  Prior to conducting the benchmark analysis, Malsch et al. (1994) adjusted the dose-response 
data for intermittent exposure.  Duration-adjusted data were then fitted to a polynomial mean response 
regression model by the maximum likelihood method to derive BMCLs (defined as the 95% lower 
confidence limit on the concentration corresponding to a 10% relative change in the end point compared 
to the control).  The BMCL values for lung weight, lactate dehydrogenase in the BAL fluid, protein in 
BAL fluid, and albumin in BAL fluid were 0.067, 0.016, 0.035, and 0.031 mg chromium(VI)/m3, 
respectively.  The lowest BMCL, 0.016 mg chromium(VI)/m3 for alterations in lactate dehydrogenase 
levels in BAL fluid, was selected to derive the intermediate-duration inhalation MRL.  The BMCL of 
0.016 mg chromium(VI)/m3 was converted to a human equivalent concentration (BMCLHEC) of 0.010 mg 
chromium(VI)/m3, as described below.  The intermediate-duration inhalation MRL of 0.0003 mg 
chromium (VI)/m3 for hexavalent chromium particulate compounds was derived by dividing the 
BMCLHEC of 0.010 mg chromium(VI)/m3

 

 by a composite uncertainty factor of 30 (3 for extrapolation 
from animals to humans and 10 for human variability). 

Uncertainty factors used in MRL derivation
 

: 

[  ] 10 for use of a LOAEL 
[X] 3 for extrapolation from animals to humans, with dosimetric adjustments 
[X] 10 for human variability 
 
Was a conversion factor used from ppm in food or water to a mg/body weight dose
Not applicable. 

?  No. 

 
If an inhalation study in animals, list conversion factors used in determining human equivalent dose
The BMCL of 0.016 mg chromium(VI)/m

:  
3 was converted to a human equivalent concentration 

(BMCLHEC) of 0.010 mg chromium(VI)/m3

 

 using the RDDR (regional deposited dose ratio) program 
(EPA 1994c) as follows:  

BMCLHEC

BMCL
  = BMCL x RDDR 

HEC = 0.016 mg chromium(VI)/m3 x 0.630 = 0.010 mg chromium(VI)/m
 

3 

where 
RDDR is a multiplicative factor used to adjust an observed inhalation particulate exposure concentration 
of an animal to the predicted inhalation particulate exposure concentration for a human.  The RDDR 
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multiplier of 0.630 for the thoracic region tract was determined using the default subchronic body weight 
of 217 g for male Wistar rats (EPA 1988d) and a particle size MMAD±GSD of 0.5±1.63 μm reported in 
the Glaser et al. (1984) study.  Although the actual mean particle size reported in the critical study was 
0.28 μm, the RDDR program (EPA 1994c) can only run be run for particle sizes ranging from 0.5 to 
30 μm; therefore, 0.5 μm was used as the default particle size to calculated the RDDR.  Since the critical 
study did not report body weight, the default subchronic body weight of 217 g for male Wistar rats was 
used. 
 
Was a conversion used from intermittent to continuous exposure

 

?  Yes.  Animals were exposed for 
22 hours/day, 7 days/week.  Prior to conducting the benchmark analysis, Malsch et al. (1994) adjusted the 
dose-response data for intermittent exposure (22 hours/day) by multiplying data points for all outcome 
measures by 22 hours/24 hours. 

Other additional studies or pertinent information that lend support to this MRL:  The findings in this study 
are supported by another 90-day study conducted by the same group (Glaser et al. 1985).  In this study, 
groups of 20 male Wistar rats were exposed to 0, 0.025, 0.05, 0.1, or 0.2 mg chromium(VI)/m3 as sodium 
dichromate for 22 hours/day, 7 days/week for 90 days.  No deaths occurred at any of the exposures.  All 
exposed animals showed normal histologic findings in lung, kidney, liver, stomach, and gonads.  Lung 
and spleen weights were increased significantly at doses above 0.025 mg chromium(VI)/m3.  Serum 
levels of triglycerides and phospholipid were increased in rats exposed to 0.2 mg chromium(VI)/m3.  
Serum contents of total immunoglobulins were significantly increased in the 0.05 and 0.1 mg 
chromium(VI)/m3 groups.  At 0.025 and 0.2 mg chromium(VI)/m3, serum immunoglobulin contents were 
no different than controls.  The SRBC antibody response was increased in all dosed groups over control 
values.  Chromium treatment at 0.2 mg chromium(VI)/m3 also enhanced the mitogenic-stimulation of 
splenic Concanavalin T-lymphocytes.  At 0.025 mg chromium(VI)/m3, there were significant increases in 
polynuclear macrophages and the number of macrophages in telophase, and increases in lymphocytes in 
bronchoalveolar lavage samples.  At 0.05 and 0.2 mg chromium(VI)/m3, there were significant decreases 
in total numbers of macrophages.  The percentages of polynuclear macrophages, lymphocytes, and 
granulocytes were increased at chromium exposures of 0.05 mg chromium(VI)/m3, but at 0.2 mg 
chromium(VI)/m3, the percentage of granulocytes cells was lower than control values.  At 0.025 and 
0.05 mg chromium(VI)/m3 exposures, phagocytosis of latex particles by alveolar macrophages was 
increased over controls.  However, at 0.2 mg chromium(VI)/m3

 

, the phagocytic activity was less than 
controls and there was a decrease in lung clearance of iron oxide particulates. 

Agency Contact (Chemical Manager):  Sharon Wilbur 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: Chromium(VI) 
CAS Numbers: 18540-29-9 
Date: October 2008 
Profile status: Final Draft Pre-Public Comment 
Route: [ ] Inhalation   [X] Oral 
Duration: [ ] Acute   [X] Intermediate   [ ] Chronic 
Graph Key: 45 
Species: Rat 
 
Minimal Risk Level
 

:  0.005   [X] mg chromium(VI)/kg/day   [ ] ppm 

Reference

 

:  NTP.  2008a.  NTP technical report on the toxicology and carcinogenesis studies of sodium 
dichromate dihydrate (CAS No. 7789-12-0) in  F344/N rats and B6C3F1 mice (drinking water studies).  
Washington, DC:  National Toxicology Program.  NTP TR 546.  
http://ntp.niehs.nih.gov/files/546_web_FINAL.pdf.  August 13, 2008. 

Experimental design

 

:  Male F344/N rats (6–7 weeks old) were exposed to sodium dichromate dihydrate in 
drinking water in a 2-year toxicology and carcinogenicity study.  Male rats (50/group) were exposed to 
drinking water concentrations of 0, 14.3, 57.3, 172, or 516 mg sodium dichromate dihydrate/L.  In a 
subgroup of 10 male rats, blood was collected from the retroorbital sinus after exposure durations of 
4 days, 22 days, 3 months, 6 months, and 1 year and evaluated for hematology (Hct; hemoglobin 
concentration; erythrocyte, reticulocyte, and platelet counts; erythrocyte and platelet morphology; MCV; 
MCH; MCHC; and leukocyte count and differentials) and clinical chemistry (urea nitrogen, creatinine, 
total protein, albumin, ALT, AP, creatine kinase, SDH, and bile acids).  Clinical signs of toxicity were 
assessed over the course of exposure.  NTP calculated mean daily doses of sodium dichromate dihydrate 
in male rats of 0, 0.6, 2.2, 6, or 17 mg/kg (equivalent to 0, 0.21, 0.77, 2.1, or 5.9 mg chromium(VI)/
kg/day, respectively) over the course of the 2-year study.  Since observations were made at various time 
points during the chronic study (e.g., 22 days to 1 year), rather than using different dosage scales for each 
observation and outcome in the dose-response modeling, time-averaged dosages for the chronic duration 
(i.e., 101 weeks) were used to represent the dosage received during the intermediate- (i.e., >2–<52 weeks) 
and chronic- (>2–101 weeks) duration periods.  This is an approximation of the actual dosages received, 
which varied as a function of body weight, and therefore, time of observation, with the differences most 
pronounced at the earliest periods of the intermediate-duration exposure (e.g., 3–12 weeks).  The rationale 
for this simplification of the dose-response analysis is as follows:  (1) outcomes observed at specific time 
points in the study (e.g., blood effects) after the acute period (>2 weeks) were considered to be relevant to 
the entire intermediate-duration period (>2–<52 weeks), if observed at multiple observation times during 
the intermediate-duration period; (2) chronic duration dosages were nearly identical to the time-averaged 
dosages for intermediate-duration exposure (e.g., <12% difference in the rat study); and (3) the possible 
bias introduced into estimates of BMDLs as a result of using chronic-duration dosages to represent 
intermediate-duration dosages is small (<12%) and conservative (i.e., BMDLs based on the chronic-
duration dosages may be slightly lower than BMDLs based on actual intermediate-duration dosages). 

Effect noted in study and corresponding doses:  No treatment-related clinical signs of toxicity were 
observed in rats over the course of this study.  Hematological effects consistent with microcytic, 
hypochromic anemia were observed at all intermediate-duration time points (22 days to 6 months) in male 
rats exposed to sodium dichromate dihydrate in drinking water; severity exhibited dose-dependence.  At 
the 22-day assessment in rats, decreases were observed in Hct, Hgb, MCV, and MCH at ≥0.77 mg 
chromium(VI)/kg/day; effects at higher doses included decreased MCHC and platelet count at ≥2.1 mg 
chromium(VI)/kg/day, and decreased erythrocyte and reticulocyte counts, and increased nucleated 
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erythrocytes at 5.9 mg chromium(VI)/kg/day).  At the 3-month assessment in rats, decreases were 
observed for MCV and MCH at ≥0.77 mg chromium(VI)/kg/day; effects at higher doses included 
decreased Hgb at ≥2.1 mg chromium(VI)/kg/day and decreased Hct and increased erythrocyte, 
reticulocyte, platelet, leukocyte, and segmented neutrophil counts at ≥5.9 mg chromium(VI)/kg/day.  
Increases in cell counts indicate a compensatory hematopoietic response to anemia.  At 6 months in rats, 
decreased MCV, MCH, and MCHC were observed at ≥0.77 mg chromium(VI)/kg/day; at 5.9 mg 
chromium(VI)/kg/day, decreased Hgb was observed.  For all intermediate-duration exposures (22 days to 
6 months), NOAEL and LOAEL values in male rats for hematological effects were 0.21 and 0.77 mg 
chromium(VI)/kg/day, respectively.  Although effects in rats were similar at the 22-day and 3-month 
assessments, NTP (2008a) concluded that effects were more severe at 22 days than at 3 months based on 
the magnitude of changes and the number of parameters affected in rats exposed to 0.77 mg 
chromium(VI)/kg/day.  Effects at 6 months were less severe than those observed at the 22-day and 
3-month assessments.  Although the magnitude of the decreases in hematological parameters was small at 
0.77 mg chromium(VI)/kg/day compared to the control group (6.1–10.6%), there is clear indication of 
damage to the hematological system and this dose level was considered a minimal LOAEL.  At the next 
highest dose (2.1 mg chromium(VI)/kg/day), these parameters were 16–25% lower than controls.  As 
defined by ATSDR, an effect that enhances the susceptibility of an organism to the deleterious effects of 
other chemical, physical, microbiological, or environmental influences should be considered adverse.  
Thus, the slight, but statistically significant, decrease in hematological parameters at 0.77 mg 
chromium(VI)/kg/day was considered minimally adverse. 
 
Evaluation of clinical chemistry parameters in male rats showed significant alterations in serum liver 
enzyme activities, although changes were not consistent over all intermediate-duration exposures.  At the 
22-day assessment, increases were observed for ALT (≥0.77 mg chromium(VI)/kg/day) and AP (5.9 mg 
chromium(VI)/kg/day), but no change was observed for SDH.  At 3 months, ALT was increased 
(≥0.77 mg chromium(VI)/kg/day), but AP was decreased (≥0.21 mg chromium(VI)/kg/day) and no 
change was observed for SDH.  At 6 months, increases were observed for ALT and SDH (≥2.1 mg 
chromium(VI)/kg/day), but AP was decreased (0.77 mg chromium(VI)/kg/day).  Due to the inconsistent 
changes in serum liver enzyme activities, NTP (2008a) concluded that alterations in liver enzymes 
(specifically ALT) were suggestive of enzyme induction, rather than hepatocellular damage.  Thus, 
altered serum liver enzyme activities were not considered indicative of an adverse effect on the liver.   
 
Dose and end point used for MRL derivation

 

:  0.52 mg chromium(VI)/kg/day (microcytic, hypochromic 
anemia)  

[ ] NOAEL   [ ] LOAEL   [X] benchmark dose (BMD) 
 
Exposure to sodium dichromate dihydrate in drinking water resulted in microcytic, hypochromic anemia 
in male rats at all intermediate-duration exposures (22 days to 6 months).  The severity was greatest at the 
22-day assessment compared to the 3- and 6-month assessments; therefore, microcytic, hypochromic 
anemia observed at the 22-day assessment was identified as the critical effect for derivation of the 
intermediate-duration oral MRL.  In male rats, decreases in Hct, Hgb, MCV, and MCH were the most 
sensitive measures of hematological effects, with NOAEL and LOAEL values of 0.21 and 0.77 mg 
chromium(VI)/kg/day, respectively; data sets for these end points are summarized in Table A-1. 
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Table A-1.  Hematological Effects in Male F/344 Rats Exposed to Sodium 
Dichromate Dihydrate in Drinking Water for 22 Days 

 

 Dose (mg chromium(VI)/kg/day) 

0 0.21 0.77 2.1 5.9 

Male rats 

 Hematocrit (percent) 46.0±1.1 44.4±0.4 a 43.2±0.6 38.7±0.6b 33.5±0.8c 

 

c 

Hemoglobin (g/dL) 15.5±0.3 15.1±0.2 14.2±0.2 12.0±0.3c 10.1±0.2c 

 

c 

MCV (fL) 59.5±0.4 58.6±0.5 54.9±0.5 47.4±0.4c 45.0±0.7c 

 

c 

MCH (pg) 19.8±0.1 19.5±0.2 17.7±0.2 14.8±0.2c 16.3±0.5c 
 

c 

aMean±standard error: number of rats/group=10; number of mice/group=10 
bSignificantly different (p≤0.05) from the control group by Dunn’s or Shirley’s test 
c

 
Significantly different (p≤0.01) from the control group by Dunn’s or Shirley’s test 

MCH = mean corpuscular hemoglobin; MCV = mean corpuscular volume 
 
Source:  NTP 2008a 

 
To determine the point of departure for derivation of the intermediate-duration oral MRL, available 
continuous-variable models in the EPA BMDs (version 1.4.1) were fit to the data for Hct, Hgb, MCV, 
and MCH in male rats (NTP 2008a; Table A-1).  The BMD and the 95% lower confidence limit (BMDL) 
calculated is an estimate of the doses associated with a change of 2 standard deviations from the control 
(BMDL2sd

 

); the use of 2 standard deviations takes into consideration of the normal variability in the 
population and decreases the possibility of misclassifying a small change as anemia.  The model-fitting 
procedure for continuous data is as follows.  The simplest model (linear) is applied to the data while 
assuming constant variance.  If the data are consistent with the assumption of constant variance (p≥0.1), 
then the other continuous models (polynomial, power, and Hill models) are applied to the data.  Among 
the models providing adequate fits to the means (p≥0.1), the one with the lowest AIC for the fitted model 
is selected for BMD derivation.  If the test for constant variance is negative, the linear model is run again 
while applying the power model integrated into the BMDS to account for nonhomogenous variance.  If 
the nonhomogenous variance model provides an adequate fit (p≥0.1) to the variance data, then the other 
continuous models are applied to the data.  Among the models providing adequate fits to the means 
(p≥0.1), the one with the lowest AIC for the fitted model is selected for BMD derivation.  If the tests for 
both constant and nonconstant variance are negative, then the data set is considered not to be suitable for 
BMD modeling. 

A summary of the BMDs and BMDLs for the best fitting models for each hematological end point are 
shown in Table A-2.  For male rats, BMDL2sd values ranged from 0.37 mg chromium(VI)/kg/day for 
MCH to 0.71 mg chromium(VI)/kg/day for hemoglobin.  None of the models provided adequate fit to the 
data, even with the two highest doses dropped from the analysis, for Hct.  Additional details of the 
benchmark dose analysis for each data set modeled are presented in the last section of this worksheet.  
Because several hematological parameters are used to define the clinical picture of anemia, the BMDL2sd 
values for hemoglobin, MCV, and MCH were averaged resulting in a BMDL2sd of 0.52 mg 
chromium(VI)/kg/day.  The intermediate-duration MRL of 0.005 mg chromium(VI)/kg/day was derived 
by dividing the average BMDL2sd

 

 by a composite uncertainty factor of 100 (10 for extrapolation from 
animals to humans and 10 for human variability). 
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Table A-2.  Summary of BMDs and BMDLs From the Best Fitting Models for 
Hematological End Points in Male Rats Exposed to Sodium Dichromate Dihydrate 

in Drinking Water for 22 Days 
 

End point Model Number of doses 
BMD2sd 
(mg/kg/day)

BMDL
b 

2sd 
(mg/kg/day)b 

Hematocrit (percent) –— a –— –— –— 

Hemoglobin (g/dL) Polynomial 
(2-degree) 5 0.88 0.71 

MCV (fL) Hill 4 0.63 0.49 

MCH (pg) Linear  4 0.44 0.37 
 

aNone of the models provided an adequate fit to the data. 
bUnits of BMD1sd and BMDL1sd

 
 are mg chromium(VI)/kg/day. 

BMD = benchmark dose; BMDL = lower confidence limit (95%) on the benchmark dose; MCH = mean corpuscular 
hemoglobin; MCV = mean corpuscular volume; 2sd = a 2 standard deviation change from the control 
 
Uncertainty Factors used in MRL derivation
 

: 

 [  ]   10 for use of a LOAEL 
 [X]  10 for extrapolation from animals to humans 
 [X]  10 for human variability 
  
Was a conversion factor used from ppm in food or water to a mg/body weight dose

 

?  No.  Daily doses for 
each exposure group based on measured body weight and drinking water intake were reported by study 
authors (NTP 2008a).  Additional information on daily doses used for intermediate-duration exposure is 
discussed in the experimental design section above. 

If an inhalation study in animals, list conversion factors used in determining human equivalent dose

 

:  Not 
applicable. 

Was a conversion used from intermittent to continuous exposure
 

?  Not applicable. 

Other additional studies or pertinent information that lend support to this MRL:  Identification of anemia, 
as defined by significant alterations in hematocrit, hemoglobin, MCH, and MCV, as the critical end point 
for deriving an intermediate-duration oral MRL is supported by results of a 22-day study in female mice 
(NTP 2008a), 3-month drinking water study on sodium dichromate dihydrate in rats and mice (NTP 
2007), and dietary studies on potassium dichromate in rats and mice (NTP 1996a, 1996b, 1997).  In the 
3-month sodium dichromate dihydrate drinking water study in male and female F344/N rats (NTP 2007), 
blood was collected for hematology assessments after 23 days and after 3 months of exposure; for 
B6C3F1 mice, hematological assessments were conducted only after 3 months.  Dose-dependent 
hematological effects consistent with microcytic, hypochromic anemia, including decreased Hct, Hgb, 
MCV, and MCH, were observed in rats at the 23-day and 14-week hematological assessments; the 
LOAEL value at both time points in males and females was 1.7 mg chromium(VI)/kg/day (a NOAEL was 
not established).  Hematological effects were more severe at the 23-day assessment compared to the 
14 week assessment.  Similar hematological effects were observed in male and female B6C3F1 mice and 
male BALB/c and C57BL/6 mice exposed to sodium dichromate dihydrate in drinking water for 
14 weeks, with a LOAEL value of 3.1 mg chromium(VI)/kg/day (a NOAEL was not established).  
Results of the 3-month study in rats and mice (NTP 2007) were not selected as the basis for the 
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intermediate-duration MRL because a lower LOAEL value (0.77 mg chromium(VI)/kg/day) was 
observed for intermediate-duration exposures in the 2-year study (NTP 2008a).  In a dietary studies on 
potassium dichromate, microcytic, hypochromic anemia was observed in male and female Sprague-
Dawley rats exposed for 9 weeks, with NOAEL and LOAEL values in males of 2.1 and 8.4 mg 
chromium(VI)/kg/day, respectively, and of 2.5 and 9.8 mg chromium(VI)/kg/day, respectively, in females 
(NTP 1996b).  Similar hematological effects were observed in male and female BALB/c mice exposed to 
potassium dichromate in the diet for 9 weeks with NOAEL and LOAEL values in males of 7.3 and 
32.2 mg chromium(VI)/kg/day, respectively, and in females of 12 and 48 mg chromium(VI)/kg/day, 
respectively (NTP 1996a).  In a multigeneration study on dietary potassium dichromate in BALB/c mice, 
a LOAEL value of 7.8 for hematological effects was reported (a NOAEL was not established) (NTP 
1997).  Compared to the LOAEL values for hematological effects at 22 days and 3 months in male rats 
(0.77 mg chromium(VI)/kg/day) and female mice (0.38 mg chromium(VI)/kg/day) observed in the critical 
study on sodium dichromate dihydrate in drinking water, higher LOAEL values were reported in the 
9-week dietary study on potassium dichromate in rats (8.4 and 9.8 mg chromium(VI)/kg/day in males and 
females, respectively) (EPA 1996b) and mice (32.2 and 48 mg chromium(VI)/kg/day in males and 
females, respectively) (NTP 1996a).  The reason for the differences in LOAEL values has not been 
established, but could be due to different exposure media (drinking water versus feed) or differences in 
strain sensitivity (rats). 
 
The erythrocyte has a high capacity for chromium(VI) uptake and binding.  Chromium(VI) enters the 
erythrocyte though a sulfate ion channel; once inside the cell, it is rapidly reduced to reactive 
intermediates (chromium(V) and chromium(IV)) and binds to hemoglobin and other ligands.  The 
chromium-hemoglobin complex is stable and remains sequestered within the cell over the life-span of the 
erythrocyte (Paustenbach et al. 2003).  Thus, chromium(VI) uptake and subsequent sequestration as a 
chromium-Hgb complex by erythrocytes provides supporting information regarding the plausibility of 
adverse hematological effects following intermediate-duration oral exposure to chromium(VI). 
 
Details of Benchmark Dose Analysis for the Intermediate-duration Oral MRL 
 
Hematocrit in Male Rats.  The simplest model (linear) was applied to the data first to test for a fit for 
constant variance.  The constant variance model did not provide an adequate fit (as assessed by the 
p-value for variance) to the data (Table A-3).  The linear model was applied to the data again while 
applying the power model integrated into the BMDS to account for nonhomogenous variance.  The 
nonconstant variance model also did not provide an adequate fit (as assessed by the p-value for variance).  
In an attempt to achieve an adequate fitting model, the highest doses were dropped from the data set.  As 
with the full data set, statistical tests indicated that the variances were not constant across exposure groups 
without the highest doses.  Similar to the full data set, applying the nonhomogenous variance model also 
did not provide an adequate fit (as assessed by the p-value for variance); therefore, the data set is 
considered not suitable for benchmark dose modeling. 
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Table A-3.  Model Predictions for Changes in Hematocrit (Percent) in Male Rats 
Exposed to Sodium Dichromate Dihydrate in Drinking Water for 22 Days  

 

Model
Variance 
p-value  

p-Value for 
the meansa AIC a 

BMD2sd BMDL  
(mg/kg/day) 

2sd 
(mg/kg/day) 

All doses 

 Linear 0.03 b,c 0.02 145.49 — — 

 Linear 0.01 c,d 0.02 147.49 — — 

 Polynomial (1-degree) 0.01 c,d 0.02 147.49 — — 

 Polynomial (2-degree) 0.01 c,d 0.02 147.49 — — 

 Polynomial (3-degree) 0.01 c,d 0.02 147.49 — — 

 Polynomial (4-degree) 0.01 c,d 0.02 147.49 — — 

 Power 0.01 d 0.02 147.49 — — 

 Hill 0.01 d 0.28 142.76 — — 

Highest dose dropped 

 Linear 0.01 b,c 0.64 109.33 — — 

 Linear 0.02 c,d 0.43 109.21 — — 

 Polynomial (1-degree) 0.02 c,d 0.43 109.21 — — 

 Polynomial (2-degree) 0.02 c,d 0.43 109.21 — — 

 Polynomial (3-degree) 0.02 c,d 0.43 109.21 — — 

 Power 0.02 d 0.43 109.21 — — 

 Hill 0.02 d 0.21 111.09 — F

Two highest doses dropped 

e 

 Linear 0.01 b,c 0.37 86.65 — — 

 Linear 0.02 c,d 0.15 85.61 — — 

 Polynomial (1-degree) 0.02 c,d 0.15 85.61 — — 

 Polynomial (2-degree) 0.02 c,d 0.15 85.61 — — 

 Power 0.02 d 0.15 85.61 — — 

 Hill NAd 
 

f 

aValues <0.1 fail to meet conventional goodness-of-fit criteria. 
bConstant variance  
cRestriction = non-positive 
dNonconstant variance 
eF = BMDL computation failed 
f

 
NA = model failed to generate output 

AIC = Akaike’s Information Criteria; p = p value from the Chi-squared test; BMD = benchmark dose; BMDL = lower 
confidence limit (95%) on the benchmark dose; 2sd = a 2 standard deviation change from the control 
 
Source:  NTP 2008a 

 
Hemoglobin in Male Rats.  The simplest model (linear) was applied to the data first to test for a fit for 
constant variance.  The constant variance model did provide an adequate fit (as assessed by the p-value 
for variance) to the data.  The polynomial, power, and Hill models were then fit to the data with constant 
variance assumed.  Only the Hill model provided an adequate fit to the data (as assessed by the p-value 
for the means) (Table A-4); however, the model failed to generate a figure.  Without a visual 
representation of the model, an assessment of model fit is not complete.  In order to obtain an appropriate 
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assessment for model fit adequacy, the highest dose was dropped from the dataset.  After dropping the 
highest dose from the dataset, all models provided an adequate fit to the constant variance model and to 
the means (as assessed by the p-values for variance and means).  Most models, with the exception of the 
Hill model, took the form of a linear model.  Comparing across models, the best fitting model is generally 
determined by the lowest AIC.  As assessed by the AIC, the linear model provides the best fit to the data.  
The predicted BMD2sd and BMDL2sd

 

 for the data are 0.88 and 0.71 mg chromium(VI)/kg/day 
(Figure A-1). 

Table A-4.  Model Predictions for Changes in Hemoglobin (g/dL) in Male Rats 
Exposed to Sodium Dichromate Dihydrate in Drinking Water for 22 Days 

 

Model
Variance 
p-valuea 

p-Value 
for the 
meansb AIC b 

BMD2sd

(mg/kg/day) 
  BMDL

(mg/kg/day) 
2sd 

Linear 0.40 c <0.0001 46.98 — — 

Polynomial (1-degree) 0.40 c  <0.0001 46.98 — — 

Polynomial (2-degree) 0.40 c <0.0001 46.98 — — 

Polynomial (3-degree) 0.40 c <0.0001 46.98 — — 

Polynomial (4-degree) 0.40 c <0.0001 46.98 — — 

Power 0.40 <0.0001 46.98 — — 

Hill 0.40 0.51 24.37 0.83 0.55 

Highest dose dropped 

Linear 0.36 0.99 20.37 0.88 0.71 
Polynomial (1-degree) 0.36 c  0.99 20.37 0.88 0.71 

Polynomial (2-degree) 0.36 c 0.99 20.37 0.88 0.71 

Polynomial (3-degree) 0.36 c 0.99 20.37 0.88 0.71 

Power 0.36 0.99 20.37 0.88 0.71 

Hill 0.36 0.99 22.36 0.87 0.57 
 

aConstant variance assumed for all models 
bValues <0.1 fail to meet conventional goodness-of-fit criteria. 
c

 
Restriction = non-positive 

AIC = Akaike’s Information Criteria; p = p value from the Chi-squared test; BMD = benchmark dose; BMDL = lower 
confidence limit (95%) on the benchmark dose; 2sd = a 2 standard deviation change from the control 
 
Source:  NTP 2008a 
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Figure A-1.  Predicted and Observed Changes in Hemoglobin in Male Rats 
Exposed to Sodium Dichromate Dihydrate in Drinking Water for 22 Days* 

 
 
*BMDs and BMDLs indicated are associated with a 2 standard deviation change from the control, and are in units of 
mg chromium(VI)/kg/day. 
 
Source:  NTP 2008a 
 
Mean Cell Volume in Male Rats.  The simplest model (linear) was applied to the data first to test for a fit 
for constant variance.  The constant variance model did provide an adequate fit (as assessed by the 
p-value for variance) to the data.  The polynomial, power, and Hill models were then fit to the data with 
constant variance assumed.  The Hill model was the only model which provided an adequate fit to the 
data (as assessed by the p-value for the means) (Table A-5).  Using the constant-variance Hill model, the 
BMD2sd and BMDL2sd are 0.63 mg chromium(VI)/kg and 0.49 mg chromium(VI)/kg, respectively 
(Figure A-2).  



CHROMIUM  A-16 
 

APPENDIX A 
 
 

 
 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 

Table A-5.  Model Predictions for Changes in MCV (fL) in Male Rats Exposed to 
Sodium Dichromate Dihydrate in Drinking Water for 22 Days 

 

Model
Variance 
p-valuea 

p-Value 
for the 
meansb AIC b 

BMD2sd

(mg/kg/day) 
  BMDL

(mg/kg/day) 
2sd 

Linear 0.41 c <0.0001 168.50 — — 

Polynomial (1-degree) 0.41 c  <0.0001 168.50 — — 

Polynomial (2-degree) 0.41 c <0.0001 168.50 — — 

Polynomial (3-degree) 0.41 c <0.0001 168.50 — — 

Polynomial (4-degree) 0.41 c <0.0001 168.50 — — 

Power 0.41 <0.0001 168.50 — — 

Hill 0.41 0.41 104.52 0.63 0.49 
 

aConstant variance assumed for all models 
bValues <0.1 fail to meet conventional goodness-of-fit criteria. 
c

 
Restriction = non-positive 

AIC = Akaike’s Information Criteria; p = p value from the Chi-squared test; BMD = benchmark dose; BMDL = lower 
confidence limit (95%) on the benchmark dose; 2sd = a 2 standard deviation change from the control 
 
Source:  NTP 2008a 
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Figure A-2.  Predicted and Observed Changes in MCV in Male Rats Exposed to 
Sodium Dichromate Dihydrate in Drinking Water for 22 Days* 

 
 
*BMDs and BMDLs indicated are associated with a 2 standard deviation change from the control, and are 
 in units of mg chromium(VI)/kg/day 
 
Source:  NTP 2008a 
 
Mean Cell Hemoglobin in Male Rats.  The simplest model (linear) was applied to the data first to test for 
a fit for constant variance.  The constant variance model did not provide an adequate fit (as assessed by 
the p-value for variance) to the data.  The linear model was run again while applying the power model 
integrated into the BMDS to account for nonhomogenous variance.  The nonconstant variance model also 
did not provide an adequate fit (as assessed by the p-value for variance).  In an attempt to achieve an 
adequate fitting model, the highest dose was dropped from the data-set.  Unlike the full data-set, statistical 
tests indicated that the variances were constant across exposure groups without the highest dose.  All of 
the models reverted to the linear model and provided an adequate fit to the means (Table A-6).  Using the 
constant-variance Linear model (without the highest dose), the BMD2sd and BMDL2sd 

 

are 044 and 
0.37  mg chromium(VI)/kg, respectively (Figure A-3).  
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Table A-6.  Model Predictions for Changes in MCH (pg) in Male Rats Exposed to 
Sodium Dichromate Dihydrate in Drinking Water for 22 Days  

 

Model 
Variance 
p-value

p-Value for 
the meansb AIC b 

BMD2sd BMDL  
(mg/kg/day) 

2sd 
(mg/kg/day) 

All doses 

 Linear <0.0001 b,c <0.0001 107.27 — — 

 Linear 0.00  c,d <0.0001 57.60 — — 

 Polynomial (1-degree) 0.00 c,d  <0.0001 57.60 — — 

 Polynomial (2-degree) 0.00 c,d <0.0001 57.60 — — 

 Polynomial (3-degree) 0.00 c,d <0.0001 57.60 — — 

 Polynomial (4-degree) 0.00 c,d <0.0001 57.60 — — 

 Power 0.00 d <0.0001 57.60 — — 

 Hill 0.00 d 0.02 34.64 — — 

Highest dose dropped (four doses) 

 Linear 0.14  b,c 0.15 -3.57 0.44 0.37 
 Polynomial (1-degree) 0.14 b,c  0.15 -3.57 0.44 0.37 

 Polynomial (2-degree) 0.14 b,c 0.15 -3.57 0.44 0.37 

 Polynomial (3-degree) 0.14 b,c 0.15 -3.57 0.44 0.37 

 Power 0.14 b 0.15 -3.57 0.44 0.37 

 Hill 0.14 b NA -3.39 e 0.46 0.32 
 

aValues <0.1 fail to meet conventional goodness-of-fit criteria. 
bConstant variance  
cRestriction = non-positive 
dNonconstant variance 
e

 
NA = degrees of freedom are ≤0; the Chi-Square test for fit is not valid. 

AIC = Akaike’s Information Criteria; p = p value from the Chi-squared test; BMD = benchmark dose; BMDL = lower 
confidence limit (95%) on the benchmark dose; 2sd = a 2 standard deviation change from the control 
 
Source:  NTP 2008a 
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Figure A-3.  Predicted and Observed Changes in MCH in Male Rats Exposed to 
Sodium Dichromate Dihydrate in Drinking Water for 22 Days* 

 
 
*BMDs and BMDLs indicated are associated with a 2 standard deviation change from the control, and are  
in units of mg chromium(VI)/kg/day. 
 
Source:  NTP 2008a 
 
 
Agency Contact (Chemical Manager)
 

:  Sharon Wilbur 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: Chromium(VI) 
CAS Numbers: 18540-29-9 
Date: October 2008 
Profile status: Final Draft Pre-Public Comment 
Route: [ ] Inhalation   [X] Oral 
Duration: [ ] Acute   [ ] Intermediate   [X] Chronic 
Graph Key: 95 
Species: Mouse 
 
Minimal Risk Level
 

:  0.001   [X] mg chromium(VI)/kg/day   [ ] ppm 

Reference

 

:  NTP.  2008a.  NTP technical report on the toxicology and carcinogenesis studies of sodium 
dichromate dihydrate (CAS No. 7789-12-0) in  F344/N rats and B6C3F1 mice (drinking water studies).  
Washington, DC:  National Toxicology Program.  NTP TR 546.  
http://ntp.niehs.nih.gov/files/546_web_FINAL.pdf.  August 13, 2008. 

Experimental design

 

:  Groups of F344/N rats (50/sex/group) and B6C3F1 mice (50/sex/group) were 
exposed to sodium dichromate dihydrate in drinking water in a 2-year toxicology and carcinogenicity 
study.  Rats and female mice were exposed to drinking water concentrations of 0, 14.3, 57.3, 172, or 
516 mg sodium dichromate dihydrate/L.  NTP (2008a) calculated mean daily doses of sodium dichromate 
dihydrate in male rats of 0, 0.6, 2.2, 6, or 17 mg/kg (equivalent to 0, 0.21, 0.77, 2.1, or 5.9 mg 
chromium(VI)/kg/day, respectively), in female rats of 0, 0.7, 2.7, 7, or 20 mg/kg (equivalent to 0, 0.24, 
0.94, 2.4, and 7.0 mg chromium(VI)/kg/day, respectively), and in female mice of 0, 1.1, 3.9, 9, or 
25 mg/kg (equivalent to 0, 0.38, 1.4, 3.1, or 8.7 mg chromium(VI)/kg/day, respectively) over the course 
of the 2-year study.  Male mice were exposed to 0, 14.3, 28.6, 85.7, or 257.4 mg sodium dichromate 
dihydrate/L.  NTP (2008a) calculated mean daily doses of sodium dichromate dihydrate in male mice of 
1.1, 2.6, 7, or 17 mg/kg (equivalent to 0, 0.38, 0.91, 2.4, and 5.9 mg chromium(VI)/kg/day, respectively).  
Mortality, clinical signs of toxicity, body weight, and water intake were assessed over the course of 
exposure.  In a subgroup of 10 male rats and 10 female mice, blood was collected from the retroorbital 
sinus after exposure durations of 4 days (rats only), 22 days, 3 months, 6 months, and 1 year and 
evaluated for hematology (Hct; hemoglobin concentration; erythrocyte, reticulocyte, and platelet counts; 
erythrocyte and platelet morphology; MCV; MCH; MCHC; and leukocyte count and differentials) in rats 
and mice and clinical chemistry (urea nitrogen, creatinine, total protein, albumin, ALT, AP, creatine 
kinase, SDH, and bile acids) in rats only.  Blood for hematology and clinical chemistry was not obtained 
at the end of the 2-year treatment period.  At the end of the 2-year treatment period, necropsies and 
histopathological assessment of comprehensive tissues, gross lesions and tissue masses were performed 
on all animals.  No data on organ weights were presented in the study report (NTP 2008a). 

Effect noted in study and corresponding doses:  Study results presented in the following discussion are 
noncancer findings associated with chronic-duration exposures only; results of hematological and clinical 
chemistry assessments conducted at 4 days and from 22 days to 6 months are described in the acute- and 
intermediate-duration MRL worksheets, respectively; carcinogenic effects are reviewed in Section 3.2.2.7 
(Oral Exposure, Cancer).  In rats, no treatment-related effects were observed on survival and no clinical 
signs of toxicity were observed.  Final body weight was significantly decreased by 12% in male and 11% 
in females exposed to the highest drinking water concentration.  Study authors attributed alterations in 
body weight to decreased water intake (due to decreased palatability) rather than to a toxicological effect.  
Hematological assessments conducted in male rats at 1-year showed dose-dependent effects indicative of 
microcytic, hypochromic anemia:  decreased MCH (≥0.77 mg chromium(VI)/kg/day), decreased MCV 
and MCHC (≥2.1 mg chromium(VI)/kg/day), and decreased Hgb (5.9 mg chromium(VI)/kg/day).  No 
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hematological effects were observed at 2.1 mg chromium(VI)/kg/day.  Other hematological effects 
observed were decreased leukocyte (5.9 mg chromium(VI)/kg/day) and segmented neutrophil counts 
(≥0.77 mg chromium(VI)/kg/day).  Alterations in clinical chemistry parameters observed after 1 year of 
exposure were increased ALT and decreased AP (≥0.77 mg chromium(VI)/kg/day), increased BUN and 
creatine kinase (≥2.1 mg chromium(VI)/kg/day), and decreased total protein (5.9 mg 
chromium(VI)/kg/day).  Regarding the toxicological significance of elevated ALT, as discussed below, 
histopathological assessment of the liver showed minimal-to-mild chronic inflammation in males 
(≥2.1 mg chromium(VI)/kg/day) and females (≥0.24 mg chromium(VI)/kg/day).  However, since serum 
activities of AP, SDH, or bile acids were not increased, elevated serum ALT activity may have resulted 
from enzyme induction rather than hepatocellular injury.  Histopathological evaluations revealed an 
increased incidence of nonneoplastic lesions in the liver (males and females), small intestine (males and 
females), mesenteric lymph nodes (males and females), pancreatic lymph nodes (females only) and 
salivary gland (females only).  Hepatic lesions observed in male rats included minimal-to-mild chronic 
inflammation (≥0.77 mg chromium(VI)/kg/day) and histiocytic cellular infiltration (5.9 mg 
chromium(VI)/kg/day); hepatic lesions in females included chronic inflammation (≥0.24 mg 
chromium(VI)/kg/day), histiocytic cellular infiltration (≥0.94 mg chromium(VI)/kg/day) and fatty change 
(≥0.94 mg chromium(VI)/kg/day).  Although chronic hepatic inflammation is commonly observed in 
aging rats, the incidence was significantly enhanced by exposure.  Histiocytic cellular infiltration 
(minimal-to-mild) of the duodenum, was observed in males (≥0.77 mg chromium(VI)/kg/day) and 
females (≥2.4 mg chromium(VI)/kg/day).  Nonneoplastic lesions of lymph nodes included the following:  
histocytic cellular infiltration of mesenteric lymph nodes in males and females at ≥0.77 and ≥2.4 mg 
chromium(VI)/kg/day, respectively; hemorrhage of mesenteric lymph nodes in males and females at 
≥0.77 and ≥7.0 mg chromium(VI)/kg/day, respectively; and histocytic cellular infiltration of pancreatic 
lymph nodes in females at ≥2.4 mg chromium(VI)/kg/day only.  The incidence of salivary gland atrophy 
was significantly in female rats at 2.4 mg chromium(VI)/kg/day; although the incidence was also 
increased at 7.0 mg chromium(VI)/kg/day, the change was not significantly different from control.  
Salivary atrophy was not observed in male rats.  No data on organ weights were presented in the study 
report (NTP 2008a). 
 
In mice, no treatment-related effects on survival or signs of toxicity were observed.  Final body weight 
was significantly decreased by 15% in male and 8% in females exposed to the highest drinking water 
concentration.  The study authors attributed the alterations in body weight to decreased water intake (due 
to decreased palatability) rather than to a toxicological effect.  Hematological assessments conducted in 
female mice at 1 year showed dose-dependent effects indicative of microcytic, hypochromic anemia and 
compensatory erythropoiesis:  decreased MCV and MCH (≥3.1 mg chromium(VI)/kg/day) and increased 
erythrocyte count at ≥3.1 mg chromium(VI)/kg/day.  Platelet count and segmented neutrophil count were 
decreased at 8.7 mg chromium(VI)/kg/day.  Severity of hematological effects on mice was less than in 
rats.  Clinical chemistry was not evaluated in male or female mice.  Histopathological evaluations 
revealed an increased incidence of nonneoplastic lesions in the liver (females), small intestine (male and 
females), and mesenteric and pancreatic lymph nodes (males and females).  Histiocytic cellular 
infiltration of the liver was observed in all treatment groups, with incidence and severity exhibiting dose-
dependence.  Chronic inflammation of the liver was also observed in females at ≥3.1 mg 
chromium(VI)/kg/day.  In males, only pre-neoplastic (clear cell and eosinophilic foci) lesions were 
observed at the highest dose tested.  Diffuse epithelial hyperplasia of the duodenum was observed in all 
treatment groups in males and females (≥0.38 mg chromium(VI)/kg/day), with histiocytic cellular 
infiltration of the duodenum in males and females at ≥2.4 and 3.1 mg chromium(VI)/kg/day, respectively.  
Histiocytic cellular infiltration was observed in mesenteric lymph nodes in all treatment groups in males 
and females (≥0.38 mg chromium(VI)/kg/day) and in pancreatic lymph nodes at ≥2.4 and ≥3.1 mg 
chromium(VI)/kg/day in males and females, respectively.  Increased incidence of cytoplasm alteration of 
the pancreas (depletion of zymogen granules from acinar epithelial cells) was observed in males at 
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≥2.4 mg chromium(VI)/kg/day and in females in all treatment groups (≥0.38 mg chromium(VI)/kg/day); 
the toxicological significance of this finding is not clear. 
 
Dose and end point used for MRL derivation

 

:  0.09 mg chromium(VI)/kg/day (diffuse epithelial 
hyperplasia of the duodenum) 

[ ] NOAEL   [ ] LOAEL   [X] benchmark dose (BMD) 
 
Chronic-duration exposure of rats and mice to sodium dichromate dihydrate in drinking water resulted in 
microcytic, hypochromic anemia and nonneoplastic lesions of the liver, duodenum, mesenteric and 
pancreatic lymph nodes, pancreas and salivary gland.  Based on comparison of LOAEL values 
(Table A-7), the lowest LOAELs were observed for histopathological changes of the liver (chronic 
inflammation in female rats and histiocytic cellular infiltration in female mice), duodenum (diffuse 
epithelial hyperplasia in male and female mice), mesenteric lymph node (histiocytic cellular infiltration in 
male and female mice) and pancreas (cytoplasm cellular alteration of acinar epithelial cells in female 
mice), with effects occurring in all treatment groups.  Therefore, all effects with LOAEL values of the 
lowest dose tested were considered as the possible the critical effect for derivation of the chronic-duration 
oral MRL.  Incidence data for these lesions are summarized in Table A-8. 
 

Table A-7.  NOAEL and LOAEL Values for Effects in Rats and Mice Exposed to 
Sodium Dichromate Dihydrate in Drinking Water for 1–2 Years 

 

Effect or tissue with lesion 

NOAEL/LOAEL value (mg chromium(VI)/kg/day) 

Male rats Female rats Male mice Female mice 
Hematological effects 0.21/0.77 N/A N/A 1.4/3.1 

Liver 0.21/0.77 0.24 2.4/5.9a 0.38c 

Duodenum 

a 

0.21/0.77 0.94/2.4 0.38 0.38a 

Mesenteric lymph node 

a 

0.21/0.77 0.94/2.4 0.38 0.38a 

Pancreatic lymph node  

a 

N/O 0.94/2.4 0.91/2.4 1.4/3.1 

Pancreas  N/O N/O 0.91/2.4 0.38

Salivary gland 

a 

N/O 2.4 N/O b N/O 
 

aNo NOAEL value was identified; effects occurred in all treatment groups 
bNot observed at other doses 
c

 
Pre-neoplastic lesions 

LOAEL = lowest-observed-adverse-effect level; N/A = not assessed; N/O = effect not observed; NOAEL = no-
observed-adverse-effect level 
 
Source:  NTP 2008a 
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Table A-8.  Incidence Data for Nonneoplastic Lesionsa

in Drinking Water for 2 Years 

 Occurring in All Treatment 
Groups of  Female F/344 Rats and Male and Female B6C3F1 Mice Exposed to 

Sodium Dichromate Dihydrate  

 
 

 
Dose (mg chromium(VI)/kg/day) 

0 0.24 0.94 2.4 7.0 
Female rats 

 Liver, chronic inflammation 12/50b 21/50 (1.3) c 28/50 (1.2) d 35/50 (1.3) d 39/50 (1.6) d

 

 (2.1) 

 
Dose (mg chromium(VI)/kg/day) 

0 0.38 0.91 2.4 5.9 
Male mice 

 Duodenum:  diffuse epithelial 
hyperplasia 

0/50 11/50d 18/50 (2.0)  d 42/50 (1.6)  d 32/50 (2.1)  c

 

 (2.1) 

Mesenteric lymph node:  
histiocytic cellular infiltration 

14/47 (1.2) 38/47d 31/49 (1.1) d 32/49 (1.2) d 42/46 (1.5) c

 

 (2.5) 

Dose (mg chromium(VI)/kg/day) 

0 0.38 1.4 3.1 8.7 
Female mice 

 Duodenum:  diffuse epithelial 
hyperplasia 0/50 16/50d 35/50 (1.6) d 31/50 (1.7) d 42/50 (1.6) d

 

 (2.2) 

Mesenteric lymph node:  
histiocytic cellular infiltration 3/46 (1.0) 29/48d 26/46 (1.3) d 40/50 (1.1) d 42/50 (1.9) d

 

 (2.7) 

Liver:  histiocytic cellular 
infiltration 2/49 (1.0) 15/50d 23/50 (1.1) d 32/50 (1.0) d 45/50 (1.0) d

 

 (1.9) 

Pancreas:  acinus, cytoplasmic 
alteration 0/48 6/50c 6/49 (2.5) c 14/50 (2.0) d 32/50 (2.4) d

 

 (2.6) 

aLesion severity (1=minimal, 2=mild, 3=moderate, 4=marked) 
bNumber of animals with lesions/number of animals examined 
cSignificantly different (p≤0.05) from the control group by Dunn’s or Shirley’s test 
d

 
Significantly different (p≤0.01) from the control group by Dunn’s or Shirley’s test 

Source:  NTP 2008a 

 
To determine the specific end point for derivation of the chronic-duration oral MRL, all available 
dichotomous models in the EPA (version 1.4.1) were fit to the incidence data for selected end points in 
female rats and male and female mice exposed to sodium dichromate dihydrate in drinking water for 
2 years (NTP 2008a) (Table A-8).  To provide potential points of departure for MRL derivation, 10% 
extra risk was selected as the benchmark response in accordance with U.S. EPA (2000) technical 
guidance for benchmark dose analysis to select a response level near the lower range of detectable 
observations.  The BMD10s and BMDL10s from the best fitting models for nonneoplastic lesions of the 
liver (female rats and mice), duodenum (male and female mice), mesenteric lymph nodes (male and 
female mice), and pancreas (female mice) are shown in Table A-9.  For chronic inflammation of the liver 
in female rats, the log-logistic model provided the best fit, with BMD10 and BMDL10 values of 0.22 and 
0.14 mg chromium(VI)/kg/day, respectively.  For diffuse epithelial hyperplasia in male mice, the 
multistage and quantal linear models provided the best fit, with BMD10 and BMDL10 values of 0.16 and 
0.13 mg chromium(VI)/kg/day, respectively.  For diffuse epithelial hyperplasia in female mice, the best 
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fit was provided by several models (gamma, multistage, quantal linear, and weibull) with BMD10 and 
BMDL10 values of 0.12 and 0.09 mg chromium(VI)/kg/day, respectively.  For histiocytic alteration of the 
liver and cytoplasm alteration of the pancreas in female mice, the log-logistic model provided the best fit, 
with BMD10 and BMDL10 values of 0.17 and 0.12 mg chromium(VI)/kg/day, respectively, for liver 
lesions and of 0.68 and 0.52 mg chromium(VI)/kg/day, respectively, for pancreas lesions.  For lesions of 
the mesenteric lymph nodes in male and female mice, none of the models provided adequate fit to the 
data, even with the two highest doses dropped from the analysis; thus, data sets for these lesions were 
considered not suitable for BMD analysis.  Additional details of the benchmark dose analysis for each 
data set modeled are presented in the last section of this worksheet.  Based on the lowest BMDL10 value 
of 0.09 mg chromium(VI)/kg/day, diffuse epithelial hyperplasia of the duodenum in female mice was 
selected as the point of departure for derivation of the chronic-duration oral MRL.  The chronic-duration 
oral MRL based on nonneoplastic lesions of the duodenum in female mice is expected to be protective for 
all other adverse effects observed in the 2-year drinking water study (e.g., hematological effects and 
lesions of the liver, lymph nodes, pancreas, and salivary gland).  The chronic-duration MRL of 0.001 mg 
chromium(VI)/kg/day was derived by dividing the BMDL10

 

 by a composite uncertainty factor of 100 
(10 for extrapolation from animals to humans and 10 for human variability). 

Table A-9.  Summary of BMD10 and BMDL10

and Pancreas in Female Rats and Male and Female Mice After Exposure  

 from the Best Fitting Models for 
Nonneoplastic Lesions of the Liver, Duodenum, Mesenteric Lymph Nodes,  

to Sodium Dichromate Dihydrate in Drinking Water for 2 Years 
 

End point Species/sex Model 
Number 
of doses 

BMDa BMDL 
(mg/kg/day) 

a 
(mg/kg/day) 

Liver, chronic 
inflammation 

Rat/female Log-logistic 5 0.22 0.14 

Duodenum:  
diffuse epithelial 
hyperplasia 

Mouse/male 1-Degree polynomial 
multistage/quantal linear 

4 0.16 0.13 

Mesenteric lymph 
node:  histiocytic 
cellular infiltration

Mouse/male 

b 

–— –— 
 

–— 
 

–— 
 

Duodenum:  
diffuse epithelial 
hyperplasia 

Mouse/female Gamma/Multistage/quantal 
linear/weibull 

3 0.12 0.09 

Mesenteric lymph 
node:  histiocytic 
cellular infiltration

Mouse/female 

b 

–— –— 
 

–— 
 

–— 
 

Liver:  histiocytic 
cellular infiltration 

Mouse/female Log-logistic 5 0.17 0.12 

Pancreas:  acinus, 
cytoplasmic 
alteration 

Mouse/female Log-logistic 5 0.68 0.52 

 

aBMDs and BMDLs from dichotomous data are associated with a 10% extra  risk; doses are in terms of mg 
chromium(VI)/kg/day. 
b

 
None of the models provided an adequate fit to the data. 

BMD = benchmark dose; BMDL = lower confidence limit (95%) on the benchmark dose 
 
Source:  NTP 2008a 
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Uncertainty Factors used in MRL derivation
 

: 

 [  ]  10 for use of a LOAEL 
 [X]  10 for extrapolation from animals to humans 
 [X]  10 for human variability 
  
Was a conversion factor used from ppm in food or water to a mg/body weight dose

 

?  No.  Daily doses for 
each treatment group were reported by study authors (NTP 2008a) based on body weights and water 
intake over the 2-year exposure period. 

If an inhalation study in animals, list conversion factors used in determining human equivalent dose

 

:  Not 
applicable. 

Was a conversion used from intermittent to continuous exposure
 

?  Not applicable. 

Other additional studies or pertinent information that lend support to this MRL

 

:  Selection of 
nonneoplastic lesions of the duodenum in female mice is as the critical effect for the chronic-duration oral 
MRL is supported by observations from the same study showing adverse gastrointestinal effects in male 
mice (diffuse epithelial hyperplasia at ≥0.38 mg chromium(VI)/kg/day and histiocytic cellular infiltration 
at 5.9 mg chromium(VI)/kg/day) and in male and female rats (histiocytic cellular infiltration at ≥0.77 and 
≥0.94 mg chromium(VI)/kg/day, respectively) exposed to sodium dichromate dihydrate in drinking water 
for 2 years (NTP 2008a).  Although no other chronic-duration studies on oral chromium(VI) in animals 
were identified, a 3-month study on sodium dichromate dihydrate in drinking water revealed adverse 
gastrointestinal effects in rats and mice (including a comparative study in 3 mouse strains) (NTP 2007).  
Epithelial hyperplasia and histiocytic cellular infiltration of the duodenum was observed at ≥3.1 and 
≥5.9 mg chromium(VI)/kg/day, respectively, in male and female B6C3F1 mice.  Similar nonneoplastic 
lesions of the duodenum were also reported in the 3-month comparative study in male B6C3F1, BALB/c, 
and C57BL/6 mice, with epithelial hyperplasia at ≥2.8 mg chromium(VI)/kg/day in B6C3F1 and BALB/c 
strains and ≥5.2 in the C57BL/6 strain, and histiocytic cellular infiltration at ≥2.8 mg chromium(VI)/kg/
day in B6C3F1 and C57BL/6 strains and ≥5.2 mg chromium(VI)/kg/day in the BALB/c strain.  In male 
and female F344/N rats, histiocytic cellular infiltration was observed at ≥3.5 mg chromium(VI)/kg/day.  
At a higher daily dose (20.9 mg chromium(VI)/kg/day), ulcer, epithelial regenerative focal hyperplasia, 
and epithelial focal squamous metaplasia of the glandular stomach were observed. 

Details of Benchmark Dose Analysis for the Chronic-duration Oral MRL 
 
Chronic Inflammation of the Liver in Female Rats.  As assessed by the chi-square goodness-of-fit 
statistic, only the log-logistic model provided an adequate fit (X2 p-value ≥0.1) to the data (Table A-10).  
Based on the log-logistic model, the BMD associated with a 10% extra risk was 0.22 mg 
chromium(VI)/kg/day and its lower 95% confidence limit (BMDL) was 0.14 mg chromium(VI)/kg/day 
(Figure A-4). 
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Table A-10.  BMD10 and BMDL10

Female Rats Exposed to Sodium Dichromium Dihydrate in Drinking  

 Values and Goodness-of-Fit Statistics from 
Models Fit to Incidence Data for Chronic Inflammation of the Liver in  

Water for 2 Years  
 

Model 
BMD10

(mg/kg/day) 
  BMDL10

(mg/kg/day) 
  

x2 AIC  p-value 
Gamma 0.51 a 0.37 0.04 317.97 

Logistic 0.84 0.65 0.01 321.45 

Log-logistic 0.22 b 0.14 0.37 312.57 
Multi-stage 0.51 c 0.37 0.04 317.97 

Probit  0.88 0.70 0.01 321.80 

Log-probit 0.89 b 0.61 0.01 320.86 

Quantal linear 0.51 0.37 0.04 317.97 

Weibull 0.51 a 0.37 0.04 317.97 
 

aRestrict power ≥1 
bSlope restricted to >1 
c

 

Restrict betas ≥0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a 3-degree polynomial is reported.  

AIC = Akaike information criterion; BMD = benchmark dose; BMDL = lower confidence limit (95%) on the benchmark 
dose 
 
Source:  NTP 2008a 
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Figure A-4.  Predicted and Observed Incidence of Chronic Inflammation of the 
Liver in Female Rats Exposed to Sodium Dichromium Dihydrate in  

Drinking Water for 2 Years* 

 
 
*BMDs and BMDLs indicated are associated with a 10% extra risk, and are in units of mg chromium(VI)/kg/day. 
 
Source:  NTP 2008a 
 
Diffuse Epithelial Hyperplasia of the Duodenum in Male Mice.  As assessed by the chi-square 
goodness-of-fit statistic, none of the models provided an adequate fit (X2 p-value ≥0.1) to the full dataset 
(Table A-11).  In order to achieve a statistically fit model, the highest dose was dropped.  This is 
determined to be appropriate, as the area of concern is with the low-dose region of the response curve.  
After dropping the highest dose, the gamma, log-logistic, multistage, log-probit, quantal linear, and 
weibull models provided adequate fits to the data (X2 p-value >0.1).  Comparing across models, a better 
fit is generally indicated by a lower AIC (EPA 2000).  As assessed by AIC, the 1-degree polynomial 
multistage model provided the best fit to the data (Figure A-5).  Based on the multistage model, the BMD 
associated with a 10% extra risk was 0.16 mg chromium(VI)/kg/day and its lower 95% confidence limit 
(BMDL) was 0.13 mg chromium(VI)/kg/day. 
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Table A-11.  BMD10 and BMDL10

Duodenum in Male Mice Exposed to Sodium Dichromium Dihydrate  

 Values and Goodness-of-Fit Statistics from 
Models Fit to Incidence Data for Diffuse Epithelial Hyperplasia in the  

in Drinking Water for 2 Years 
 

Model 
BMD10

(mg/kg/day) 
  BMDL10

(mg/kg/day) 
  

x2 AIC  p-value 
All doses 

 Gamma 0.31 a 0.25 0.00 270.99 

 Logistic 0.90 0.74 0.00 296.25 

 Log-logistic 0.15 b 0.12 0.00 247.93 

 Multi-stage 0.31 c 0.25 0.00 270.99 

 Probit  0.90 0.76 0.00 296.18 

 Log-probit 0.48 b 0.36 0.00 274.38 

 Quantal linear 0.31 0.25 0.00 270.99 

 Weibull 0.31 a 0.25 0.00 270.99 

Highest dose dropped (four doses modeled) 

 Gamma 0.22 a 0.14 0.43 167.67 

 Logistic 0.47 0.39 0.03 177.09 

 Log-logistic 0.26 b 0.15 0.20 169.23 

 Multi-stage 0.16 d 0.13 0.52 166.34 
 Probit  0.45 0.37 0.04 176.19 

 Log-probit 0.28 b 0.23 0.33 167.41 

 Quantal linear 0.16 0.13 0.52 166.34 
 Weibull 0.22 a 0.14 0.47 167.50 
 

aRestrict power ≥1 
bSlope restricted to >1 
cRestrict betas ≥0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a 3-degree polynomial is reported. 
d

 
Restrict betas ≥0; lowest degree polynomial (up to n-2) with an adequate fit is reported; degree polynomial =1. 

AIC = Akaike information criterion; BMD = benchmark dose; BMDL = lower confidence limit (95%) on the benchmark 
dose 
 
Source:  NTP 2008a  
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Figure A-5.  Predicted and Observed Incidence of Diffuse Epithelial Hyperplasia in 
the Duodenum of Male Mice Exposed to Sodium Dichromium Dihydrate in 

Drinking Water for 2 Years* 

 
 
*BMDs and BMDLs indicated are associated with a 10% extra risk, and are in units of mg chromium(VI)/kg/day. 
 
Source:  NTP 2008a 
 
Histiocytic Cellular Infiltration of the Mesenteric Lymph Nodes in Male Mice.  As assessed by the chi-
square goodness-of-fit statistic, none of the models provided an adequate fit (X2 p-value ≥0.1) to the full 
dataset (Table A-12).  In order to achieve a statistically fit model, the highest dose was dropped.  This is 
determined to be appropriate, as the area of concern is with the low-dose region of the response curve.  
Dropping the highest dose did not result in adequately fitting models, nor did dropping the two highest 
doses.  This dataset is considered not suitable for benchmark dose modeling.   
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Table A-12.  BMD10 and BMDL10

Mesenteric Lymph Nodes of Male Mice Exposed to Sodium  

 Values and Goodness-of-Fit Statistics from 
Models Fit to Incidence Data for Histiocytic Cellular Infiltration in  

Dichromium Dihydrate in Drinking Water for 2 Years 
 

Model 
BMD10

(mg/kg/day) 
  BMDL10

(mg/kg/day) 
  

x2 AIC  p-value 
All doses 
 Gamma 0.38 a 0.26 0.00 285.94 
 Logistic 0.53 0.39 0.00 286.38 
 Log-logistic 0.16 b 0.08 0.00 284.48 
 Multi-stage 0.43 c 0.26 0.00 287.88 
 Probit  0.56 0.43 0.00 286.35 
 Log-probit 0.83 b 0.52 0.00 289.36 
 Quantal linear 0.38 0.26 0.00 285.94 
 Weibull 0.38 a 0.26 0.00 285.94 
Highest dose dropped (four doses modeled) 
 Gamma 0.47 a 0.24 0.00 258.50 
 Logistic 0.61 0.35 0.00 259.04 
 Log-logistic 0.21 b 0.08 0.00 256.81 
 Multi-stage 0.47 d 0.24 0.00 258.50 
 Probit  0.63 0.37 0.00 259.08 
 Log-probit 1.24 b 0.56 0.00 261.28 
 Quantal linear 0.47 0.24 0.00 258.50 
 Weibull 0.47 a 0.24 0.00 258.50 
Two highest doses dropped (three doses modeled) 
 Gamma 0.11 a 0.07 0.00 187.77 
 Logistic 0.17 0.12 0.00 189.97 
 Log-logistic 0.05 b 0.03 0.00 183.77 
 Multi-stage 0.11 e 0.07 0.00 187.77 
 Probit  0.17 0.12 0.00 190.12 
 Log-probit 0.17 b 0.11 0.00 190.37 
 Quantal linear 0.11 0.07 0.00 187.77 
 Weibull 0.11 a 0.07 0.00 187.77 
 

aRestrict power ≥1 
bSlope restricted to >1 
cRestrict betas ≥0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a 3-degree polynomial is reported. 
dRestrict betas ≥0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a 2-degree polynomial is reported. 
e

 

Restrict betas ≥0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a 1-degree polynomial is reported. 

AIC = Akaike information criterion; BMD = benchmark dose; BMDL = lower confidence limit (95%) on the benchmark 
dose 
 
Source:  NTP 2008a 
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Diffuse Epithelial Hyperplasia of the Duodenum in Female Mice.  As assessed by the chi-square 
goodness-of-fit statistic, none of the models provided an adequate fit (X2 p-value ≥0.1) to the data 
(Table A-13).  In order to achieve a statistically fit model, the highest dose was dropped.  This is 
determined to be appropriate, as the area of concern is with the low-dose region of the response curve.  
After dropping the highest dose, an adequate fit was still not achieved.  After dropping the two highest 
doses, all of the models except for the logistic and probit models provided an adequate fit (X2

 

 p-value 
≥0.1) to the data.  Comparing across models, a better fit is generally indicated by a lower AIC (EPA 
2000).  As assessed by AIC, the gamma, multistage, quantal linear, and weibull models generated 
identical goodness of fit statistics and benchmark doses, as these models all took the form of a 1-degree 
polynomial multistage model which provides the best fit (Figure A-6).  Based on these models, the BMD 
associated with a 10% extra risk was 0.12 mg chromium(VI)/kg/day and its lower 95% confidence limit 
(BMDL) was 0.09 mg chromium(VI)/kg/day. 
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Table A-13.  BMD10 and BMDL10

Duodenum of Female Mice Exposed to Sodium Dichromium  

 Values and Goodness-of-Fit Statistics from 
Models Fit to Incidence Data for Diffuse Epithelial Hyperplasia in the  

Dihydrate in Drinking Water for 2 Years 
 

Model 
BMD10

(mg/kg/day) 
  BMDL10

(mg/kg/day) 
  

x2 AIC  p-value 
All doses 
 Gamma 0.34 a 0.27 0.00 275.34 
 Logistic 0.88 0.72 0.00 293.17 
 Log-logistic 0.12 b 0.09 0.04 245.54 
 Multi-stage 0.34 c 0.27 0.00 275.34 
 Probit  0.93 0.78 0.00 294.03 
 Log-probit 0.52 b 0.38 0.00 279.54 
 Quantal linear 0.34 0.27 0.00 275.34 
 Weibull 0.34 a 0.27 0.00 275.34 
Highest dose dropped (four doses modeled) 
 Gamma 0.20 a 0.16 0.00 213.41 
 Logistic 0.55 0.46 0.00 236.10 
 Log-logistic 0.11 b 0.08 0.04 200.07 
 Multi-stage 0.20 d 0.16 0.00 213.41 
 Probit  0.54 0.45 0.00 235.61 
 Log-probit 0.29 b 0.24 0.00 220.04 
 Quantal linear 0.20 0.16 0.00 213.41 
 Weibull 0.20 a 0.16 0.00 213.41 
Two highest doses dropped (three doses modeled) 
 Gamma 0.12 a 0.09 0.87 126.06 
 Logistic 0.34 0.27 0.00 141.77 
 Log-logistic 0.12 b 0.06 1.00 127.77 
 Multi-stage 0.12 e 0.09 0.87 126.06 
 Probit  0.32 0.26 0.00 140.65 
 Log-probit 0.20 b 0.16 0.48 127.17 
 Quantal linear 0.12 0.09 0.87 126.06 
 Weibull 0.12 a 0.09 0.87 126.06 
 

aRestrict power >=1 
bSlope restricted to >1 
cRestrict betas >=0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a 3-degree polynomial is reported. 
dRestrict betas >=0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a 2-degree polynomial is reported. 
e

 

Restrict betas >=0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a 1-degree polynomial is reported. 

AIC = Akaike information criterion; BMD = benchmark dose; BMDL = lower confidence limit (95%) on the benchmark 
dose 
 
Source:  NTP 2008a 
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Figure A-6.  Predicted and Observed Incidence of Diffuse Epithelial Hyperplasia in 
the Duodenum of Female Mice Exposed to Sodium Dichromium Dihydrate in 

Drinking Water for 2 Years* 

 
 
*BMDs and BMDLs indicated are associated with a 10% extra risk, and are in units of mg chromium (VI)/kg/day. 
 
Source:  NTP 2008a 
 
Histiocytic Cellular Infiltration of the Mesenteric Lymph Nodes in Female Mice.  As assessed by the 
chi-square goodness-of-fit statistic, none of the models provided an adequate fit (X2 p-value ≥0.1) to the 
full dataset (Table A-14).  In order to achieve a statistically fit model, the highest dose was dropped.  This 
is determined to be appropriate, as the area of concern is with the low-dose region of the response curve.  
Dropping the highest dose did not result in adequately fitting models, nor did dropping the two highest 
doses.  This dataset is not suitable for benchmark dose modeling.   
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Table A-14.  BMD10 and BMDL10

Mesenteric Lymph Nodes of Female Mice Exposed to Sodium  

 Values and Goodness-of-Fit Statistics from 
Models Fit to Incidence Data for Histiocytic Cellular Infiltration in  

Dichromium Dihydrate in Drinking Water for 2 Years 
 

Model 
BMD10

(mg/kg/day) 
  BMDL10

(mg/kg/day) 
  

x2 AIC  p-value 
All doses 
 Gamma 0.41 a 0.30 0.00 282.46 
 Logistic 0.77 0.61 0.00 290.18 
 Log-logistic 0.09 b 0.06 0.00 263.55 
 Multi-stage 0.41 c 0.30 0.00 282.46 
 Probit 0.85 0.69 0.00 291.41 
 Log-probit 0.68 b 0.47 0.00 285.85 
 Quantal linear 0.41 0.30 0.00 282.46 
 Weibull 0.41 a 0.30 0.00 282.46 
Highest dose dropped (four doses modeled) 
 Gamma 0.20 a 0.15 0.00 224.84 
 Logistic 0.40 0.33 0.00 230.81 
 Log-logistic 0.07 b 0.05 0.00 215.19 
 Multi-stage 0.20 d 0.15 0.00 224.84 
 Probit  0.40 0.34 0.00 230.85 
 Log-probit 0.37 b 0.24 0.00 231.76 
 Quantal linear 0.20 0.15 0.00 224.84 
 Weibull 0.20 a 0.15 0.00 224.84 
Two highest doses dropped (three doses modeled) 
 Gamma 0.14 a 0.10 0.00 172.32 
 Logistic 0.31 0.24 0.00 178.99 
 Log-logistic 0.07 b 0.04 0.00 164.47 
 Multi-stage 0.14 e 0.10 0.00 172.32 
 Probit  0.30 0.23 0.00 178.74 
 Log-probit 0.21 b 0.15 0.00 178.11 
 Quantal linear 0.14 0.10 0.00 172.32 
 Weibull 0.14 a 0.10 0.00 172.32 
 

aRestrict power ≥1 
bSlope restricted to >1 
cRestrict betas ≥0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a 3-degree polynomial is reported. 
dRestrict betas ≥0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a 2-degree polynomial is reported. 
e

 

Restrict betas ≥0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a 1-degree polynomial is reported. 

AIC = Akaike information criterion; BMD = benchmark dose; BMDL = lower confidence limit (95%) on the benchmark 
dose 
 
Source:  NTP 2008a 
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Histiocytic Cellular Infiltration of the Liver in Female Mice.  As assessed by the chi-square goodness-
of-fit statistic, only the log-logistic model provided an adequate fit (X2

 

 p-value ≥0.1) to the data 
(Table A-15).  Based on the log-logistic model, the BMD associated with a 10% extra risk was 0.17 mg 
chromium(VI)/kg/day and its lower 95% confidence limit (BMDL) was 0.12 mg chromium(VI)/kg/day 
(Figure A-7). 

Table A-15.  BMD10 and BMDL10

Liver of Female Rats Exposed to Sodium Dichromium Dihydrate in  

 Values and Goodness-of-Fit Statistics from 
Models Fit to Incidence Data for Histiocytic Cellular Infiltration in the  

Drinking Water for 2 Years 
 

Model 
BMD
(mg/kg/day) 

10 BMDL
(mg/kg/day) 

10 
x2 AIC  p-value 

Gamma 0.35 a 0.28 0.08 255.40 

Logistic 0.85 0.70 0.00 267.56 

Log-logistic 0.17 b 0.12 0.44 251.36 
Multi-stage 0.35 c 0.28 0.08 255.40 

Probit 0.88 0.75 0.00 268.64 

Log-probit 0.62 b 0.48 0.01 260.00 

Quantal linear 0.35 0.28 0.08 255.40 

Weibull 0.35 a 0.28 0.08 255.40 
 

aRestrict power ≥1 
bSlope restricted to >1 
c

 

Restrict betas ≥0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a 3-degree polynomial is reported.  

AIC = Akaike information criterion; BMD = benchmark dose; BMDL = lower confidence limit (95%) on the benchmark 
dose 
 
Source:  NTP 2008a 
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Figure A-7.  Predicted and Observed Incidence of Histiocytic Cellular Infiltration 
in the Livers of Female Mice Exposed to Sodium Dichromium Dihydrate in 

Drinking Water for 2 Years* 

 
 
*BMDs and BMDLs indicated are associated with a 10% extra risk, and are in units of mg chromium (VI)/kg/day. 
 
Source:  NTP 2008a 
 
Cytoplasmic Alteration of Acinar Epithelial Cells of the Pancreas in Female Mice.  As assessed by the 
chi-square goodness-of-fit statistic, all of the models provide adequate fits (X2 p-value ≥0.1) to the data 
(Table A-16).  Comparing across models, a better fit is generally indicated by a lower Akaike’s 
Information Criteria (AIC) (EPA 2000).  As assessed by AIC, the log-logistic model provides the best fit 
(Figure A-8).  Based on the log-logistic model, the BMD associated with a 10% extra risk was 0.68 mg 
chromium (VI)/kg/day and its lower 95% confidence limit (BMDL) was 0.52 mg chromium (VI)/kg/day. 
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Table A-16.  BMD10 and BMDL10

Alteration in Female Mice Exposed to Sodium Dichromium  

 Values and Goodness-of-Fit Statistics from 
Models Fit to Incidence Data for Pancreas:  Acinus, Cytoplasmic  

Dihydrate in Drinking Water for 2 Years 
 

Model 
BMD10

(mg/kg/day) 
  BMDL10

(mg/kg/day) 
  

x2 AIC  p-value 
Gamma 0.92 a 0.72 0.13 206.82 

Logistic 2.43 2.03 0.09 211.78 

Log-logistic 0.68 b 0.52 0.19 205.22 
Multi-stage 0.92 c 0.72 0.13 206.82 

Probit  2.24 1.89 0.11 210.99 

Log-probit 1.77 b 1.40 0.11 209.99 

Quantal linear 0.92 0.72 0.13 206.82 

Weibull 0.92 a 0.72 0.13 206.82 
 

aRestrict power ≥1 
bSlope restricted to >1 
c

 

Restrict betas ≥0; lowest degree polynomial (up to n-2) with an adequate fit is reported; a 1-degree polynomial is 
reported.  

AIC = Akaike information criterion; BMD = benchmark dose; BMDL = lower confidence limit (95%) on the benchmark 
dose 
 
Source:  NTP 2008a 
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Figure A-8.  Predicted and Observed Incidence of Pancreas:  Acinus, Cytoplasmic 
Alteration in Female Mice Exposed to Sodium Dichromium  

Dihydrate in Drinking Water for 2 Years* 

 
*BMDs and BMDLs indicated are associated with a 10% extra risk, and are in units of mg chromium (VI)/kg/day. 
 
Source:  NTP 2008a 
 
Agency Contact (Chemical Manager):  Sharon Wilbur 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical name: Chromium(III) insoluble particulates 
CAS number: 16065-83-1 
Date: October 2008 
Profile status: Final Draft Pre-Public Comment 
Route: [X] Inhalation [ ] Oral 
Duration: [ ] Acute [X] Intermediate [ ] Chronic 
Key to figure: 2 
Species: Rat 
 
Minimal Risk Level:  0.005 mg chromium(III)/m3

 

 for insoluble trivalent chromium particulate 
compounds 

Reference

 

:  Derelanko MJ, Rinehart WE, Hilaski RJ, et al.  1999.  Thirteen-week subchronic rat 
inhalation toxicity study with a recovery phase of trivalent chromium compounds, chromic acid and basic 
chromium sulfate.  Toxicol Sci 52(2):278-288. 

Experimental design:   Groups of 15 male and female CDF (Fisher 344/Crl BR VAF/Plus) rats were 
exposed to chromic oxide or basic chromium sulfate by nose-only inhalation to 0, 3, 10, or 30 mg 
chromium(III)/m3 (measured concentrations) 6 hours/day, 5 days/week for 13 weeks.  Mean particle sizes 
(in microns±GSD, based on 21 samples/test group evaluated over the 13-week exposure period) in the 3, 
10, and 30 mg chromium(III)/m3 groups, were 1.8±1.93, 1.9±1.84, and 1.9±1.78, respectively, for 
chromic oxide and 4.2±2.48, 4.2±2.37, and 4.5±2.50, respectively, for basic chromium sulfate; no 
chromium(VI) was detected in samples.  Of these 15 rats/sex/group, 10 rats/sex/group were examined and 
sacrificed after 13 weeks of exposure and 5 rats/sex/group were examined and sacrificed after an 
additional 13-week recovery (e.g., no exposure) period.  Throughout the exposure and recovery periods, 
rats were examined daily for mortality and clinical signs of toxicity; body weight was recorded weekly, 
but food consumption was not measured.  Ophthamalmoscopic examinations were conducted prior to 
treatment and before terminal sacrifice.  At the end of the treatment and recovery phases, blood was 
analyzed for “standard” hematology and clinical chemistry, and urinalysis was conducted; specific 
outcome measures evaluated for these assessments were not reported.  In five rats/sex/group, urine was 
also analyzed for β2-microglobulin.  Gross necropsy was performed on all animals at terminal sacrifice 
and organ weights were recorded for heart, liver, lungs/trachea (combined), spleen, kidneys, brain, 
adrenal, thyroid/parathyroid, testes, and ovaries.  Bone marrow was examined and differential cell counts 
of bone marrow were conducted.  Microscopic examination of comprehensive tissues (described as 
“tissues typically harvested for subchronic studies”) was conducted for all animals and the control and 
30 mg chromium(III)/m3 groups.  For all animals in the 3 and 30 mg chromium(III)/m3

 

 groups, the 
following tissues were examined microscopically:  kidneys, liver, nasal tissues, trachea, lungs, larynx, 
mediastinal and mandibular lymph nodes, and all tissues with gross lesions.  Histopathological lesions 
were described, but no incidence data were reported.  Sperm morphology, count, and motility were 
assessed in all males at the end of the 13-week treatment period only. 

Effects noted in study and corresponding doses:  The following study results are for rats exposed to 
chromic oxide only; detailed results of animals exposed to basic chromium sulfate are presented in the 
following intermediate-duration inhalation MRL worksheet for soluble chromium(III) compounds.  No 
mortalities, clinical signs of toxicity, changes in body weight, findings on ophthalmologic examination, or 
alterations of sperm count, motility, or morphology were observed.  Evaluations of hematology, clinical 
chemistry, and urinalysis did not reveal any treatment-related differences compared to controls; 
β2-microglobulin was not detected in urine of rats from any group.  Absolute and relative lung/trachea 
weights were significantly increased by 12 and 13%, respectively, in males in the 30 mg 
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chromium(III)/m3 group compared to control.  Lung weights were not increased in females.  Other 
significant changes in organ weight changes were limited to small increases in absolute 
thyroid/parathyroid weight in females in the 10 mg chromium(III)/m3 group and in relative 
thyroid/parathyroid weight (combined) in females in the 10 and 30 mg chromium(III)/m3 groups.  The 
study authors stated that the biological significance of changes in thyroid/parathyroid weight could not be 
determined; however, no histopathological changes were observed in these tissues in female rats exposed 
to 30 mg chromium(III)/m3.  On necropsy, most animals (incidence not reported) in the chromic oxide 
group had green discoloration of the lungs and mediastinal lymph nodes; the degree of discoloration 
increased with exposure level and was presumed to represent deposition of the test material.  Mediastinal 
lymph node enlargement was noted in the 30 mg chromium(III)/m3 group.  Microscopic examination of 
the lung revealed foci or aggregates of dark-pigmented (presumably the test material) macrophages within 
alveolar spaces adjacent to junctions of terminal bronchioles and alveolar ducts; black pigment was 
observed at the tracheal bifurcation and in periobronchial lymphoid tissue and the medistinal lymph node 
in all chromic oxide treatment groups.  These findings are consistent with normal physiological clearance 
mechanisms for particulates deposited in the lung and are not considered adverse.  Lymphoid hyperplasia 
of the mediastinal node was observed in rats of all treatment groups (severity not reported).  In rats 
exposed to 10 and 30 mg chromium(III)/m3, trace-to-mild chronic interstitial inflammation of the lung, 
characterized by inflammatory cell infiltration, was observed in alveolar septa, and hyperplasia of Type II 
pneumocytes (severity not reported) were observed.  Histopathological changes were isolated to the lungs 
and respiratory lymphatic tissues and were not observed in other tissues, including nasal tissues and the 
larynx.  Thus, for evaluations conducted at the end of the 13-week treatment period, a LOAEL of 3 mg 
chromium(III)/m3 for hyperplasia of the mediastinal node was identified for both males and females; the 
severity of this effect was not reported.  Following the 13-week recovery period, pigmented macrophages 
and black pigment were observed in peribronchial tissues and the mediastinal lymph node in animals 
from all treatment groups.  Septal cell hyperplasia and chronic interstitial inflammation of the lung, both 
trace-to-mild in severity, were observed in males of all treatment groups and in females exposed to 10 and 
30 mg chromium(III)/m3.  For evaluations conducted at the 13-week posttreatment recovery period, a 
minimal LOAEL (classified as minimal based on severity) of 3 mg chromium(III)/m3

 

 for trace-to-mild 
septal cell hyperplasia and chronic interstitial inflammation of the lung in male rats was identified. 

Dose end point used for MRL derivation:  3 mg chromium(III)/m3 (trace-to-mild septal cell hyperplasia 
and chronic interstitial inflammation of the lung), adjusted to 0.54 mg chromium(III)/m3 for intermittent 
exposure and converted to a LOAELHEC of 0.43 mg chromium(III)/m
 

3 

[  ] NOAEL [X] LOAEL 
 
The LOAEL of 3 mg chromium(III)/m3 for hyperplasia of the mediastinal node in males and females 
(observed at the end of the 13-week treatment period) and the minimal LOAEL (based on severity) of 
3 mg chromium(III)/m3 for trace-to-mild septal cell hyperplasia and chronic interstitial inflammation of 
the lung in males (observed at the end of the 13-week recovery period) were further evaluated as potential 
critical effects for derivation of the intermediate-duration inhalation MRL for insoluble trivalent 
chromium particulate compounds.  A BMCL for these effects could not be determined since incidence 
data for lesions of the lung and respiratory lymphatic tissue were not reported; thus, a NOAEL/LOAEL 
approach was used.  Following adjustment of LOAELs for intermittent exposure (LOAELADJ) and human 
equivalent concentrations (LOAELHEC), as described below, trace-to-mild septal cell hyperplasia and 
chronic interstitial inflammation of the lung in male rats was selected as the critical effect, based on the 
lowest LOAELHEC of 0.43 mg chromium(III)/m3 (Table A-17).  The intermediate-duration inhalation 
MRL for insoluble trivalent chromium particulate compounds of 0.005 mg chromium(III)/m3 was derived 
by dividing the minimal LOAELHEC of 0.43 mg chromium(III)/m3 by a composite uncertainty factor of 90 
(3 for use of a minimal LOAEL, 3 for extrapolation from animals to humans, and 10 for human 
variability). 
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Table A-17.  LOAEL Values (Expressed in Terms Of HEC) for Nonneoplastic 
Lesions in Rats Exposed to Chromic Oxide by Inhalation For 13 Weeks 

 

Species/sex 
Lesion type 
 (RDDR location) 

RDDR 
multiplier 

LOAEL
(mg chromium(III)/m

ADJ 
3)

LOAEL
a (mg chromium(III)/m

HEC 
3)b 

Rat/male Septal cell hyperplasia 
and chronic interstitial 
inflammation of the 
lung (thoracic) 

0.789 0.54 0.43 

Rat/male Hyperplasia of the 
mediastinal node 
(tracheobronchial) 

1.225 0.54 0.66 

Rat/female Hyperplasia of the 
mediastinal node 
(tracheobronchial) 

1.084 0.54 0.59 

 

aDuration-adjusted for intermittent exposure (LOAELADJ = LOAEL x 6 hours/24 hours x 5 days/7 days = 3 mg 
chromium(III)/m3 x 6 hours/24 hours x 5 days/7 days = 0.54 mg chromium(III)/m3) 
bLOAELHEC = LOAELADJ

 
 x RDDR 

HEC = human equivalent concentration; LOAEL = lowest-observed-adverse-effect level; RDDR = regional deposited 
dose ratio 
 
Source:  Derelanko et al. 1999 

 
Uncertainty factors used in MRL derivation
  

: 

 [X] 3 for use of a minimal LOAEL 
 [X] 3 for extrapolation from animals to humans, with dosimetric adjustment 
 [X] 10 for human variability 
 
Was a conversion factor used from ppm in food or water to a mg/body weight dose
 

?  Not applicable 

If an inhalation study in animals, list conversion factors used in determining human equivalent dose:  To 
determine the LOAELHEC, the LOAELADJ

 

 in rats was multiplied by the RDDR multiplier determined for 
lesions in various areas of the respiratory tract in male and female rats (Table A-17).  The RDDR 
computer program was used to determine the RDDR multipliers as follows. 

For interstitial inflammation of the lung in male rats (specific location of lesion within the lung was not 
reported by study authors) observed after the 13-week recovery period, the thoracic region for the RDDR 
program was selected since the observed effect could occur in the both the tracheobronchial and 
pulmonary regions of the lung.  The RDDR multiplier of 0.789 for the thoracic region of the respiratory 
tract in male rats was determined using the average body weight of 201 g for male rats in the control 
group in the basic chromium sulfate portion of the study (data for body weights of male rats in the 
chromic oxide portion of the study were not reported) and the average particle size (MMAD±GSD) of 
1.9±1.85 reported in the Derelanko et al. (1999) study. 
 
For hyperplasia of the mediastinal node in male and female rats observed at the end of the 13-week 
treatment period, the tracheobronchial region of the respiratory tract was selected for the RDDR program.  
Although the mediastinal lymph node is not a respiratory tissue, for the purposes of HEC conversions, it 
is considered part of the tracheobronchial region of the respiratory system rather than a systemic tissue; 
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classification of the mediastinal lymph node as a systemic tissue is not appropriate, since the test material 
reaches the respiratory lymphatic tissues by the pulmonary macrophage clearance system and not by first 
entering the systemic circulation.  For male rats, the RDDR multiplier of 1.225 for the tracheobronchial 
region of the respiratory tract in male rats was determined using the average body weight of 201 g for 
male rats in the control group in the basic chromium sulfate portion of the study (data for body weights of 
male rats in the chromic oxide portion of the study were not reported) and the average particle size 
MMAD±GSD of 1.9±1.85 reported in Derelanko et al. (1999).  For female rats, the RDDR multiplier of 
1.084 for the tracheobronchial region tract was determined using the default subchronic body weight of 
124 g for female F344 rats (EPA 1988d) and the average particle size MMAD±GSD of 1.9±1.85 reported 
in the Derelanko et al. (1999) study; the default value for female body weights was used because female 
body weights were not reported in the critical study. 
 
Was a conversion used from intermittent to continuous exposure

 

?  Rats were exposed for 6 hours/day, 
5 days/week for 13 weeks.   

 LOAELADJ = 3 mg chromium(III)/m3

 LOAEL
 x 6 hours/24 hours x 5 days/7 days 

ADJ = 0.54 mg chromium(III)/m
 

3 

Other additional studies or pertinent information that lend support to this MRL

 

:  The respiratory tract is 
the major target of inhalation exposure to chromium(III) and chromium(VI) compounds in humans and 
animals.  Respiratory effects due to inhalation exposure are probably due to direct action of chromium at 
the site of contact.  The available occupational studies for exposure to chromium(III) compounds include, 
or likely include, concomitant exposure to chromium(VI) compounds and other compounds that may 
produce respiratory effects (Langård 1980; Mancuso 1951; Osim et al. 1999).  Thus, while the available 
data in humans suggest that respiratory effects occur following inhalation exposure to chromium(III) 
compounds, the respiratory effects of inhaled chromium(VI) and other compounds are confounding 
factors.  Studies evaluating respiratory effects of intermediate-duration inhalation exposure of animals are 
limited to the critical study evaluating 13-week exposure to chromic oxide or basic chromium sulfate 
(Derelanko et al. 1999).  Results of this study show that intermediate-duration inhalation exposure to 
chromic oxide or basic chromium sulfate produced adverse respiratory effects, as indicated by 
histopathological changes and increased lung weight.  However, effects of chromic oxide were less severe 
and isolated to the lung and respiratory lymph tissues, whereas the effects of basic chromium sulfate were 
more severe and observed throughout the respiratory tract (e.g., nose, larynx, lung and respiratory lymph 
tissues).  The authors suggest that differences in the respiratory toxicity of these compounds may be due 
to differences in chemical-physical properties (e.g., solubility, acidity).  Based on the differences in 
respiratory toxicity between insoluble chromic oxide and soluble basic chromium sulfate, separate 
intermediate-duration inhalation MRLs were derived for insoluble and soluble trivalent chromium 
particulate compounds. 

Agency Contact (Chemical Manager):  Sharon Wilbur 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical name: Chromium(III) soluble particulates 
CAS number: 16065-83-1 
Date: October 2008 
Profile status: Final Draft Pre-Public Comment 
Route: [X] Inhalation [ ] Oral 
Duration: [ ] Acute [X] Intermediate [ ] Chronic 
Key to figure: 3 
Species: Rat 
 
Minimal Risk Level:  0.0001 mg chromium(III)/m3

 
 for soluble trivalent chromium particulate compounds 

Reference

 

:  Derelanko MJ, Rinehart WE, Hilaski RJ, et al.  1999.  Thirteen-week subchronic rat 
inhalation toxicity study with a recovery phase of trivalent chromium compounds, chromic acid and basic 
chromium sulfate.  Toxicol Sci 52(2):278-288. 

Experimental design:   Groups of 15 male and female CDF (Fisher 344/Crl BR VAF/Plus) rats were 
exposed to chromic oxide or basic chromium sulfate by nose-only inhalation to 0, 3, 10, or 30 mg 
chromium(III)/m3 (measured concentrations) 6 hours/day, 5 days/week for 13 weeks.  Mean particle sizes 
(in microns±GSD, based on 21 samples/test group evaluated over the 13-week exposure period) in the 3, 
10, and 30 mg chromium(III)/m3 groups, were 1.8±1.93, 1.9±1.84, and 1.9±1.78, respectively, for 
chromic oxide and 4.2±2.48, 4.2±2.37, and 4.5±2.50, respectively, for basic chromium sulfate; no 
chromium(VI) was detected in samples.  Of these 15 rats/sex/group, 10 rats/sex/group were examined and 
sacrificed after 13 weeks of exposure and 5 rats/sex/group were examined and sacrificed after an 
additional 13-week recovery (e.g., no exposure) period.  Throughout the exposure and recovery periods, 
rats were examined daily for mortality and clinical signs of toxicity; body weight was recorded weekly 
but food consumption was not measured.  Ophthamalmoscopic examinations were conducted prior to 
treatment and before terminal sacrifice.  At the end of the treatment and recovery phases, blood was 
analyzed for “standard” hematology and clinical chemistry, and urinalysis was conducted; specific 
outcome measures evaluated for these assessments were not reported.  In five rats/sex/group, urine was 
also analyzed for β2-microglobulin.  Gross necropsy was performed on all animals at terminal sacrifice 
and organ weights were recorded for heart, liver, lungs/trachea (combined), spleen, kidneys, brain, 
adrenal, thyroid/parathyroid, testes, and ovaries.  Bone marrow was examined and differential cell counts 
of bone marrow were conducted.  Microscopic examination of comprehensive tissues (described as 
“tissues typically harvested for subchronic studies”) was conducted for all animals and the control and 
30 mg chromium(III)/m3 groups.  For all animals in the 3 and 30 mg chromium(III)/m3

  

 groups, the 
following tissues were examined microscopically:  kidneys, liver, nasal tissues, trachea, lungs, larynx, 
mediastinal and mandibular lymph nodes, and all tissues with gross lesions.  Histopathological findings 
were described, but no incidence data were reported.  Sperm morphology, count, and motility were 
assessed in all males at the end of the 13-week treatment period only. 

Effects noted in study and corresponding doses:  The following study results are for rats exposed to basic 
chromium sulfate only; detailed results of animals exposed to chromic oxide are presented in the 
preceding intermediate-duration inhalation MRL worksheet for insoluble chromium(III) compounds.  No 
treatment-related mortalities were observed; one male rat in the 30 mg chromium(III)/m3 group died on 
day 4 of exposure; the study authors did not attribute this death to treatment since no significant signs of 
toxicity were observed in this animals or in other animals in this treatment group.  Females in the 30 mg 
chromium(III)/m3 group exhibited sporadic labored breathing; no additional information on this 
observation was reported.  No findings on ophthalmologic examination or alterations of sperm count, 
motility, or morphology were observed.  At the end of the 13-week treatment period, body weight was 
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significantly decreased in males in the 10 and 30 mg chromium(III)/m3 groups and females in the 30 mg 
chromium(III)/m3 group.  The study authors stated that “most” hematological, clinical chemistry, and 
urinalysis values in all exposure groups were similar to controls, although data were not reported.  A 
significant, dose-related increase in absolute and relative lung/trachea weights was observed in male rats 
in all treatment groups.  Other organ weight changes in males were decreased absolute and increase 
relative brain weights (30 mg chromium(III)/m3), increased relative kidney weight (30 mg 
chromium(III)/m3), decreased absolute liver weight (30 mg chromium(III)/m3), increased relative 
thyroid/parathyroid weight (30 mg chromium(III)/m3), decreased relative spleen weight (10 and 30 mg 
chromium(III)/m3), and increased relative testes weight (30 mg chromium(III)/m3).  In females, absolute 
and relative lungs weights were increased in a dose-dependent fashion in all treatment groups.  Other 
organ weight changes in females were increased absolute and relative thyroid/parathyroid weight (30 mg 
chromium(III)/m3) and decreased absolute spleen weight (30 mg chromium(III)/m3).  With the exception 
of increased absolute and relative lung weights in males and females, small changes in other organs 
weights were not considered adverse in the absence of histopathological changes.  On necropsy, grey lung 
discoloration was observed in animals exposed to 10 and 30 mg chromium(III)/m3; the degree of 
discoloration increased with exposure level.  Microscopic examination of the lung revealed the following 
changes in all treatment groups:  chronic inflammation of the alveoli; alveolar spaces filled with 
macrophages, neutrophils, lymphocytes and cellular debris; foci of “intense” inflammation and thickened 
alveolar walls; chronic interstitial inflammation with cell infiltration; hyperplasia of Type II pneumocytes; 
and granulomatous inflammation, characterized by infiltration of macrophages and multinucleated giant 
cells.  Macrophage infiltration and granulomatous inflammation of the larynx, acute inflammation and 
suppurative and mucoid exudates of nasal tissues, and histiocytosis and hyperplasia of peribronchial 
lymphoid tissues and the mediastinal lymph node were also observed in all treatment groups.  Following 
the 13-week recovery period, enlargement of the mediastinal lymph node was observed on gross necropsy 
in all treatment groups.  Microscopic examination of respiratory tissues showed changes to the lung 
(chronic alveolar inflammation, interstitial inflammation, septal cell hyperplasia, and granulomatous 
inflammation) in all treatment groups, larynx (granulomatous inflammation) in the 10 and 30 mg 
chromium(III)/m3 groups, nasal  tissues (trace suppurative exudates) in one to two animals in each 
groups, and mediastinal lymph node (histiocytosis and hyperplasia) in all treatment groups 
chromium(III)/m3 groups.  Following the 13-week recovery period, test material was observed in the 
respiratory tract on necropsy; however, incidence was decreased compared to observations made 
immediately following treatment (data not presented).  In addition, chronic alveolar and interstitial 
inflammation and septal cell hyperplasia (all trace-to-moderate in severity) were observed in the 10 and 
30 mg chromium(III)/m3 groups, with severity similar to that observed immediately following treatment; 
in the 3 mg chromium(III)/m3

 
 group, severity was slightly reduced.  

Dose end point used for MRL derivation:  3 mg chromium(III)/m3 (nasal and larynx lesions), adjusted to 
0.54 mg chromium(III)/m3 for intermittent exposure and converted to a LOAELHEC of 0.04 mg 
chromium(III)/m
 

3 

[  ] NOAEL [X] LOAEL 
 
The respiratory tract was identified as the target for inhaled soluble trivalent chromium particulate 
compounds.  Similar effects were observed in male and female rats exposed to inhaled basic chromium 
sulfate for 13 weeks, with histopathological changes to the nose, larynx, lung, and respiratory lymphatic 
tissues and increased relative lung weight occurring at ≥3 mg chromium(III)/m3

 

.  Therefore, data for 
histopathological changes in various regions of the respiratory tract and increased relative lung weights 
were further evaluated to determine the point of departure for derivation of the intermediate-duration 
MRL for soluble trivalent chromium particulate compounds. 
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Benchmark dose analysis could not be conducted for respiratory tract lesions, since incidence data were 
not reported by Derelanko et al. (1999); therefore, a NOAEL/LOAEL approach was used.  The LOAEL 
value of 3 mg chromium(III)/m3 for lesions in different regions of the respiratory tract was further 
evaluated as a potential point of departure.  LOAEL values were adjusted for intermittent exposure 
(LOAELADJ) and converted to a human equivalent concentration (LOAELHEC

 
), as shown in (Table A-18). 

Table A-18.  LOAEL Values (Expressed in Terms of HEC) for Nonneoplastic 
Lesions in Rats Exposed to Basic Chromium Sulfate  

by Inhalation for 13 Weeks 

 

Species/sex 
Lesion type 
(RDDR location) 

RDDR 
multiplier 

LOAELADJ 

(mg chromium(III)/m3)
LOAEL

a 
HEC 

(mg chromium(III)/m3)b 
Rat/male Granulomatous 

inflammation of 
larynx; 
inflammation of 
nasal tissue 
(extrathoracic) 

0.129 0.54 0.07 

Rat/male Interstitial and 
alveolar 
inflammation; 
alveolar 
hyperplasia 
(thoracic) 

0.470 0.54 0.25 

Rat/female Granulomatous 
inflammation of 
larynx; 
inflammation of 
nasal tissue 
(extrathoracic) 

0.078 0.54 0.04 

Rat/female Interstitial and 
alveolar 
inflammation; 
alveolar 
hyperplasia 
(thoracic) 

0.483 0.54 0.26 

 

aDuration-adjusted for intermittent exposure (LOAELADJ = LOAEL x 6 hours/24 hours x 5 days/7 days = 3 mg 
chromium(III)/m3 x 6 hours/24 hours x 5 days/7 days = 0.54 mg chromium(III)/m3) 
bLOAELHEC = LOAELADJ

 
 x RDDR 

HEC = human equivalent concentration; LOAEL = lowest-observed-adverse-effect level; RDDR = regional deposited 
dose ratio 
 
Soucre:  Derelanko et al. 1999 

 
To determine the BMC for increased lung weights, available continuous-variable models in the EPA 
Benchmark Dose (version 1.4.1) were fit to the data for relative lung weights in male and female rats 
(Derelanko et al. 1999; Table A-19).  The BMC and the 95% lower confidence limit (BMCL) calculated 
is an estimate of the concentrations associated with a change of 1 standard deviation from the control 
(BMCL1sd).  The model-fitting procedure for continuous data is as follows.  The simplest model (linear) is 
applied to the data while assuming constant variance.  If the data are consistent with the assumption of 
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constant variance (p≥0.1), then the other continuous models (polynomial, power, and Hill models) are 
applied to the data.  Among the models providing adequate fits to the means (p≥0.1), the one with the 
lowest Akaike’s Information Criteria (AIC) for the fitted model is selected for BMC derivation.  If the test 
for constant variance is negative, then the linear model is run again while applying the power model 
integrated into the BMDS to account for nonhomogenous variance.  If the nonhomogenous variance 
model provides an adequate fit (p≥0.1) to the variance data, then the other continuous models are applied 
to the data.  Among the models providing adequate fits to the means (p≥0.1), the one with the lowest AIC 
for the fitted model is selected for BMC derivation.  If the tests for both constant and nonconstant 
variance are negative, then the data set is considered not to be suitable for BMC modeling.  For male rats, 
the best model fit (Hill model) did not provide graphic output of the model; since model fit could not be 
evaluated by visual inspection, the BMDL1sd from the Hill model was not selected.  All other models took 
the form of a linear model (nonconstant variance), yielding predicted BMC1sd and BMCL1sd values of 
2.89 and 2.05 mg chromium(III)/m3, respectively.  For female rats, the linear model (nonconstant 
variance) provided the best fit, with predicted BMC1sd and BMCL1sd values of 6.33 and 3.96 mg/m3, 
respectively.  Additional details of the benchmark dose analysis for each data set modeled are presented 
in the last section of this worksheet.  The BMCL1sd values for the best fitting models in male and female 
rats were adjusted for intermittent exposure (BMCL1sd, ADJ) and human equivalent concentrations 
(BMCL1sd, HEC), yielding BMCL1sd, HEC values of 0.17 and 0.34 mg chromium(III)/m3

 

 in males and 
females, respectively, as shown below (Table A-20). 

Table A-19.  Relative Lung Weightsa of CDF Ratsb 

 

Exposed to Basic Chromium 
Sulfate by Nose-Only Inhalation 6 Hours/Day, 5 Days/Week for 13 Weeks  

Relative weight (percent x 10) 

Concentrations (mg chromium(III)m3) 

0 3 10 30 
Basic chromium sulfate, males 4.42±0.187 5.60±0.271c 7.1 5± 0.252d 10.69±0.688d d 

Basic chromium sulfate, females 5.65±0.418 6.99±0.619 9.24±1.036d 12.89±1.134d 
 

d 

aCombined lung and trachea 
b10 rat in all groups except male rats in the basic chromium sulfate 30 mg/m3 group (n=9) 
cmean±Standard deviation 
d

 
p<0.01 

Source:  Derelanko et al. 1999 
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Table A-20.  BMCL1sd

 

 Values (Expressed in Terms of HEC) for Increased Relative 
Lung Weight in Rats Exposed to Basic Chromium Sulfate by Inhalation for 

13 Weeks 

Species/sex 
RDDR 
multiplier

Duration-adjusted BMCL
a (mg chromium(III)/m

1sd, ADJ 
3)

BMCL
b (mg chromium(III)/m

1sd, HEC 
3)c 

Rat/male 0.470 0.37 0.17 

Rat/female 0.483 0.71 0.34 
 

aFor thoracic region 
bDuration-adjusted for continuous exposure (BMCL1sd, ADJ =  BMCL1sd x 6 hours/24 hours x 5 days/7 days); BMCL1sd 
for the best fitting models for male and female rats were 2.05 and 3.96 mg chromium(III)/m3, respectively. 
cBMCL1sd, HEC = BMCL1sd, ADJ

 
 x RDDR 

BMCL = lower confidence limit (95%) on the benchmark concentration; HEC = human equivalent concentration; 
RDDR = regional deposited dose ratio 
 
Source:  Derelanko et al. 1999 

 
Based on comparison of LOAELHEC values for respiratory tract lesions and BMCL1sd, HEC values for 
increased lung weight, the lowest value of 0.04 mg chromium(III)/m3 (the LOAELHEC for lesions of the 
larynx and nose in female rats) was selected as the point of departure.  The intermediate-duration 
inhalation MRL for soluble trivalent chromium particulate compounds of 0.0001 mg chromium(III)/m3 
was derived by dividing the LOAELHEC of 0.04 mg chromium(III)/m3

 

 by a composite uncertainty factor 
of 300 (10 for use of a LOAEL, 3 for pharmacodynamic variability between animals to humans, and 
10 for human variability). 

Uncertainty factors used in MRL derivation
 

: 

 [X] 10 for use of a LOAEL 
 [X] 3 for extrapolation from animals to humans 
 [X] 10 for human variability 
 
Was a conversion factor used from ppm in food or water to a mg/body weight dose
 

?  Not applicable. 

If an inhalation study in animals, list conversion factors used in determining human equivalent dose:  To 
determine human equivalent concentrations, LOAELADJ values for lesions in various areas of the 
respiratory tract (Table A-18) and BMCL1sd, ADJ

 

 values for changes in changes in lung weights 
(Table A-20) were multiplied by the RDDR multiplier determined for lesions in various areas of the 
respiratory tract as follows.   

For histopathological changes to the nose and larynx, the extrathoracic region for the RDDR program was 
selected.  For male rats, the RDDR multiplier of 0.129 for the extrathoracic region of the respiratory tract 
was determined using the average body weight of 201 g for male rats in the control group in the basic 
chromium sulfate portion of the study and the average particle size (MMAD±GSD) of 4.3±2.45 reported 
in Derelanko et al. (1999).  For female rats, the RDDR multiplier of 0.078 for the extrathoracic region of 
the respiratory tract was determined using the default subchronic body weight of 124 g for female 
F344 rats (EPA 1988d) and the average particle size MMAD±GSD of 4.3±2.45 reported in Derelanko et 
al. (1999); the default value for female body weights was used because female body weights were not 
reported in Derelanko et al. (1999). 
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For histopathological changes to the lung and increased relative lung weight, the thoracic region (a 
combination of tracheobronchial and pulmonary regions) was selected.  For male rats, the RDDR 
multiplier of 0.470 for the thoracic region of the respiratory tract was determined using the average body 
weight of 201 g for male rats in the control group in the basic chromium sulfate portion of the study and 
the average particle size (MMAD±GSD) of 4.3±2.45 reported in Derelanko et al. (1999).  For female rats, 
the RDDR multiplier of 0.483 for the thoracic region of the respiratory tract was determined using the 
default subchronic body weight of 124 g for female F344 rats (EPA 1988d) and the average particle size 
MMAD±GSD of 4.3±2.45 reported in Derelanko et al. (1999); the default value for female body weights 
was used because female body weights were not reported in Derelanko et al. (1999). 
 
Was a conversion used from intermittent to continuous exposure?  Rats were exposed for 6 hours/day, 
5 days/week for 13 weeks.  The LOAEL and BMCL1sd

  

 values were adjusted for continuous exposure as 
follows: 

 LOAELADJ or BMCL1sd, ADJ = LOAEL or BMCL1sd

 
 x 6 hours/24 hours x 5days/7 days  

Other additional studies or pertinent information that lend support to this MRL

 

:  The respiratory tract is 
the major target of inhalation exposure to chromium(III) and chromium(VI) compounds in humans and 
animals.  Respiratory effects due to inhalation exposure are probably due to direct action of chromium at 
the site of contact.  The available occupational studies for exposure to chromium(III) compounds include, 
or likely include, concomitant exposure to chromium(VI) compounds and other compounds that may 
produce respiratory effects (Langård 1980; Mancuso 1951; Osim et al. 1999).  Thus, while the available 
data in humans suggest that respiratory effects occur following inhalation exposure to chromium(III) 
compounds, the respiratory effects of inhaled chromium(VI) and other compounds are confounding 
factors.  Studies evaluating respiratory effects of intermediate-duration inhalation exposure of animals are 
limited to the critical study evaluating 13-week exposure to chromic oxide or basic chromium sulfate 
(Derelanko et al. 1999).  Results of this study show that intermediate-duration inhalation exposure to 
chromic oxide or basic chromium sulfate produced adverse respiratory effects, as indicated by 
histopathological changes and increased lung weight.  However, effects of chromic oxide were less severe 
and isolated to the lung and respiratory lymph tissues, whereas the effects of basic chromium sulfate were 
more severe and observed throughout the respiratory tract (e.g., nose, larynx, lung and respiratory lymph 
tissues).  The authors suggest that differences in the respiratory toxicity of these compounds may be due 
to differences in chemical-physical properties (e.g., solubility, acidity).  Based on the differences in 
respiratory toxicity between insoluble chromic oxide and soluble basic chromium sulfate, separate 
intermediate-duration inhalation MRLs were derived for insoluble and soluble trivalent chromium 
particulate compounds. 

Details of Benchmark Dose Analysis for the Intermediate-duration Inhalation MRL for Soluble 
Trivalent Chromium Particulates 
 
Lung Weights in Male Rats.  The simplest model (linear) was applied to the data first to test for a fit for 
constant variance.  The constant variance model did not provide an adequate fit (as assessed by the 
p-value for variance) to the data.  The linear model was applied to the data again while applying the 
power model integrated into the BMCs to account for nonhomogenous variance.  The nonconstant 
variance model did provide an adequate fit (as assess by the p-value for variance).  The polynomial, 
power, and Hill models were then fit to the data with nonconstant variance assumed.  All of the models 
provided an adequate fit to the data (as assessed by the p-value for the means) (Table A-21).  Comparing 
across models, a better fit is generally indicated by a lower AIC.  As assessed by AIC, the Hill model 
provides the best fit to the data; however, the BMDS software did not generate the graph output needed to 
assess visual fit of the model to the data.  All other models took the form of a linear model, so the 
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nonconstant variance-linear model is selected for BMC derivation.  The predicted BMC1sd and BMCL 1sd 
for the data are 2.89 and 2.05 mg chromium(III)/m3

 
, respectively (Figure A-9). 

Table A-21.  Model Predictions for Changes in Relative Lung Weights of Male CDF 
Rats Exposed to Basic Chromium Sulfate by Inhalation for 13 Weeks  

 

Model
Variance 

  p-value
p-Value for 
the meansa AIC a 

BMC1sd

(mg chromium(III)/m
  

3

BMCL

) 
(mg 
chromium(III)/m

 1sd 

3) 
Linear 0.00 b,c 0.30 56.75 5.79 4.70 

Linear 0.40  c,d 0.10 44.09 2.89 2.05 
Polynomial (1-degree) 0.40 c,d 0.10 44.09 2.89 2.05 

Polynomial (2-degree) 0.40 c,d 0.10 44.09 2.89 2.05 

Polynomial (3-degree) 0.40 c,d 0.10 44.09 2.89 2.05 

Power 0.40 d 0.10 44.09 2.89 2.05 

Hill 0.40 d 0.26 42.79 1.74 1.07 
 

aValues <0.1 fail to meet conventional goodness-of-fit criteria. 
bConstant variance assumed  
cRestriction = non-negative 
d

 
Nonconstant variance model applied 

AIC = Akaike’s Information Criteria; p = p value from the Chi-squared test; BMC = benchmark concentration; 
BMCL = lower confidence limit (95%) on the benchmark concentration; 1sd = a 1 standard deviation change from the 
control 
 
Source:  Derelanko et al. 1999 
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Figure A-9.  Predicted and Observed Changes in Relative Lung Weights in Male 

Rats Exposed to Basic Chromium Sulfate by Inhalation for 13 Weeks* 

 
 
*BMD=BMC; BMDL=BMCL; BMCs and BMCLs indicated are associated with a 1 standard deviation change from the 
control, and are in units of mg chromium(III)/m3

 
. 

Source:  Derelanko et al. 1999 
 
Lung Weights in Female Rats.  The simplest model (linear) was applied to the data first to test for a fit 
for constant variance.  The constant variance model did not provide an adequate fit (as assessed by the 
p-value for variance) to the data.  The linear model was applied to the data again while applying the 
power model integrated into the BMDS to account for nonhomogenous variance.  The nonconstant 
variance model did provide an adequate fit (as assess by the p-value for variance).  The polynomial, 
power, and Hill models were then fit to the data with nonconstant variance assumed.  All of the models 
provided an adequate fit to the data (as assessed by the p-value for the means) (Table A-22).  Comparing 
across models, a better fit is generally indicated by a lower AIC.  As assessed by AIC, the linear model 
provides the best fit to the data.  The predicted BMC1sd and BMCL1sd for the data are 6.33 and 3.96 mg 
chromium(III)/m3

 
, respectively (Figure A-10). 
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Table A-22.  Model Predictions for Changes in Relative Lung Weights of Female 
CDF Rats Exposed to Basic Chromium Sulfate by Inhalation for 13 Weeks  

 

Model 
Variance 
p-value

p-Value for 
the meansa AIC a 

BMC 1sd

(mg chromium(III)/m
  

3

BMCL

) 
(mg 
chromium(III)/m

 1sd 

3) 
Linear 0.01 b,c 0.51 122.61 11.28 8.59 

Linear 0.59  c,d 0.14 117.05 6.33 3.96 
Polynomial (1-degree) 0.59 c,d 0.14 117.05 6.33 3.96 

Polynomial (2-degree) 0.59 c,d 0.14 117.05 6.33 3.96 

Polynomial (3-degree) 0.59 c,d 0.14 117.05 6.33 3.96 

Power 0.59 d 0.14 117.05 6.33 3.96 

Hill 0.59 d NA 117.13 e 2.84 1.32 
 

aValues <0.1 fail to meet conventional goodness-of-fit criteria. 
bConstant variance assumed  
cRestriction = non-negative 
dNonconstant variance model applied 
e

 
NA = degrees of freedom are ≤0; the Chi-Square test for fit is not valid. 

AIC = Akaike’s Information Criteria; p = p value from the Chi-squared test; BMC = benchmark concentration; 
BMCL = lower confidence limit (95%) on the benchmark concentration; 1sd = a 1 standard deviation change from the 
control 
 
Source:  Derelanko et al. 1999 
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Figure A-10.  Predicted and Observed Changes in Relative  

Lung Weights in Female Rats Exposed to Basic  
Chromium Sulfate by Inhalation for 13 Weeks* 

 
 
*BMD=BMC; BMDL=BMCL; BMCs and BMCLs indicated are associated with a 1 standard deviation change from the 
control, and are in units of mg chromium(III)/m3

 
. 

Source:  Derelanko et al. 1999 
 
Agency Contact (Chemical Manager)
 

:  Sharon Wilbur 
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APPENDIX B.  USER'S GUIDE 
 
Chapter 1 
 
Public Health Statement 
 
This chapter of the profile is a health effects summary written in non-technical language.  Its intended 
audience is the general public, especially people living in the vicinity of a hazardous waste site or 
chemical release.  If the Public Health Statement were removed from the rest of the document, it would 
still communicate to the lay public essential information about the chemical. 
 
The major headings in the Public Health Statement are useful to find specific topics of concern.  The 
topics are written in a question and answer format.  The answer to each question includes a sentence that 
will direct the reader to chapters in the profile that will provide more information on the given topic. 
 
Chapter 2 
 
Relevance to Public Health 
 
This chapter provides a health effects summary based on evaluations of existing toxicologic, 
epidemiologic, and toxicokinetic information.  This summary is designed to present interpretive, weight-
of-evidence discussions for human health end points by addressing the following questions: 
 
 1. What effects are known to occur in humans? 
 
 2. What effects observed in animals are likely to be of concern to humans? 
 
 3. What exposure conditions are likely to be of concern to humans, especially around hazardous 

waste sites? 
 
The chapter covers end points in the same order that they appear within the Discussion of Health Effects 
by Route of Exposure section, by route (inhalation, oral, and dermal) and within route by effect.  Human 
data are presented first, then animal data.  Both are organized by duration (acute, intermediate, chronic).  
In vitro data and data from parenteral routes (intramuscular, intravenous, subcutaneous, etc.) are also 
considered in this chapter.   
 
The carcinogenic potential of the profiled substance is qualitatively evaluated, when appropriate, using 
existing toxicokinetic, genotoxic, and carcinogenic data.  ATSDR does not currently assess cancer 
potency or perform cancer risk assessments.  Minimal Risk Levels (MRLs) for noncancer end points (if 
derived) and the end points from which they were derived are indicated and discussed. 
 
Limitations to existing scientific literature that prevent a satisfactory evaluation of the relevance to public 
health are identified in the Chapter 3 Data Needs section. 
 
Interpretation of Minimal Risk Levels 
 
Where sufficient toxicologic information is available, ATSDR has derived MRLs for inhalation and oral 
routes of entry at each duration of exposure (acute, intermediate, and chronic).  These MRLs are not 
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meant to support regulatory action, but to acquaint health professionals with exposure levels at which 
adverse health effects are not expected to occur in humans. 
 
MRLs should help physicians and public health officials determine the safety of a community living near 
a chemical emission, given the concentration of a contaminant in air or the estimated daily dose in water.  
MRLs are based largely on toxicological studies in animals and on reports of human occupational 
exposure. 
 
MRL users should be familiar with the toxicologic information on which the number is based.  Chapter 2, 
"Relevance to Public Health," contains basic information known about the substance.  Other sections such 
as Chapter 3 Section 3.9, "Interactions with Other Substances,” and Section 3.10, "Populations that are 
Unusually Susceptible" provide important supplemental information. 
 
MRL users should also understand the MRL derivation methodology.  MRLs are derived using a 
modified version of the risk assessment methodology that the Environmental Protection Agency (EPA) 
provides (Barnes and Dourson 1988) to determine reference doses (RfDs) for lifetime exposure.   
 
To derive an MRL, ATSDR generally selects the most sensitive end point which, in its best judgement, 
represents the most sensitive human health effect for a given exposure route and duration.  ATSDR 
cannot make this judgement or derive an MRL unless information (quantitative or qualitative) is available 
for all potential systemic, neurological, and developmental effects.  If this information and reliable 
quantitative data on the chosen end point are available, ATSDR derives an MRL using the most sensitive 
species (when information from multiple species is available) with the highest no-observed-adverse-effect 
level (NOAEL) that does not exceed any adverse effect levels.  When a NOAEL is not available, a 
lowest-observed-adverse-effect level (LOAEL) can be used to derive an MRL, and an uncertainty factor 
(UF) of 10 must be employed.  Additional uncertainty factors of 10 must be used both for human 
variability to protect sensitive subpopulations (people who are most susceptible to the health effects 
caused by the substance) and for interspecies variability (extrapolation from animals to humans).  In 
deriving an MRL, these individual uncertainty factors are multiplied together.  The product is then 
divided into the inhalation concentration or oral dosage selected from the study.  Uncertainty factors used 
in developing a substance-specific MRL are provided in the footnotes of the levels of significant exposure 
(LSE) tables. 
 
Chapter 3 
 
Health Effects 
 
Tables and Figures for Levels of Significant Exposure (LSE) 
 
Tables and figures are used to summarize health effects and illustrate graphically levels of exposure 
associated with those effects.  These levels cover health effects observed at increasing dose 
concentrations and durations, differences in response by species, MRLs to humans for noncancer end 
points, and EPA's estimated range associated with an upper- bound individual lifetime cancer risk of 1 in 
10,000 to 1 in 10,000,000.  Use the LSE tables and figures for a quick review of the health effects and to 
locate data for a specific exposure scenario.  The LSE tables and figures should always be used in 
conjunction with the text.  All entries in these tables and figures represent studies that provide reliable, 
quantitative estimates of NOAELs, LOAELs, or Cancer Effect Levels (CELs). 
 
The legends presented below demonstrate the application of these tables and figures.  Representative 
examples of LSE Table 3-1 and Figure 3-1 are shown.  The numbers in the left column of the legends 
correspond to the numbers in the example table and figure. 
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LEGEND 

See Sample LSE Table 3-1 (page B-6) 
 
(1) Route of Exposure

 

.  One of the first considerations when reviewing the toxicity of a substance 
using these tables and figures should be the relevant and appropriate route of exposure.  Typically 
when sufficient data exist, three LSE tables and two LSE figures are presented in the document.  
The three LSE tables present data on the three principal routes of exposure, i.e., inhalation, oral, 
and dermal (LSE Tables 3-1, 3-2, and 3-3, respectively).  LSE figures are limited to the inhalation 
(LSE Figure 3-1) and oral (LSE Figure 3-2) routes.  Not all substances will have data on each 
route of exposure and will not, therefore, have all five of the tables and figures. 

(2) Exposure Period

 

.  Three exposure periods—acute (less than 15 days), intermediate (15–
364 days), and chronic (365 days or more)—are presented within each relevant route of exposure.  
In this example, an inhalation study of intermediate exposure duration is reported.  For quick 
reference to health effects occurring from a known length of exposure, locate the applicable 
exposure period within the LSE table and figure. 

(3) Health Effect

 

.  The major categories of health effects included in LSE tables and figures are 
death, systemic, immunological, neurological, developmental, reproductive, and cancer.  
NOAELs and LOAELs can be reported in the tables and figures for all effects but cancer.  
Systemic effects are further defined in the "System" column of the LSE table (see key number 
18). 

(4) Key to Figure

 

.  Each key number in the LSE table links study information to one or more data 
points using the same key number in the corresponding LSE figure.  In this example, the study 
represented by key number 18 has been used to derive a NOAEL and a Less Serious LOAEL 
(also see the two "18r" data points in sample Figure 3-1). 

(5) Species

 

.  The test species, whether animal or human, are identified in this column.  Chapter 2, 
"Relevance to Public Health," covers the relevance of animal data to human toxicity and 
Section 3.4, "Toxicokinetics," contains any available information on comparative toxicokinetics.  
Although NOAELs and LOAELs are species specific, the levels are extrapolated to equivalent 
human doses to derive an MRL. 

(6) Exposure Frequency/Duration

 

.  The duration of the study and the weekly and daily exposure 
regimens are provided in this column.  This permits comparison of NOAELs and LOAELs from 
different studies.  In this case (key number 18), rats were exposed to “Chemical x” via inhalation 
for 6 hours/day, 5 days/week, for 13 weeks.  For a more complete review of the dosing regimen, 
refer to the appropriate sections of the text or the original reference paper (i.e., Nitschke et al. 
1981). 

(7) System

 

.  This column further defines the systemic effects.  These systems include respiratory, 
cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal, and 
dermal/ocular.  "Other" refers to any systemic effect (e.g., a decrease in body weight) not covered 
in these systems.  In the example of key number 18, one systemic effect (respiratory) was 
investigated. 

(8) NOAEL.  A NOAEL is the highest exposure level at which no harmful effects were seen in the 
organ system studied.  Key number 18 reports a NOAEL of 3 ppm for the respiratory system, 
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which was used to derive an intermediate exposure, inhalation MRL of 0.005 ppm (see 
footnote "b"). 

 
(9) LOAEL

 

.  A LOAEL is the lowest dose used in the study that caused a harmful health effect.  
LOAELs have been classified into "Less Serious" and "Serious" effects.  These distinctions help 
readers identify the levels of exposure at which adverse health effects first appear and the 
gradation of effects with increasing dose.  A brief description of the specific end point used to 
quantify the adverse effect accompanies the LOAEL.  The respiratory effect reported in key 
number 18 (hyperplasia) is a Less Serious LOAEL of 10 ppm.  MRLs are not derived from 
Serious LOAELs. 

(10) Reference
 

.  The complete reference citation is given in Chapter 9 of the profile. 

(11) CEL

 

.  A CEL is the lowest exposure level associated with the onset of carcinogenesis in 
experimental or epidemiologic studies.  CELs are always considered serious effects.  The LSE 
tables and figures do not contain NOAELs for cancer, but the text may report doses not causing 
measurable cancer increases. 

(12) Footnotes

 

.  Explanations of abbreviations or reference notes for data in the LSE tables are found 
in the footnotes.  Footnote "b" indicates that the NOAEL of 3 ppm in key number 18 was used to 
derive an MRL of 0.005 ppm. 

 
LEGEND 

See Sample Figure 3-1 (page B-7) 
 
LSE figures graphically illustrate the data presented in the corresponding LSE tables.  Figures help the 
reader quickly compare health effects according to exposure concentrations for particular exposure 
periods. 
 
(13) Exposure Period

 

.  The same exposure periods appear as in the LSE table.  In this example, health 
effects observed within the acute and intermediate exposure periods are illustrated. 

(14) Health Effect

 

.  These are the categories of health effects for which reliable quantitative data 
exists.  The same health effects appear in the LSE table. 

(15) Levels of Exposure.  Concentrations or doses for each health effect in the LSE tables are 
graphically displayed in the LSE figures.  Exposure concentration or dose is measured on the log 
scale "y" axis.  Inhalation exposure is reported in mg/m3

 

 or ppm and oral exposure is reported in 
mg/kg/day. 

(16) NOAEL

 

.  In this example, the open circle designated 18r identifies a NOAEL critical end point in 
the rat upon which an intermediate inhalation exposure MRL is based.  The key number 18 
corresponds to the entry in the LSE table.  The dashed descending arrow indicates the 
extrapolation from the exposure level of 3 ppm (see entry 18 in the table) to the MRL of 
0.005 ppm (see footnote "b" in the LSE table). 

(17) CEL

 

.  Key number 38m is one of three studies for which CELs were derived.  The diamond 
symbol refers to a CEL for the test species-mouse.  The number 38 corresponds to the entry in the 
LSE table. 
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(18) Estimated Upper-Bound Human Cancer Risk Levels.  This is the range associated with the upper-
bound for lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000.  These risk levels are derived 
from the EPA's Human Health Assessment Group's upper-bound estimates of the slope of the 
cancer dose response curve at low dose levels (q1

 
*). 

(19) Key to LSE Figure
 

.  The Key explains the abbreviations and symbols used in the figure. 
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Table 3-1.  Levels of Significant Exposure to [Chemical x] – Inhalation 
 

Reference 

INTERMEDIATE EXPOSURE 

 

   ↓ 

Nitschke et al. 1981 
 

CHRONIC EXPOSURE 

 

Wong et al. 1982 

NTP 1982 

NTP 1982 

a The number corresponds to entries in Figure 3-1. 
b Used to derive an intermediate inhalation Minimal Risk Level (MRL) of  5x10-3 ppm; dose adjusted for intermittent exposure and divided 
by an uncertainty factor of 100 (10 for extrapolation from animal to humans, 10 for human variability). 

10 

LOAEL (effect) 

Serious (ppm) 

 

 

 

 

(CEL, multiple 
organs) 

(CEL, lung tumors, 
nasal tumors) 

(CEL, lung tumors, 
hemangiosarcomas) 

Less serious 
(ppm) 

 

  ↓ 

10 (hyperplasia) 
 
 

11 

↓ 

20 

10 

10 

 

 

 

 

 

SAMPLE 

9 

NOAEL 
(ppm) 

 

↓ 

3b 
 
 

 

 

 

 

 

8 

System 

 

↓ 

Resp 
 
 

 

 

 

 

7 

Exposure 
frequency/ 
duration 

 

↓ 

13 wk 
5 d/wk 
6 hr/d 

 

18 mo 
5 d/wk 
7 hr/d 

89–104 wk 
5 d/wk 
6 hr/d 

79–103 wk 
5 d/wk 
6 hr/d 

6 

Species 

 

  ↓ 

Rat 
 
 

 

Rat 

Rat 

Mouse 

5 

Key to 
figurea 

 

Systemic 

18 
 
 

Cancer 

38 

39 

40 

→ 

 

→ 

 

→ 

→ 

 

 

 

 

 

→ 

1 

2 

 

3 

 

4 
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APPENDIX C.  ACRONYMS, ABBREVIATIONS, AND SYMBOLS 
 
ACGIH American Conference of Governmental Industrial Hygienists 
ACOEM American College of Occupational and Environmental Medicine 
ADI acceptable daily intake 
ADME absorption, distribution, metabolism, and excretion 
AED atomic emission detection 
AFID alkali flame ionization detector 
AFOSH Air Force Office of Safety and Health 
ALT alanine aminotransferase 
AML acute myeloid leukemia 
AOAC Association of Official Analytical Chemists 
AOEC Association of Occupational and Environmental Clinics 
AP alkaline phosphatase 
APHA American Public Health Association 
AST aspartate aminotransferase 
atm atmosphere 
ATSDR Agency for Toxic Substances and Disease Registry 
AWQC Ambient Water Quality Criteria 
BAT best available technology 
BCF bioconcentration factor 
BEI Biological Exposure Index 
BMD/C benchmark dose or benchmark concentration 
BMDX dose that produces a X% change in response rate of an adverse effect 
BMDLX 95% lower confidence limit on the BMDX 
BMDS Benchmark Dose Software   
BMR benchmark response 
BSC Board of Scientific Counselors 
C centigrade 
CAA Clean Air Act 
CAG Cancer Assessment Group of the U.S. Environmental Protection Agency 
CAS Chemical Abstract Services 
CDC Centers for Disease Control and Prevention 
CEL cancer effect level 
CELDS Computer-Environmental Legislative Data System 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
CFR Code of Federal Regulations 
Ci curie 
CI confidence interval 
CL ceiling limit value 
CLP Contract Laboratory Program 
cm centimeter 
CML chronic myeloid leukemia 
CPSC Consumer Products Safety Commission 
CWA Clean Water Act 
DHEW Department of Health, Education, and Welfare 
DHHS Department of Health and Human Services 
DNA deoxyribonucleic acid 
DOD Department of Defense 
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DOE Department of Energy 
DOL Department of Labor 
DOT Department of Transportation 
DOT/UN/ Department of Transportation/United Nations/ 
    NA/IMDG     North America/Intergovernmental Maritime Dangerous Goods Code 
DWEL drinking water exposure level 
ECD electron capture detection 
ECG/EKG electrocardiogram 
EEG electroencephalogram 
EEGL Emergency Exposure Guidance Level 
EPA Environmental Protection Agency 
F Fahrenheit 
F1

FAO Food and Agricultural Organization of the United Nations 
 first-filial generation 

FDA Food and Drug Administration 
FEMA Federal Emergency Management Agency 
FIFRA Federal Insecticide, Fungicide, and Rodenticide Act 
FPD flame photometric detection 
fpm feet per minute 
FR Federal Register 
FSH follicle stimulating hormone 
g gram 
GC gas chromatography 
gd gestational day 
GLC gas liquid chromatography 
GPC gel permeation chromatography 
HPLC high-performance liquid chromatography 
HRGC high resolution gas chromatography 
HSDB Hazardous Substance Data Bank  
IARC International Agency for Research on Cancer 
IDLH immediately dangerous to life and health 
ILO International Labor Organization 
IRIS Integrated Risk Information System   
Kd adsorption ratio 
kg kilogram 
kkg metric ton 
Koc

K
 organic carbon partition coefficient 

ow

L liter 
 octanol-water partition coefficient 

LC liquid chromatography 
LC50

LC
 lethal concentration, 50% kill 

Lo

LD
 lethal concentration, low 

50

LD
 lethal dose, 50% kill 

Lo

LDH lactic dehydrogenase 
 lethal dose, low 

LH luteinizing hormone 
LOAEL lowest-observed-adverse-effect level 
LSE Levels of Significant Exposure 
LT50

m meter 
 lethal time, 50% kill 

MA trans,trans-muconic acid 
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MAL maximum allowable level 
mCi millicurie 
MCL maximum contaminant level 
MCLG maximum contaminant level goal 
MF modifying factor 
MFO mixed function oxidase 
mg milligram 
mL milliliter 
mm millimeter 
mmHg millimeters of mercury 
mmol millimole 
mppcf millions of particles per cubic foot 
MRL Minimal Risk Level 
MS mass spectrometry 
NAAQS National Ambient Air Quality Standard 
NAS National Academy of Science 
NATICH National Air Toxics Information Clearinghouse 
NATO North Atlantic Treaty Organization 
NCE normochromatic erythrocytes 
NCEH National Center for Environmental Health 
NCI National Cancer Institute 
ND not detected 
NFPA National Fire Protection Association 
ng nanogram 
NHANES National Health and Nutrition Examination Survey 
NIEHS National Institute of Environmental Health Sciences 
NIOSH National Institute for Occupational Safety and Health 
NIOSHTIC NIOSH's Computerized Information Retrieval System 
NLM National Library of Medicine 
nm nanometer 
nmol nanomole 
NOAEL no-observed-adverse-effect level 
NOES National Occupational Exposure Survey 
NOHS National Occupational Hazard Survey 
NPD nitrogen phosphorus detection 
NPDES National Pollutant Discharge Elimination System 
NPL National Priorities List 
NR not reported 
NRC National Research Council 
NS not specified 
NSPS New Source Performance Standards 
NTIS National Technical Information Service 
NTP National Toxicology Program 
ODW Office of Drinking Water, EPA 
OERR Office of Emergency and Remedial Response, EPA 
OHM/TADS Oil and Hazardous Materials/Technical Assistance Data System 
OPP Office of Pesticide Programs, EPA 
OPPT Office of Pollution Prevention and Toxics, EPA 
OPPTS Office of Prevention, Pesticides and Toxic Substances, EPA 
OR odds ratio 
OSHA Occupational Safety and Health Administration 
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OSW Office of Solid Waste, EPA 
OTS Office of Toxic Substances 
OW Office of Water 
OWRS Office of Water Regulations and Standards, EPA 
PAH polycyclic aromatic hydrocarbon 
PBPD physiologically based pharmacodynamic  
PBPK physiologically based pharmacokinetic  
PCE polychromatic erythrocytes 
PEL permissible exposure limit 
pg picogram 
PHS Public Health Service 
PID photo ionization detector 
pmol picomole 
PMR proportionate mortality ratio 
ppb parts per billion 
ppm parts per million 
ppt parts per trillion 
PSNS pretreatment standards for new sources 
RBC red blood cell 
REL recommended exposure level/limit 
RfC reference concentration 
RfD reference dose 
RNA ribonucleic acid 
RQ reportable quantity 
RTECS Registry of Toxic Effects of Chemical Substances 
SARA Superfund Amendments and Reauthorization Act 
SCE sister chromatid exchange 
SGOT serum glutamic oxaloacetic transaminase 
SGPT serum glutamic pyruvic transaminase 
SIC standard industrial classification 
SIM selected ion monitoring 
SMCL secondary maximum contaminant level 
SMR standardized mortality ratio 
SNARL suggested no adverse response level 
SPEGL Short-Term Public Emergency Guidance Level 
STEL short term exposure limit 
STORET Storage and Retrieval 
TD50

TLV threshold limit value 
 toxic dose, 50% specific toxic effect 

TOC total organic carbon 
TPQ threshold planning quantity 
TRI Toxics Release Inventory 
TSCA Toxic Substances Control Act 
TWA time-weighted average 
UF uncertainty factor 
U.S. United States 
USDA United States Department of Agriculture 
USGS United States Geological Survey 
VOC volatile organic compound 
WBC white blood cell 
WHO World Health Organization 
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> greater than 
≥ greater than or equal to 
= equal to 
< less than 
≤ less than or equal to 
% percent 
α alpha 
β beta 
γ gamma 
δ delta 
μm micrometer 
μg microgram 
q1

*

– negative 
 cancer slope factor 

+ positive 
(+) weakly positive result 
(–) weakly negative result 
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absorbed dose ................................................................................................................ 11, 225, 275 
acetylcholine ............................................................................................................................... 194 
acetylcholinesterase .................................................................................................................... 194 
adenocarcinoma .......................................................................................................................... 106 
adrenal gland ................................................................................................................. 91, 166, 236 
adrenals ......................................................................................................................................... 91 
adsorbed ...................................................................................................................... 349, 357, 378 
adsorption ............................................................................................................................ 361, 392 
aerobic ................................................................................................................................. 360, 361 
alanine aminotransferase (see ALT) ....................................................................... 33, 87, 162, 195 
ALT (see alanine aminotransferase) ..................................................................... 33, 162, 283, 294 
ambient air ...................................................................................................... 9, 347, 362, 369, 380 
anaerobic ............................................................................................................. 358, 359, 360, 361 
anemia ........................................................... 4, 12, 16, 17, 34, 35, 36, 37, 159, 160, 194, 302, 395 
aspartate aminotransferase (see AST) ................................................................................... 33, 162 
AST (see aspartate aminotransferase) ........................................................................... 33, 162, 294 
bioaccumulation .......................................................................................................................... 358 
bioavailability ............................. 224, 230, 231, 232, 237, 253, 265, 288, 289, 314, 358, 373, 379 
bioconcentration factor ............................................................................................................... 358 
biomarker .................................................................... 274, 275, 276, 279, 281, 282, 316, 383, 393 
blood cell count ......................................................................................................... 30, 85, 86, 158 
body weight effects ......................................................................................................... 50, 92, 167 
breast milk ..................................... 11, 225, 235, 236, 253, 255, 266, 273, 313, 315, 373, 374, 381 
cancer ..................... 4, 21, 36, 50, 99, 100, 101, 102, 103, 104, 105, 106, 167, 181, 182, 202, 217,  
  234, 248, 272, 273, 281, 287, 296, 303, 309, 312, 374, 382, 397, 398 
carcinogen ............................................................................................................................. 22, 403 
carcinogenic ...................... 4, 22, 26, 48, 49, 99, 106, 183, 220, 268, 269, 287, 299, 303, 309, 403 
carcinogenicity .................................................. 22, 36, 37, 183, 184, 185, 220, 267, 299, 303, 403 
carcinoma ...................................................................................... 22, 183, 184, 185, 195, 212, 216 
cardiovascular ....................................................... 12, 23, 50, 82, 83, 154, 155, 193, 296, 299, 300 
cardiovascular effects ...................................................................................... 82, 83, 154, 155, 193 
cholinesterase ...................................................................................................................... 163, 194 
chromosomal aberrations .................................... 211, 212, 217, 221, 268, 284, 304, 305, 310, 311 
clearance ...................................................... 14, 79, 80, 89, 95, 224, 226, 228, 240, 248, 254, 255,  
  256, 260, 261, 262, 265, 266, 284, 288, 314 
death ......................................................................... 12, 16, 48, 50, 73, 77, 84, 101, 107, 154, 155,  
  181, 182, 234, 273, 283, 296, 299, 300, 315 
deoxyribonucleic acid (see DNA) ................................................................. 11, 207, 212, 216, 248 
dermal effects .................................................... 20, 91, 92, 166, 167, 170, 193, 195, 197, 245, 296 
developmental effects ..................... 19, 25, 34, 43, 45, 99, 178, 180, 181, 202, 273, 299, 307, 315 
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DNA (see deoxyribonucleic acid) .......... 11, 21, 173, 203, 204, 205, 207, 208, 210, 211, 212, 213,  
  215, 216, 217, 219, 220, 221, 222, 223, 224, 225, 248,  
  267, 268, 269, 275, 282, 284, 285, 292, 293, 294, 295,  
  304, 305, 310, 311, 312, 315, 317, 382, 393 
elimination half-time ................................................................................................................... 276 
elimination rate ........................................................................................................................... 225 
endocrine ................................................................................................... 23, 50, 91, 166, 270, 271 
endocrine effects ............................................................................................................. 90, 91, 166 
erythema ........................................................................................ 15, 16, 27, 50, 93, 185, 198, 199 
fetal tissue ................................................................................................... 239, 274, 314, 374, 381 
fetus ..................................................................................................................................... 271, 307 
follicle stimulating hormone (see FSH) ........................................................................................ 97 
FSH (see follicle stimulating hormone) ........................................................................................ 97 
gastrointestinal effects ............................................ 12, 14, 32, 35, 83, 84, 155, 156, 157, 193, 303 
general population ............... 3, 9, 104, 106, 249, 253, 312, 313, 349, 350, 369, 371, 375, 377, 380 
genotoxic ......... 21, 48, 217, 219, 220, 222, 223, 224, 252, 282, 284, 296, 299, 304, 305, 310, 312 
genotoxicity................................... 21, 202, 217, 220, 223, 224, 284, 294, 299, 304, 305, 310, 317 
groundwater .................................................................... 3, 182, 349, 351, 359, 360, 365, 390, 402 
half-life ........................................................ 226, 231, 251, 252, 266, 275, 279, 311, 359, 360, 379 
hematological effects .. 16, 17, 28, 29, 34, 35, 37, 85, 158, 159, 160, 161, 194, 300, 302, 303, 395 
hematopoietic .................................................................................................................. 17, 35, 159 
hepatic effects ....................................................................................... 87, 162, 163, 194, 282, 283 
hydroxyl radical .................................................................................................. 223, 248, 293, 294 
immune system ............................................................................................... 16, 95, 170, 301, 308 
immunological ........................................................................ 12, 23, 35, 48, 93, 96, 281, 287, 299 
immunological effects ............................................................................. 15, 20, 24, 35, 93, 96, 299 
Kow

LD
 ...................................................................................................... 328, 329, 330, 331, 332, 333 

50

leukemia .............................................................................................................. 208, 212, 213, 216 
 ............................................................................................................ 108, 185, 242, 287, 300 

leukopenia ..................................................................................................................................... 85 
lymphatic..................................................................................................... 35, 39, 40, 41, 170, 266 
metabolic effects ................................................................................................................. 169, 247 
micronuclei ......................................................................................... 219, 220, 221, 284, 304, 305 
milk ..................................................................................... 201, 235, 236, 253, 266, 273, 370, 384 
mucociliary ................................................................................. 224, 227, 260, 265, 266, 288, 314 
musculoskeletal effects ..................................................................................... 23, 50, 86, 161, 194 
neonatal ............................................................................................................................... 238, 375 
neoplasm ..................................................................................................................................... 184 
neoplastic ...................................................................................................................................... 22 
neurobehavioral ................................................................................................................... 171, 270 
neurochemical ............................................................................................................................. 171 
neurological effects ......................................................................... 12, 96, 171, 202, 282, 289, 300 
nuclear ................................................................................................................................. 269, 293 
ocular effects ........................................................................................................... 21, 91, 167, 198 
odds ratio ................................................................................................................................. 78, 98 
pharmacodynamic ................................................................................................................. 42, 256 
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pharmacokinetic .................................................................. 256, 257, 258, 269, 271, 274, 312, 307 
placenta ......................................... 11, 179, 225, 235, 239, 243, 273, 306, 307, 313, 315, 374, 381 
rate constant ................................................................................................ 246, 260, 261, 262, 263 
renal effects ................................................................................. 37, 88, 89, 90, 164, 165, 195, 299 
reproductive effects ........................................ 17, 18, 23, 24, 25, 43, 44, 45, 97, 98, 172, 173, 174,  
  175, 176, 178, 181, 202, 296, 299, 302, 303, 306 
respiratory effects ......................... 12, 13, 20, 23, 27, 28, 29, 30, 38, 39, 42, 50, 73, 74, 75, 76, 79,  
  81, 83, 154, 193, 195, 281, 299, 301, 302, 315, 395, 396 
retention .................................................. 11, 87, 195, 225, 227, 228, 229, 242, 251, 252, 263, 276 
sequestered ............................................................................................ 16, 243, 251, 266, 277, 291 
solubility ................. 24, 39, 108, 224, 225, 226, 227, 264, 268, 284, 288, 319, 349, 358, 360, 377 
spermatogonia ....................................................................................................................... 44, 173 
systemic effects ............................................................... 16, 50, 154, 193, 272, 299, 300, 301, 396 
thyroid ................................................................................................................................... 91, 166 
thyroxine ............................................................................................................................. 295, 315 
toxicokinetic .................................................................................................................... 11, 47, 224 
tumors ....................................................................................................... 4, 22, 104, 106, 183, 283 
volatilization ............................................................................................................................... 386 
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1. PUBLIC HEALTH STATEMENT

This Statement was prepared to give you information about 1,2-dibromo-
3-chloropropane and to emphasize the human health effects that may result from
exposure to it. The Environmental Protection Agency (EPA) has identified
1,177 sites on its National Priorities List (NPL) sites. 1,2-Dibromo-
3-chloropropane has been found at 8 of these sites. However, we do not know
how many of the 1,177 NPL sites have been evaluated for 1,2-dibromo-
3-chloropropane. As EPA evaluates more sites, the number of sites at which
1,2-dibromo-3-chloropropane is found may change. This information is
important for you because 1,2-dibromo-3-chloropropane may cause harmful health
effects and because these sites are potential or actual sources of human
exposure to 1,2-dibromo-3-chloropropane.

When a chemical is released from a large area such as an industrial
plant, or from a container, such as a drum or bottle, it enters the
environment as a chemical emission. This emission, which is also called a
release, does not always lead to exposure. You are exposed to a chemical only
when you come into contact with that chemical. You may be exposed to it in
the environment by breathing, eating, or drinking substances containing the
chemical or from skin contact with it.

If you are exposed to a hazardous substance such as 1,2-dibromo-
3-chloropropane, several factors will determine whether harmful health effects
will occur and what the type and severity of those health effects will be.
These factors include the dose (how much), the duration (how long), the route
or pathway by which you are exposed (breathing, eating, drinking, or skin
contact), the other chemicals to which you are exposed, and your individual
characteristics such as age, sex, nutritional status, family traits, life
style, and state of health.

1.1 WHAT IS 1,2-DIBROMO-3-CHLOROPROPANE?
1,2-Dibromo-3-chloropropane is a colorless liquid with a sharp smell.

It can be smelled in air at 2 parts chemical in 1 million parts of air. It
evaporates about as fast as water does, which is not very quickly.
1,2-Dibromo-3-chloropropane will dissolve in water to a very limited extent.
It can be tasted in water when 0.01 mg chemical is present in 1 liter of
water. It is a man-made chemical not found naturally in the environment. We
do not know exactly how much of it is currently made or used by industry, but
it is probably a small amount. Some industries use 1,2-dibromo-3-chloropropane
to make a chemical that is used to make materials resistant to
burning. Large amounts of 1,2-dibromo-3-chloropropane were used in the past
on certain farms to kill pests that were harmful to the crops. Farmers in
Hawaii stopped using this chemical in 1985; use in other states stopped in
1979.
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1,2-Dibromo-3-chloropropane breaks down slowly in the air. Most of the
1,2-dibromo-3-chloropropane that is released to the air disappears within
several months. Most of this chemical that enters surface water evaporates
into the air within several days or a week. It does not stick to the soil at
the bottom of rivers, lakes, or ponds. We do not expect fish or other seafood
from water containing 1,2-dibromo-3-chloropropane to build up large amounts of
this chemical in their bodies. Some of what is spilled on or applied to soil
moves through the soil into the groundwater, where it may remain for a long
time. Some of the 1,2-dibromo-3-chloropropane in soil evaporates from the
surface of the soil into the air. Small amounts may stay in the soil for
several years. This chemical also breaks down slowly to simpler chemicals in
water and soil.

You will find more information in Chapters 3, 4, and 5 on the properties
of 1,2-dibromo-3-chloropropane.

1.2 HOW MIGHT I BE EXPOSED TO 1,2-DIBROMO-3-CHLOROPROPANE?
1,2-Dibromo-3-chloropropane is not usually found in the environment

(air, water, and soil). Sometimes, however, it is found in the soil and
underground water from cropland where it has been used as a pesticide. It has
been found in well-water near farms where 1,2-dibromo-3-chloropropane was
used. It has been found in food grown on farms that used the chemical and at
some hazardous waste sites. Foods today most likely do not contain this
chemical.

1,2-Dibromo-3-chloropropane can enter the environment while it is being
made or used in industry and research. Because this chemical is not used very
much, the releases are probably small. Releases and disposal of 1,2-dibromo-
3-chloropropane at waste sites can lead to higher than usual levels in the
nearby air, water, and soil.

We do not know exactly what amounts of 1,2-dibromo-3-chloropropane are
usually found in the air, surface water, and soil. However, based on the
limited usage in the past 5-10 years, we expect that levels where the chemical
has not been used or discarded are either low or nonexistent. In areas where
the chemical has been used as a soil fumigant, it may still be present in soil
and groundwater at low levels.

You can be exposed to 1,2-dibromo-3-chloropropane by drinking water or
eating certain foods that may still contain the compound. You might also be
exposed to 1,2-dibromo-3-chloropropane by breathing air containing it.
Exposure may happen if you live near a hazardous waste site that has released
1,2-dibromochloropropane to the air, water, or soil. Exposure can also occur
in the workplace from spills or other accidents or even during routine
handling. We do not know how much 1,2-dibromo-3-chloropropane the general
public or workers are exposed to or how often they are exposed to it.
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However, the limited use of 1,2-dibromo-3-chloropropane in recent years
suggests that exposure is minimal and infrequent.

You can find more information in Chapter 5 on how much 1,2-dibromo-
3-chloropropane is in the environment and how you can be exposed to it.

1.3 HOW CAN 1,2-DIBROMO-3-CHLOROPROPANE ENTER AND LEAVE MY BODY?
1,2-Dibromo-3-chloropropane can enter your body through the lungs if you

breathe air contaminated with it. It can also enter your body if you drink
contaminated water or eat contaminated food. It can enter through your skin
if it comes into contact with your skin. We do not know exactly how much or
how fast 1,2-dibromo-3-chloropropane enters your body through your lungs after
breathing it or through your skin after skin contact with it. Studies in
animals show- that almost all the 1,2-dibromo-3-chloropropane that they
swallowed entered the bloodstream quickly. Inside the body, 1,2-dibromo-
3-chloropropane is carried by the blood to many organs and breaks down into
other chemicals also called breakdown products. These breakdown products can
attach to some chemicals inside the cells of your body and may cause harmful
effects in the liver, kidneys, or male reproductive organs. Most of the
breakdown products are removed from your body quickly, but they may stay in
fatty tissue for a longer period of time. The breakdown products of
1,2-dibromo-3-chloropropane leave the body in urine and in the air you breathe
out. Only a small amount leaves in the stool. You can find more information
in Chapter 2 on the movement of 1,2-dibromo-3-chloropropane in the body.

1.4 HOW CAN 1,2-DIBROMO-3-CHLOROPROPANE AFFECT MY HEALTH?
Studies of workers in chemical factories that produced 1,2-dibromo-

3-chloropropane showed that its main harmful effect is on male reproductive
organs. Men exposed to 1,2-dibromo-3-chloropropane in the air may have more
girl children than boy children, produce fewer sperm, and eventually become
unable to father children. We do not know the exact levels of 1,2-dibromo-
3-chloropropane in air that cause these effects. Studies of workers have also
suggested that 1,2-dibromo-3-chloropropane may cause headache, nausea,
lightheadedness, and weakness. No adverse effect on reproduction was seen in
people who drank water contaminated with small amounts (0.004-5.75 parts in a
billion parts of water) of 1,2-dibromo-3-chloropropane. Studies in animals
show that 1,2-dibromo-3-chloropropane may cause birth defects in the offspring
of adult rats exposed to large amounts. However, human exposure to
1,2-dibromo-3-chloropropane that occurred at work or by drinking contaminated
water has not been linked with birth defects. Some people have smelled the
sharp odor of 1,2-dibromo-3-chloropropane when only small amounts were
present, 2 parts in 1 million parts of air (2 ppm).

Some laboratory animals died after they breathed in, received large amounts in
their food, or had skin contact with 1,2-dibromo-3-chloropropane. Rats and
mice that survived breathing in or eating large amounts of 1,2-dibromo-
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3-chloropropane had damaged stomachs, livers, and kidneys. Incoordination and
sleepiness were seen in animals that breathed or took large amounts of 1,2-
dibromo-3-chloropropane by mouth. Animals that breathed large amounts of this
chemical also had damaged brains. In addition, rats and mice that breathed
large amounts in 1,2-dibromo-3-chloropropane had damaged air passages and
lungs. Some laboratory animals that breathed large amounts of 1,2-dibromo-3-
chloropropane had damaged spleens, low blood cell production in the bone
marrow, or decreased amounts of blood cells in the blood. Rabbits that had
1,2-dibromo-3-chloropropane placed in contact with their eyes and skin had
irritated eyes, cloudy corneas, and damaged skin. Female rats mated with male
rats that received low-to-moderate doses of 1,2-dibromo-3-chloropropane in
their food for 5 days had miscarriages. Rats and rabbits that breathed in or
received low doses of 1,2-dibromo-3-chloropropane in their food for less than
1 year had harmful effects on their reproductive organs. Male offspring of
rats that were exposed to 1,2-dibromo-3-chloropropane while they were pregnant
also had harmful effects on their reproductive organs. Laboratory animals
that were exposed to low-to-moderate amounts of 1,2-dibromo-3-chloropropane
through breathing, swallowing, or skin contact for a long time period
developed cancer. Cancerous tumors on the inside of the nose were seen after
animals breathed 1,2-dibromo-3-chloropropane for long periods. Cancer of the
stomach and kidneys was seen after animals were given this chemical by mouth
for long periods. Cancer of the stomach and skin was seen after animals had
skin contact with this chemical for long periods. The Department of Health
and Human Services has determined that 1,2-dibromo-3-chloropropane may
reasonably be anticipated to be a carcinogen. The International Agency for
Research on Cancer has determined that 1,2-dibromo-3-chloropropane is possibly
carcinogenic to humans.

You can find a more complete discussion in Chapter 2 of the effects of
1,2-dibromo-3-chloropropane on health.

1.5 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN EXPOSED TO
1,2-DIBROMO-3-CHLOROPROPANE?
1,2-Dibromo-3-chloropropane can be measured in exhaled air, blood, and

samples of tissues from the body. Samples must be collected shortly after
exposure because 1,2-dibromo-3-chloropropane leaves your body rapidly after
exposure. If a large exposure has occurred, levels may be detected for longer
after exposure than if a small exposure has occurred. The levels of 1,2-
dibromo-3-chloropropane cannot be used to predict whether or not you will
experience adverse health effects. These tests are probably not available
through your doctor's office, but your doctor can refer you to a place where
they can be done. Biological changes in the human body have been studied
after 1,2-dibromo-3-chloropropane exposure, but they have not been used to
tell whether exposure occurred.

Exposure to 1,2-dibromo-3-chloropropane causes lower production of
sperm. Therefore, sperm counts and the blood levels of certain hormones
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(follicular stimulating hormone, luteinizing hormone) can be checked in
exposed men to find out whether harmful effects have occurred. However, these
changes have,not been linked with exposure levels of the chemical or lengths
of exposure to the chemical. Furthermore, the hormonal changes are not
sensitive enough to detect minor changes in sperm counts. See Chapters 2 and
6 for more information about tests for exposure to 1,2-dibromo-3-
chloropropane.

1.6 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO PROTECT HUMAN
HEALTH?
The Enviromental Protection Agency (EPA) recommends that the amount of

1,2-dibromo-3-chloropropane that is found in underground drinking water be
kept to low levels. The highest recommended level is 100 micrograms of 1,2-
dibromo-3-chloropropane per liter of water (pg/L). Furthermore, EPA requires
that industries report spills of 1 pound or more of 1,2-dibromo-3-
chloropropane. EPA banned the use of this chemical as a pesticide in the
United States in the early 1980s.

The Occupational Safety and Health Administration (OSHA) recommends that
the amount of 1,2-dibromo-3-chloropropane in workplace air be kept to low
levels. The highest level allowed in the workplace is 1 part in one billion
parts of air (ppb), for an 8-hour workday and a 40-hour workweek.

1.7 WHERE CAN I GET MORE INFORMATION?
If you have any more questions or concerns not covered here, please

contact your state health or environmental department or:

Agency for Toxic Substances and Disease Registry
Division of Toxicology
1600 Clifton Road, E-29
Atlanta, Georgia 30333

This agency can also provide you with information on the location of the
nearest occupational and environmental health clinic. Such clinics specialize
in recognizing, evaluating, and treating illness that result from exposure to
hazardous substances.
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2.1 INTRODUCTION
The primary purpose of this chapter is to provide public health

officials, physicians, toxicologists, and other interested individuals and
groups with an overall perspective of the toxicology of 1,2-dibromo-3-chloropropane
and a depiction of significant exposure levels associated with various
adverse health effects. It contains descriptions and evaluations of studies
and presents levels of significant exposure for 1,2-dibromo-3-chloropropane
based on toxicological studies and epidemiological investigations.

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE
To help public health professionals address the needs of persons living

or working near hazardous waste sites, the information in this section is
organized first by route of exposure--inhalation, oral, and dermal--and then
by health effect--death, systemic,,immunological, neurological, developmental,
reproductive, genotoxic, and carcinogenic effects. These data are discussed
in terms of three exposure periods--acute (less than 15 days), intermediate
(15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented
in tables and illustrated in figures. The points in the figures showing no-observed-
adverse-effect levels (NOAELs) or lowest-observed-adverse-effect
levels (LOAELs) reflect the actual doses (levels of exposure) used in the
studies. LOAELs have been classified into "less serious" or "serious"
effects. These distinctions are intended to help the users of the document
identify the levels of exposure at which adverse health effects start to
appear. They should also help to determine whether or not the effects vary
with dose and/or duration, and place into perspective the possible
significance of these effects to human health.

The significance of the exposure levels shown in the tables and figures
may differ depending on the user's perspective. For example, physicians
concerned with the interpretation of clinical findings in exposed persons may
be interested in levels of exposure associated with "serious" effects. Public
health officials and project managers concerned with appropriate actions to
take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals (LOAEL) or exposure
levels below which no adverse effects (NOAEL) have been observed. Estimates
of levels posing minimal risk to humans (Minimal Risk Levels, MRLs) may be of
interest to health professionals and citizens alike.

Estimates of exposure levels posing minimal risk to humans (MRLs) have
been made, where data were believed reliable, for the most sensitive noncancer
effect for each exposure duration. MRLs include adjustments to reflect human
variability from laboratory animal data to humans.
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Although methods have been established to derive these levels (Barnes et
al. 1988; EPA 1989a), uncertainties are associated with these techniques.
Furthermore, ATSDR acknowledges additional uncertainties inherent in the
application of the procedures to derive less than lifetime MRLs. As an
example, acute inhalation MRLs may not be protective for health effects that
are delayed in development or are acquired following repeated acute insults,
such as hypersensitivity reactions, asthma, or chronic bronchitis. As these
kinds of health effects data become available and methods to assess levels of
significant human exposure improve, these MRLs will be revised.

2.2.1 Inhalation Exposure
Occupational exposure to 1,2-dibromo-3-chloropropane probably involves

both inhalation and dermal exposure. Thus, many of the effects reported in
occupational studies in this section may be due, in part, to dermal exposure
to l-,2-dibromo-3-chloropropane.

2.2.1.1 Death
No studies were located regarding death in humans after inhalation

exposure to 1,2-dibromo-3-chloropropane.

Inhalation LC50 values in rats were 103 ppm after 8 hours of exposure,
154 ppm after 4 hours, 232 ppm after 2 hours, and 368 ppm after 1 hour of
exposure (Torkelson et al. 1961). No increase in mortality above control
levels was observed in Sprague-Dawley rats observed for up to 12 months after
2 weeks of continuous exposure to concentrations up to 10 ppm 1,2-dibromo-
3-chloropropane (Saegusa et al. 1982).

Mortality data for intermittent intermediate-duration exposures in
animals are conflicting. Increased mortality occurred in Fischer-344 rats
exposed to 25 ppm 1,2-dibromo-3-chloropropane for 13 weeks (NTP 1982) and in
an unspecified strain of rats exposed to 10 ppm for 10 weeks (Torkelson et al.
1961). The cause of death was not reported; however, renal, respiratory,
and/or splenic effects observed under histopathological examination might have
contributed to increased mortality. In contrast, no deaths were observed in
Sprague-Dawley rats exposed to concentrations up to 10 ppm for 14 weeks (Rao
et al. 1983). Increased mortality from pneumonia was observed among male New
Zealand rabbits exposed to 10 ppm 1,2-dibromo-3-chloropropane for 8 weeks (Rao
et al. 1982), but no deaths were reported in an unspecified strain of rabbits
exposed to 12 ppm for 13 weeks (Torkelson et al. 1961). The above-mentioned
discrepancies may be due to differences in strain sensitivity to the chemical
or to differences in the general health of animals from different animal
colonies. Increased mortality was also observed in B6C3F1 mice exposed to
25 ppm for 13 weeks (NTP 1982). No deaths were reported in guinea pigs
exposed to 12 ppm 1,2-dibromo-3-chloropropane for 13 weeks (Torkelson et al.
1961).
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During a chronic-duration exposure experiment, a significant increase in
mortality from cancer occurred in both sexes of Fischer 344 rats and in female
B6C3Fl mice intermittently exposed to 3 ppm 1,2-dibromo-3-chloropropane. The
surviving animals were killed after 76-84 weeks of exposure. However, it
should be noted that the survival of male mice was low in all groups,
including the control group (NTP 1982).

The LC50 values, the highest NOAEL values, and all reliable LOAEL values
in each species and duration category are recorded in Table 2-1 and plotted in
Figure 2-l.

2.2.1.2 Systemic Effects
The systemic effects of 1,2-dibromo-3-chloropropane following inhalation

exposure are discussed below. No studies were located regarding
musculoskeletal effects of 1,2-dibromo-3-chloropropane in humans or animals
after inhalation exposure. The highest NOAEL values and all reliable LOAEL
values for each effect in each species and duration category are recorded in
Table 2-l and plotted in Figure 2-l.

Respiratory Effects. No studies were located regarding respiratory
effects in humans after inhalation exposure to 1,2-dibromo-3-chloropropane.

Studies in animals demonstrate that 1,2-dibromo-3-chloropropane affects
the respiratory system. Pulmonary irritation was reported in rats after an
acute (l-7 hours) exposure to 60 ppm or more 1,2-dibromo-3-chloropropane
(Torkelson et al. 1961). Bronchial and bronchiolar epithelial cytomegalosis
and focal necrosis were observed in rats continuously exposed to 10 ppm for
2 weeks (Saegusa et al. 1982). Pathological changes (emphysema and
bronchopneumonia) were seen in lungs of rats exposed to 10 ppm or more
1,2-dibromo-3-chloropropane for 7 hours/day, 5 days/week, for lo-12 weeks
(Torkelson et al. 1961). Cytomegaly and hyperplasia were found in the nasal
cavity in rats exposed to 1 ppm and mice exposed to 5 ppm 1,2-dibromo-3-
chloropropane for 6 hours/day, 5 days/week, for 13 weeks (NTP 1982; Reznik et
al. 1980a). In addition, rats and mice exposed to 25 ppm had more severe
respiratory effects, including inflammatory and proliferative changes in the
nasal cavity, necrosis of the trachea, and necrosis or metaplasia of the
bronchial epithelium. Nonneoplastic changes (hyperplasia) were found in the
respiratory system of rats and mice after intermittent chronic-duration
exposure to 0.6 ppm or 3 ppm. In addition, neoplasms of the respiratory tract
also occurred in both species (NTP 1982) (Section 2.2.1.8).

Cardiovascular Effects. No conclusive evidence was located to indicate
that inhalation exposure to 1,2-dibromo-3-chloropropane causes cardiovascular
effects in humans. Although higher mortality from arteriosclerotic heart
disease was observed in workers in the production of trimethylene
chlorobromide where 1,2-dibromo-3-chloropropane was a potential trace
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TABLE 2-1. Levels of Significant Exposure to 1,2-Dibromo-3-chloropropane - Inhalation 

Exposure 
duration/ 

LOAEL (effect) 

NOAEL Less serious Serious 
figurea Species frequency System (ppm) (ppm) (ppm ) Reference 

ACUTE EXPOSURE 

Death 

1 Rat 

Systemic 

2 

3 

Rat 

Rat 

Imnuno log ical 

4 Rat 

Neurological 

5 Rat 

Reproductive 

6 Rat 

8 hr 

1 d Resp 
1-7hr/d Renal 

Derm/oc 

2 wk Resp 
7d/wk 
24hr/d 

Cardio 
Hemato 
Renal 

2 wk 
7d/wk 
24hr/d 

1d 
1-7hr/d 

2 wk 
7d/wk 
24hr/d 

103 (LC50) 

60 (irritation) 
50 (kidney scarring) 
60 (eye irritation) 

10 (bronchial 
epithelial 
necrosis ) 

10 
10 (spleen atrophy) 

10 (necrotic cells in 
proximal tubules) 

60 (apathy; ataxia) 

Torkelson et al. 
1961 

Torkelson et al. 
1961 

Saegusa et al. 
1982 

10 (spleen atrophy) Saegusa et al. 
1982 

Torkelson et al. 
1961 

1 3 (slight decrease 8 (necrosis of germ Saegusa et al. 
in germ cells, cells, severe 1982 
slight atrophy of atrophy of 
seminiferous seminiferous 
tubules) tubules) 
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INTERMEDIATE EXPOSURE 

Death 

7 Rat 

8 

9 

10 

Rat 

Rabbit 

Mouse 

Systemic 

11 Rat 

12 

13 

Rat 

Rat 

10 wk 
5d/wk 
7hr/d 

13 wk 
5d/wk 
6hr/d 

8 -14 wk 
5d/wk 
6hr/d 

13 wk 
5d/wk 
6hr/d 

14 wk Cardio 
5d/wk Hemato
6hr/d Hepatic 

Renal 
Other 

13 wk Hemato 
5d/wk 
6hr/d 

10-12 wk Resp 
5d/wk 
7hr/d Hemato 

Hepatic 

Renal 

5 

5 

1.0 

5 

10 
10 
10 
10 

0.1 1.0 (adrenal cortical 
necrosis) 

5 25 (hypoceliularity 
of bone marrow) 

10 (2/15 died) Torkelson et al. 
1961 

25 (5/10 died) NTP 1982 

10 (4/10 died) Rao et al. 1982 

25 (4/20 died) NTP 1982 

Rao et al. 1983 

NTP 1982 

12 (pneumonia; lung Torkelson et al. 
infection) 1961 

12 (increased 
neutrophiles) 

12 (sinusoidal 
 ) 

12 (cloudy swelling 
of epithelium) 

(dialation
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TABLE 2-1. Levels of Significant Exposure to 1,2-Dibromo-3-chloropropane - Inhalation (continue) 

Exposure 
duration/ 

LOAEL (effect) 

NOAEL Less serious Serious 
figurea Species frequency System (ppm) (ppm) (ppm ) Reference 
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14 Rat 

15 Rat 

16 Rabbit 

13 wk 
5d/wk 
6hr/d 

10 wk 
5d/wk 
7hr/d 

10-12 wk 
5d/wk 
7hr/d 

Resp 

Cardio 
Gastro 
Hemato 

Hepatic 

Renal 
Other 

25 
25 
5 

5 

Resp 5 
Gastro 5 

Hemato 10 

Hepatic 5 

Renal 5 

Derm/oc 10 
Other 

Other 

1 

25 

1 

25 

10 

20 

10 

10 

20 
5 

12 

(hyperplasia, 25 (metaplasia, NTP 1982; Reznik 
cytomegaly, necrosis, and et al. 1980a 
squamous meta- hyperplasia in 
plasia, loss of nasal cavity, 
cilia in nasal trachea and 
cavity) bronchial epi- 

thelium) 

(hypocellularity 
of bone marrow) 
(hydropic changes 25 (focal necrosis 
of hepatocytes) of liver) 

(adrenal necrosis, 
body weight loss, 
body weight gain 
decreased 100- 
114%. hair loss) 

1 (nephrosis) 

10 (emphysema) 
(lesions in 
intestinal mucosa) 
(depressed white 
blood count) 
(unspecified 
lesions) 
(unspecified 
lesions )
(corneal clouding) 
(body weight gain 
decreased 24%) 

(decreased body 
weight) 

Torkelson et al. 
1961 

Torkelson et al. 
1961 
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TABLE 2-1. Levels of Significant Exposure to 1,2-Dibromo-3-chloropropane - Inhalation (continue) 

Exposure 
duration/ 

LOAEL (effect) 

NOAEL Less serious Serious 
figurea Species frequency System (ppm) (ppm) (ppm ) Reference 
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17 Rabbit 8 -14 wk Cardio 
53/wk Hemato 
6hr/d Hepatic 

Renal 

18 Gn Pig 10-12 wk Hepatic 
5d/wk 
7hr/d 

19 Mouse 13 wk Resp 
5d/wk 
6hr/d 

Cardio 
Gastro 
Hepatic 

Renal 
Other 

20 Monkey 10-12 wk Resp 
5d/wk Hemato 
7hr/d 

Immunological 

21 Rat 10-12 wk 
5d/wk 
7hr/d 

10 
10 
10 
10 

12 (fatty 
degeneration) 

Rao  et al. 1982 

Torkelson et al. 
1961 

1 (cytomegaly, hyper 25 (necrosis, NTP 1982; Reznik 
plasia, squamous proliferation in et al. 1980 
metaplasia, loss nasal cavity and 
cilia in nasal bronchiolar epi-
cavity, hypertrop thelium)
of occasional cel
in bronchiolar ep 
thelium

25 
25 
5 25 (hydropic 

hepatocytes) 
25 (nephrosis)

1 (body weight gain 
decreased) 

12 (infection) Torkelson et al. 
12 (severe anemia) 1961 

12 (lung infection) Torkelson et al. 
1961 
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TABLE 2-1. Levels of Significant Exposure to 1,2-Dibromo-3-chloropropane - Inhalation (continue) 

Exposure 
duration/ 

LOAEL (effect) 

NOAEL Less serious Serious 
figurea Species frequency System (ppm) (ppm) (ppm ) Reference 
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22 Rabbit 8-14 wk 
5d/wk 
7hr/d 

1.0 10 (pneumonia) Rao et al. 1982 

23 Monkey 10 -12 wk 
5d/wk 
7hr/d 

12 (severe infection) Torkelson et al. 
1961 

Neurological 

24 Rat 14 wk 
5d/wk 
6hr/d 

1 10 (focal 
mineralization in 
the cerebrum) 

Rao et al. 1983 

NTP 1982 25 Rat 13 wk 
5d/wk 
6hr/d 

5 25 (meningo- 
encephalitis) 

26 Rabbit 10 Rao et al. 1982 8-14 wk 
5d/wk 
6hr/d 

Reproductive 

27 Rat 13 wk 
5d/wk 
6hr/d 

5 25 (testicular 
atrophy )

NTP 1982 

28 

29 

Rat 

Rabbit 

Torkelson et al. 
1961 

10 wk 
5d/wk 
7hr/d 

5 (epithelial 10 (testicular 
changes in testes) atrophy )

0.1b 1.0 (sperm abnormal - 
ities; increased 
serum FSH; rever- 
sible decreased 
spermatogenesis) 

8-14 wk 
5d/wk 
6hr/d 

Rao et al. 1982 

10 (infertility) 
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TABLE 2-1. Levels of Significant Exposure to 1,2-Dibromo-3-chloropropane - Inhalation (continue) 

Exposure 
duration/ 

LOAEL (effect) 

NOAEL Less serious Serious 
figurea Species frequency System (ppm) (ppm) (ppm ) Reference 
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CHRONIC EXPOSURE 

Death 

30 

31 

Systemic 

32 

Rat 

Mouse 

Rat 

84-103wk 
5d/wk
6hr/d 

7 6 - 10 3 wk
5d/wk 
6hr/d 

84-103wk Resp 
5d/wk 
6hr/d 

Cardio 
Gastro 

Hemato 
Hepatic 
Renal 

Derm/oc 
Other 

0.6 

0.6 

0.6 

3.0 
0.6 3.0 

3.0 
3.0 

0.6 

3.0 
0.6 3.0 

(epithelial pro- 
liferation in nas 
cavity) 

(hyperkeratosis, 
acanthosis in 
stomach) 

(tubular cell 
hyperplasia) 

(weight gain 
decreased up to 
12%-22%) 

3.0 (88/99 died by NTP 1982 
week 84) 

NTP 1982 3.0 (43/50 females 
died by week 74) 

NTP 1982 

3.0 (toxic tubular 
nephropathy) 
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TABLE 2-1. Levels of Significant Exposure to 1,2-Dibromo-3-chloropropane - Inhalation (continue) 

Exposure 
duration/ 

LOAEL (effect) 

NOAEL Less serious Serious 
figurea Species frequency System (ppm) (ppm) (ppm ) Reference 
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33 Mouse 76-103wk Resp 
5d/wk 
6hr/d 

Cardio 
Gastro 

Hemato 
Hepatic 
Renal 

Derm/oc 
Other 

Imunolog  ical 

34 Mouse 

Neurological 

35 Rat 

36 Mous e 

7 6- 103wk 
5d/wk 
6hr/d 

84-103wk Other 
5d/wk 
6hr/d 

76-103wk 
5d/wk 
6h/d 

0.6 (hyperplasia in NTP 1982 
nasal cavity, 
bronchioles, and 
alveolar epi- 
thelium) 

0.6 (hyperplasia in 
3.0 

stomach and acan- 
thosis) 

.6 3.0 (splenic atrophy) 

0.6 (hyperplasia in 3.0 (nephrosis) 
3.0 

urinary bladder, 
inflammation in 
k idney ) 

3.0 
0.6 3.0 (body weight gain 

decreased 177.-287. 

0.6 

0.6 

3.0 

3.0 (splenic atrophy) NTP 1982 

3.0 (cerebral 
necrosis) 

NTP 1982 

NTP 1982 
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TABLE 2-1. Levels of Significant Exposure to 1,2-Dibromo-3-chloropropane - Inhalation (continue) 

Exposure 
duration/ 

LOAEL (effect) 

NOAEL Less serious Serious 
figurea Species frequency System (ppm) (ppm) (ppm ) Reference 
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Cancer 

37 Rat 84 - 10 3wk 
5d/wk 
6hr/d 

38 Mouse 76-103wk 
5d/wk 
6hr/d 

0.6 (CEL, nasal cavity NTP 1982 
adenocarcinomas) 

0.6 (CEL, papillary NTP 1982 
carcinomas of 
bronchiole) 

a
The number corresponds to entries in Figure 2-1. 

to derive an intermediate inhalation MRL of 0.002 ppm; dose adjusted for intermittent exposure and divided by an 
uncertainty factor of 100 (10 for extrapolation from animals to humans and 10 for human variability). 

Cardio = cardiovascular; CEL = cancer effect level; d = day(s); Derm/oc = dermal/ocular; Gastro = gastrointestinal; 
Gn pig = guinea pig; iiemato = hematological; hr = hour(s); LC50 = lethal concentration, 50% kill; LOAEL = lowest- 
observed -adverse -effect level; NOAEL = no-observed -adverse -effect level; Resp = respiratory; wk = week(s) 

b
Used
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TABLE 2-1. Levels of Significant Exposure to 1,2-Dibromo-3-chloropropane - Inhalation (continue) 

Exposure 
duration/ 

LOAEL (effect) 

NOAEL Less serious Serious 
figurea Species frequency System (ppm) (ppm) (ppm ) Reference 
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FIGURE 2-1. Levels of Significant Exposure to 1,2-Dibromo-3-chloropropane - Inhalation 
AC~JTE 

O m )  
1.000 

100 

10 

1 

0.1 

0.01 

0.001 

0.0001 

I 
Kev 

r Rat LC50 
LOAEL IW soriwr mcts (animh) 
LOAEL for loss smious Meets (animds) 

0 NOAEL (animds) 

The number next to each point conespanis to entries in Table 2-1. 

1r

2r 2r 2r

3r 3r 3r 3r 4r

5r

6r

6r

6r

 
1
8

2
.
 
H
E
A
L
T
H
 
E
F
F
E
C
T
S



10m

10m

14r

15r

15r
13r

8r

7r

7r 8r

8h

9h

20k

19m

19m 14r

19m 19m14r 14r

11r 17h

15r

15r

15r 15r

12r

12r

11r20k

14r

14r

13r 17h



18m

18m

14r

14r

15r

11r 13r 15r 17h

18m

15r

11r 13r

14r

17h

15r

15r

14r

14r

15r

18m

11r

18h

11r

23k 21r

22h

22h

25r

24r

25r

24r

28h

27r

27r

28r

28r

28i18g 15r

29h

29h



31m

31m

30r

30r 33m 32r

32r

33m

33m 32r

32r

33m

33m

32r 32r

32r

33m 33m

33m

33m 33m

33m 32r

34m

34m

38m 35r

35r 38m 37r

32r 32r32r



22

2. HEALTH EFFECTS

contaminant (Wong et al. 1984). It is not possible to conclude from this
information that 1,2-dibromo-3-chloropropane exposure is associated with heart
disease in humans.

The effect of 1,2-dibromo-3-chloropropane on the heart has been tested
in a few animal studies. Continuous exposure of rats to 10 ppm 1,2-dibromo-3-
chloropropane did not result in cardiac lesions (Saegusa et al. 1982). No
histopathological changes were observed in hearts of rats or rabbits following
intermittent exposure to 10 ppm or less for 14 weeks (Rao et al. 1982), in
rats or mice intermittently exposed to 25 ppm for 13 weeks, or in rats or mice
intermittently exposed to 3 ppm or less for up to 103 weeks (NTP 1982).

Gastrointestinal Effects. No studies were located regarding
gastrointestinal effects in humans after inhalation exposure to 1,2-dibromo-3-
chloropropane.

Unspecified lesions in the intestinal mucosa were reported in rats after
exposure to ≥10ppm 1,2-dibromo-3-chloropropane for 7 hours/day, 5 days/week,
for 10 weeks (Torkelson et al. 1961), but no gastrointestinal lesions were
reported in rats or mice exposed to 25 ppm or less for 6 hours/day,
5 days/week, for 13 weeks (NTP 1982). In a chronic-duration study, however,
epithelial hyperplasia and hyperkeratosis were found in the stomachs of rats
exposed to 3.0 ppm and in mice exposed to 0.6 ppm for 6 hours/day,
5 days/week, for 80-107 weeks (NTP 1982).

Hematological Effects. No hematological effects were found in workers
at a pesticide factory who were exposed to 1,2-dibromo-3-chloropropane
(Whorton et al. 1977). Airborne concentrations, measured by personal airsampling
devices at the time of the study, were approximately 0.4 ppm
(averaged for an 8-hour day); however, airborne levels prior to the study were
not presented.

Splenic atrophy was observed in rats exposed continuously to 10 ppm 1,2-
dibromo-3-chloropropane for 2 weeks, but only on the 1st day after the
exposure was terminated. No changes were observed after a 16-day recovery
period (Saegusa et al. 1982). A significant increase in neutrophil count and
a significant decrease in white blood cell count were seen in rats
intermittently exposed to 12 or 20 ppm, respectively, for 10-12 weeks
(Torkelson et al. 1961); however, concurrent pneumonia in the rats may have
influenced this outcome. No hematological changes were found in rats or
rabbits intermittently exposed to 10 ppm 1,2-dibromo-3-chloropropane for up to
14 weeks (Rao et al. 1982, 1983; Torkelson et al. 1961). Aplastic anemia and
leukopenia were found in two monkeys intermittently exposed to 12 ppm for
10 weeks; this condition was attributed to severe infections, to which the
animals were rendered more susceptible by 1,2-dibromo-3-chloropropane exposure
(Torkelson et al. 1961). Furthermore, rats intermittently exposed to 25 ppm
for 13 weeks had hypocellularity of the bone marrow. No changes in formed
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elements of the blood were reported in rats or mice after a chronic
intermittent exposure to 3 ppm 1,2-dibromo-3-chloropropane. Splenic atrophy
was found in mice but not in rats (NTP 1982).

Hepatic Effects. No studies were located regarding hepatic effects of
1,2-dibromo-3-chloropropane in humans after inhalation exposure.

1,2-Dibromo-3-chloropropane appears to produce minor hepatic effects in
animals. No histopathological changes were reported in livers of rabbits or
rats after intermittent exposure to 10 ppm 1,2-dibromo-3-chloropropane for
14 weeks (Rao et al. 1982, 1983). Hydropic changes in hepatocytes were
observed in rats intermittently exposed to 1 or 5 ppm 1,2-dibromo-
3-chloropropane for 13 weeks, while focal necrosis of the liver together with
hepatic regenerative changes was seen in the 25-ppm exposure group (NTP 1982).
In contrast, hydropic changes in hepatocytes were observed only in the highest
(25 ppm) exposure group in mice (NTP 1982). Sinusoidal dilatation and other
unspecified lesions were reported in the livers of rats intermittently exposed
to 10 or 12 ppm 1,2-dibromo-3-chloropropane for lo-12 weeks (Torkelson et al.
1961). Fatty metamorphosis of livers was found in guinea pigs exposed to
12 ppm for the same duration. There were no statistically significant
differences between changes found in the livers of rats or mice chronically
exposed to 1,2-dibromo-3-chloropropane concentrations as high as 3 ppm and
those found in their matching controls (NTP 1982).

Renal Effects. Urinalysis parameters were within normal limits in
workers exposed occupationally to 1,2-dibromo-3-chloropropane (Whorton et al.
1977). The average airborne concentration, measured by personal air-sampling
devices at the time of the study, was approximately 0.4 ppm (averaged for an
8-hour day); however, airborne levels prior to the study were not presented.
No other studies were located regarding renal effects in humans after
inhalation exposure to 1,2-dibromo-3-chloropropane.

The kidney is a target organ of 1,2-dibromo-3-chloropropane in animals.
Permanent scarring of the kidneys was observed in rats exposed to 50 ppm or
more 1,2-dibromo-3-chloropropane for several hours (Torkelson et al. 1961).
Necrotic changes in the proximal tubules were found in rats exposed
continuously to 10 ppm 1,2-dibromo-3-chloropropane for 2 weeks (Saegusa et al,
1982).

Nephritis and lesions of the kidneys (cloudy swelling in epithelial
cells of the proximal tubules and an increase of interstitial tissue) were
observed in rats after intermittent exposure to 12 or 20 ppm 1,2-dibromo-
3-chloropropane for 10-12 weeks (Torkelson et al. 1961). Epithelial
hyperplasia in tubules and nephrotic changes were found in the 1-ppm exposure
group of rats and in the 25-ppm exposure group of mice after 13 weeks (NTP
1982). No renal histopathological changes or changes in urinalysis parameters
were detected in rats and rabbits after an intermediate-duration intermittent
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exposure to 10 ppm 1,2-dibromo-3-chloropropane (Rao et al. 1982, 1983). The
apparent discrepancy in concentrations resulting in renal lesions in rats is
possibly attributable to strain differences. NTP (1982) used Fischer 344
rats, while Rao et al. (1983) used Sprague-Dawley rats.

Tubular cell hyperplasia at 0.6 ppm and toxic tubular nephropathy at
3 ppm were found in both rats and mice after intermittent chronic inhalation
exposure to 1,2-dibromo-3-chloropropane (NTP 1982).

Dermal/Ocular Effects. No studies were located regarding dermal/ocular
effects of 1,2-dibromo-3-chloropropane in humans after inhalation exposure.

At relatively high concentrations, exposure to the vapors of
1,2-dibromo-3-chloropropane causes eye irritation. This is probably due to
direct contact of the vapor with the eyes rather than an ocular cytotoxic
effect of inhaled vapor. Eye irritation was reported in rats exposed to
60 ppm or more 1,2-dibromo-3-chloropropane for several hours (Torkelson et al.
1961). Clouding of the cornea and lens also occurred in rats during an
intermediate-duration exposure to 20 ppm (Torkelson et al. 1961). No
histopathological dermal or ocular changes were found in rats or mice after
chronic-duration exposure to 3 ppm 1,2-dibromo-3-chloropropane (NTP 1982).

Other Systemic Effects. Adrenal necrosis, body weight loss, and hair
loss were reported in Fischer 344 rats after an intermittent 13-week exposure
to 25 ppm 1,2-dibromo-3-chloropropane. These effects were not noted after
exposure to 5 ppm (NTP 1982). Adrenal cortical necrosis was also seen in
female Sprague-Dawley rats after intermittent exposure to 1 ppm (but not
0.1 ppm) for 14 weeks (Rao et al. 1983).

Decreased weight gain was found in mice after intermittent exposure to
1 ppm for 13 weeks. Decreased weight gain was also reported in rats and mice
after intermittent chronic exposure to 3 ppm (but not 0.6 ppm) 1,2-dibromo-
3-chloropropane (NTP 1982).

2.2.1.3 Immunological Effects
No studies were located regarding immunological effects of 1,2-dibromo-

3-chloropropane in humans after inhalation exposure.

Several intermediate-duration studies suggest that 1,2-dibromo-
3-chloropropane has immunological effects in animals. Hypocellularity of the
bone marrow was observed in rats intermittently exposed to 25 ppm for 13 weeks
(NTP 1982). Severe lung infections were found in rabbits (Rao et al 1982),
rats, and monkeys (Torkelson et al. 1961) intermittently exposed for up to
14 weeks. The hypocellularity of bone marrow may represent decreased
granulopoiesis, and the presence of infection in the exposed animals (but not
in control or animals exposed to lower concentrations) suggests that exposure
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to 1,2-dibromo-3-chloropropane caused a decreased resistance to disease. The
highest NOAEL values and all reliable LOAEL values for immunological effects
in each species for the intermediate-duration category are recorded in
Table 2-1 and plotted in Figure 2-1.

2.2.1.4 Neurological Effects
Information regarding neurological effects in humans after inhalation

exposure to 1,2-dibromo-3-chloropropane is limited. Subjective neurological
symptoms such as headache, nausea, lightheadedness, and weakness were reported
by workers occupationally exposed to 1,2-dibromo-3-chloropropane (Whorton et
al. 1977). The average airborne concentration, measured by personal airsampling
devices at the time of the study, was approximately 0.4 ppm (averaged
for an 8-hour day); however, airborne levels prior to the study were not
presented.

Neurological effects have been observed in animals exposed to
1,2-dibromo-3-chloropropane by inhalation. Depression of the central nervous
system, expressed by apathy, sluggishness, and ataxia, was observed in rats
exposed to 60 ppm or more 1,2-dibromo-3-chloropropane for several hours, but
complete narcosis was not achieved (Torkelson et al. 1961). Rats
intermittently exposed to 10 ppm 1,2-dibromo-3-chloropropane for 14 weeks had
focal mineralized deposits in the brain (Rao et al. 1983). In contrast, no
histopathological changes were found in the brains of rabbits under the same
exposure conditions (Rao et al. 1982). Meningoencephalitis was reported in
rats after intermittent intermediate-duration exposure to 25 ppm 1,2-dibromo-
3-chloropropane; no such effect was reported in mice (NTP 1982). Cerebral
necrosis was observed in rats after an intermittent chronic exposure to 3 ppm
1,2-dibromo-3-chloropropane, but not in mice.

The highest NOAEL values and all reliable LOAEL values for neurological
effects in each species and duration category are recorded in Table 2-1 and
plotted in Figure 2-1.

2.2.1.5 Developmental Effects
No increase in gross congenital malformations and no cytogenetic

abnormalities were found in a cohort of 34 children conceived during or after
paternal exposure to 1,2-dibromo-3-chloropropane, as compared with the control
group that was conceived before the exposure (Goldsmith et al. 1984; Potashnik
and Abeliovich 1985; Potashnik and Phillip 1988). Exposure levels were not
specified in these reports.

No studies were located regarding developmental effects of 1,2-dibromo-
3-chloropropane in animals after inhalation exposure.
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2.2.1.6 Reproductive Effects

The toxicity of 1,2-dibromo-3-chloropropane to the human male
reproductive system has been assessed in cohorts of occupationally exposed
factory workers (Cortes-Gallegos et al. 1980; Egnatz et al. 1980; Lipshultz et
al. 1980; Potashnik et al. 1978; Scharnweber 1979; Whorton et al. 1977, 1979)
and in cohorts of farmers or pesticide applicators (Glass et al. 1979;
Sandifer et al. 1979; Takahashi et al. 1981). An epidemiological approach to
the assessment of occupationally linked sperm count reduction was considered
in some reports (Milby and Whorton 1980; Levine et al. 1981). Follow-up
studies were performed in some of the original cohorts (Eaton et al. 1986;
Lantz et al. 1981; Olsen et al. 1990; Potashnik 1983; Potashnik and Yanai-
Inbar 1987; Schenker et al. 1988). Changes in sperm counts ranging from
oligospermia (deficient or low sperm levels) to azoospermia (absences of
sperm) were found among exposed workers. Histopathological changes observed
after testicular biopsy revealed atrophy of the seminiferous epithelium (Biava
et al. 1978; Potashnik et al. 1978) or tubular hyalinization with sparsity of
germ cells; in some tubules, only Sertoli cells persisted (Lantz et al. 1981).
Histopathological changes in testes were associated with elevated plasma
levels of luteinizing hormone (IX) (Cortes-Gallegos et al. 1980) and follicle
stimulating hormone (FSH) (Eaton et al. 1986; Lantz et al. 1981; Potashnik et
al. 1978). Furthermore, decreased testicular size tended to be associated
with lower sperm counts (Egnatz et al. 1980; Lantz et al. 1981; Olsen et al.
1990). In individuals whose sperm counts returned to normal, testicular
atrophy was also found to be reversible (Olsen et al. 1990).

Those men who showed decreased spermatogenesis with normal FSH levels
showed greater recovery of spermatogenesis during an 8-year postexposure
recovery period than men whose FSH and/or LH levels were elevated throughout
the 8-year period (Potashnik 1983; Potashnik and Yanai-Inbar 1987). The
results suggest that 1,2-dibromo-3-chloropropane-induced sterility can persist
for at least 8 years (Eaton et al. 1986; Potashnik 1983).

A standardized fertility ratio for the period when workers were exposed
was depressed compared with the period prior to exposure (Levine et al. 1981).

The changes in sperm count appear to be associated with workplace
airborne concentrations of less than 1 ppm of 1,2-dibromo-3-chloropropane
(Whorton et al. 1977, 1979). A correlation was found between the severity of
testicular effects and the length of exposure calculated either in years
(Whorton et al. 1979) or in hours of direct 1,2-dibromo-3-chloropropane
exposure (Potashnik et al. 1978). Lack of spermatogenesis recovery was found
to be job (e.g., exposure) and possibly, age related (Olsen et al. 1990). In
contrast, cross-sectional (Coye et al. 1983) and longitudinal (Coye et al.
1990) studies in pineapple workers who were exposed to lower levels of
1,2-dibromo-3-chloropropane (around 1 ppb) did not find any effects on sperm
counts. The exposure levels were not clearly defined in any of the human
studies. This was because either the historical data regarding workplace
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levels were lacking or, in the case of pineapple workers, exposure levels were
so low that they were undetectable in some samples. Furthermore, most human
studies were conducted in small cohorts with a low participation of exposed
individuals.

Effects on the male reproductive system have also been found in animals.
Atrophy of seminiferous tubules was found in rats continuously exposed to 3 or
8 ppm 1,2-dibromo-3-chloropropane for 2 weeks; no changes were found after
exposure to 1 ppm (Saegusa et al. 1982).

Testicular atrophy was observed in rats intermittently exposed to 10 ppm
1,2-dibromo-3-chloropropane for 10 weeks (Torkelson et al. 1961). At 5 ppm,
epithelial changes in the testes were observed. Testicular atrophy with
hypospermatogenesis was also observed in rats intermittently exposed to 25 ppm
1,2-dibromo-3-chloropropane for 13 weeks; no changes were reported after 5 ppm
exposure to 5 ppm (NTP 1982). Testicular atrophy and ovarian cysts, probably
follicular in origin, were found in rats intermittently exposed to 10 ppm for
14 weeks (Rao et al. 1983). Dominant lethality was observed when the exposed
males were mated with unexposed females but returned to normal after the
recovery period. No changes in fertility were found in exposed females. No
reproductive effects were seen in either sex after 1 ppm exposure. Increased
serum FSH levels together with testicular atrophy were seen in rabbits
intermittently exposed to 1 and 10 ppm 1,2-dibromo-3-chloropropane for 8-14
weeks (Rao et al. 1982). The changes after exposure to 1 ppm were reversible.
No evidence of gonadotoxicity was found in rabbits exposed to 0.1 ppm. Based
on this value, an intermediate inhalation MRL of 0.0002 ppm was calculated as
described in the footnote in Table 2-l. Rabbit data were used to calculate
the MRL value because this species appears to be more sensitive to the
reproductive effects of 1,2-dibromo-3-chloropropane than rats.

The highest NOAEL values and all reliable LOAEL values for reproductive
effects in each species and duration category are recorded in Table 2-l and
plotted in Figure 2-l.

2.2.1.7 Genotoxic Effects
A predominance of the female sex among the offspring of male workers

occupationally exposed to 1,2-dibromo-3-chloropropane was reported in one
epidemiological study. In the cohort studied, 52.9% male infants were born
during the pre-exposure period, while 35.2% males were born during the
exposure. When the group with paternal azoospermia and oligospermia was
evaluated separately, the percentage of newborn boys was only 16.6. The
change in sex ratio indicates the lower fertility potential of sperm bearing
the Y-chromosome (Goldsmith et al. 1984; Potashnik et al. 1984).

Dominant lethality was observed after an intermediate-duration exposure
of male rats to 10 ppm 1,2-dibromo-3-chloropropane, but it was reversed after
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a recovery period (Rao et al. 1983). This implies that male fertility, and in
particular, spermatids, may be affected.

Other genotoxicity studies are discussed in Section 2.4.

2.2.1.8 Cancer
In an epidemiological study of workers exposed to 1,2-dibromo-

3-chloropropane, no increase in the incidence of mortality from cancer of the
lungs, stomach, liver, kidney, testes, or skin was found. The workers were
exposed to airborne concentrations lower than 1 ppm 1,2-dibromo-
3-chloropropane during the 2 years preceding the study, but the exposure
levels in previous years were not known (Hearn et al. 1984).

When rats were exposed by inhalation (6 hours/day, 5 days/week, for
84-103 weeks) to 0.6 or 3 ppm 1,2-dibromo-3-chloropropane, multiple-site
tumors developed. The most common were carcinomas and squamous cell
carcinomas of the nasal cavity (squamous cell papilloma, adenocarcinoma, and
adenomatous polyps also observed) and squamous cell papillomas of the tongue
in both sexes; fibroadenomas of the mammary gland and adenomas of the adrenal
cortex in females; and trichoadenomas of the skin and mesotheliomas of the
tunica vaginalis in males. Adenomas, squamous cell carcinomas, and carcinomas
of the respiratory tract also developed in mice after intermittent chronicduration
exposure to 0.6 or 3 ppm 1,2-dibromo-3-chloropropane (NTP 1982). The
cancer effect level is recorded in Table 2-l and plotted in Figure 2-l.

2.2.2 Oral Exposure
2.2.2.1 Death

No studies were located regarding death in humans after oral exposure to
1,2-dibromo-3-chloropropane.

After a single dose of 400 mg/kg 1,2-dibromo-3-chloropropane, all
treated rats died within 24 hours. These rats were given a known lethal dose
in order to study the relationship between 1,2-dibromo-3-chloropropane-induced
hepatotoxicity and death (Kato et al. 1980). Reported LD50 values for male
rats were 170 and 300 mg/kg (results from two independent laboratories)
(Torkelson et al. 1961). For female mice, LD50 values were reported to be 340
(Moody et al. 1984), 260, and 410 mg/kg (Torkelson et al. 1961); the latter
two values were results from two independent laboratories. Oral LD50 values
for rabbits and guinea pigs were 180 and 210 mg/kg, respectively (Torkelson et
al. 1961). A 14-day LD50 of 205 mg/kg/day was determined in male and female
mice by probit analysis (Reel et al. 1984).

Increased mortality was observed in female rats dosed 5 days/week by
gavage with 1,2-dibromo-3-chloropropane at 40 mg/kg/day and in mice at
251 mg/kg/day for 6 weeks. No deaths were reported in rats at 25 mg/kg/day or
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in mice at 160 mg/kg/day (NC1 1978). Increased mortality in rats was also
found at an equivalent dose of 67.5 mg/kg/day 1,2-dibromo-3-chloropropane that
was administered in the diet for 90 days (Torkelson et al. 1961). The cause
of death was not reported in intermediate-duration studies. In a chronic
study, mortality due to cancer was increased after treatment with 15 mg/kg/day
in rats and 110 mg/kg/day in mice (NC1 1978). The survival of rats was also
decreased because of cancer after dietary exposure to 1,2-dibromo-
3-chloropropane at a dose of 3 mg/kg/day for 104 weeks (Hazleton 1977, 1978a),
while no increase in mortality was found in mice that ingested 4.6 mg/kg/day
for 78 weeks (Hazleton 1978b).

The LD50 values, the highest NOAEL values, and all reliable LOAEL values
in each species and duration category are recorded in Table 2-2 and plotted in
Figure 2-2.

2.2.2.2 Systemic Effects
The systemic effects of 1,2-dibromo-3-chloropropane after oral exposure
are described below. The highest NOAEL values and all reliable LOAEL values
for each species and duration category are recorded in Table 2-2 and plotted
in Figure 2-2.

Respiratory Effects. No studies were located regarding respiratory
effects in humans after oral exposure to 1,2-dibromo-3-chloropropane.
Pulmonary metastases occurred in rats chronically exposed by gavage with
15 or 29 mg/kg 1,2-dibromo-3-chloropropane and in mice gavaged with
110-219 mg/kg (NC1 1978). No treatment-related respiratory effects were found
in rats exposed to 1,2-dibromo-3-chloropropane in the diet at a dose of
3 mg/kg/day for 104 weeks (Hazleton 1977, 1978a) or in mice that ingested
4.6 mg/kg/day in the diet for 78 weeks (Hazleton 1978b).

Cardiovascular Effects. No studies were located regarding
cardiovascular effects in humans after oral exposure to 1,2-dibromo-
3-chloropropane.

No histopathological changes were found in the hearts of rats or mice
that were gavaged daily with doses as high as 29 or 219 mg/kg 1,2-dibromo-
3-chloropropane, respectively, for 47-78 weeks (NC1 1978). Similarly, no
changes were observed in the hearts of rats that received 3 mg/kg/day in the
diet for 104 weeks (Hazleton 1977, 1978a).

Gastrointestinal Effects. No correlation was observed between gastric
cancer incidence in humans and the contamination of drinking water with 1,2-
dibromo-3-chloropropane (Wong et al. 1989) (also discussed in
Section 2.2.2.8).
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weight) 

Johnston et al. 
1986 
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Reproductive 

26 Rat (GO) 77 d 
1x/d 

27 Rat (W) 64 d 
ad lib 

28 Rat (W) 60 d 

29 Rabbit (W) 10 wk 
5d/wk 

30 Mouse (GO) 128 d 
1x/d 

CHRONIC EXPOSURE 

Death 

31 Rat (GO) 64-78 wk 
5d/wk 
1x/d 

32 Rat (F) 104 wk 
7d/wk 

7.5 

9.7 

19.45 

1.88b 

1.0 

(abnormal sperm 
morphology; . 
decreased 
spermatogenesis) 

15 

15.0 

25 

(testicular 
degeneration) 

(testicular 
atrophy and 
increased serum 
FSH levels) 

(reduced number 
of litters) 

15 (at week 73: 
survival in 
males 40%, in 
females 17%, and 
in vehicle 
controls 73% and 
79% respectively 

3.0 (at week 104: 
survival in 
males 38%, in 
females 40%. and 
in vehicle 
controls 62%) 

Amann and 
Berndtson 1986 

Heindel et al. 
1989 

Johnston et a1 
1986 

Foote et al. 
1986a, 1986b 

Reel et al. 1984 

NCI 1978 

Hazleton 1977, 
1978a 
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33 Mouse (GO) 47-60 wk 
5d/wk 
1x/d 

34 

Systemic 

35 

36 

Mouse (F) 

Rat (F) 

Rat 

78 wk 
7d/wk 

104 wk Resp 
7d/wk Cardio 

Gastro 

Hemato 
Musc/skel 
hepatic 

Renal 

Derm/oc 
Other 

64-78 wk Resp 
5d/wk 
1x/d Cardio 

Gastro 

Hemato 
Mus c / sk el 
Hepatic 
Renal 
derm/oc 
Other 

4.6 

3.0 
3.0 
0.3 

3.0 
3.0 

1.0 

3.0 
1.0 

29 

29 
29 
29 

29 

110 (at week 58: NCI 1978 
survival in 
males 16%, in 
females 18%, and 
in vehicle 
controls 90%) 

Hazleton 1978b 

Hazleton 1977, 
1978a 

1.0 (acanthosis, 
hyperkeratosis) 

0.3 (peliosis 
hepatitis) 

3.0 (epithelial 
hyperplasia) 

3.0 (decreased body 
weight) 

15 (pulmonary NCI 1978 
metastases) 

15 (hyperkeratosis, 
acanthosis) 

15 (nephrosis) 

15 (weight gain 
decrease) 

(GO) 
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37 Mouse (F) 78 wk Resp 4.6 
7d/wk Gastro 4.6 (acanthosis, 

hyperkeratosis) 
Hemato 4.6 
Hepatic 4.6 
Renal 4.6 
Other 4.6 

38 Mouse (GO) 47-60 wk Resp 
5d/wk 
1x/d Cardio 219 

Gastro 219 
Hemato 219 
Musc/skel 219 

Renal 
Hepatic 219 

Immunological 

39 Rat (F) 104 wk 
7d/wk 

Neurological 

40 Rat (F) 104 wk 
7d/wk 

41 Rat (GO) 64-78 wk 
5d/wk 
1x/d 

42 Mouse (GO) 47-60 wk 
5d/wk 
1x/d 

Derm/oc 219 
Other 219 

3.0 

3.0 

29 

219 

110 (pulmonary 
metastases) 

110 (toxic 
nephropathy) 

Hazleton 1978b 

NCI 1978 

Hazleton 1977, 
1978a 

Hazleton 1977, 
1978b 

NCI 1978 

NCI 1978 
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Reproductive 

43 

44 

45 

Cancer 

46 

47 

48 

49 

Rat 

Rat 

Mouse 

Rat 

Rat 

Mouse 

Mouse 

(GO) 64-78 wk 
5d/wk 
1x/d 

(F) 104 wk 
7d/wk 

(GO) 47-60 wk 
5d/wk 
1x/d 

(GO) 64-78 wk 
5d/wk 
1x/d 

(F) 104 wk 
7d/wk 

(F) 78 wk 
7d/wk 

(GO) 47-60 wk 
5d/wk 
1x/d 

3.0 

219 

15 (testicular NCI 1978 
atrophy) 

15 (CEL, stomach 
carcinomas, 
mamnary 
carcinomas) 

Hazleton 1977, 
1978a 

NCI 1978 

NCI 1978 

3.0 (liver, kidney, Hazleton 1977, 
stomach tumors) 1978a 

4.6 (stomach tumors) Hazleton 1978b 

110 (CEL, stomach NCI 1978 
carcinoma) 

aThe number corresponds to entries in Figure 2-2. 

1000 (10 for use of a LOAEL, 10 for extrapolation from animals to humans, and 10 for human variability). 

ad lib. = ad libitum; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); Derm/oc = dermal/ocular; (f) = feed; 
FSH = follicle stimulating hormone; (G) = gavage - not specified; Gastro = gastrointestinal; Gd = gestation day; 
Gn pig = guinea pig; (GO) = gavage - oil; Hemato = hematological; LD50 = lethal dose, 50% kill; LOAEL = lowest-observed- 
adverse-effect level; Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; Resp = respiratory: 
(W) = water; wk = week(s); x = time(s) 

bUsed to derive an intermediate oral Minimal Risk Level (MRL) of 0.002 mg/kg/day; dose divided by an uncertainty factor of 
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Gastrointestinal effects have been observed in rats treated orally with
1,2-dibromo-3-chloropropane for acute, intermediate, and chronic durations.
Cell proliferation and hyperkeratosis of the forestomach were observed in rats
after 2 weeks of treatment with 29 mg/kg/day 1,2-dibromo-3-chloropropane by
gavage; no changes were detected after treatment with 15 mg/kg/day (Ghanayem
et al. 1986). No histopathological changes were found in the gastrointestinal
tracts of rats that were maintained for 60 days on drinking water that
contained 1,2-dibromo-3-chloropropane equivalent to a dose of 19.43 mg/kg/day
(Johnston et al. 1986). Intestinal edema was reported in rats that were fed
diets containing an equivalent dose of 67.5 mg/kg/day 1,2-dibromo-3-chloropropane
for 90 days (Torkelson et al. 1961); necrosis of the gastric mucosa
was observed in rats treated by gavage with 70 mg/kg for 6 weeks
(Rakhmatullayev 1969). Acanthosis and hyperkeratosis of the stomach were
reported as nonneoplastic gastrointestinal lesions in rats after chronic
treatment with 15 mg/kg/day by gavage (NC1 1978). However, a high incidence
of gastric cancer occurred in treated animals (see discussion of Cancer in
Section 2.2.2.8). Similar findings were also observed in rats chronically
exposed to doses as low as 1 mg/kg/day (Hazleton 1977, 1978a) and in mice
chronically exposed to 4.6 mg/kg/day 1,2-dibromo-3-chloropropane in their diet
(Hazleton 1978b).

Hematological Effects. Investigators who analyzed the frequency of
leukemia in a population in Fresno County, California, where the drinking
water supply was contaminated with 1,2-dibromo-3-chloropropane, found no
increase in leukemia incidence (Wong et al. 1989). Levels in the drinking
water ranged from 0.004 to 5.75 ppb during 1978-1982.

Limited information suggests that 1,2-dibromo-3-chloropropane induces
adverse hematological effects in rats after high-level oral exposure.
Decreased hemoglobin concentration and erythrocyte and leukocyte counts were
reported in rats after gavage with 70 mg/kg/day for 6 weeks (Rakhmatullayev
1969). Decreased reticulocytes and leukocytes were reported at doses as low
as 0.5 mg/kg/day after 8 months of exposure of rats to 1,2-dibromo-3-
chloropropane (Rakhmatullaev 1971). At 5 mg/kg/day hemoglobin and red blood
cell count were also decreased. However, interpretation of this study is
limited because data supporting these conclusions was not presented. No
hematological changes were found in rats or mice after a chronic exposure to
29 or 219 mg/kg/day, respectively (NCI 1978). Furthermore, no hematological
effects were reported in rats (Hazleton 1977, 1978a) or mice (Hazleton 1978b)
chronically exposed to 3 or 4.6 mg/kg/day 1,2-dibromo-3-chloropropane,
respectively, in the diet.

Musculoskeletal Effects. No studies were located regarding
musculoskeletal effects in humans after oral exposure to 1,2-dibromo-
3-chloropropane.
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No histopathological changes in skeletal muscle were found in rats
chronically exposed to 29 mg/kg/day 1,2-dibromo-3-chloropropane or in mice
exposed to 219 mg/kg/day (NC1 1978). Similarly, no changes were observed in
rats chronically exposed to 3 mg/kg/day 1,2-dibromo-3-chloropropane (Hazleton
1977, 1978a).

Hepatic Effects. No studies were located regarding hepatic effects in
humans after oral exposure to 1,2-dibromo-3-chloropropane.

Degeneration and focal necrosis of centrilobular hepatocytes were
observed in rats that died within 24 hours after a single gavage dose of
400 mg/kg 1,2-dibromo-3-chloropropane (Kato et al. 1980). The rats in this
study were deliberately given a lethal dose so that the relationship between
hepatotoxicity and death could be studied. Mild periportal hepatocellular
swelling and increased cytoplasmic basophilia were noted in male rats
following gavage with 40 mg/kg/day 1,2-dibromo-3-chloropropane for 4 days
(Kluwe 1981). This study is limited because only one dose was tested. No
histopathological changes were found in livers of rats after intermediateduration
oral exposure to drinking water that delivered 19.45 mg/kg/day 1,2-
dibromo-3-chloropropane (Johnston et al. 1986), or to diets that delivered
67.5 mg/kg/day (Torkelson et al. 1961). Also, there were no effects on enzyme
markers for hepatic toxicity (serum glutamic-oxaloacetic transaminase [SGOT],
serum glutamic-pyruvic transaminase [SGPT], sorbitan dehydrogenase) in male
rats that were exposed to 0.4-9.7 mg/kg/day 1,2-dibromo-3-chloropropane in
drinking water for 64 days (ad libitum) (Heindel et al. 1989). In contrast,
necrosis and cirrhosis were found in livers of rats treated by gavage with
70 mg/kg/day for 6 weeks (Rakhmatullayev 1969). Hepatic toxicity was reported
to have been manifested as increased prothrombin time, decreased urea, and
increased coproporphyrin in the urine of rats after gavage with 0.5 mg/kg/day
1,2-dibromo-3-chloropropane for 8 months in a poorly documented study by
Rakhmatullaev (1971). The absence of liver effects in the rats that were
administered a similar dose in the diet may reflect the different modes of
administration, that is, diet versus bolus, and the resulting differences in
absorption kinetics. No statistically significant changes were reported in
livers of rats or mice chronically gavaged with doses as high as 29 or 219
mg/kg/day, respectively (NC1 1978). In contrast, a dose-related increased
incidence of poliosis hepatitis was found in rats that ingested 0.3 mg/kg/day
or more 1,2-dibromo-3-chloropropane for 104 weeks (Hazleton 1977, 1978a). No
such changes were reported in matching controls. No hepatic changes were
reported in mice exposed chronically to 4.6 mg/kg/day 1,2-dibromo-3-chloropropane
(Hazleton 1978b).

Renal Effects. No studies were located regarding renal effects in
humans after oral exposure to 1,2-dibromo-3-chloropropane.

The kidney is a target organ of 1,2-dibromo-3-chloropropane in
experimental animals. Renal effects have been observed in studies of acute,



42

2. HEALTH EFFECTS

intermediate, and chronic durations. Degeneration of renal tubules was found
in rats that died after treatment with a single dose of 400 mg/kg 1,2-dibromo-
3-chloropropane (Kato et al. 1980). Acute renal insufficiency with tubular
necrosis was reported in rats after a single dose of 200 mg/kg 1,2-dibromo-
3-chloropropane (Russell 1989). The insufficiency reversed with time, but
focal glomerulosclerosis persisted 28 weeks postexposure. Increased blood
urea nitrogen levels, decreased urine specific gravity, increased kidney
weight to brain weight ratio, proximal kidney tubule necrosis, and increased
basophilia were noted in male rats following gavage with 40 mg/kg/day
1,2-dibromo-3-chloropropane for 4 days (Kluwe 1981). This study is limited
because only one dose was tested.

While no histopathological changes were found in kidneys of rats after
intermediate-duration ingestion of as much as 19.45 mg/kg/day 1,2-dibromo-
3-chloropropane in drinking water (Johnston et al. 1986) or 67.5 mg/kg/day
1,2-dibromo-3-chloropropane in the diet (Torkelson et al. 1961), necrosis and
signs of regeneration were found in rats after gavage treatment with
70 mg/kg/day for 6 weeks (Rakhmatullayev 1969). The difference in response
between rats treated by gavage and rats exposed in the diet to an equivalent
dose is probably a function of the dosing regimen mode and consequent
differences in absorption kinetics. There was no effect on blood urea
nitrogen levels, but there was a slight increase in the number of cells in the
proximal convoluted tubules was noted at doses of 5.4-9.7 mg/kg/day
1,2-dibromo-3-chloropropane given in drinking water for 64 days (Heindel et
al. 1989). Although the increased number of cells was not significant, this
effect may be an indication of increased turnover of proximal tubular cells.
Toxic nephropathy was observed in rats and mice chronically exposed by gavage
with doses as low as 15 or 110 mg/kg/day, respectively (NC1 1978). Tubular
epithelial hyperplasia and megalocytosis were found in the kidneys of rats
chronically treated with 3 mg/kg/day 1,2-dibromo-3-chloropropane in the diet,
while no changes were reported in rats exposed to 1 mg/kg/day (Hazleton 1977,
1978a). In contrast, no renal effects were found in mice chronically treated
with 4.6 mg/kg/day (Hazleton 1978b).

Dermal/Ocular Effects. No studies were located regarding dermal/ocular
effects in humans after oral exposure to 1,2-dibromo-3-chloropropane.

No histopathological changes were found in the skin or eyes of rats or
mice chronically gavaged with as much as 29 or 219 mg/kg/day 1,2-dibromo-
3-chloropropane, respectively (NC1 1978). Similarly, no changes were found in
rats chronically exposed to 3 mg/kg/day by ingestion (Hazleton 1977, 1978a).

Other Systemic Effects. Depressed growth occurred when rats were given
1,2-dibromo-3-chloropropane in drinking water at 19.43 mg/kg/day for 60 days
(Johnston et al. 1986) or 9.7 mg/kg/day for 64 days (Heindel et al. 1989), in
the diet at 7.5 mg/kg/day -for 90 days (Torkelson et al. 1961), or by gavage at
3.75 mg/kg/day for 77 days (Amann and Berndtson 1986) or 15 mg/kg/day for
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64-78 weeks (NC1 1978). Although no effect on body weight was seen in rabbits
given 15 mg/kg/day 1,2-dibromo-3-chloropropane by gavage for 10 weeks (Foote
et al. 1986b), or in mice given up to 631 mg/kg/day by gavage for 6 weeks (NC1
1978) or up to 219 mg/kg/day by gavage for 47-60 weeks (Hazleton 1978b; NC1
1978), decreased body weight gain was a consistent finding in rats. Decreased
body weight gain was observed in male rats exposed to 3 mg/kg/day for
104 weeks but not in rats exposed to 1 mg/kg/day (Hazleton 1977, 1978a). The
reduced body weight gain after dietary or drinking water exposure to 1,2-
dibromo-3-chloropropane was probably the result of decreased food or water
consumption due to taste aversion.

2.2.2.3 Immunological Effects
No studies were located regarding immunological effects in humans after

oral exposure to 1,2-dibromo-3-chloropropane.

An impaired ability of neutrophils to phagocytize bacteria was reported
following gavage administration of 0.05 mg/kg/day of 1,2-dibromo-3-
chloropropane to rats for 8 months in a poorly documented study by
Rakhmatullaev (1971). However, no abnormalities were observed after
histological evaluation of bone marrow, mesenteric lymph nodes, or spleens
from rats chronically given 3 mg/kg/day 1,2-dibromo-3-chloropropane in their
diet (Hazleton 1977, 1978a). This value is recorded as the NOAEL level for
immunological effects after oral exposure in Table 2-2 and plotted in
Figure 2-2.

2.2.2.4 Neurological Effects
No studies were located regarding neurological effects in humans after

oral exposure to 1,2-dibromo-3-chloropropane.

Lethargy, ptosis, ataxia, and convulsions were among the signs in mice
that died after administration of 130 mg/kg/day 1,2-dibromo-3-chloropropane
for 2 weeks (Reel et al. 1984). Decreased activity was observed in rats
during dietary exposure to 67.5 mg/kg/day 1,2-dibromo-3-chloropropane for
90 days (Torkelson et al. 1961). Impaired acquisition of conditioned reflexes
by rats receiving gavage doses of 1,2-dibromo-3-chloropropane as low as
0.05 mg/kg/day for 8 months was reported (Rakhmatullaev 1971). However, no
data were presented to support this conclusion. Histological examination of
brain and spinal cord tissues in other studies failed to reveal any structural
lesions (Hazleton 1977, 1978a; Johnston et al. 1986; NC1 1978).

The highest NOAEL values and all reliable LOAEL values for neurological
effects in each species and duration category are recorded in Tab,le 2-2 and
plotted in Figure 2-2.
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2.2.2.5 Developmental Effects
No correlation between low birth weights or birth defects and

1,2-dibromo-3-chloropropane contamination of drinking water was found in a
population exposed in Fresno County, California, during 1978-1982 (Whorton et
al. 1989). Potential exposure concentrations of 1,2-dibromo-3-chloropropane
in the water system ranged from 1~10-~to 1.6x10m4mg/kg/day.

Developmental effects of 1,2-dibromo-3-chloropropane in animals have
been seen only in the presence of maternal toxicity. No teratogenicity was
observed in rats after dams were treated with doses up to 50 mg/kg/day
1,2-dibromo-3-chloropropane during gestation, but an increase in embryonic
lethality occurred in the highest dose group (Ruddick and Newsome 1979).
Maternal toxicity was manifested as severely decreased body weight gain. A
statistically significant decrease in average litter weight was found after
parental treatment for 60 days with 19.45 mg/kg/day 1,2-dibromo-3-chloropropane
in drinking water (Johnston et al. 1986). The dams had decreased bc
weight gain during pregnancy.

The highest NOAEL values and reliable LOAEL values for developmental
effects in rats in each duration category are recorded in Table 2-2 and
plotted in Figure 2-2.

2.2.2.6 Reproductive Effects
No change in birth ratios was found in a population of Fresno County,

California, during the years 1978-1982 when the drinking water system was
contaminated with 1,2-dibromo-3-chloropropane at concentrations ranging from
0.004 to 5.75 ppb (Wong et al. 1988).

1,2-Dibromo-3-chloropropane is a reproductive toxicant in male rats and
rabbits. Increased postimplantation loss, as a result of genetic damage to
sperm, was observed in rats after males were treated for 15 days with 10
mg/kg/day and mated to nonexposed females (Teramoto et al. 1980). The peak
incidence was observed after mating during weeks 4-5 postexposure, which
suggests that the spermatids were the most likely target. In contrast, no
increase in postimplantation loss was observed in mice after the treatment of
males with 150 mg/kg/day for 5 days.

Histological examination revealed destruction of the architecture of the
seminiferous tubules, severe degenerative changes and sloughing into the
tubular lumen of the epididymis, and lowered sperm density in male rats
following gavage with 40 mg/kg/day 1,2-dibromo-3-chloropropane for 4 days
(Kluwe 1981). This study is limited because only one dose was tested. There
was no significant change in testes weight, relative to body weight and no
there were no effects on sperm count; levels of LH, FSH, or testicular
testosterone in serum; histopathology of the seminiferous tubules; or
spermatozoa1 development in male rats that were exposed to 0.4-9.7 mg/kg/day
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1,2-dibromo-3-chloropropane in drinking water for 64 days (ad libitum)
(Heindel et al. 1989). Histological evaluation of the testes from rats
gavaged with 15 mg/kg/day 1,2-dibromo-3-chloropropane for 77 days revealed a
reduced ratio of leptotene spermatocytes to Sertoli cells and reduced diameter
of seminiferous tubules; this is evidence of reduced production of sperm.
There was an increased incidence of dead embryos when the exposed males were
allowed to mate with unexposed females during the last days of exposure (Amann
and Berndtson 1986). Testicular necrosis was observed in rats after gavage
dosing with 70 mg/kg/day for 6 weeks (Rakhmatullayev 1969). Decreased
generative function (possibly referring to spermatogenesis or fertility) was
reported at doses as low as 0.05 mg/kg/day in rats given gavage doses of 1,2-
dibromo-3-chloropropane for 8 months (Rakhmatullaev 1971). At 0.5 mg/kg/day,
pathomorphology (unspecified) and decreased fertility were observed, and at
the highest dose tested, 5 mg/kg/day, decreased sperm motility and complete
infertility were observed. This study is limited in that no data were
presented to support these conclusions. No changes in fertility, gestation,
or survival, however, were observed in rats when both males and females
consumed up to 19.45 mg/kg/day 1,2-dibromo-3-chloropropane in drinking water
for 60 days and were then allowed to mate (Johnston et al. 1986).

Dose-related adverse reproductive effects were reported in rabbits given
1,2-dibromo-3-chloropropane in drinking water for 10 weeks (Foote et al.
1986a, 1986b). Abnormalities in sperm morphology were observed after
treatment with 1.88 mg/kg/day or more in the drinking water for 10 weeks
(Foote et al. 1986b). Testicular atrophy occurred after exposure to
15 mg/kg/day. Increases in serum FSH levels, which are indicative of impaired
spermatogenesis, were detected after exposure to 7.50 or 15.0 mg/kg/day but
were significant only at the higher dose. Serum levels of LH and testosterone
were not affected at any dose. Fertility was not affected when the exposed
males were allowed to mate during the last week of the exposure. Decreased
spermatogenesis was also noted in rabbits following exposure to
1.88-15.0 mg/kg/day 1,2-dibromo-3-chloropropane in drinking water (Foote et
al. 1986a). The high dose also induced testicular atrophy in this study. A
NOAEL of 0.94 mg/kg/day was not derived from this study because the data
suggest that decreased spermatogenesis may occur at this dose.

Reproductive toxicity expressed as a reduction of number of litters was
also observed after male and female mice were treated with 25 mg/kg/day
1,2-dibromo-3-chloropropane for 128 days (Reel et al. 1984). Complete
azoospermia without recovery developed in monkeys within 45 days of
1,2-dibromo-3-chloropropane treatment. The initial concentration of 650 ppm
in drinking water was gradually reduced to 10 ppm over 27 days (Overstreet et
al. 1988).

Statistically significant increased incidences of testicular atrophy
were observed in rats chronically gavaged with 15 or 29 mg/kg/day as compared
with control groups. In contrast, no increase in testicular atrophy was found
in chronically dosed mice (NC1 1978). Furthermore, no testicular changes were



46

2. HEALTH EFFECTS

found in rats (Hazleton 1977, 1978a) or mice (Hazleton 1978b) chronically
exposed to 3 or 4.6 mg/kg/day 1,2-dibromo-3-chloropropane in the diet,
respectively.

The highest NOAEL values and all reliable LOAEL values for reproductive
effects in each species and duration category are recorded in Table 2-2 and
plotted in Figure 2-2.

2.2.2.7 Genotoxic Effect&
No effects on sex ratios of human newborns were found in Fresno County,

California (1978-1982), where the drinking water was contaminated with
1,2-dibromo-3-chloropropane (Whorton et al. 1989).

An increased incidence of dominant lethality was observed in rats after
5 days of paternal treatment with 10 mg/kg/day 1,2-dibromo-3-chloropropane.
In contrast, no induction of dominant lethality was observed in mice after the
treatment of males with 150 mg/kg/day for 5 days (Teramoto et al. 1980).

Other genotoxicity studies are discussed in Section 2.4.

2.2.2.8 Cancer
An environmental epidemiological study did not find any correlation

between mortality rates for gastric cancer and leukemia and 1,2-dibromo-
3-chloropropane drinking water contamination in Fresno County, California,
during the years 1960-1983 (Wong et al. 1989). Similarly, case-control
analysis of gastric cancer and leukemia incidences revealed no correlations
with exposure.

Increased carcinogenicity has been observed in animals that have
chronically ingested 1,2-dibromo-3-chloropropane. Multiple-site carcinomas
were found in rats chronically treated with 1,2-dibromo-3-chloropropane by
gavage (NC1 1978). An increased incidence of carcinomas, squamous cell
carcinomas, and papillomas of the forestomach was observed in rats of both
sexes treated with 15 or 29 mg/kg/day 1,2-dibromo-3-chloropropane.
Hemangiomas were detected in the spleens of both sexes treated with the lower
dose, while mammary adenocarcinomas were found in both groups of females.
Squamous cell carcinomas of the stomach were observed in mice chronically
administered 114 mg/kg/day (males) or 110 mg/kg/day (females) 1,2-dibromo-
3-chloropropane by gavage (NC1 1978). Increased incidences of squamous cell
carcinoma of the forestomach, hepatocellular carcinoma, and adenoma and/or
carcinoma of the kidneys were observed in rats that ingested 3 mg/kg/day 1,2-
dibromo-3-chloropropane for 104 weeks in their diet (Hazleton 1977, 1978a).
Squamous cell papillomas and carcinomas also developed in the stomachs of mice
chronically exposed to 4.6 mg/kg/day (Hazleton 1978b). Metastatic lesions of
these tumors were observed in livers, kidneys, and other viscera. The cancer
effect levels are recorded in Table 2-2 and plotted in Figure 2-2.
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2.2.3 Dermal Exposure
Dermal exposure of humans to 1,2-dibromo-3-chloropropane can occur in

occupational settings. It is often difficult to clearly separate dermal from
inhalation exposures in many studies. Thus, many of the findings from
occupational studies described in Section 2.2.1 regarding inhalation exposure
are repeated here.

2.2.3.1 Death
No studies were located regarding death in humans after dermal exposure

to 1,2-dibromo-3-chloropropane.

The local effects after application of 1,2-dibromo-3-chloropropane on
the skin of rabbits increased in severity over time from erythema to extensive
necrosis. The LD50 in rabbits after 1,2-dibromo-3-chloropropane application
to shaven skin for 24 hours under a rubber sleeve was 1,400 mg/kg (Torkelson
et al. 1961). This LD50 level is recorded in Table 2-3.

2.2.3.2 Systemic Effects
No studies were located regarding respiratory, gastrointestinal,

musculoskeletal, or hepatic effects in humans or animals after dermal exposure
to 1,2-dibromo-3-chloropropane.

Cardiovascular Effects. No conclusive evidence was located to indicate
that dermal exposure to 1,2-dibromo-3-chloropropane causes cardiovascular
effects in humans. Higher mortality from arteriosclerotic heart disease was
observed in workers who may have had skin contact with 1,2-dibromo-3-
chloropropane during the production of trimethylene chlorobromide (1,2-
dibromo-3-chloropropane is a potential trace contaminant of trimethylene
chlorobromide) (Wong et al. 1984). However, it is not possible to conclude
from this information that dermal 1,2-dibromo-3-chloropropane exposure is
associated with heart disease in humans.

No studies were located regarding cardiovascular effects of 1,2-dibromo-
3-chloropropane in animals after dermal exposure.

Hematological Effects. No hematological effects were found in workers
at a pesticide factory who may have had skin contact with 1,2-dibromo-
3-chloropropane (Whorton et al. 1977). Estimates of dermal exposure were not
presented.

No studies were located regarding hematological effects of 1,2-dibromo-
3-chloropropane in animals after dermal exposure.
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Renal Effects. Urinalysis parameters were within normal limits in
workers who may have had skin contact with 1,2-dibromo-3-chloropropane during
its production (Whorton et al. 1977). Estimates of dermal exposure were not
presented in this study. No other studies were located regarding renal
effects in humans after dermal exposure to 1,2-dibromo-3-chloropropane.

No studies were located regarding renal effects of 1,2-dibromo-3-
chloropropane in animals after dermal exposure.

Dermal/Ocular Effects. No studies were located regarding dermal/ocular
effects of 1,2-dibromo-3-chloropropane in humans after dermal exposure.

The local effects after application of 0.5 mL 1,2-dibromo-3-chloropropane
on the skin of rabbits increased in severity over time from erythema
after 1 day of treatment to extensive necrosis of the dermis and subcutaneous
tissue after 20 days of treatment. Application of a 1% solution of 1,2-
dibromo-3-chloropropane in propylene glycol to the eyes of rabbits caused
irritation of the conjunctiva and iris (Torkelson et al. 1961). The LOAEL
values for dermal/ocular effects in rabbits in each duration category are
recorded in Table 2-3.

No studies were located regarding the following health effects in humans
or animals after dermal exposure to 1,2-dibromo-3-chloropropane:

2.2.3.3 Immunological Effects
2.2.3.4 Neurological Effects
2.2.3.5 Developmental Effects
2.2.3.6 Reproductive Effects
2.2.3.7 Genotoxic Effects

Genotoxicity studies are discussed in Section 2.4.

2.2.3.8 Cancer
No studies were located regarding cancer in humans after dermal exposure

to 1,2-dibromo-3-chloropropane.

Benign lung papillomas and stomach carcinomas and papillomas were found
in mice after dermal application of 390 mg/kg, 3 days/week for up to 85 weeks
(11.7 mg/mouse/day) (Van Dureen et al. 1979). 1,2-Dibromo-3-chloropropane was
also active as a skin-tumor initiator in a two-stage carcinogenicity assay.
Phorbol myristate acetate was used as a promoter. The median survival time
for mice was 342-468 days. The cancer effect level is recorded in Table 2-3.
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2.3 TOXICOKINETICS
2.3.1 Absorption
2.3.1.1 Inhalation Exposure

No studies were located regarding absorption by humans or animals after
inhalation exposure to 1,2-dibromo-3-chloropropane. Evidence that
1,2-dibromo-3-chloropropane can be absorbed by this route of exposure is
provided by toxicity studies (Section 2.2.1).

2.3.1.2 Oral Exposure
No studies were located regarding absorption by'humans after oral

exposure to 1,2-dibromo-3-chloropropane.

Animal studies show that 1,2-dibromo-3-chloropropane is rapidly and
extensively absorbed from the gastrointestinal tract. The absorption of 1,2-
dibromo-3-chloropropane followed first-order kinetics in rats after oral
administration by gavage in a water vehicle. No dose dependence in absorption
was observed with doses up to 10 mg/kg/day 1,2-dibromo-3-chloropropane, and
peak blood levels were reached within 5-40 minutes. The rate of absorption
was slower and more erratic with the oil vehicle, but the extent of absorption
remained approximately the same (i.e., 68% with corn oil versus 78% with
water) (Gingell et al. 1987a). Absorption from the gastrointestinal tract was
99% of the originally administered dose of radiolabeled (14C)-1,2-dibromo-
3-chloropropane; only 0.223% radioactivity was recovered in the feces of bile
duct-cannulated rats (Kato et al. 1979a).

2.3.1.3 Dermal Exposure
No studies were located regarding absorption in humans or animals after

dermal exposure to 1,2-dibromo-3-chloropropane. Evidence that
1,2-dibromo-3-chloropropane can be absorbed by this route of exposure is
provided by the observation that death occurred following a 24-hour dermal
exposure to this chemical (Torkelson et al. 1961).

2.3.2 Distribution
2.3.2.1 Inhalation Exposure

No studies were located regarding distribution in humans or animals
after inhalation exposure to 1,2-dibromo-3-chloropropane.

2.3.2.2  Oral Exposure
No studies were located regarding distribution in humans after oral

exposure to 1,2-dibromo-3-chloropropane.
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Following absorption in rats, 1,2-dibromo-3-chloropropane, which was
administered by corn oil gavage for 10 consecutive days to pregnant rats, was
rapidly and widely distributed to tissues and tended to remain longest in fat
(Ruddick and Newsome 1979). The concentration of 1,2-dibromo-3-chloropropane
in pooled fetuses and in spleens, brains, hearts, kidneys, and livers of dams
was highest within 3 hours of the exposure to the last dose of 1,2-dibromo-
3-chloropropane. The peak level in fat occurred after 6 hours, and
1,2-dibromo-3-chloropropane was still detectable after 24 hours. The
elimination of unchanged 1,2-dibromo-3-chloropropane from other tissues was
much faster. The detection in tissues of pooled fetuses provides evidence
that 1,2-dibromo-3-chloropropane crossed the placenta.

In rats administered 14C-1,2-dibromo-3-chloropropane in corn oil by
gavage , unchanged 1,2-dibromo-3-chloropropane accumulated only in the adipose
tissues, while the unextractable metabolites were found in kidneys and livers
(Kato et al. 1979a). The unextractable metabolites were detected in most
tissues, possibly as reactive metabolites bound to tissue macromolecules. The
highest level of radioactivity was found in livers and kidneys (Kato et al.
1980) 6 and 20 hours postexposure. These are the organs where
histopathological changes were apparent (Section 2.2.2.2).

2.3.2.3 Dermal Exposure
No studies were located regarding distribution in humans or animals

after dermal exposure to 1,2-dibromo-3-chloropropane.

2.3.3 Metabolism
No studies were located regarding metabolism of 1,2-dibromo-3-chloropropane

in humans.

The metabolism of 1,2-dibromo-3-chloropropane was studied in rats. The
proposed metabolic pathway is shown in Figure 2-3. According to this scheme,
1,2-dibromo-3-chloropropane is converted to epoxy derivatives, which are
further hydrolyzed and debrominated. Bromide accumulates in the kidneys.
Beside other metabolites, epichlorohydrin and epibromohydrin were found, which
can be further metabolized to oxalic acid. Mercapturic acids were detected in
urine and this indicates that metabolic intermediates reacted with nonprotein
sulfhydryl (NPS) groups (Jones et al. 1979).

Conjugation of the epoxide intermediates with NPS groups can occur in
the liver, kidneys, lungs, stomach, and testes of rats after treatment with
2,3-dibromo-3-chloropropane (Kato et al. 1980; Kluwe et al. 1981, 1982). The
greater depletion of hepatic NPS suggests that the liver is the major site of
glutathione (GSH) conjugation with 1,2-dibromo-3-chloropropane metabolites
(Kluwe et al. 1982). GSH pretreatment protected rats from 1,2-dibromo-
3-chloropropane-induced liver necrosis (Kato et al. 1980), indicating that
conjugation is a detoxifying mechanism in the liver.
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GSH levels were depleted in the liver and kidney, but not in the testes,
after intraperitoneal administration of 1,2-dibromo-3-chloropropane in rats
(Lag et al. 1989a). Since both testes and kidneys are target organs of
1,2-dibromo-3-chloropropane toxicity, a correlation between GSH depletion in
these tissues and induced organ toxicity is lacking. Furthermore, there was
no preferential accumulation of 1,2-dibromo-3-chloropropane metabolites in
testes in another study (Shemi et al. 1987). Studies of the mechanism of
1,2-dibromo-3-chloropropane induced testicular toxicity suggest that in the
testes, conjugation with glutathione with subsequent metabolism to a reactive
metabolite represents a toxifying mechanism (Kluwe 1983; Omichinski et al.
1988a, 1988b).

The interspecies differences in 1,2-dibromo-3-chloropropane
gonadotoxicity are probably due to interspecies differences in metabolism
within the testicular cells to convert 1,2-dibromo-3-chloropropane to more
reactive forms. After a single intraperitoneal injection of 1,2-dibromo-
3-chloropropane, atrophy of seminiferous epithelium was more severe in rats
and guinea pigs than in hamsters and mice. Furthermore, testicular
deoxyribonucleic acid (DNA) damage was observed only in rats and guinea pigs
(Lag et al. 1989a). These findings suggest that rats and guinea pigs are
sensitive to 1,2-dibromo-3-chloropropane because their testicular cells more
readily activate 1,2-dibromo-3-chloropropane to a DNA-damaging
intermediate(s). Species differences in metabolism were also found in
in vitro experiments with tissues from rats and mice. Rats metabolized 1,2-
dibromo-3-chloropropane in liver, kidney, testes, and stomach preparations
much faster than mice, as measured by GSH-dependent debromination in cytosolic
fractions (MacFarland et al. 1984).

2.3.4 Excretion
2.3.4.1 Inhalation Exposure

No studies were located regarding the excretion in humans or animals
following inhalation exposure to 1,2-dibromo-3-chloropropane.

2.3.4.2 Oral Exposure
No studies were located regarding excretion in humans following oral

exposure to 1,2-dibromo-3-chloropropane.

Excretion after administration of radioactively labeled 1,2-dibromo-
3-chloropropane in rats occurred via several routes, including exhalation and
biliary and urinary elimination. Radioactivity was primarily expired as
carbon dioxide; only a trace of unchanged 1,2-dibromo-3-chloropropane was
detected. Mercapturic acids were detected in the urine; biliary excretion
accounted for approximately 23% of the administered dose (Kato et al. 1979a).
Within 3 days of gavage administration of radioactively labeled 1,2-dibromo-
3-chloropropane to rats, 55% of the radioactivity was found in the urine, 18%
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in the feces, and 19.5% in the exhaled air as carbon dioxide. Less than 1%
was exhaled as unchanged 1,2-dibromo-3-chloropropane (Gingell et al. 198717).

2.3.4.3 Dermal Exposure
No studies were located regarding excretion in humans or animals after

dermal exposure to 1,2-dibromo-3-chloropropane.

2.4 RELEVANCE TO PUBLIC HEALTH
Information regarding health effects of 1,2-dibromo-3-chloropropane in

humans and animals is available for the inhalation and oral routes of
exposure. Inhalation is the main route of exposure to 1,2-dibromo-3-chloropropane
in occupational settings, while oral exposure most often results from
ingestion of contaminated drinking water. Until 1977, 1,2-dibromo-
3-chloropropane was used in the United States as a nematocide (Section 4.3).

Epidemiological studies have indicated that the testes are the main
targets of 1,2-dibromo-3-chloropropane toxicity following occupational
exposures. Decreased spermatogenesis, atrophy of the seminiferous epithelium
with azoospermia, and possible sex ratio differences in offspring were
observed in exposed workers. Studies indicate that the testicular damage can
be permanent. Other effects reported by exposed workers include headache,
nausea, lightheadedness, and weakness. No reproductive or carcinogenic
effects were detected in a population exposed to concentrations of 1,2-
dibromo-3-chloropropane ranging from 0.004 ppb to 5.75 ppb in drinking water
(Wong et al. 1988, 1989).

In animals, effects after inhalation and oral exposures include
increased mortality, fetotoxicity, hepatic and renal lesions, gonadal atrophy,
and cancer. Respiratory lesions and carcinomas of the respiratory tract were
observed after inhalation exposure, while gastrointestinal lesions and stomach
carcinomas were seen after oral exposure. In addition, anemia, central
nervous system depression, and brain lesions were observed in animals after
inhalation exposures.

After dermal exposure, 1,2-dibromo-3-chloropropane was reported to cause
ocular and dermal irritation and stomach cancer in experimental animals.

Studies in humans did not provide sufficient data regarding exposure
levels and their correlation with observed effects. Therefore, animal studies
were used for the derivation of MRLs.

Sufficient information was not available on the health effects of
1,2-dibromo-3-chloropropane to derive an MRL for acute-duration inhalation
exposure. In one study, reproductive effects were noted in rats following
acute inhalation exposure to 1,2-dibromo-3-chloropropane (Saegusa et al.
1982). Although this is the most sensitive end point for 1,2-dibromo-
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3-chloropropane toxicity, the data are only available for rats. Reproductive
toxicity data are needed for acute inhalation exposures in rabbits and humans
since these appears to be more sensitive species than the rat for such
effects.

An intermediate-duration inhalation MRL of 0.0002 ppm was derived from a NOAEL
value of 0.1 ppm for changes in spermatogenesis and testicular atrophy in rabbits
(Rao et al. 1982). The ratio of the blood/gas partition coefficients was assumed to
be 1. The dose was adjusted for intermittent exposure by multiplying the NOAEL by
6/24 to correct for less than a full day of exposure and by 5/7 to correct for less
than a full week of exposure. The result was then divided by an uncertainty factor of
100 (10 for extrapolation from animals to humans and 10 for human variability). The
lowest human equivalent concentration from the available intermediate-duration
inhalation studies and the most sensitive (reproductive) end point were used.
Intermediate-duration exposure to 1 ppm induced, decreased spermatogenesis,
sperm abnormalities, and testicular atrophy (Rao et al. 1982); and infertility
occurred at 10 ppm (Rao et al. 1982). Testicular atrophy was also noted at 10 or 25
ppm in rats (NTP 1982; Torkelson et al. 1961) Other effects included nephrosis at 1
ppm in rats (NTP 1982), decreased weight gain at 1 ppm in mice, and bronchial
hyperplasia at 5 ppm in mice (NTP 1982).

Information regarding effects following chronic inhalation exposure to
1,2-dibromo-3-chloropropane was limited to carcinogenicity studies in rats and mice
(NTP 1982). The data were not suitable for the MRL development because no NOAEL value
for the most sensitive (reproductive) system was available from the studies.
Considering a NOAEL or a LOAEL value from any other end points would result in a
chronic-duration inhalation MRL higher than the intermediate-duration inhalation MRL.
In addition, systemic effects occurred in various organs of rats and mice at the same
exposure levels that tumors were observed in these organs.

Several studies provided information on LD50 values and systemic effects
following acute oral exposure to 1,2-dibromo-3-chloropropane. However, no acute oral
MRL was derived for 1,2-dibromo-3-chloropropane because dominant lethality was
observed at the lowest dose tested (10 mg/kg/day) (Teramoto et al. 1980) from all
available studies.

An intermediate-duration oral MRL was derived from information for
reproductive effects noted in rabbits (Foote et al. 1986a, 1986b). Decreased
spermatogenesis and abnormal sperm morphology were observed in rabbits at the
end of a 10-week exposure to concentrations of 1,2-dibromo-3-chloropropane as
low as 1.88 mg/kg/day (Foote et al. 1986a, 1986b). These effects increased
with dose. At the highest dose tested, 15 mg/kg/day, testicular atrophy and
increased serum FSH levels were observed. No NOAEL was identified in this
study. An intermediate-duration oral MRL of 0.002 mg/kg/day was derived from
the LOAEL value of 1.88 mg/kg/day for effects on spermatogenesis and sperm
morphology (Foote 1986a, 1986b). The MRL value was obtained by dividing the
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LOAEL by an uncertainty factor of 1000 (10 for use of a LOAEL, 10 for
extrapolation from animals to humans, and 10 for human variability).
Intermediate-duration oral exposure to 1,2-dibromochloropropane has also been
reported to result in testicular degeneration in rats at 15 mg/kg/day (Amann
and Berndtaon 1986), testicular necrosis in rats at 70 mg/kg/day
(Rakhmatullayev 1969); reduced litters in mice at 25 mg/kg/day (Reel et al.
1984), and azoospermia in monkeys (Overstreet et al. 1988). Adverse
reproductive effects in rats were also reported after intermediate-duration
exposure to 0.05 mg/kg/day of 1,2-dibromo-3-chloropropane (Rakhmatullaev
1971). However, the effects were poorly described and very few study details
were given. Therefore, this value was not used to derive an MRL.

Toxicity information from chronic oral exposure to 1,2-dibromo-
3-chloropropane cannot be used to derive an MRL because reproductive toxicity,
which may be the most sensitive end point, was tested at levels that also
induced cancer or death. Systemic toxicity data in rats cannot be used for
MRL derivation because the statistical significance of the effects was not
reported for the available LOAEL values (Hazleton 1977, 1978a). Additional
data are needed to determine whether hepatic toxicity, which was noted at the
lowest LOAEL of 0.3 mg/kg/day (Hazleton 1977, 1978a), is the primary end point
following chronic oral exposure.

Death. No studies were located regarding death in humans after exposure
to 1,2-dibromo-3-chloropropane. Mortality was induced in experimental animals
by all routes of exposure and corresponding LC50 and LD50 values were derived
(Moody et al. 1984; Torkelson et al. 1961). Increased mortality was also
observed in rats and mice after intermediate- and chronic-duration oral
exposure (Hazleton 1977, 1978b; NC1 1978) and chronic-duration inhalation
exposure (NTP 1982). The risk of shortened lifespan may be of concern for
people who are exposed to substantial amounts over extended periods of time.

Systemic Effects
Respiratory Effects. No studies were located regarding respiratory

effects in humans after exposure to 1,2-dibromo-3-chloropropane by any route.
1,2-Dibromo-3-chloropropane-induced toxicity in the respiratory tract
(inflammatory and proliferative changes in the nasal cavity, necrosis of the
trachea and bronchial epithelium, nasal cavity carcinomas) was observed in
animals after inhalation exposure (NTP 1982), but not after oral exposure (NC1
1978). Irritation of the upper respiratory tract of the rat occurred after
acute high-level exposure (Torkelson et al. 1961). Histopathological changes
such as epithelial cytomegaly and focal necrosis occurred after more prolonged
exposure (Saegusa et al. 1982). Inflammatory and proliferative changes were
seen in the nasal cavity, trachea, and bronchial epithelium of rats and mice
in an intermediate-duration study with exposures up to 25 ppm 1,2-dibromo-
3-chloropropane for 90 days (NTP 1982). Rats exposed to 10 and 20 ppm 1,2-
dibromo-3-chloropropane for 10 weeks had emphysema and bronchopneumonia
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(Torkelson et al. 1961). However, infection from stress-induced lowered
immunity cannot be ruled out in the case of the rodents. Chronic exposure of
rats and mice resulted in tumors of the respiratory tracts. Epithelial
hyperplasia was listed among nonneoplastic effects (NTP 1982). The animal
studies show a correlation between the severity of induced respiratory changes
and exposure concentrations and durations, and suggest the potential of
respiratory effects in people exposed by inhalation to 1,2-dibromo-
3-chloropropane.

Cardiovascular Effects. The only epidemiological data available cannot
provide definitive conclusions regarding cardiovascular effects in humans
(Wong et al. 1984). No histopathological changes were associated with the
cardiovascular system in experimental animals by any exposure route (Hazleton
1977, 1978a; NC1 1978; NTP 1982; Rao et al. 1982). Based on the possible
association in occupationally exposed humans, a potential for increased
incidence of cardiovascular disease in humans exposed to 1,2-dibromo-
3-chloropropane in the environment or at hazardous waste sites may exist.

Gastrointestinal Effects. No studies were located regarding
nonneoplastic gastrointestinal effects in humans after exposure to
1,2-dibromo-3-chloropropane by any route. One study examined the correlation
between ingestion of drinking water containing 0.004-5.75 ppb 1,2-
dibromochloropropane and gastric cancer and found no correlation (Wong et
a1.1989). Gastrointestinal effects occurred in experimental animals mainly
after oral exposure to 1,2-dibromo-3-chloropropane. Cell proliferation and
hyperkeratosis were observed in stomachs of rats after acute-duration exposure
(Ghanayem et al. 1986). Changes varied from edema to necrosis after
intermediate-duration exposure (Rakhmatullajev 1969; Torkelson et al. 1961).
Acanthosis and hyperkeratosis of the stomach were seen in rats after chronic
exposure; however, after chronic exposure, the most significant effect was
stomach cancer in both rats and mice (Hazleton 1977, 1978a, 1978b; NC1 1978).
Therefore, people who are orally exposed to substantial amounts of 1,2-
dibromo-3-chloropropane (i.e., by ingestion of heavily contaminated drinking
water) may experience adverse gastrointestinal effects.

Hematological Effects. No studies were located regarding hematological
effects in humans after exposure to 1,2-dibromo-3-chloropropane by the oral
route. No hematological effects were found in workers exposed to 1,2-dibromo-
3-chloropropane (Whorton et al. 1977). A marked decrease in the white blood
cell count was reported in monkeys after an intermediate duration inhalation
exposure to 1,2-dibromo-3-chloropropane (Torkelson et al. 1961). Splenic
atrophy was observed in rats after an acute inhalation exposure (Saegusa et
al. 1982) and in mice after a chronic inhalation exposure (NTP 1982). Rats
exposed by inhalation developed hypocellularity of the bone marrow (NTP 1982).
These findings may indicate a hematological effect of 1,2-dibromo-
3-chloropropane exposure. However, no hematological changes were observed in
several other inhalation experiments in rats, mice, guinea pigs, or rabbits
(NTP 1982; Rao et al. 1982, 1983; Torkelson et al. 1961). No changes were
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found after oral exposure. The possibility that 1,2-dibromo-3-chloropropane
could cause hematological effects in humans cannot be ruled out.

Hepatic Effects. No studies were located regarding hepatic effects in
humans after exposure to 1,2-dibromo-3-chloropropane by any route. Hydropic
hepatocytes and focal necrosis were found in rats and mice after intermediat-
eduration inhalation exposure. No changes were found after chronic exposure of
either species to lower concentrations (NTP 1982). Focal centrilobular
necrosis and hydropic hepatocytes (Kato et al. 1980) and hepatocellular
swelling and increased cytoplasmic basophilia (Kluwe 1981) were also reported
in rats after acute oral exposure. Poliosis hepatitis was observed in rats
after chronic oral exposure (Hazleton 1977, 1978a). The hepatic toxicity of
1,2-dibromo-3-chloropropane was supported by results in rats treated with 1,2-
dibromo-3-chloropropane by injection. Dose-related changes that ranged from
hepatocellular swelling to necrosis were observed (Kluwe 1981; Kluwe et al.
1985; Saegusa 1986, 1987). There were no differences in the incidence or
severity of hepatocytic effects in rats regardless of whether exposure was
conducted by oral gavage, intraperitoneal injection, or subcutaneous injection
(Kluwe 1981).

The mechanism of 1,2-dibromo-3-chloropropane-induced hepatic toxicity
has been investigated in several studies. The role of microsomal metabolism
was demonstrated by the enhancement of macromolecular binding after
pretreatment of rats with phenobarbital (Kato et al. 1980). However,
pretreatment of rats with phenobarbital was shown to reduce 1,2-dibromo-
3-chloropropane-induced hepatic toxicity (Kluwe 1983). Thus, the role of the
microsomal system in the hepatic toxicity induced by 1,2-dibromo-
3-chloropropane or its metabolites is not clear. An in vitro study
demonstrated DNA damage and a depletion of hepatocellular GSH after liver
cells were exposed to 1,2-dibromo-3-chloropropane (Holme et al. 1989). The
initial metabolism of 1,2-dibromo-3-chloropropane to reactive epoxide
metabolites that bind to DNA and other macromolecules may be responsible for
the hepatotoxicity.

The demonstration of hepatic effects in animals indicates that
1,2-dibromo-3-chloropropane has the potential to cause liver injury in humans.

Renal Effects. No studies were located regarding renal effects in humans after
exposure to 1,2-dibromo-3-chloropropane by the oral route. No renal effects were
detected from the urinalysis of workers exposed to 1,2-dibromo-3-chloropropane
(Whorton et al. 1977). Renal toxicity of 1,2-dibromo-3-chloropropane in animals,
however, was apparent after inhalation and oral exposures, as well as after injection
of experimental animals. Necrotic changes in the proximal tubules were reported after
an acute inhalation exposure (Saegusa et al. 1982), while nephritis and nephrosis
were observed after intermediate-duration (NTP 1982; Torkelson et al. 1961) and
chronic exposures (NTP 1982). Similarly, acute renal insufficiency and/or
tubular necrosis were reported after an acute oral exposure (Kato et al. 1980;
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Kluwe 1981; Russell 1989). Renal function recovered, but focal
glomerulosclerosis persisted (Russell 1989). Increased turnover of proximal
tubular cells was noted in rats following intermediate exposure (Heindel et
al. 1989). Tubular epithelial changes were observed in the kidneys of rats
after chronic oral exposure (Hazleton 1977, 1978a). Furthermore, increased
incidence of renal carcinomas occurred in these exposed rats. Acute tubular
necrosis was also observed in rats that were injected with 1,2-dibromo-
3-chloropropane (Kluwe 1981; Kluwe et al. 1985; Saegusa 1986, 1987). There
were no differences in the incidence or severity of kidney tubular necrosis in
rats regardless of whether exposure was conducted by oral gavage,
intraperitoneal injection, or subcutaneous injection (Kluwe 1981).

A recent study in rats indicates that renal DNA damage correlates with
renal necrosis after injection of 1,2-dibromo-3-chloropropane (Omichinski et
al. 1987). The.involvement of oxidative metabolism in producing the
nephrotoxic effect seems to be unlikely because deuteration of the parent
compound did not decrease the DNA damaging effect. (Deuterium substitution
can often decrease the extent of a compound's toxicity that is due to a
reactive metabolite formed by oxidation of the carbon-hydrogen bond because of
the high activation energy required to break the carbon-deuterium bond.) An
accumulation of 1,2-dibromo-3-chloropropane metabolites in the kidneys was
observed together with the depletion of renal GSH concentrations after an oral
exposure of rats (Kato et al. 1980); however, the results of experiments with
modulators of NPS conjugate formation indicated that this mechanism is not
rate-limiting in 1,2-dibromo-3-chloropropane-induced nephrotoxicity
(Omichinski et al. 1987). Experiments with methylated analogs of 1,2-dibromo-
3-chloropropane suggested the importance of a dibromo-ethyl group to the toxic
effects. Although the mechanism is not clear, the demonstration of renal
effects in rats and mice in several studies suggests the potential for renal
effects in humans who are substantially exposed to 1,2-dibromo-
3-chloropropane.

Dermal/Ocular Effects. Eye irritation and clouding of the cornea and
lens were observed in rats after an inhalation exposure to high concentrations
of 1,2-dibromo-3-chloropropane (Torkelson et al. 1961). Changes varying from
erythema to necrosis were seen in rabbits after dermal application.
1,2-Dibromo-3-chloropropane that was applied to the skin caused death in
exposed animals, indicating that it was dermally absorbed. It is evident that
1,2-dibromo-3-chloropropane can be absorbed through the skin of humans. There
is, therefore, a potential for systemic and local effects to occur following
1,2-dibromo-3-chloropropane contact with the skin.

Immunological Effects. No data were located regarding immunological
effects of 1,2-dibromo-3-chloropropane in humans after inhalation exposure.
No histopathological changes were observed in bone marrow, lymph nodes, or
spleen of rats after chronic oral exposure (Hazleton 1977, 1978a). However,
reversible atrophy and depletion of lymphocytes in the thymus, spleen, and
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lymphatic nodules were reported in rats after a single subcutaneous injection
of 1,2-dibromo-3-chloropropane (Saegusa 1986). In addition, hypocellularity
of bone marrow was observed in rats exposed by inhalation (NTP 1982). Severe
respiratory infections were found in rats (Torkelson et al. 1961) and monkeys
and rabbits (Rao et al. 1982) that were exposed to 1,2-dibromo-3-chloropropane;
control animals did not have infections. These findings suggest that
1,2-dibromo-3-chloropropane may have caused a decreased resistance to
infection. The possibility of immunological effects in humans exposed to
1,2-dibromo-3-chloropropane cannot be ruled out.

Neurological Effects. No studies were located regarding neurological
effects in humans after exposure to 1,2-dibromo-3-chloropropane by the oral
route. Subjective symptoms (nausea, headache, and weakness) were reported by
workers exposed occupationally to 1,2-dibromo-3-chloropropane (Whorton et al.
1977). Inhalation is the primary route of exposure in industrial settings,
although dermal exposure is also likely. Neurological effects of 1,2-dibromo-
3-chloropropane have been described after inhalation and oral exposures of
experimental animals. Depression of the central nervous system was reported
in rats after an acute inhalation exposure, but without complete narcosis
(Torkelson et al. 1961). Histopathological changes found in the brains of
exposed animals include focal mineralization, meningoencephalitis and cerebral
necrosis. The severity increased with increasing exposure (NTP 1982; Rao et
al. 1983). No histopathological changes in brains of rats or mice were
reported after oral treatment with 1,2-dibromo-3-chloropropane (Hazleton 1977,
1978a; Johnston et al. 1986; NCI 1978); however, depression of the central
nervous system was observed after oral treatment with high doses
(Rakhmatullaev 1969; Reel et al. 1984). The findings in animals suggest a
potential for neurological effects in humans who are exposed to very large
amounts of 1,2-dibromo-3-chloropropane.

Developmental Effects. No developmental effects were found among the
offspring of workers occupationally exposed to 1,2-dibromo-3-chloropropane
(Goldsmith et al. 1984; Potashnik and Abeliovich 1985; Potashnik and Phillip
1988). Negative results were also obtained after examining the offspring of a
population in Fresno County, California, who were exposed to drinking water
contaminated with 1,2-dibromo-3-chloropropane (Whorton et al. 1989).

No teratogenicity was observed in the offspring of rats after oral
exposure of the dams to 1,2-dibromo-3-chloropropane during gestation (Ruddick
and Newsome 1979), or after exposure of both parents to drinking water that
contained 1,2-dibromo-3-chloropropane (Johnston et al. 1986). Effects on pup
weight and litter size were attributed to maternal toxicity manifested as
decreased body weight gain. Testicular degeneration was observed in male rats
postexposure in utero when their dams had been injected with 1,2-dibromo-
3-chloropropane during gestation (Warren et al. 1988). Although 1,2-dibromo-
3-chloropropane does not appear to cause developmental effects in animals at
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doses that are not toxic to the dams, developmental effects after inhalation
or oral exposure in humans cannot be ruled out.

Reproductive Effects. 1,2-Dibromo-3-chloropropane toxicity to the human
male reproductive system was demonstrated in numerous studies. 1,2-Dibromo-3-
chloropropane-induced changes were found in cohorts of workers exposed in
factories that produced this nematocide (Potashnik et al. 1978; Whorton et al.
1979) and in 1,2-dibromo-3-chloropropane applicators and farmers exposed to
1,2-dibromo-3-chloropropane (Glass et al. 1979; Sandifer et al. 1979). The
actual levels of exposure were not established in most studies, but the
testicular toxicity can apparently occur upon inhalation of concentrations in
air of less than 1 ppm (Whorton et al. 1977). When the cohorts were divided
according to their length of exposure either by years (Whorton et al. 1979) or
by hours when they were directly involved in 1,2-dibromo-3-chloropropane
production (Potashnik et al. 1978), a correlation was found between the length
of exposure and the severity of changes. Exposure to levels of about 1 ppb
1,2-dibromo-3-chloropropane did not cause any effects in pineapple workers in
Hawaii (Coye et al. 1983, 1990). Azoospermia or oligospermia found by
analysis of sperm counts was a reflection of the measure of damage
demonstrated in histopathological examinations at biopsy (Lantz et al. 1981;
Potashnik et al. 1978). Depletion of germ cells in seminiferous tubules with
intact Sertoli cells was seen in most cases of azoospermia. Azoospermia was
accompanied with an increase in plasma FSH levels (Eaton et al. 1986; Lantz et
al. 1981). The hormonal changes were more'pronounced in unrecovered workers
after a nonexposure period (Potashnik and Yanai-Inbar 1987). The FSH assay
alone, however, was not sensitive enough to detect oligospermia (Whorton et
al. 1979). A depressed fertility rate resulted as a direct consequence of
testicular changes in these workers who were exposed to 1,2-dibromo-
3-chloropropane.

Oral exposure to 1,2-dibromo-3-chloropropane through contaminated
drinking water occurred in Fresno County, California (Wong et al. 1988);
however, the concentrations of 1,2-dibromo-3-chloropropane in the water were
low (0.004-5.75 ppb), and no changes in birth rates were detectable.

1,2-Dibromo-3-chloropropane-induced testicular toxicity has been
demonstrated in several animal studies. Atrophy of the seminiferous tubules
was reported in rats after acute- or intermediate-duration inhalation
exposures (NTP 1982; Rao et al. 1983; Saegusa et al. 1982). Similar changes
were also found in exposed rabbits, together with an increase of plasma FSH
levels (Rao et al. 1982). Testicular damage was reversible in rabbits (Rao et
al. 1982), and humans (Olson et al. 1990). In addition, dominant lethality
recorded in rats was reversed after a recovery period (Rao et al. 1983).
Following oral exposures, the induction of dominant lethality was also
observed after in rats (Amann and Berndtson 1986; Teramoto et al. 1980) but
not in mice (Teramoto et al. 1980). Dominant lethality was not induced in
mice after intraperitoneal injections of 1,2-dibromo-3-chloropropane (Generoso



62

2. HEALTH EFFECTS

et al. 1985). Histopathological changes found in testes of rats and/or
rabbits after oral exposure to 1,2-dibromo-3-chloropropane were similar to
those found after inhalation exposure (Amann and Berndtson 1986; Foote et al.
1986b; Kluwe 1981). The changes were dose-related and accompanied by elevated
FSH levels in rabbits (Foote et al. 1986b). Impaired spermatogenesis was also
noted in rabbits under identical exposure conditions (Foote et al. 1986a). No
changes in fertility were recorded in these rabbits (Foote et al. 1986b).
There were no differences in the incidence or severity of testicular effects
in rats regardless of whether exposure was conducted by oral gavage,
intraperitoneal injection, or subcutaneous injection (Kluwe 1981).

A high incidence of testicular atrophy was observed in rats (but not in
mice) after chronic gavage dosing with 1,2-dibromo-3-chloropropane (NC1 1978);
however, no effects were found in rats after administration of lower doses
(Hazleton 1977, Hazleton 1978a). No statistically different changes from the '
controls were seen in reproductive organs of rats or mice after chronic
inhalation exposure (NTP 1982). Interspecies differences have been shown
between rats and rabbits; rabbits were found to be more susceptible to male
reproductive effects (Rao et al. 1982, 1983). The interspecies differences
for testicular effects induced in rats or mice were also apparent after
parenteral exposure. While testicular changes were found in rats after 1,2-
dibromo-3-chloropropane injections (Ahmad et al. 1988; Kluwe et al. 1985; Lui
and Wysocki 1987; Warren et al. 1984), no changes were observed in mice
(Oakberg and Cummings 1984).

The difference in susceptibility between immature and adult rats was
also investigated (Kluwe et al. 1985; Lui and Wysocki 1987). Sexually mature
male rats seemed to be less susceptible to 1,2-dibromo-3-chloropropane-induced
testicular toxicity. Changes that were induced in neonates or in utero were
carried on to adulthood (Kluwe et al. 1985; Warren et al. 1988). These
results are in contrast with a report that found degenerative testicular
changes in the adult group of rats and not in the immature group (Saegusa
1987).

The mechanism of 1,2-dibromo-3-chloropropane testicular toxicity has
been investigated in several studies in vitro. The inhibition of sperm
carbohydrate metabolism, probably at the step of nicotinamide adenine
dinucleotide (NADH) dehydrogenase activity in the mitochondrial electron
transport chain, was suggested to be the cause of the toxicity (Bartoov et al.
1987; Greenwell et al. 1987). Alternatively, well-conducted toxicokinetic
studies have indicated that the severity of testicular necrosis is directly
related to DNA damage (Omichinski et al. 1988a, 1988b; Soderlund et al. 1988).
Metabolism via a cytochrome P-450-dependent pathway is probably not involved
in the DNA-damaging effects because the use of deuterated analogs of the
parent compound, which interfere with cytochrome P-450 metabolism, did not
decrease the amount of the damage. Investigators have suggested that the
testicular genotoxicity of 1,2-dibromo-3-chloropropane may involve conjugation
with glutathione, with subsequent formation of a reactive episulphonium ion
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that can cause.direct alkylation of target molecules. If so, in contrast to
the apparent detoxifying role of glutathione conjugation in the liver,
conjugation,with glutathione in the testes may be a toxifying mechanism.

1,2-Dibromo-3-chloropropane-induced toxicity to the female reproductive
system is not so obvious. No histological changes were found in female
reproductive organs after an intermediate- or chronic-duration inhalation
exposure (NTP 1982) or chronic oral exposure in rats or mice (NC1 1978).
Ovarian cysts were recorded in rats exposed to 10 ppm 1,2-dibromo-3-chloropropane
for 14 weeks; fertility, however, was not affected (Rao et al. 1983).
No changes in fertility were found in female rats exposed to 1,2-dibromo-3-
chloropropane in drinking water (Johnston et al. 1986). In contrast, only 60%
of treated females became pregnant after mating when the proestrus rats were
given a single injection of 1,2-dibromo-3-chloropropane so that cells in the
first meiotic division could be targeted (Shaked et al. 1988). No effect on
dominant lethality or fertility was observed in female mice after a single
intraperitoneal injection of 1,2-dibromo-3-chloropropane (Generoso et al.
1985).

Evidence that the male reproductive system is a target of 1,2-dibromo-3-
chloropropane in humans and some laboratory animals is overwhelming. Recovery
is possible, but with higher doses and/or longer exposure, the changes may
become permanent.

Genotoxic Effects. 1,2-Dibromo-3-chloropropane has been tested for
genotoxicity in a number of in vivo and in vitro studies (Tables 2-4 and 2-5).

The mutagenic potential of 1,2-dibromo-3-chloropropane was demonstrated
in humans by the evidence of a change in sex ratio among the offspring of
exposed workers (Potashnik et al. 1984). In contrast, no alterations in sex
ratios of newborns were found in Fresno County (1978-1982), California, where
the drinking water Kas contaminated with 1,2-dibromo-3-chloropropane (Whorton
et al. 1989). However, total exposure via drinking water was probably much
lower than that experienced by occupationally exposed workers.

Increased dominant lethality was reported in rats after inhalation (Rao
et al. 1983) and oral exposures to 1,2-dibromo-3-chloropropane (Teramoto et
al. 1980). In contrast, no dominant lethal effect was observed in mice
treated either orally for 5 days (Teramoto et al. 1980) or intraperitoneally
or subcutaneously with a single injection of 1,2-dibromo-3-chloropropane
(Generoso et al. 1985). Positive results were obtained in mice in the spot
test (Sasaki et al. 1986) but not in the specific-locus gene mutation test
(Russell et al. 1986).

Positive results were found in the reverse mutation assay in Salmonella
typhimurium TA1535, TAlOO, and TA98 with metabolic activation but not without
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activation (Ratpan and Plauman 1988; Stolzenberg and Hine 1979). Purified
1,2-dibromo-3-chloropropane was considered a potent indirect mutagen.

In in vitro studies with eukaryotic systems, 1,2-dibromo-3-chloropropane
induced an increased incidence of sister chromatid exchanges in Chinese
hamster V79 cells (Tezuka et al. 1980) and in sister chromatid exchanges and
chromosomal aberrations in Chinese hamster ovary cells (Loveday et al. 1989).

1,2-Dibromo-3-chloropropane was mutagenic in the recessive lethal assay
in Drosophila melanogaster (Inoue et al. 1982; Zimmering 1983). In contrast,
the increased lethality was observed only when male flies were treated as
embryos (Kale and Baum 1982b). A positive response was also obtained in the
induction of genetic crossing-over (Kale and Baum 1982b), chromosome loss
(Zimmering 1983), and heritable translocations (Zimmering 1983).

1,2-Dibromo-3-chloropropane induced unscheduled DNA synthesis in the
premeiotic germ cells after a single injection to prepubertal mice (Lee and
Suzuki 1979). Unscheduled DNA synthesis was also induced in spermatocytes in
adult rats (Bentley and Working 1988).

The aforementioned results demonstrate that 1,2-dibromo-3-chloropropane
is a potent genetic toxicant. Microbial assays showed that it is capable of
inducing gene mutations, and mammalian assays showed that it can cause
chromosomal mutations in both somatic and germinal cells. The demonstrated
potential for a genotoxic effect in humans is supported by results from a
variety of experimental systems.

Cancer. Information regarding carcinogenicity of 1,2-dibromo-
3-chloropropane in humans is sparse. Only two epidemiological studies
regarding cancer risk were located. One did not report any increased
incidence of cancer among exposed workers (Hearn et al. 1984). The other
study found no correlation between the risk of gastric cancer in a population
residing in an area where drinking water was contaminated with 1,2-dibromo-3-
chloropropane (Wong et al. 1989).

There is conclusive evidence of the carcinogenicity of 1,2-dibromo-
3-chloropropane in experimental animals. Rats that were exposed to
1,2-dibromo-3-chloropropane by inhalation for 84-103 weeks developed multiplesite
neoplasms (NTP 1982). Adenomas and carcinomas of the respiratory tract
and tongue in both sexes, fibroadenomas of the mammary gland and adenomas of
the adrenal cortex in females, and trichoadenomas of the skin and
mesotheliomas of the tunica vaginalis in males were observed in the exposed
animals. In contrast, the development of neoplasms was restricted only to the
respiratory tract in mice exposed to the same concentrations for 76-103 weeks
(NTP 1982). When administered chronically by gavage, 1,2-dibromo-3-chloropropane
induced squamous cell carcinomas of the forestomach in rats and mice
of both sexes and carcinomas of the mammary gland in female rats (NC1 1978).
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When administered chronically in the diet, 1,2-dibromo-3-chloropropane induced
squamous cell carcinomas of the forestomach in rats and mice and adenomas
and/or carcinomas of the kidneys in rats (Hazleton 1977, 1978a, 1978b).
Systemic papillomas and carcinomas developed in the lungs and stomachs of mice
after dermal application of 1,2-dibromo-3-chloropropane (Van Duuren et al.
1979). Thus, 1,2-dibromo-3-chloropropane induced cancer, not only at the
initial site of contact (respiratory tract or stomach), but also in distant
organs. It is possible that metabolites play a significant role in the
carcinogenicity of 1,2-dibromo-3-chloropropane.

Based on the evidence in animals, 1,2-dibromo-3-chloropropane is
reasonably anticipated to be carcinogenic in humans who are exposed to
sufficient doses for long enough periods.

2.5 BIOMARKERS OF EXPOSURE AND EFFECT
Biomarkers are broadly defined as indicators signaling events in

biologic systems or samples. They have been classified as markers of
exposure, markers of effect, and markers of susceptibility (NAS/NRC 1989).

A biomarker of exposure is a xenobiotic substance or its metabolite(s)
or the product of an interaction between a xenobiotic agent and some target
molecule(s) or cell(s) that is measured within a compartment of an organism
(NAS/NRC 1989). The preferred biomarkers of exposure are generally the
substance itself or substance-specific metabolites in readily obtainable body
fluid(s) or excreta. However, several factors can confound the use and
interpretation of biomarkers of exposure. The body burden of a substance may
be the result of exposures from more than one source. The substance being
measured may be a metabolite of another xenobiotic substance (e.g., high
urinary levels of phenol can result from exposure to several different
aromatic compounds). Depending on the properties of the substance (e.g.,
biologic half-life) and environmental conditions (e.g., duration and route of
exposure), the substance and all of its metabolites may have left the body by
the time biologic samples can be taken. It may be difficult to identify
individuals exposed to hazardous substances that are commonly found in body
tissues and fluids (e.g., essential mineral nutrients such as copper, zinc,
and selenium). Biomarkers of exposure to 1,2-dibromo-3-chloropropane are
discussed in Section 2.5.1.

Biomarkers of effect are defined as any measurable biochemical,
physiologic, or other alteration within an organism that, depending on
magnitude, can be recognized as an established or potential health impairment
or disease (NAS/NRC 1989). This definition encompasses biochemical or
cellular signals of tissue dysfunction (e.g., increased liver enzyme activity
or pathologic changes in female genital epithelial cells), as well physiologic
signs of dysfunction such as increased blood pressure or decreased lung
capacity, Note that these markers are often not substance specific.
They also may not be directly adverse, but can indicate potential health impairment
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e.g., DNA adducts). Biomarkers of effects caused by 1,2-dibromo-3-chloropropane
are discussed in Section 2.5.2.

A biomarker of susceptibility is an indicator of an inherent or acquired
limitation of an organism's ability to respond to the challenge of exposure to
a specific xenobiotic substance. It can be an intrinsic genetic or other
characteristic or a preexisting disease that results in an increase in
absorbed dose, biologically effective dose, or target tissue response. If
biomarkers of susceptibility exist, they are discussed in Section 2.7,
"POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE."

2.5.1 Biomarkers Used to Identify and/or Quantify Exposure to 1,2-Dibromo-3-
chloropropane

No studies were located regarding tissue, fluid, or excreta levels of
1,2-dibromo-3-chloropropane in humans.

Toxicokinetic studies performed in animals after acute exposures to 1,2-
dibromo-3-chloropropane indicate that this chemical preferentially partitions
to fat; however, upon termination of exposure the accumulated chemical is
rapidly lost from this tissue (Kato et al. 1979a; Ruddick and Newsom 1979).
Over 80% of adipose tissue 1,2-dibromo-3-chloropropane is lost by 24 hours
postexposure. 1,2-Dibromo-3-chloropropane was lost from other tissues more
rapidly. Thus, determination of tissue levels of 1,2-dibromo-3-chloropropane
must be made shortly after exposure. 1,2-Dibromo-3-chloropropane may be found
in exhaled air, but less than 1% of an administered dose was found in exhaled
air during the first 24 hours after dosing. At least 20 metabolites were
detected in the urine of rats following ingestion of radioactively labeled
1,2-dibromo-3-chloropropane (Gingell et al. 1987b). However, it is not known
if these metabolites occur in human urine following exposure to 1,2-dibromo-3-
chloropropane by inhalation, oral, or dermal exposures. Also, the detection
of these metabolites may not be specific for 1,2-dibromo-3-chloropropane
exposures.

The induction of microsomal enzymes, particularly aryl hydrocarbon
hydroxylase and epoxide hydrolase, was observed in tissues of rats that were
exposed to 1,2-dibromo-3-chloropropane (Suzuki and Lee 1981). However,
microsomal enzyme induction may be caused by over 300 drugs, pesticides, and
industrial chemicals. Therefore, changes in microsomal enzyme activity does
not specifically indicate exposure to 1,2-dibromo-3-chloropropane. Increased
concentrations of serum creatinine, urea nitrogen, glutamic pyruvic
transaminase, and sorbitol dehydrogenase were detected in exposed rats (Kluwe
1983). These changes are not, however, specific for 1,2-dibromo-3-
chloropropane exposure. Increased concentrations of serum creatinine and urea
nitrogen are indicative of kidney damage and may be raised by an chemical
exhibiting renal toxicity. Likewise, increased concentrations of serum
glutamic pyruvic transaminase are indicative of liver damage and may be raised
by any chemical resulting in hepatocellular damage.
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The possible effect of 1,2-dibromo-3-chloropropane metabolites on heme
synthesis and breakdown was investigated in rats (Moody et al. 1984; Tofilon
et al. 1980). Decreased incorporation of radioactively labeled aminolevulinic
acid into liver protein and extracted heme was observed in 1,2-dibromo-
3-chloropropane-exposed rats (Moody et al. 1984). Furthermore, heme catalase
activity was also decreased, while increased heme oxygenase activity and
increased liver concentrations of uroporphyrin and coproporphyrin were
detected. The mechanism of this effect is unknown. Similarly, heme
concentrations were depressed in testicular microsomal fractions after oral
exposure of rats to 1,2-dibromo-3-chloropropane (Tofilon et al. 1980);
however, 1,2-dibromo-3-chloropropane administration did not alter testicular
heme oxygenase activity, indicative of a possible difference in the mechanism
of organ injury. The reason for the 1,2-dibromo-3-chloropropane-induced
changes in heme turnover, and its relationship to a lesion in the testes,
needs to be further investigated, The application as a biomarker of exposure
would involve a biopsy to obtain the liver or testicular tissue. Use of
changes in heme synthesis as a biomarker is limited because the test would not
be specific for 1,2-dibromo-3-chloropropane.

Although inorganic bromide could be found in the serum of 1,2-dibromo-3-
chloropropane-exposed animals, its measurement was not useful in demonstrating
excessive exposure (Torkelson et al. 1961). Furthermore, elevated inorganic
bromide levels may result from occupational exposure to methyl bromide or
ingestion of inorganic bromides as sleep aids.

Further information on distribution and excretion of 1,2-dibromo-
3-chloropropane and its metabolites in animal tissues can be located in
Section 2.3.2.

2.5.2 Biomarkers Used to Characterize Effects Caused by 1,2-Dibromo-
3-chloropropane

The only consistently observed effects in humans exposed to 1,2-dibromo-
3-chloropropane are testicular. An attempt has been made to identify early
subtle changes caused by 1,2-dibromo-3-chloropropane in the male reproductive
system. For this purpose, the measuring of FSH plasma levels in exposed
workers was proposed; however, the elevation of FSH correlates with more
serious testicular changes and azoospermia and is not sensitive enough to
detect oligospermia (Whorton et al. 1979). Foote et al. (1986a, 1986b)
suggest several tests that may be used to identify testicular effects and/or
abnormalities in spermatogenic function in males. These include decreases in
testis weight, FSH concentration in blood, seminiferous tubular diameter, and
enumeration of germ cells per Sertoli cell or per tubular Stage I cross
section. The authors concluded that the most sensitive indicator would be
germ cell counts; changes in seminiferous tubule diameter would also be a
sensitive indicator. Sperm count analysis is a reliable method for detecting
1,2-dibromo-3-chloropropane-induced reproductive toxicity. The other methods
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suggested by Foote et al. have not been tested for their reliability in
humans.

2.6 INTERACTIONS WITH OTHER CHEMICALS
No studies were located regarding interaction of 1,2-dibromo-3-chloropropane

with other chemicals. Workers who are occupationally exposed to
1,2-dibromo-3-chloropropane in chemical factories are also exposed to other
chemicals. In addition, technical 1,2-dibromo-3-chloropropane contains a
trace of epichlorohydrin, which is a known carcinogen (Kawabata 1981; Laskin
et al. 1980) and testicular toxicant (Cooper et al. 1974; Hahn 1970) in
animals. In contrast, reproductive effects were not found in workers
occupationally exposed to epichlorohydrin (Milby et al. 1981). However,
interpretation of this study was confounded by only partial participation of
the exposed cohort, by the lack of a matched control from the geographic area,
and the lack of exposure data. In conclusion, whether epichlorohydrin or
other chemicals have synergistic systemic, reproductive, or carcinogenic
effects in humans is not known.

2.7 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE
1,2-Dibromo-3-chloropropane toxicity to the reproductive system is

pronounced in males. Persons suffering from asthma or chronic respiratory
disease might be vulnerable to the respiratory irritant effects of
1,2-dibromo-3-chloropropane. Persons with impaired liver and kidney function
may also be more susceptible to the toxic effects of 1,2-dibromo-3-
chloropropane because these organs are involved in the detoxification and
excretion of this chemical.

2.8 MITIGATION OF TOXICOLOGICAL EFFECTS
This section will describe clinical practice and research concerning

methods for reducing toxic effects of exposure to 1,2-dibromo-3-chloropropane.
However, because some of the treatments discussed may be experimental and
unproven, this section should not be used as a guide for treatment of
exposures to 1,2-dibromo-3-chloropropane. When specific exposures have
occurred, poison control centers and medical toxicologists should be consulted
for medical advice.

No specific data were located regarding the mitigation of effects of
1,2-dibromo-3-chloropropane once it has entered the bloodstream and no
specific antidotes are known. Therefore, steps should be taken to minimize
exposure to this chemical, and in the event that exposure has taken place, to
limit absorption into the bloodstream. To minimize occupational exposure,
chemical protective clothing, gloves, face shields, and goggles should be
provided for workers (NIOSH 1988). In addition, exposure levels should be
maintained below permissible exposure limits. In situations where exposure
levels may exceed these limits, respirators may also be required. Absorption
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by persons who have been exposed to elevated levels of 1,2-dibromo-3-
chloropropane may be limited by removing the exposed individual from the
contaminated area and by removing contaminated clothing (Bronstein and
Currance 1988; NIOSH 1988; Stutz and Janusz 1988). Exposed skin should be
washed with soapy water and contaminated eyes flushed with water.
Proparacaine hydrochloride (0.5% solution) can be used to facilitate eye
irrigation (Bronstein and Currance 1988). Water or milk should be ingested
following oral exposure (Bronstein and Currance 1988; Stutz and Janusz 1988).
Activated charcoal should be given orally to adsorb the chemical. Emetics
should not be used (Bronstein and Currance 1988). Oxygen may be administered
and ventilation assistance provided as needed and standard procedures may be
used for the treatment of cardiac arrhythmias and pulmonary edema (Bronstein
and Currance 1988; Stutz and Janusz 1988).

Studies on the microsomal metabolism of 1,2-dibromo-3-chloropropane
showed that the chemical is converted to its epoxy derivatives that can be
further hydrolyzed or debrominated (Jones et al. 1979) (Jones et al. 1979;
Kale and Baum 1982a; Kato et al. 1979b). Some of the intermediate or end
metabolites (α-chlorohydrin, epichlorohydrin, oxalic acid, and a bromide ion)
may be responsible for observed toxic effects. The active metabolites are
able to bind covalently with nucleophilic sites of macromolecules, such as DNA
and protein. In vitro binding to liver protein was found to be enzymedependent
as demonstrated by alteration of the reaction with metabolic
modifiers (Kato et al. 1979b). The addition of nicotinamide adenine
dinucleotide phosphate (NADPH) to the system stimulated the binding, while the
addition of sesamex, an inhibitor of microsomal oxidation, inhibited the
binding (Kato et al. 1979b). Conversely, pretreatment of mice with
polybrominated biphenyls (PBB), inducers of microsomal enzymes, protected the
animals from 1,2-dibromo-3-chloropropane toxicity, perhaps by shifting the
metabolic pathway in favor of metabolites that do not bind to macromolecules
(Kluwe et al. 1981).

In the liver, conjugation of the reactive metabolites with GSH may
represent a detoxifying mechanism. The liver was the major site of GSH
conjugation with 1,2-dibromo-3-chloropropane metabolites in vivo (Kluwe et al.
1982), and the depletion of GSH correlated with observed toxicity in the
liver. That conjugation of intermediate metabolites with GSH is a detoxifying
mechanism was further demonstrated in rats (Kluwe et al. 1982). Pretreatment
of rats with diethyl maleate, a GSH depletor, increased the renal and hepatic
toxicity of the subsequent 1,2-dibromo-3-chloropropane dose.

In contrast, studies in animals indicated that conjugation with GSH is
not a detoxifying mechanism in the testes, but rather a toxifying mechanism
(Kluwe 1983; Lag et al. 1989a; Omichinski et al. 1988a, 1988b). 1,2-Dibromo-
3-chloropropane exposure causes a depletion of seminiferous epithelial germ
cells in humans (Biava et al. 1978) and in animals (Lag et al. 1989a). The
results of genotoxicity studies indicated that 1,2-dibromo-3-chloropropane
metabolites interact with the DNA of spermatogenic cells (Lee and Suzuki
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1979). The difference between the mechanism of toxicity in the liver and in
the testes precludes the clinical use of agents that would alter the
conjugation of metabolites with GSH. Agents that would deplete GSH could
protect against harmful effects of 1,2-dibromo-3-chloropropane in the testes
but would increase the toxicity in the liver. Agents that would prevent the
binding to germ cell DNA would decrease the toxicity in the testes.

2.9 ADEQUACY OF THE DATABASE
Section 104(i)(5) of CERCLA, as amended, directs the Administrator of

ATSDR (in consultation with the Administrator of EPA and agencies and programs
of the Public Health Service) to assess whether adequate information on the
health effects of 1,2-dibromo-3-chloropropane is available. Where adequate
information is not available, ATSDR, in conjunction with the National
Toxicology Program (NTP), is required to assure the initiation of a program of
research designed to determine the health effects (and techniques for
developing methods to determine such health effects) of 1,2-dibromo-
3-chloropropane.

The following categories of possible data needs have been identified by
a joint team of scientists from ATSDR, NTP, and EPA. They are defined as
substance-specific informational needs that, if met, would reduce or eliminate
the uncertainties of human health assessment. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

2.9.1 Existing Information on Health Effects of 1,2-Dibromo-3-chloropropane
The existing data on health effects of inhalation, oral, and dermal

exposure of humans and animals to 1,2-dibromo-3-chloropropane are summarized
in Figure 2-4. The purpose of this figure is to illustrate the existing
information concerning the health effects of 1,2-dibromo-3-chloropropane.
Each dot in the figure indicates that one or more studies provide information
associated with that particular effect. The dot does not imply anything about
the quality of the study or studies. Gaps in this figure should not be
interpreted as "data needs" information.

As seen from Figure 2-4, information regarding chronic systemic effects
(cardiovascular, hematological, and renal), neurologic, developmental and
reproductive effects, genotoxicity, and cancer exists for inhalation exposure
of humans to 1,2-dibromo-3-chloropropane. Human data regarding developmental,
reproductive, and genotoxic effects, and cancer were located for oral
exposure. No information was located regarding solely dermal exposure of
humans to 1,2-dibromo-3-chloropropane, although dermal exposure may have
contributed to the effects observed in studies of occupational exposures.

Studies in animals regarding death, systemic effects, neurologic
effects, developmental effects, reproductive effects, genotoxicity, and cancer
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were located for inhalation exposure. Oral studies provide information about
death, systemic, neurologic, developmental, and reproductive effects,
genotoxicity, and cancer. Information about death, effects on the skin and
eyes, and cancer for dermal exposure to 1,2-dibromo-3-chloropropane in animals
is available.

2.9.2 Data Needs
Acute-Duration Exposure. Reliable data regarding human acute toxicity

following exposure by any route were not located. Systemic effects observed
in animals exposed to 1,2-dibromo-3-chloropropane were either route specific
or nonspecific. Data were sufficient to identify target organs and systems in
animals. Respiratory tract irritation and toxicity were observed after
inhalation exposure (Saegusa et al. 1982; Torkelson et al. 1961),
gastrointestinal toxicity was reported after oral exposure (Ghanayem et al.
1986), and dermal irritation was reported after dermal exposure (Torkelson et
al. 1961). Hepatic and renal toxicity were observed after both inhalation and
oral exposures (Kato et al. 1980; Russell 1989; Torkelson et al. 1961).
Reproductive system toxicity was also reported after acute inhalation and oral
exposures (Saegusa et al. 1982; Teramoto et al. 1980). Pharmacokinetic data
are not sufficient to identify additional target organs following dermal
exposure. Since hepatic, renal, and reproductive toxicity seem to be common
effects of oral and inhalation exposure, and dermal lethality data suggest
that absorption occurs by the dermal route, further studies on dermal exposure
investigating the target organs might be useful. Dominant lethality was
observed in the lowest dose tested in available studies (Teramoto et al.
1980); therefore, an acute oral MRL could not be derived. Reproductive
toxicity of 1,2-dibromo-3-chloropropane in humans exposed occupationally for
intermediate durations suggests the possibility of similar effects for acuteduration
exposure. Furthermore, there are populations living near hazardous
waste sites that might be exposed to 1,2-dibromo-3-chloropropane in soil or
water through dermal contact, ingestion, or inhalation for brief periods of
time.

Intermediate-Duration Exposure. The results obtained from workers who
were exposed for intermediate durations show that 1,2-dibromo-3-chloropropane
is toxic to the male reproductive system (Potashnik et al. 1978, 1984; Whorton
et al. 1979). Data were sufficient to identify the male reproductive system
and other organs and systems as targets in animals. Respiratory tract
irritation and toxicity were observed in mice and rats after inhalation
exposure (NTP 1982). Hepatic and renal toxicity were observed after
inhalation and oral exposures of rats and mice in several studies (NTP 1982;
Rakhmatullayev 1969; Torkelson et al. 1961). Testicular changes were also
found in various species after both routes of exposure. MRLs were derived
from the most sensitive end point (reproductive) for inhalation (Rao et al.
1982) and oral (Foote et al. 1986a, 1986b) exposures. The only information
located regarding toxicity via dermal exposure of intermediate duration was
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crustiness of the skin of rabbits. An investigation of internal effects of
intermediate-duration dermal exposure may identify target organs similar to
those of oral and inhalation exposures. Because people who work with
1,2-dibromo-3-chloropropane or people living near hazardous waste sites may
have skin contact with soil or water contaminated with 1,2-dibromo-3-chloropropane
for intermediate durations, information about 1,2-dibromo-3-chloropropane
toxicity by the dermal route is important.

Chronic-Duration Exposure and Cancer. The evidence of reproductive
toxicity of 1,2-dibromo-3-chloropropane in humans after inhalation exposure is
substantial. One study regarding reproductive effects after oral exposure in
humans was located (Wong et al. 1988). Exposure to contaminated drinking
water probably represented not only oral exposure, but dermal and inhalation
exposure as well. Chronic oral and inhalation studies have been conducted in
rats and mice, and extensive histological examinations have identified the
target organs: respiratory after inhalation (NTP 1982); gastrointestinal,
hepatic, renal, and reproductive after oral exposure (Hazleton 1977, 1978a;
NC1 1978). No studies were located regarding 1,2-dibromo-3-chloropropane
toxicity after chronic dermal exposure. Although chronic inhalation NOAEL and
LOAEL values are available for most target organs and systems, a chronic
inhalation MRL was not derived because a reproductive NOAEL for chronic
exposure is not available, and a MRL derived for any other non-cancer end
point might not reflect adequate protection against reproductive effects. The
lowest available LOAEL cannot be used to derive an MRL because it does not
protect against reproductive effects and the data have not been verified as
statistically significant for the observed effects. Information regarding the
internal effects of chronic dermal exposure may identify target organs and
thresholds of dermal exposure in animals. This information is important
because populations living near waste sites for long periods of time might be
continuously exposed dermally to 1,2-dibromo-3-chloropropane in contaminated
media.

Well-conducted chronic inhalation, oral, and dermal exposure studies
provide evidence that 1,2-dibromo-3-chloropropane is carcinogenic in animals
(NC1 1978; NTP 1982; Van Duuren et al. 1979). This is supported by the
genotoxicity studies on prokaryotic and eukaryotic organisms. On the basis of
these data, IARC (1979) and EPA (1985a) concluded that there is sufficient
evidence for the carcinogenicity of 1,2-dibromo-3-chloropropane in animals.
EPA has classified 1,2-dibromo-3-chloropropane as a probable human carcinogen.
Further epidemiological studies of exposed workers would be useful to
determine the possible risk in humans.

Genotoxicity. A 1,2-dibromo-3-chloropropane-induced genotoxic effect
was reported in humans after occupational exposure. A higher incidence of
newborn girls than boys was observed among offspring of exposed men (Goldsmith
et al. 1984; Potashnik et al. 1984). In animals, dominant lethal effects were
induced after both inhalation and oral exposures in rats (but not in mice)
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(Rao et al. 1983; Teramoto et al. 1980). 1,2-Dibromo-3-chloropropane has been
tested in a number of studies in Drosophila melanogaster (Inoue et al. 1982;
Kale and Baum 1982a; Zimmering 1983). The induction of recessive lethals.
genetic crossing-over, chromosome loss, and heritable translocations were
observed. 1,2-Dibromo-3-chloropropane was also mutagenic in a battery of
in vitro tests in prokaryotic systems and in eukaryotic systems (Biles et al.
1978; Loveday et al. 1989; Moriya et al. 1983; Ratpan and Plauman 1988; Tezuka
et al. 1980). These data sufficiently characterize the genotoxic properties
of 1,2-dibromo-3-chloropropane, but further information about genotoxic
effects of 1,2-dibromo-3-chloropropane in humans would be useful. Cytogenetic
analysis of peripheral lymphocytes and sperm examination of exposed workers
and correlation of obtained results with exposure concentrations would be
helpful.

Reproductive Toxicity. The evidence that 1,2-dibromo-3-chloropropane is
toxic to male reproductive organs in workers who were exposed primarily by
inhalation is extensive (Eaton et al. 1986; Egnatz et al. 1980; Glass et al.
1979; Goldsmith et al. 1984; Lantz et al. 1981; NIOSH 1979; Potashnik et al.
1978, 1984; Whorton et al. 1977, 1979). The only information on reproductive
effects in low-dose orally exposed humans is that no changes in birth rates
were observed in populations that were exposed to 1,2-dibromo-3-
chloropropanecontaminated water (Wong et al. 1988). This route of exposure was not
studied in the human population sufficiently, and it might be important for
populations near the waste sites. Therefore, more studies regarding
reproductive ef.fects in humans after oral exposure from contaminated water
would be useful. The testicular toxicity of 1,2-dibromo-3-chloropropane after
inhalation and oral exposure was demonstrated in rats, but not in mice. AMRL
for intermediate-duration inhalation (Rao et al. 1982) exposure was derived
from a NOAEL for reproductive effects in the rabbit. More information for
reproductive effects from all routes of exposure and different exposure
durations, and on interspecies differences would be useful. No data were
located about reproductive toxicity of 1,2-dibromo-3-chloropropane after
dermal exposure, but skin contact with soil near hazardous waste sites, or
with contaminated water supplies may occur. Mostly negative results were
obtained for reproductive effects in experimental animals after inhalation and
oral exposure of females; however, ovarian cysts were reported in rats after
inhalation exposure (Rao et al. 1983). More data about 1,2-dibromo-
3-chloropropane toxicity to the female reproductive system would be useful.
More data about 1,2-dibromo-3-chloropropane reproductive toxicity in human
males might be helpful to correlate exposure levels with effects.

Developmental Toxicity. No developmental effects were observed among
workers who were exposed to 1,2-dibromo-3-chloropropane, but the cohort was
not big enough to give reliable information (Potashnik and Abeliovich 1985;
Potashnik and Phillip 1988). Negative results were obtained after examination
of the offspring in a population exposed to 1,2-dibromo-3-chloropropane
through drinking water (Whorton et al. 1989). Reduced litter weight and size
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were found in rats at doses that caused maternal toxicity (Johnston et al.
1986; Ruddick and Newsome 1979). No information about developmental toxicity
after dermal exposure is available. More data on developmental toxicity in
experimental animals would be useful to identify possible risks for humans.

Immunotoxicity. No data were located regarding immunological effects of
1,2-dibromo-3-chloropropane in humans after inhalation, oral, or dermal
exposure of any duration. Results of animal studies suggest that bone marrow
may be a target (NTP 1982). The apparent greater susceptibility of
1,2-dibromo-3-chloropropane-exposed animals to pulmonary infections also
suggests a possible immunologic effect. A battery of immune function tests
has not been performed in humans or in animals, but would provide valuable
information to confirm or refute the suggestive evidence. Studies regarding
skin sensitization with 1,2-dibromo-3-chloropropane have not been performed.

Neurotoxicity. Workers exposed to 1,2-dibromo-3-chloropropane
occupationally reported subjective neurological symptoms (Whorton et al.
1977). Depression of the central nervous system was observed in rats after
acute inhalation (Torkelson et al. 1961) and oral (Reel et al. 1984; Torkelson
et al. 1961) exposure. Histopathological changes in brains were detected
after intermediate and chronic inhalation exposures in animals (NTP 1982; Rao
et al. 1983). In contrast, no histopathological changes were found after oral
exposure in the same duration categories (Johnston et al. 1986; NC1 1978). No
data were located regarding neurotoxicity of 1,2-dibromo-3-chloropropane after
dermal exposure in animals. Additional neurological and neurobehavioral tests
in experimental animals would help to identify possible subtle neurological
effects and the exposures associated with them.

Epidemiological and Human Dosimetry Studies. Several epidemiological
studies have been conducted in humans exposed to 1,2-dibromo-3-chloropropane.
Some dealt with the occurrence of cardiovascular disease and cancer in the
exposed workers or in a population exposed to contaminated drinking water
(Hearn et al. 1984; Wong et al. 1984, 1989). The limitations of occupational
studies are coexposure to other chemicals and uncertainty about actual
1,2-dibromo-3-chloropropane concentrations in the workplace. More
retrospective studies would be useful to determine possible 1,2-dibromo-
3-chloropropane-induced mortality from cancer.

Other epidemiologic studies dealt with 1,2-dibromo-3-chloropropane
toxicity on the reproductive system after occupational exposure (Eaton et al.
1986; Egnatz et al. 1980; Glass et al. 1979; Goldsmith et al. 1984; Lantz et
al. 1981; NIOSH 1979; Potashnik et al. 1978, 1984; Whorton et al. 1979) or
exposure to contaminated drinking water (Wong et al. 1988). 1,2-Dibromo-
3-chloropropane-induced toxicity to the human male reproductive system was
well established in several cross-sectional studies. Reliable dosimetry data
on the exposed population and its correlation with early signs of mild
oligospermia would be useful. Follow-up studies of exposed workers would be
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of value to further determine the reversibility of testicular effects. The
determination of 1,2-dibromo-3-chloropropane toxicity to the female
reproductive system would be valuable. More data about the reproductive
outcome in exposed populations and the possibility of spontaneous abortions
after exposure would be useful. The inhalation and dermal routes of exposure
are important for occupationally exposed individuals; inhalation, oral, and
dermal exposure might be of concern to populations living near hazardous waste
sites as 1,2-dibromo-3-chloropropane might get into soil and then contaminate
the source of water used for bathing or drinking.

Biomarkers of Exposure and Effect. No biomarkers of exposure were
identified for 1,2-dibromo-3-chloropropane. Several studies indicated that
1,2-dibromo-3-chloropropane induced DNA damage and changes in the activity of
microsomal enzymes (Kluwe 1983; Suzuki and Lee 1981); however, these changes
are not.specific for 1,2-dibromo-3-chloropropane exposure and cannot be used
as biomarkers. Further studies regarding possible biochemical changes after
1,2-dibromo-3-chloropropane exposure would be useful. The identification of
1,2-dibromo-3-chloropropane metabolites in the urine and their correlation
with levels of exposure would also be useful.

Elevated levels of FSH were found in men exposed to 1,2-dibromo-
3-chloropropane (Whorton et al. 1979); however, this elevation does not
usually occur after a short-term exposure. It is associated with severe
testicular degeneration and azoospermia in exposed men. It might occur after
prolonged exposure or even after a nonexposure period following exposure in
unrecovered men. This assay, however, cannot be correlated with the early
signs of testicular toxicity. Further studies for developing specific early
biomarkers of disease would be useful. Identification of biochemical changes
in sperm would be particularly useful because sampling would involve methods
that are already used to monitor occupational exposure.

Absorption, Distribution, Metabolism, and Excretion. 1,2-Dibromo-
3-chloropropane can be absorbed through the lungs, gastrointestinal tract, and
skin, as indicated by toxicity studies (Gingell et al. 1987a; Kato et al.
1979a). Absorption has been studied specifically only after oral exposure
(Gingell et al. 1987a; Kato et al. 1979a). The absorption followed firstorder
kinetics, and no saturation has been observed with concentrations tested
thus far. In animals, 1,2-Dibromo-3-chloropropane is quickly distributed to
tissues throughout the body, with highest concentrations accumulating in
adipose tissue (Kato et al. 1979a, 1980). The metabolic pathway was
determined in rats (Jones et al. 1979). Excretion occurs mainly via urinary
metabolites in exposed animals, and smaller amounts are excreted in breath and
bile (Gingell et al. 1987b; Kato et al. 1979a). No comparisons have been made
regarding absorption, distribution, metabolism, and excretion via different
routes of exposure. Further studies in animals, especially after inhalation
exposure, would be useful. The determination of the urinary and breath
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excretion of 1,2-dibromo-3-chloropropane and its metabolites in exposed humans
with known exposure would be useful for future monitoring purposes.

Comparative Toxicokinetics. The differences between reproductive
toxicity in mice and rats were demonstrated in several studies. Similar
differences were observed in toxicokinetics between rats and hamsters (with
high testicular toxicity) and mice and guinea pigs (with low testicular
toxicity) (Lag et al. 1989a; MacFarland et al. 1984). Also, rabbits were
found to be more susceptible to reproductive effects than rats (Rao et al.
1982, 1983). The fact that reproductive toxicity of 1,2-dibromo-3-
chloropropane was also observed in humans might suggest that rabbits, and
possibly rats, could serve as a model for 1,2-dibromo-3-chloropropane
toxicity. Further investigation of toxicokinetics in different species and
the comparison of detected metabolites with those detected in humans would be
useful.

Mitigation of Toxicological Effects. No specific information was
located regarding mitigation of effects in 1,2-dibromo-3-chloropropane. The
characteristic effects of 1,2-dibromo-3-chloropropane-induced toxicity are
known, and nonspecific treatments for intoxicated persons have been
recommended (Bronstein and Currance 1988; NIOSH 1988; Stutz and Janusz 1988).
The mechanism of toxicity involves microsomal metabolism of 1,2-dibromo-
3-chloropropane to reactive intermediates that are capable of binding to
biological macromolecules such as DNA and protein. Conjugation of reactive
metabolites with GSH acts as a detoxifying mechanism in the liver (Kato et al.
1979b; Kluwe et al. 1982). In contrast, conjugation with GSH increases the
toxicity in the testes (Kluwe 1983). Agents that deplete GSH might,
therefore, decrease testicular toxicity but might also increase liver
toxicity. Therefore, the development of specific agents that prevent liver
and testicular toxicity by obstructing the binding of active metabolites to
DNA would be useful.

2.9.3 On-going Studies
No on-going studies were located regarding 1,2-dibromo-3-chloropropane

toxicity or toxicokinetics.
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3. CHEMICAL AND PHYSICAL INFORMATION

3.1 CHEMICAL IDENTITY
Data pertaining to the chemical identity of 1,2-dibromo-3-chloropropane

are listed in Table 3-l.

3.2 PHYSICAL AND CHEMICAL PROPERTIES
The physical and chemical properties of 1,2-dibromo-3-chloropropane

are presented in Table 3-2.
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4. PRODUCTION, IMPORT, USE, AND DISPOSAL

4.1 PRODUCTION

1,2-Dibromo-3-chloropropane was first produced commercially in the
United States in 1955 (IARC 1979). In 1969, U.S. production was 8.58 million
pounds (IARC 1979). Estimates of annual production during 1974-1975 ranged
from 18 to 20 million pounds (IARC 1979; NTP 1985). 1,2-Dibromo-3-
chloropropane is no longer commercially manufactured in the United States
(Hawley 1981; Sax and Lewis 1987). R.W. Greeff & Co., Inc., in Old Greenwich,
Connecticut, is listed as a current supplier of 1,2-dibromo-3-chloropropane
for domestic research purposes (OPD 1989). It is not known whether this
supplier produces 1,2-dibromo-3-chloropropane in the United States or imports
the chemical. Two companies were listed as producers of 1,2-dibromo-3-
chloropropane in 1977 (EPA 1989b). The production volume of Columbia Organic
Chemicals Co., in Columbia, South Carolina, was listed as less than 1,000
pounds. No production volume was listed for the other producer, Velsicol
Chemical Corp., in El Dorado, Arkansas. As 1,2-dibromo-3-chloropropane is no
longer used as a fumigant and nematocide in the United States, it is likely
that its current production volume in the United States, if any, is very low.

4.2 IMPORT/EXPORT
No quantitative data concerning the recent import or export of 1,2-

dibromo-3-chloropropane in the United States were found. Ameribrom Inc., in
New York, New York, was listed as an importer of 1,2-dibromo-3-chloropropane
in 1977; no import volume was listed (EPA 1989b). Because R.W. Greeff 6 Co.,
Inc., is listed as a current supplier of 1,2-dibromo-3-chloropropane (OPD
1989), it may be an importer of the chemical. It is unlikely that significant
amounts of the chemical are imported into the United States since its former
major uses as a soil fumigant and nematocide are no longer permitted in the
United States (EPA 1977, 1979, 1985b, 1985c). No significant exports are
expected since it has been reported that 1,2-dibromo-3-chloropropane is no
longer made in the United States (Hawley 1981; Sax and Lewis 1987).

4.3 USE
1,2-Dibromo-3-chloropropane is used as an intermediate in the synthesis

of organic chemicals, such as the brominated flame retardant tris[(2,3-
dibromopropyl)phosphate] (Verschueren 1983). Until 1977, 1,2-dibromo-3-
chloropropane was extensively used as a soil fumigant and nematocide on over
40 different crops in the United States (Anonymous 1988). The chemical was
used to protect field crops, vegetables, fruits and nuts, nursery and
greenhouse crops, and turf from pests (NTP 1985). From 1977 to 1979, EPA
suspended registration of products containing 1,2-dibromo-3-chloropropane
except for use on pineapples in Hawaii (Anonymous 1988; EPA 1977, 1979). In
1985, EPA issued an intent to cancel all registrations for 1,2-dibromo-3-
chloropropane-containing pesticide products, including use on pineapples.
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Subsequently, the use of existing stocks of 1,2-dibromo-3-chloropropane on
pineapples was prohibited (EPA 1985b, 1985c).

Prior to the cancellation of pesticide uses, 1,2-dibromo-3-chloropropane
was used extensively; 9.8 million pounds of 1,2-dibromo-3-chloropropane were
applied in 1974 (NTP 1985). In California, 831,000 pounds of the chemical
were applied, mainly on grapes and tomatoes, during 1977 (NTP 1985). The
volume of 1,2-dibromo-3-chloropropane applied to pineapple fields in Hawaii
between 1979 and 1985 was probably high, since during much of that time, the
chemical was the preferred fumigant for use on pineapple fields (Albrecht
1987).

4.4 DISPOSAL
1,2-Dibromo-3-chloropropane has been identified as a hazardous waste by

EPA, and the disposal of this compound is regulated under the federal Resource
Conservation and Recovery Act (RCRA) (EPA 1988b, 1988c). Specific information
regarding federal regulations on the land disposal of 1,2-dibromo-3-chloropropane
is provided in the Code of Federal Regulations (EPA 1988c). No
acceptable chemical decontamination is known for 1,2-dibromo-3-chloropropane
(HSDB 1989). Dilution of the chemical with a flammable solvent is necessary
for incineration to be effective, and the products must be passed through
scrubbers to remove the hydrogen bromide and hydrogen chloride that is
produced (HSDB 1989).
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5. POTENTIAL FOR HUMAN EXPOSURE

5.1 OVERVIEW
There are no known natural sources of 1,2-dibromo-3-chloropropane

(IARC 1979). Although data on releases of 1,2-dibromo-3-chloropropane to the
atmosphere, water, and soil are lacking, current releases of the chemical to
the environment that result from the production and use of the chemical are
probably low because the chemical is used only as an intermediate in organic
synthesis and for research purposes. Relatively minor releases to the
environment may still occur from contaminated soil, groundwater, and surface
water. This is especially true at or near agricultural areas where
1,2-dibromo-3-chloropropane had been extensively used in the past or where a
chemical spill occurred, and from hazardous waste sites where improper
disposal techniques were used.

1,2-Dibromo-3-chloropropane in soil is subject both to leaching into
groundwater and to volatilization to the atmosphere from near-surface soil, as
has been observed in field soil studies. Small amounts of 1,2-dibromo-3-
chloropropane may be absorbed through the soil roots and translocated to other
plant parts. 1,2-Dibromo-3-chloropropane that is present in water is expected
to volatilize to the atmosphere. 1,2-Dibromo-3-chloropropane is not expected
to adsorb significantly to sediment or suspended organic matter in water,
bioconcentrate in fish and other aquatic organisms, or to biomagnify from
lower to higher trophic levels of the food chain. The primary degradation
process for 1,2-dibromo-3-chloropropane in the atmosphere is estimated to
occur via gas-phase reaction with photochemically produced hydroxyl radicals.
Degradation of 1,2-dibromo-3-chloropropane in natural waters and soil is a
slow process. 1,2-Dibromo-3-chloropropane may be susceptible to slow
biodegradation in soil and natural waters based on the observation of
biologically mediated dehalogenation in certain soils. 1,2-Dibromo-
3-chloropropane residues that do not leach or volatilize appear to be very
persistent in soil based upon monitoring data. Laboratory experiments using
anoxic biofilm columns showed that biodegradation of 1,2-dibromo-
3-chloropropane in groundwater may occur under anaerobic conditions.

The general population may be infrequently exposed to very small amounts
of 1,2-dibromo-3-chloropropane through the ingestion of contaminated drinking
water and food. Since 1,2-dibromo-3-chloropropane is no longer used as a
fumigant and nematocide in the United States and since such use in the past
was limited to certain agricultural areas, widespread exposure of the general
public or of workers to 1,2-dibromo-3-chloropropane is not likely. Even in
the agricultural areas, exposure is probably minor.

EPA has identified 1,177 National Priorities list (NPL) sites.
1,2-Dibromo-3-chloropropane has been found at 8 of the sites evaluated for the
presence of this chemical (View 1990). However, we do not know how many of
the 1,177 sites have been evaluated for this chemical. As more sites are
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evaluated by the EPA, the number may change. The frequency of these sites
within the United States can be seen in Figure 5-l. The Contract Laboratory
Program (CLP) Statistical Database did not list 1,2-dibromo-3-chloropropane
among the compounds that are most commonly found at NPL waste sites in
groundwater, surface water, or soil (CLPSD 1989).

5.2 RELEASES TO THE ENVIRONMENT
5.2.1 Air

Data on releases of 1,2-dibromo-3-chloropropane to the atmosphere are
lacking. Significant releases to the atmosphere probably occurred in the past
due to the extensive manufacture and use of the chemical as a soil fumigant on
a wide variety of crops in the United States (Section 5.3.1) (Albrecht and
Chenchin 1985; Hodges and Lear 1974; NTP 1985; Peoples et al. 1980). However,
current releases of 1,2-dibromo-3-chloropropane to the atmosphere that result
from the production and use of the chemical are probably very low because the
chemical is used only as an intermediate in organic synthesis and for research
purposes. Use of 1,2-dibromo-3-chloropropane as a soil fumigant, the only
major purpose for which the chemical had been used in the past, is no longer
permitted in the United States (Anonymous 1988; EPA 1977, 1979, 1985b).
Releases to the atmosphere may continue to occur from soils that were treated
with 1,2-dibromo-3-chloropropane in the past and that still contain residues
in the soil. Further releases, may result from the use of well water and other
water sources that were contaminated with the chemical due to leaching through
soil. However, no data were found that would permit the estimation of the
amount that is currently being released to the ambient atmosphere. Additional
potential sources of release to the atmosphere include identified and
unidentified hazardous waste sites that contain 1,2-dibromo-3-chloropropane
either in surface water or in near-surface soil.

5.2.2  Water
Data on release of 1,2-dibromo-3-chloropropane to water are lacking.

Significant releases to water may have occurred in the past due to the
extensive manufacture and use of the chemical as a soil fumigant on a wide
variety of crops in the United States (Section 5.3.1), but current releases
are probably very low because the chemical is now used only as an intermediate
in organic synthesis and for research purposes. Its use as a soil fumigant,
the only major purpose for which the chemical was used in the past, is no
longer permitted in the United States (Section 4.3). The potential pathways
for release to surface waters include runoff from spill and hazardous waste
sites where improper disposal techniques were used, runoff from farmland that
was irrigated with contaminated well water or other water, and direct release
during manufacture and use as an intermediate for organic synthesis and
research. Releases to groundwater may occur via leaching of residues in
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agricultural soils that were treated with 1,2-dibromo-3-chloropropane in the
past, and via leaching through soils at hazardous waste and spill sites that
contain the chemical.

The CLP Statistical Database (CLPSD) did not list 1,2-dibromo-3-chloropropane
among the compounds most commonly found in groundwater or surface
water at NPL waste sites (CLPSD 1989).

5.2.3 Soil
Data on current release of 1,2-dibromo-3-chloropropane to soils are

lacking probably because few, if any, releases to soil are currently
occurring. Significant releases to soil occurred in the past as a result of
its extensive use as a soil fumigant on a wide variety of crops in the United
States (Section 5.3.1). Current releases are probably very low because the
chemical is used only as an intermediate in organic synthesis and for research
purposes. Its use as a soil fumigant, the only major purpose for which the
chemical was used in the past, is no longer permitted in the United States
(Section 4.3). Potential pathways for release to soil include disposal at
hazardous waste sites with improper disposal techniques, spills, and
irrigation with contaminated well water or other water. The CLPSD did not
list 1,2-dibromo-3-chloropropane among the compounds most commonly found in
soil at NPL waste sites (CLPSD 1989).

5.3 ENVIRONMENTAL FATE
5.3.1 Transport and Partitioning

1,2-Dibromo-3-chloropropane in soil is subject both to leaching into
groundwater and to volatilization from near-surface soil. The experimental
K,,s of approximately 149 in Lincoln fine sand (Wilson et al. 1981) and 128 in
an unspecified soil (Sabljic 1984) indicate that 1,2-dibromo-3-chloropropane
is highly mobile in soil (Swann et al. 1983). Data from field and laboratory
experiments confirm that 1,2-dibromo-3-chloropropane has a strong potential to
leach through soil to groundwater (Bomberger et al. 1983; Carter et al. 1984;
Hodges and Lear 1974; Kloos 1983; Oki and Giambelluca 1987; Wilson et al.
1981). The rate and extent that 1,2-dibromo-3-chloropropane leaches through
agricultural soil depend upon various factors that include the water-holding
capacity of the soil (which is related to the size of the air spaces in the
soil), the amount of organic matter in the soil, the amount of water applied,
and the method of 1,2-dibromo-3-chloropropane application (Hodges and Lear
1974).

In a study using primarily clay, silt, and sandy soils, mobility was
lowest in the clay soil, which had a higher content of organic matter than
both sandy and silt soil and a lower amount of air space between particles of
soil than was found in the silt soil (Hodges and Lear 1974). Mobility was
highest in the sandy soil, which had the largest spaces between soil particles
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(and therefore the fastest rate of water movement) and the lowest amount of
organic matter (Hodges and Lear 1974). Application of 1,2-dibromo-
3-chloropropane by either injection or application in irrigation water (flood
application) led to extensive and rapid penetration of the fumigant.
Application of 1,2-dibromo-3-chloropropane by injection led to greater
penetration in the clay and silt soils, compared to its flood application,
because it was retained near the soil surface in the latter case and was
subsequently lost to the atmosphere (Hodges and Lear 1974). An illustration
of the volatilization behavior of 1,2-dibromo-3-chloropropane from soil was
obtained in a study of a pineapple field that was treated with 4 gallons per
acre of the chemical injected to a depth of 12 inches (Albrecht and Chenchin
1985). 1,2-Dibromo-3-chloropropane concentration in the air at ground level
and at 42 inches above the ground reached peaks after 2 days (approximately
0.4 and 8 ppb, respectively), dropped off to non-detectable levels after
3 days, peaked after 6 days following a 6-mm rainfall on days 5-6
(approximately 1.2 and 0.5 ppb at ground level and 42 inches, respectively),
and dropped off but remained at measurable levels for the remainder of the
30-day experiment (Albrecht and Chenchin 1985). These data support results
obtained in modeling studies that predict that volatilization of 1,2-dibromo-
3-chloropropane from near-surface soil is important (Bomberger et al. 1983;
Jury et al. 1987). Estimated volatilization half-lives for 1,2-dibromo-
3-chloropropane that was evenly distributed in the top 10 cm of soil varied
between 0.6 days in dry soil with very low soil organic content to 26.2 days
in wet soil with relatively high soil organic content (Bomberger et al. 1983).
The use of plastic coverings over 1,2-dibromo-3-chloropropane treated fields
retards volatilization loss from soil.

Small amounts of 1,2-dibromo-3-chloropropane may be absorbed through the
roots of plants growing in 1,2-dibromo-3-chloropropane contaminated soil and
may be translocated to other parts of the plants (see Section 5.4.4.) (Carter
and Riley 1982; Newsome et al. 1977). 1,2-Dibromo-3-chloropropane was found
in peaches and in the roots and tops of carrots and radishes that were grown
in 1,2-dibromo-3-chloropropane treated soil. The generally lower amounts of
the chemical found in the foliage than in the roots of the carrot and radish
plants may have resulted from translocation from the roots or from absorption
of 1,2-dibromo-3-chloropropane that had volatilized from the soil to the air
(Newsome et al. 1977). The possibility of absorption of volatilized 1,2-
dibromo-3-chloropropane by the peaches appears to be a less likely explanation
than translocation because the 1,2-dibromo-3-chloropropane was applied to the
fields in the fall, months before the spring harvest of the peaches (Carter
and Riley 1984).

In the atmosphere, 1,2-dibromo-3-chloropropane is expected to exist
predominantly in the vapor phase based upon its vapor pressure (Table 3-2)
(Eisenreich et al. 1981; Munnecke and VanGundy 1979). Because significant
amounts of 1,2-dibromo-3-chloropropane are not likely to be present in the
particulate phase, dry deposition to the earth's surface is not a significant
removal process. Based upon its high water solubility (Table 3-2), the small
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amounts of 1,2-dibromo-3-chloropropane that are present in air may be removed
by wet deposition; however, much of the 1,2-dibromo-3-chloropropane removed
from the atmosphere by washout is likely to reenter the atmosphere by
volatilization. No experimental or predictive data were located in the
literature regarding the transport of 1,2-dibromo-3-chloropropane in the
atmosphere; however, the expected half-life of 36 days (Section 5.3.2.1)
indicates that it could be transported long distances in the atmosphere.

1,2-Dibromo-3-chloropropane that is present in water 'is expected to
volatilize rapidly to the atmosphere. Using the Henry's law constant, a halflife
of 13.5 hours was calculated for evaporation from a model river l-m deep,
flowing at 1 m/second, with a wind velocity of 3 m/second, and neglecting
adsorption to sediment (Thomas 1982). A volatilization half-life of 8 days
from a model pond can be estimated using a three-compartment EXAMS model (EPA
1985d). 1,2-Dibromo-3-chloropropane is not expected to adsorb significantly
to sediment and suspended organic matter based upon a KOC ranging between 128
and 149 (Sabljic 1984; Wilson et al. 1981). It is not expected to
bioconcentrate in fish and other aquatic organisms based upon an estimated
bioconcentration factor (BCF) of 11.2 (calculated from water solubility;
Table 3-2) (Bysshe 1982; Munnecke and VanGundy 1979). No data were located
that would indicate a potential for 1,2-dibromo-3-chloropropane to biomagnify
from lower to higher trophic states of aquatic or terrestrial food chains.

5.3.2 Transformation and Degradation
5.3.2.1 Air

The primary degradation process for 1,2-dibromo-3-chloropropane in the
atmosphere is likely to be a vapor-phase reaction with photochemically
produced hydroxyl radicals. The experimental rate constant for this process
is 4.4x10-13 cm3/molecule-set (Tuazon et al. 1986). This corresponds to a
half-life of 36 days at an estimated atmospheric concentration of
5~10~ hydroxyl radicals/cm3. Direct photolysis of 1,2-dibromo-3-chloropropane
is not expected to occur in the atmosphere since the chemical lacks a
chromophore that absorbs light at environmentally significant wavelengths
(greater than 290 nm) (Silverstein et al. 1974).

5.3.2.2 Water
Degradation of 1,2-dibromo-3-chloropropane in natural waters is a slow

process. It volatilizes from surface waters before significant degradation
can occur. Hydrolysis of 1,2-dibromo-3-chloropropane in natural waters is
unlikely to be an important removal process. The base hydrolysis rate
constant at 25°C of 20.6 hr-1 M-l was extrapolated from data obtained at 40°
100°C (Burlinson et al. 1982). This rate constant corresponds to half-lives
for hydrolysis of 38 years and 140 days at pH 7 and 9, respectively. Direct
photolysis of 1,2-dibromo-3-chloropropane is not likely to occur in
environmental waters since the chemical lacks a chromophore that absorbs light
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at environmentally significant wavelengths (greater than 290 nm) (Silverstein
et al. 1974).

No studies were located regarding the biodegradation of 1,2-dibromo-
3-chloropropane in natural waters. 1,2-Dibromo-3-chloropropane may be
susceptible to slow biodegradation in natural waters based upon the
observation of biologically mediated dehalogenation in certain soils amended
with a nutrient (Castro and Belser 1968). In experiments using anoxic biofilm
columns that were designed to resemble groundwater environments, 1,2-dibromo-
3-chloropropane was susceptible to biodegradation under conditions of
methanagenesis, denitrification, and sulfate respiration (Bouwer and Wright
1988). Although data from these experiments cannot be used to predict what
type of aquifer is likely to support biodegradation or the rate of
biodegradation to be expected, they indicate that some biodegradation of
1,2-dibromo-3-chloropropane in groundwater may occur under anaerobic
conditions.

5.3.2.3  Soil
1,2-Dibromo-3-chloropropane is subject to biodehalogenation in soilwater

suspensions (aerobic/anaerobic conditions not specified) in the presence
of an added nutrient (Castro and Belser 1968). Biodegradation did not occur
in the absence of the added glycerol nutrient or in suspensions of sterilized
soil. Approximately 75% of the soil samples that were tested affected
dehalogenation of 1,2-dibromo-3-chloropropane. The highest rate of
dehalogenation was 20% in 1 week at pH 8, which was measured by the rate of
bromide ion formation. The maximum observed yield of bromide from
1,2-dibromo-3-chloropropane was 63% of the theoretical yield in 4 weeks under
unspecified conditions. The data from these experiments suggest that
1,2-dibromo-3-chloropropane may be susceptible to biodegradation in soil under
certain conditions; however, it is not possible to predict the soils that will
biodegrade the chemical or what the rate of biodegradation might be (Castro
and Belser 1968). In another study, it appears that no degradation of
1,2-dibromo-3-chloropropane was observed in soil columns within 25 days under
aerobic conditions (Wilson et al. 1981). Based upon aqueous hydrolysis data,
chemical hydrolysis is not expected to be significant except in very alkaline
soils.

Based upon monitoring data obtained years after the last known
application, 1,2-dibromo-3-chloropropane residues that do not leach or
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volatilize appear to be very persistent in soil. For example, 1,2-dibromo-
3-chloropropane residues as high as 0.5 µg/kg were found in the soil at a site
6-7 years following the last known application (Nelson et al. 1981).

5.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT
5.4.1 Air

Few data concerning the detection of 1,2-dibromo-3-chloropropane in the
atmosphere were found. Ambient air surrounding bromine industry chemical
plants in the vicinity of two cities in Arkansas were analyzed for the
presence of 1,2-dibromo-3-chloropropane in 1976 and 1977 (Pellizzari et al.
1978). In the vicinity of Magnolia, Arkansas, the maximum concentration of
the chemical found in air surrounding a Dow Chemical Company plant was
6,653 ng/m3. The maximum concentration in the El Dorado, Arkansas, area was
187 ng/m3 at the Velsicol Chemical Corporation (Pellizzari et al. 1978). In a
study that reported data collected primarily between 1970 and 1980, the median
concentration of 1,2-dibromo-3-chloropropane was 1.8 ng/m3 in ambient air near
source-dominated areas; no data were listed for rural, remote, urban, or
suburban areas (Brodzinsky and Singh 1982). This study is not comprehensive
since it involved only scattered sampling of bromine industry chemical plants
in one state. Furthermore, the data are old and were taken when the chemical
was still being manufactured and widely used as a soil fumigant. Current
releases to the atmosphere from manufacturing or research-use point sources
are not likely to be significant since only limited amounts are presumed to be
made and used (Sections 4.3 and 5.2.1). Significant concentrations of the
chemical are probably not present in the ambient atmosphere at this time;
therefore, the background level estimated for ambient air is expected to be
less than'the detection limit. Exceptions may include air near hazardous
waste sites where 1,2-dibromo-3-chloropropane has been disposed, although no
data were found concerning atmospheric concentrations at these sites.

5.4.2 Water
Data concerning levels of 1,2-dibromo-3-chloropropane in water are

lacking, and those available are neither current nor comprehensive
(Table 5-l). The data in Table 5-l indicate that contamination of municipal
drinking water supplies was not widespread in the past. Where contamination
was found, the concentrations had been less than 10 µg/L; however,
concentrations as high as 95 and 137 µg/L have been reported in water from
drinking water wells in California and Arizona, respectively, although no
information was provided on possible sources of contamination (Burmaster
1982). In a study of water from drinking water wells in the Fresno area of
California's Central Valley conducted between 1979 and 1983, the tested wells
generally had seasonal concentration patterns ranging from a low in winter to
highs in spring/summer months. The 1,2-dibromo-3-chloropropane concentration
also changed with daily use patterns ranging from highs at the start of
pumping with lower concentrations as pumping continued (Kloos 1983). In a
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study of various waters in South Carolina sampled between 1979 and 1980,
concentrations of 1,2-dibromo-3-chloropropane in water from one of three
municipal water supplies ranged from 0.008 µg/L (detection limit) to 0.05 µg/L
in an area where 1,2-dibromo-3-chloropropane was not known to have been used
(Carter and Riley 1981).

Few data concerning the detection of 1,2-dibromo-3-chloropropane in
surface water were found. In a study of South Carolina surface waters that
were sampled between 1979 and 1980, concentrations of 1,2-dibromo-3-chloropropane
ranged from not detected (detection limit = 0.008 µg/L) to 0.05 µg/L
in areas where 1,2-dibromo-3-chloropropane usage rates ranged from non-use to
scattered use (Carter and Riley 1981). In high-use areas, 18 of 48 sites had
concentrations exceeding the background level of 0.05 µg/L; concentrations as
high as 0.35 µg/L were detected (Carter and Riley 1981). 1,2-Dibromo-3-
chloropropane was identified, but not quantified, in surface water at a
bromine industry chemical plant in the vicinity of Magnolia, Arkansas, which
was sampled in 1977 (Pellizzari et al. 1978).

These data, combined with the knowledge that use of 1,2-dibromo-
3-chloropropane as a soil fumigant has not been permitted in the United States
for several years, suggest that widespread exposure to the chemical in
drinking water is not likely. The estimated background level for groundwater
in areas where the chemical has not been used or disposed of in the past and
in surface water is less than the detection limit. In areas where it was used
as a soil fumigant, background levels of 0.001-0.008 µg/L can be expected
depending on the amount used and environmental conditions.

5.4.3 Soil
Few data concerning the detection of 1,2-dibromo-3-chloropropane in soil

were found. In a study conducted in 1980, 1,2-dibromo-3-chloropropane was
analyzed in soils and subsoils from fields at four sites that were known to
have been treated with 1,2-dibromo-3-chloropropane (the last application was
3-6 years prior to sampling) and where groundwater contamination with the
chemical had been identified (Nelson et al. 1981). The concentrations in the
soil and subsoils ranged from not detected (detection limit not stated) to
9 µg/kg (dry weight basis); higher levels were generally found in clay and
silt layers (Nelson et al. 1981). In 32 fields that had received 1,2-dibromo-
3-chloropropane treatments 2-4 years prior to sampling, the surface of the
topsoil contained approximately 2-5 µg/kg of the chemical (Peoples et al.
1980).

In another study, soil samples taken from two South Carolina peach
orchards with similar histories of 1,2-dibromo-3-chloropropane usage contained
mostly undetectable levels (detection limit 0.025 µg/kg), but up to less than
0.1 and less than 0.5 µg/kg of the chemical was found in soil from the two
orchards (Carter et al. 1984). Soil profile samples indicated that the
residues were usually found in the upper 90 cm (Carter et al. 1984). Higher
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levels of contamination in the groundwater at the first site were explained by
a spill in which a formulation containing 1,2-dibromo-3-chloropropane had
leaked from a rusting barrel (30 m from the well) leading to concentrations as
high as 7.844 µg/kg in the adjacent soil (Carter et al. 1984).

These data, combined with the knowledge that use of 1,2-dibromo-
3-chloropropane as a soil fumigant has not been permitted in the United States
for several years, suggest that widespread exposure to the chemical due to
contamination of soil is unlikely. The estimated background level for ambient
soil in areas where the chemical has not been used is less than the detection
limit. In areas where it was used as a soil fumigant or disposed, background
levels of up to 0.5 µg/kg can probably be expected.

5.4.4 Other Environmental Media
Few data concerning levels of 1,2-dibromo-3-chloropropane in other

environmental media were found. 1,2-Dibromo-3-chloropropane was tentatively
identified, not quantified, in sediment at a bromine industry chemical plant
in the vicinity of Magnolia, Arkansas, which was sampled in 1977 (Pellizzari
et al. 1978).

Peaches grown in soil treated by injection into the soil of 51.4 and
137.5 L/hectare of a fumigant formulation containing 1.45 kg/L of 1,2-dibromo-
3-chloropropane (peaches harvested between 183 and 217 days following
treatment) contained 0.13 and 0.72 ppb 1,2-dibromo-3-chloropropane (Carter and
Riley 1984). No residues were found in peaches grown in nonfumigated soil or
in soil treated at or below the recommended treatment rate of 46.8 L/treated
hectare (Carter and Riley 1984). In another study, Carter and Riley (1982)
found levels as high as 24.7 ppb in peaches that were treated 114 days prior
to harvest (application rate not reported). Carrots grown in soil that was
treated with 12.26 pounds/acre of 1,2-dibromo-3-chloropropane by injection to
a depth of 7 inches contained up to 1.50 ppm 3 weeks after treatment, and the
residues persisted for 16 weeks when fumigation was at seeding (Newsome et al.
1977). Most of the residues were contained in the pulp of the carrots and
two-thirds of the residues in unpeeled carrots disappeared when the carrots
were boiled for 5 minutes. The maximum concentration found in radishes from
treated fields (application rate of 12.26 pounds/acre of 1,2-dibromo-3-
chloropropane) was 0.194 ppm (Newsome et al. 1977).

1,2-Dibromo-3-chloropropane was found at concentrations between 15 and
25 ppb in a commercial sample of sodium humate that was apparently imported
from Germany (Gabbita 1986). It was not known whether the soil from which the
humate was extracted was itself contaminated with the chemical.
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5.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE
The general population may be exposed to 1,2-dibromo-3-chloropropane

through the ingestion of contaminated drinking water and food. Contaminated
drinking water is most likely to be derived from contaminated groundwater
sources at or near locations where 1,2-dibromo-3-chloropropane had been used
as a soil fumigant. Not only are these areas limited in number and size, but
the use of 1,2-dibromo-3-chloropropane as a soil fumigant has been banned for
some time; therefore, although no current and comprehensive data were found to
calculate an estimate of general population exposure to 1,2-dibromo-3-chloropropane
from drinking water, the estimate is expected to be minimal based upon
older data concerning the presence of 1,2-dibromo-3-chloropropane in drinking
water and groundwater in the United States (Section 5.4.2). Since use of
1,2-dibromo-3-chloropropane has been prohibited for several years, it seems
unlikely that foods recently harvested would contain 1,2-dibromo-3-chloropropane:
Foods grown in fields that were irrigated with water derived from
groundwater contaminated with 1,2-dibromo-3-chloropropane may contain small
amounts of 1,2-dibromo-3-chloropropane based upon detection of the chemical in
certain foods (Carter and Riley 1982, 1984; Newsome et al. 1977). Although
data are lacking, inhalation is not expected to contribute significantly to
general population exposure to 1,2-dibromo-3-chloropropane.

Due to the lack of recent comprehensive monitoring data, the average
daily intake of 1,2-dibromo-3-chloropropane and the relative significance of
each source of exposure cannot be determined. Since releases of 1,2-dibromo-
3-chloropropane to the environment are generally limited to areas where it was
used as a soil fumigant, a use which has been banned by the EPA in 1985,
widespread exposure to the chemical is not likely.

The National Occupational Hazard Survey (NOHS) conducted by the National
Institute for Occupational Safety and Health (NIOSH) between 1972 and 1974
statistically estimated that 9,682 workers were exposed to 1,2-dibromo-
3-chloropropane in the workplace in 1972 (RTECS 1984). The NOHS database does
not contain information on the frequency, concentration, or duration of
exposure of workers to any of the chemicals therein. The survey provides only
an estimate of the number of workers potentially exposed to chemicals in the
workplace; furthermore, the NOHS data are no longer valid to predict current
numbers of workers exposed to 1,2-dibromo-3-chloropropane in the United States
since the use of 1,2-dibromo-3-chloropropane as a soil fumigant (by far its
major use in the past) has been banned in the United States, and since it is
presumed that only relatively small amounts are produced for research
purposes, and for use as an intermediate in chemical synthesis. 1;2-Dibromo-
3-chloropropane was not listed by the National Occupational Exposure Survey
(NOES) conducted by NIOSH (NIOSH 1989).
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5.6  POPULATIONS WITH POTENTIALLY HIGH EXPOSURES
The highest levels of exposure may occur with workers who manufacture or

use the compound for research or as a chemical intermediate in synthesis.

Populations with potentially higher exposure than normal for the general
population include those in areas that obtain drinking water from contaminated
groundwater sources. These areas are generally at or near agricultural
regions where 1,2-dibromo-3-chloropropane had been used as a soil fumigant,
and include, for example, the San Joaquin Valley in California (Kloos 1983),
the pineapple-growing regions of Hawaii (Oki and Giambelluca 1987), and the
peach-growing regions of South Carolina (Carter and Riley 1981). Drinking
water derived from contaminated groundwater at or near hazardous waste sites
that contain 1,2-dibromo-3-chloropropane might contain the chemical and
contribute to exposure. Inhalation of contaminated air may contribute
significantly to overall exposure of the general public, especially for
populations living at or near hazardous waste dumps where 1,2-dibromo-
3-chloropropane has been found. Most, if not all, of these exposures are
expected to be rare and at relatively low levels.

5.7  ADEQUACY OF THE DATABASE
Section 104(i)(5) of CERCLA, as amended, directs the Administrator of

ATSDR (in consultation with the Administrator of EPA and agencies and programs
of the Public Health Service) ta assess whether adequate information on the
health effects of 1,2-dibromo-3-chloropropane is available. Where adequate
information is not available, ATSDR, in conjunction with the NTP, is required
to assure the initiation of a program of research designed to determine the 3
health effects (and techniques for developing methods to determine such health
effects) of 1,2-dibromo-3-chloropropane.

The following categories of possible data needs have been identified by
a joint team of scientists from ATSDR, NTP, and EPA. They are defined as
substance-specific informational needs that, if met, would reduce or eliminate
the uncertainties of human health assessment. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

5.7.1 Data Needs
Physical and Chemical Properties. Physical and chemical property data

are essential for estimating the transport and partitioning of a chemical in
the environment. Most of the essential physical and chemical properties
needed to estimate the environmental fate and transport of 1,2-dibromo-
3-chloropropane are available (Table 3-2) (IARC 1979; Munnecke and VanGundy
1979; Ruth 1986; Sabljic 1984; Sax and Lewis 1987; Stenger 1978; Thomas 1982;
Wilson et al. 1981; Windholz 1983). No experimental values are available for



100

5. POTENTIAL FOR HUMAN EXPOSURE

the log octanol/water partition coefficient (log KOW) and BCF. Since an
estimated log KOW was used to estimate the KOC and BCF, the availability of an
experimentally determined log KOW would lead to less uncertainty in those
estimated properties. While the techniques used for these estimations are
reasonably accurate (Bysshe 1982; EPA 1988a), having the experimentally
determined values would eliminate uncertainty concerning the reliability of
these data.

Production, Import/Export, Use, and Disposal. Data regarding the
production methods for 1,2-dibromo-3-chloropropane are available (Windholz
1983); however, data regarding current production volumes, release, and use
patterns are lacking. Current levels of production, release, and use are
considered relatively low due to the banning of the chemical's major use as a
soil fumigant. Use, release, and disposal data can be useful for determining
areas where environmental exposure to 1,2-dibromo-3-chloropropane may be high.
Based upon relatively outdated data, significant concentrations are expected
to be found mainly in the groundwater and drinking water derived from the
groundwater at or near areas where 1,2-dibromo-3-chloropropane was used
extensively as a soil fumigant (Burmaster 1982; Carter and Riley 1981; Cohen
1986; Kloos 1983; Kutz and Carey 1986; Nelson et al. 1981; Oki and Giambelluca
1987; Peoples et al. 1980; Westrick et al. 1984). Only general data are
available on the methods of disposal of 1,2-dibromo-3-chloropropane (HSDB
1989). Specific disposal information would be useful for determining the
effectiveness of the disposal methods. Regulations are available pertaining
to the restrictions upon the land disposal of 1,2-dibromo-3-chloropropane.

According to the Emergency Planning and Community Right-to-Know Act of
1986, 42 U.S.C. Section 11023, industries are required to submit chemical
release and off-site transfer information to the EPA. The Toxic Release
Inventory (TRI), which contains this information for 1987, became available in
May of 1989. This database will be updated yearly and should provide a list
of industrial production facilities and emissions. Information specifically
for 1,2-dibromo-3-chloropropane is dependent upon the current status of the
TRI.

Environmental Fate. The ultimate environmental fate of 1,2-dibromo-
3-chloropropane remains unclear due to a lack of experimental data. It is
known, however, that the chemical has a tendency to partition into groundwater
and into the atmosphere (Hodges and Lear 1974; Sabljic 1984; Wilson et al.
1981). It does not bind strongly to sediment or soil, but leaches rapidly
through soil. It is subject to volatilization from surface water and near
surface soil (Albrecht and Chenchin 1985; Bomberger et al. 1983; Thomas 1982).
It degrades in the atmosphere via reaction with hydroxyl radicals (Tuazon et
al. 1986). The chemical is not expected to significantly photolyze directly
or to hydrolyze in water, but it is not known whether it biodegrades in water.
It may biodegrade in certain soils provided adequate nutrients are available
(Castro and Belser 1968). Residues of 1,2-dibromo-3-chloropropane evaporate
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from near-surface soil and could leach through soil to groundwater.
Experimental data regarding the processes that determine the fate and
transport of 1,2-dibromo-3-chloropropane in air and soil are unavailable.
Nothing definite is known about the biodegradability of the compound in soil
or natural waters. Monitoring data obtained years after the last known
applications of 1,2-dibromo-3-chloropropane indicate that small residues of
the chemical are persistent in soil and groundwater (Carter and Riley 1981).
Experimental data concerning biodegradation in soil would aid in assessing the
ultimate environmental fate of 1,2-dibromo-3-chloropropane. This, in turn,
would aid in understanding the levels that may be found in the environment and
the observed or predicted levels of human exposure.

Bioavailability from Environmental Media. Studies have shown that
1,2-dibromo-3-chloropropane is absorbed through the gastrointestinal tract
(Kato et al. 1979a) (Section 2.3.1), indicating that it may be absorbed
through the ingestion of contaminated water and food. This suggests that
exposure to 1,2-dibromo-3-chloropropane may occur as the result of ingestion
of soil by children playing in hazardous waste sites. Thus, monitoring data
on the actual number of children who eat soil while playing at toxic waste
sites are needed. No data were found concerning absorption through the lungs
or through dermal contact. Knowledge of the bioavailability through the
various exposure routes is essential in assessing the potential body burdens
that may occur as a result of exposure to known environmental concentrations.

Food Chain Bioaccumulation. Experimental data regarding the bioconcentration
of 1,2-dibromo-3-chloropropane in plants, aquatic organisms, and

animals were not located in the literature. However, based on an estimated
BCF of 11.2, it is not expected to bioconcentrate in fish and other aquatic
organisms (Bysshe 1982; Munnecke and VanGundy 1979); thus biomagnification in
aquatic food chains is unlikely. Additional information on bioconcentration
in plants and animals and biomagnification in terrestrial food chains would be
helpful in assessing the potential for exposure of terrestrial animals at
higher trophic levels.

Exposure Levels in Environmental Media. The data concerning the
detection of 1,2-dibromo-3-chloropropane in the environment are so limited and
outdated that estimation of human intake is not possible (Brodzinski and Singh
1982; Burmaster 1982; Carter and Riley 1981; Cohen 1986; Kloos 1983;
Pellizzari et al. 1978; Peoples et al. 1980; Westrick et al. 1984). Current
and comprehensive monitoring data, especially in areas where the chemical has
been used in the past and is being used at the present time, would be helpful
to estimate human intake. This may pertain to food survey analyses since it
is difficult to ascertain whether the surveys to date tested for the presence
of 1,2-dibromo-3-chloropropane.

Exposure Levels in Humans. No monitoring data were found indicating
that 1,2-dibromo-3-chloropropane has been found in human tissues or blood.
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The only biological monitoring studies that were found analyzed human breath
samples for the presence of 1,2-dibromo-3-chloropropane (Pellizzari et al.
1978). 1,2-Dibromo-3-chloropropane was not found in any of the samples
tested. Data concerning the level of 1,2-dibromo-3-chloropropane in human
tissue samples would be helpful in assessing the extent of human exposure to
the chemical and in estimating its body burden.

Exposure Registries. No exposure registries for 1,2-dibromo-3-chloropropane
were located. This compound is not currently one of the compounds for
which a subregistry has been established in the National Exposure Registry.
The compound will be considered in the future when chemical selection is made
for subregistries to be established. The information that is amassed in the
National Exposure Registry facilitates the epidemiological research needed to
assess adverse health outcomes that may be related to exposure to this
compound. Determination of the number of workers who are exposed to this
compound may be included in the information since occupational exposure may be
the major area of exposure.

5.7.2 On-going Studies
As part of the Third National Health and Nutrition Evaluation Survey

(NHANES III), the Environmental Health Laboratory Sciences Division of the
Center for Environmental Health and Injury Control, Centers for Disease
Control, will be analyzing human blood samples for 1,2-dibromo-3-chloropropane
and other volatile organic compounds. These data will indicate the frequency
of occurrence and background levels of these compounds in the general
population.

Remedial investigations and feasibility studies conducted at the eight
NPL sites known to be contaminated with 1,2-dibromo-3-chloropropane will add
to the available database on exposure levels in environmental media, exposure
levels in humans, and exposure registries and will increase current knowledge
regarding the transport and transformation of 1,2-dibromo-3-chloropropane in
the environment.
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The purpose of this chapter is to describe the analytical methods that
are available for detecting and/or measuring and monitoring 1,2-dibromo-
3-chloropropane in environmental media and in biological samples. The intent
is not to provide an exhaustive list of analytical methods that could be used
to detect and quantify 1,2-dibromo-3-chloropropane. Rather, the intention is
to identify well-established methods that are used as the standard methods of
analysis. Many of the analytical methods used to detect 1,2-dibromo-
3-chloropropane in environmental samples are the methods approved by federal
agencies such as EPA. Additionally, analytical methods are included that
refine previously used methods to obtain lower detection limits, and/or to
improve accuracy and precision.

6.1 BIOLOGICAL MATERIALS
Methods for analyzing 1,2-dibromo-3-chloropropane in biological samples

are presented in Table 6-l. All of the methods listed utilize gas
chromatography (GC) with various detectors. For most of the methods,
detection limit and recovery data are not provided. No studies that reported
the analysis of 1,2-dibromo-3-chloropropane in urine were located in the
literature. With suitable modifications, the methods used for the
determination of this chemical in water samples may be applicable for its
determination in urine samples (Section 6.2).

6.2 ENVIRONMENTAL SAMPLES
Methods for analyzing 1,2-dibromo-3-chloropropane in environmental

samples are presented in Table 6-2. As with the methods for the analysis of
biological samples, all of the listed methods for the analysis of
environmental samples utilize GC with various detection methods. The
preconcentration/pretreatment methods use either adsorption onto a sorbent
column for air samples, purge-and-trap methods for environmental water, soil,
and solid samples, or simple extraction for food samples. The detection
systems used, which include halogen-specific detection (e.g., Hall
electrolytic conductivity detector), electron capture detector (ECD), and mass
spectrometry (MS), generally provide excellent detection limits. An advantage
of halogen-specific detectors is that they are not only very sensitive but
also are specific to halogen compounds. The mass spectrometer, on the other
hand, provides additional confirmation of a compound's identity through its
ion fragment patterns. High-resolution gas chromatography (HRGC) with
capillary columns provides better resolution for volatile compounds than
packed columns. In this method, desorbed compounds are cryogenically trapped
onto the head of the capillary column.
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6.3 ADEQUACY OF THE DATABASE
Section 104(i)(5) of CERCLA, as amended, directs the Administrator of

ATSDR (in consultation with the Administrator of EPA and agencies and programs
of the Public Health Service) to assess whether adequate information on the
health effects of 1,2-dibromo-3-chloropropane is available. Where adequate
information is not available, ATSDR, in conjunction with the NTP, is required
to assure the initiation of a program of research designed to determine the
health effects (and techniques for developing methods to determine such health
effects) of 1,2-dibromo-3-chloropropane.

The following categories of possible data needs have been identified by
a joint team of scientists from ATSDR, NTP, and EPA. They are defined as
substance-specific informational needs that, if met, would reduce or eliminate
the uncertainties of human health assessment. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

6.3.1 Data Needs
Methods for Determining Biomarkers of Exposure and Effect. No biomarker

that can be associated quantitatively with exposure to 1,2-dibromo-3-chloropropane
has been identified (Moody et al. 1984; Suzuki and Lee 1981; Tofilon
et al. 1980) (Section 2.5). If a biomarker in a human tissue or fluid were
available, and a correlation between the level of the biomarker and exposure
existed, it could be used as an indication of the levels and extent of
exposure to this chemical. If exposure to bromine compounds is limited to
1,2-dibromo-3-chloropropane, serum bromide can be used as an indication of
exposure (Torkelson et al. 1961). There are accurate techniques available
for this analysis.

No biomarker of effect that can be associated quantitatively and
directly attributed to 1,2-dibromo-3-chloropropane exposure has been
identified (Whorton et al. 1979) (Section 2.5). If biomarkers of effect were
available, and a correlation existed between the level or intensity of the
biomarker of effect and the level of exposure, it could be used as an
indication of the levels and extent of exposure to this chemical.

Methods for Determining Parent Compounds and Degradation Products in
Environmental Media. Methods for the determination of 1,2-dibromo-3-chloropropane
in environmental media are generally available (Albrecht et al. 1986;
Daft 1988, 1989; EPA 1986a, 1986b; Fredrickson et al. 1985; Garman et al.
1987; Ho 1989; Kastl et al. 1981; Mann et al. 1980; Pellizzari et al. 1985a,
1985b; Tonogai et al. 1986; Wallace et al. 1986). Groundwater contaminated by
leached 1,2-dibromo-3-chloropropane and air contaminated by volatilization of
1,2-dibromo-3-chloropropane from soil are the media of most concern for
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potential human exposure. The precision, accuracy, reliability, and
specificity of the methods for environmental waters are well documented and
well suited for the determination of low levels of 1,2-dibromo-3-chloropropane
and levels at which health effects occur; however, these data are lacking for
the soil methods.

6.3.2 On-going Studies
The Environmental Health Laboratory Sciences Division of the Center for

Environmental Health and Injury Control, Centers for Disease Control, is
developing methods for the analysis of 1,2-dibromo-3-chloropropane and other
volatile organic compounds in blood. These methods use purge-and-trap
methodology and magnetic sector mass spectrometry which give detection limits
in the low parts per trillion (ppt) range.

No other on-going studies were located.
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The international, national, and state regulations and guidelines
pertinent to human exposure to 1,2-dibromo-3-chloropropane are summarized in Table 7-
1.
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Acute Exposure -- Exposure to a chemical for a duration of 14 days or less, as
specified in the Toxicological Profiles.

Adsorption Coefficient (KOC) -- The ratio of the amount of a chemical adsorbed
per unit weight of organic carbon in the soil or sediment to the concentration
of the chemical in solution at equilibrium.

Adsorption Ratio (Kd) -- The amount of a chemical adsorbed by a sediment or
soil (i.e., the solid phase) divided by the amount of chemical in the solution
phase, which is in equilibrium with the solid phase, at a fixed solid/solution
ratio. It is generally expressed in micrograms of chemical sorbed per gram of
soil or sediment.

Bioconcentration Factor (BCF) -- The quotient of the concentration of a
chemical in aquatic organisms at a specific time or during a discrete time
period of exposure divided by the concentration in the surrounding water at
the same time or during the same period.

Cancer Effect Level (CEL) -- The lowest dose of chemical in a study, or group
of studies, that produces significant increases in the incidence of cancer (or
tumors) between the exposed population and its appropriate control.

Carcinogen -- A chemical capable of inducing cancer.
Ceiling Value -- A concentration of a substance that should not be exceeded,
even instantaneously.
Chronic Exposure -- Exposure to a chemical for 365 days or more, as specified
in the Toxicological Profiles.

Developmental Toxicity -- The occurrence of adverse effects on the developing
organism that may result from exposure to a chemical prior to conception
(either parent), during prenatal development, or postnatally to the time of
sexual maturation. Adverse developmental effects may be detected at any point
in the life span of the organism.

Embryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as a
result of prenatal exposure to a chemical; the distinguishing feature between
the two terms is the stage of development during which the insult occurred.
The terms, as used here, include malformations and variations, altered growth,
and in utero death.

EPA Health Advisory -- An estimate of acceptable drinking water levels for a
chemical substance based on health effects information. A health advisory is
not a legally enforceable federal standard, but serves as technical guidance
to assist federal, state, and local officials.
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Immediately Dangerous to Life or Health (IDLH) -- The maximum environmental
concentration of a contaminant from which one could escape within 30 min
without any escape-impairing symptoms or irreversible health effects.

Intermediate Exposure -- Exposure to a chemical for a duration of 15-364 days
as specified in the Toxicological Profiles.

Immunologic Toxicity -- The occurrence of adverse effects on the immune system
that may result from exposure to environmental agents such as chemicals.

In Vitro -- Isolated from the living organism and artificially maintained, as
in a test tube.

In Vivo -- Occurring within the living organism.
Lethal Concentration (LO) (LCLO )-- The lowest concentration of a chemical in
air which has been reported to have caused death in humans or animals.

Lethal Concentration(50) (LC50) -- A calculated concentration of a chemical in
air to which exposure for a specific length of time is expected to cause death
in 50% of a defined experimental animal population.

Lethal Dose(LO) (LDLO) -- The lowest dose of a chemical introduced by a route
other than inhalation that is expected to have caused death in humans or
animals.

Lethal Dose(50) (LD50) -- The dose of a chemical which has been calculated to
cause death in 50% of a defined experimental animal population.

Lethal Time(50) (LT50) -- A calculated period of time within which a specific
concentration of a chemical is expected to cause death in 50% of a defined
experimental animal population.

Lowest-Observed-Adverse-Effect Level (LOAEL) -- The lowest dose of chemical in
a study, or group of studies, that produces statistically or biologically
significant increases in frequency or severity of adverse effects between the
exposed population and its appropriate control.

Malformations -- Permanent structural changes that may adversely affect
survival, development, or function.

Minimal Risk Level -- An estimate of daily human exposure to a chemical that
is likely to be without an appreciable risk of deleterious effects
(noncancerous) over a specified duration of exposure.
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Mutagen -- A substance that causes mutations. A mutation is a change in the
genetic material in a body cell. Mutations can lead to birth defects,
miscarriages, or cancer.

Neurotoxicity -- The occurrence of adverse effects on the nervous system
following exposure to chemical.

No-Observed-Adverse-Effect Level (NOAEL)-- The dose of chemical at which
there were no statistically or biologically significant increases in frequency
or severity of adverse effects seen between the exposed population and its
appropriate control. Effects may be produced at this dose, but they are not
considered to be adverse.

Octanol-Water Partition Coefficient (KOW)-- The equilibrium ratio of the
concentrations of a chemical in n-octanol and water, in dilute solution.

Permissible Exposure Limit (PEL) -- An allowable exposure level in workplace
air averaged over an 8-hour shift.

q1* -- The upper-bound estimate of the low-dose slope of the dose-response
curve as determined by the multistage procedure. The q1* can be used to
calculate an estimate of carcinogenic potency, the incremental excess cancer
risk per unit of exposure (usually µg/L for water, mg/kg/day for food, and
µg/m3 for air).

Reference Dose (RfD) -- An estimate (with uncertainty spanning perhaps an
order of magnitude) of the daily exposure of the human population to a
potential hazard that is likely to be without risk of deleterious effects
during a lifetime. The RfD is operationally derived from the NOAEL (from
animal and human studies) by a consistent application of uncertainty factors
that reflect various types of data used to estimate RfDs and an additional
modifying factor, which is based on a professional judgment of the entire
database on the chemical. The RfDs are not applicable to nonthreshold effects
such as cancer.

Reportable Quantity (RQ) -- The quantity of a hazardous substance that is
considered reportable under CERCLA. Reportable quantities are (1) 1 lb or
greater or (2) for selected substances, an amount established by regulation
either under CERCLA or under Sect. 311 of the Clean Water Act. Quantities are
measured over a 24-hour period.

Reproductive Toxicity -- The occurrence of adverse effects on the reproductive
system that may result from exposure to a chemical. The toxicity may be
directed to the reproductive organs and/or the related endocrine system. The
manifestation of such toxicity may be noted as alterations in sexual behavior,
fertility, pregnancy outcomes, or modifications in other functions that are
dependent on the integrity of this system.
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Short-Term Exposure Limit (STEL) -- The maximum concentration to which workers
can be exposed for up to 15 min continually. No more than four excursions are
allowed per day, and there must be at least 60 min between exposure periods.
The daily TLV-TWA may not be exceeded.

Target Organ Toxicity -- This term covers a broad range of adverse effects on
target organs or physiological systems (e.g., renal, cardiovascular) extending
from those arising through a single limited exposure to those assumed over a
lifetime of exposure to a chemical.

Teratogen -- A chemical that causes structural defects that affect the
development of an organism.

Threshold Limit Value (TLV) -- A concentration of a substance to which most
workers can be exposed without adverse effect. The TLV may be expressed as a
TWA, as a STEL, or as a CL.

Time-Weighted Average (TWA) -- An allowable exposure concentration averaged
over a normal 8-hour workday or 40-hour workweek.

Toxic Dose (TD50) -- A calculated dose of a chemical, introduced by a route
other than inhalation, which is expected to cause a specific toxic effect in
50% of a defined experimental animal population.

Uncertainty Factor (UF) -- A factor used in operationally deriving the RfD
from experimental data. UFs are intended to account for (1) the variation in
sensitivity among the members of the human population, (2) the uncertainty in
extrapolating animal data to the case of human, (3) the uncertainty in
extrapolating from data obtained in a study that is of less than lifetime
exposure, and (4) the uncertainty in using LOAEL data rather than NOAEL data.
Usually each of these factors is set equal to 10.
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USER'S GUIDE
Chapter 1
Public Health Statement
This chapter of the profile is a health effects summary written in nontechnical
language. Its intended audience is the general public especially people living
in the vicinity of a hazardous waste site or substance release. If the Public
Health Statement were removed from the rest of the document, it would still
communicate to the lay public essential information about the substance.

The major headings in the Public Health Statement are useful to find specific
topics of concern. The topics are written in a question and answer format. The
answer to each question includes a sentence that will direct the reader to
chapters in the profile that will provide more information on the given topic.

Chapter 2
Tables and Figures for Levels of Significant Exposure (LSE)
Tables (2-1, 2-2, and 2-3) and figures (2-l and 2-2) are used to summarize health
effects by duration of exposure and endpoint and to illustrate graphically levels
of exposure associated with those effects. All entries in these tables and
figures represent studies that provide reliable, quantitative estimates of
No-Observed-Adverse-Effect Levels (NOAELS), Lowest-Observed- Adverse-Effect
Levels (LOAELs) for Less Serious and Serious health effects, or Cancer Effect
Levels (CELs). In addition, these tables and figures illustrate differences in
response by species, Minimal Risk Levels (MRLs) to humans for noncancer end
points, and EPA's estimated range associated with an upper-bound individual
lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000. The LSE tables and
figures can be used for a quick review of the health effects and to locate data
for a specific exposure scenario. The LSE tables and figures should always be
used in conjunction with the text.

The legends presented below demonstrate the application of these tables and
figures. A representative example of LSE Table 2-l and Figure 2-1 are shown.
The numbers in the left column of the legends correspond to the numbers in the
example table and figure.

LEGEND
See LSE Table 2-l

1) Route of Exposure One of the first considerations when reviewing the
toxicity of a substance using these tables and figures should be the
relevant and appropriate route of exposure. When sufficient data exist,
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three LSE tables and two LSE figures are presented in the document. The
three LSE tables present data on the three principal routes of exposure,
i.e., inhalation, oral, and dermal (LSE Table 2-1, 2-2, and 2-3,
respectively). LSE figures are limited to the inhalation (LSE Figure 2-i)
and oral (LSE Figure 2-2) routes.

2) Exposure Duration Three exposure periods: acute (14 days or less);
intermediate (15 to 364 days); and chronic (365 days or more) are
presented within each route of exposure. In this example, an inhalation
study of intermediate duration exposure is reported.

3) Health Effect The major categories of health effects included in
LSE tables and figures are death, systemic, immunological,
neurological, developmental, reproductive, and cancer. NOAELs and
LOAELs can be reported in the tables and figures for all effects but
cancer. Systemic effects are further defined in the "System" column
of the LSE table.

4) Key to Figure Each key number in the LSE table links study information
to one or more data points using the same key number in the corresponding
LSE figure. In this example, the study represented by key number 18 has
been used to define a NOAEL and a Less Serious LOAEL (also see the two
"18r" data points in Figure 2-l).

5) Species The test species, whether animal or human, are identified in this
column.

6) Exposure Freouencv/Duration The duration of the study and the weekly and
daily exposure regimen are provided in this column. This permits
comparison of NOAELs and LOAELs from different studies. In this case (key
number 18), rats were exposed to [substance x] via inhalation for 13
weeks, 5 days per week, for 6 hours per day.

7) System This column further defines the systemic effects. These systems
include: respiratory, cardiovascular, gastrointestinal, hematological,
musculoskeletal, hepatic, renal, and dermal/ocular. "Other" refers to any
systemic effect (e.g., a decrease in body weight) not covered in these
systems. In the example of key number 18, one systemic effect
(respiratory) was investigated in this study.

8) NOAEL A No-Observed-Adverse-Effect Level (NOAEL) is the highest exposure
level at which no harmful effects were seen in the organ system studied.
Key number 18 reports a NOAEL of 3 ppm for the respiratory system which
was used to derive an intermediate exposure, inhalation MRL of 0.005 ppm
(see footnote IIc").

9) LOAEL A Lowest-Observed-Adverse-Effect Level (LOAEL) is the lowest
exposure level used in the study that caused a harmful health effect.
LOAELs have been classified into "Less Serious" and "Serious" effects.
These distinctions help readers identify the levels of exposure at which
adverse health effects first appear and the gradation of effects with
increasing dose. A brief description of the specific end point used to
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quantify the adverse effect accompanies the LOAEL. The "Less Serious"
respiratory effect reported in key number 18 (hyperplasia) occurred at a
LOAEL of 10 ppm.

10) Reference The complete reference citation is given in Chapter 8 of the
profile.

11) CEL A Cancer Effect Level (CEL) is the lowest exposure level associated
with the onset of carcinogenesis in experimental or epidemiological
studies. CELs are always considered serious effects. The LSE tables and
figures do not contain NOAELs for cancer, but the text may report doses
which did not cause a measurable increase in cancer.

12) Footnotes Explanations of abbreviations or reference notes for data in
the LSE tables are found in the footnotes. Footnote "c" indicates the
NOAEL of 3 ppm in key number 18 was used to derive an MRL of 0.005 ppm.

LEGEND
See LSE Figure 2-l

LSE figures graphically illustrate the data presented in the corresponding LSE
tables. Figures help the reader quickly compare health effects according to
exposure levels for particular exposure duration.

13) Exposure Duration The same exposure periods appear as in the LSE table.
In this example, health effects observed within the intermediate and
chronic exposure periods are illustrated.

14) Health Effect These are the categories of health effects for which
reliable quantitative data exist. The same health effects appear in the
LSE table.

15) Levels of ExDosure Exposure levels for each health effect in the LSE
tables are graphically displayed in the LSE figures. Exposure levels are
reported on the log scale "y" axis. Inhalation exposure is reported in
mg/m3 or ppm and oral exposure is reported in mg/kg/day.

16) NOAEL In this example, 18r NOAEL is the critical end point for which an
intermediate inhalation exposure MRL is based. As you can see from the
LSE figure key, the open-circle symbol indicates a NOAEL for the test
species (rat). The key number 18 corresponds to the entry in the LSE
table. The dashed descending arrow indicates the extrapolation from the
exposure level of 3 ppm (see entry 18 in the Table) to the MRL of 0.005
ppm (see footnote "b" in the LSE table).

17) CEL Key number 38r is one of three studies for which Cancer Effect Levels
(CELs) were derived. The diamond symbol refers to a CEL for the test
species (rat). The number 38 corresponds to the entry in the LSE table.
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18) Estimated Upper-Bound Human Cancer Risk Levels This is the range

associated with the upper-bound for lifetime cancer risk of 1 in 10,000
to 1 in 10,000,000. These risk levels are derived from EPA's Human Health
Assessment Group's upper-bound estimates of the slope of the cancer dose
response curve at low dose levels (q1*).

19) Key to LSE Figure The Key explains the abbreviations and symbols used in
the figure.
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Chapter 2 (Section 2.4)
Relevance to Public Health
The Relevance to Public Health section provides a health effects summary based
on evaluations of existing toxicological, epidemiological, and toxicokinetic
information. This summary is designed to present interpretive,
weight-of-evidence discussions for human health end points by addressing the
following questions.

1. What effects are known to occur in humans?

2. What effects observed in animals are likely to be of concern to
   humans?

3. What exposure conditions are likely to be of concern to humans,
   especially around hazardous waste sites?

The section discusses health effects by end point. Human data are presented
first, then animal data. Both are organized by route of exposure (inhalation,
oral, and dermal) and by duration (acute, intermediate, and chronic). In vitro
data and data from parenteral routes (intramuscular, intravenous, subcutaneous,
etc.) are also considered in this section. If data are located in the
scientific literature, a table of genotoxicity information is included.

The carcinogenic potential of the profiled substance is qualitatively evaluated,
when appropriate, using existingtoxicokinetic, genotoxic, and carcinogenic data.
ATSDR does not currently assess cancer potency or perform cancer risk
assessments. MRLs for noncancer end points if derived, and the end points from
which they were derived are indicated and discussed in the appropriate
section(s).

Limitations to existing scientific literature that prevent a satisfactory
evaluation of the relevance to public health are identified in the Identification
of Data Needs section.

Interpretation of Minimal Risk Levels
Where sufficient toxicologic information was available, MRLs were derived. MRLs
are specific for route (inhalation or oral) and duration (acute, intermediate,
or chronic) of exposure. Ideally, MRLs can be derived from all six exposure
scenarios (e.g., Inhalation - acute, -intermediate, -chronic; Oral - acute, -
intermediate, - chronic). These MRLs are not meant to support regulatory action,
but to aquaint health professionals with exposure levels at which adverse health
effects are not expected to occur in humans. They should help physicians and
public health officials determine the safety of a community living near a
substance emission, given the concentration of a contaminant in air or the
estimated daily dose received via food or water. MRLs are based largely on
toxicological studies in animals and on reports of human occupational exposure.
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MRL users should be familiar with the toxicological information on which the
number is based. Section 2.4, "Relevance to Public Health," contains basic
information known about the substance. Other sections such as 2.6, "Interactions
with Other Chemicals" and 2.7, "Populations that are Unusually Susceptible"
provide important supplemental information.

MRL users should also understand the MRL derivation methodology. MRLs are
derived using a modified version of the risk assessment methodology used by the
Environmental Protection Agency (EPA) (Barnes and Dourson, 1988; EPA 1989a) to
derive reference doses (RfDs) for lifetime exposure.

To derive an MRL, ATSDR generally selects the end point which, in its best
judgement, represents the most sensitive humanhealth effect for a given exposure
route and duration. ATSDR cannot make this judgement or derive an MRL unless
information (quantitative or qualitative) is available for all potential effects
(e.g., systemic, neurological, and developmental). In order to compare NOAELs
and LOAELs for specific end points, all inhalation exposure levels are adjusted
for 24hr exposures and all intermittent exposures for inhalation and oral routes
of intermediate and chronic duration are adjusted for continous exposure (i.e.,
7 days/week). If the information and reliable quantitative data on the chosen
end point are available, ATSDR derives an MRL using the most sensitive species
(when information from multiple species is available) with the highest NOAEL that
does not exceed any adverse effect levels. The NOAEL is the most suitable end
point for deriving an MRL. When a NOAEL is not available, a Less Serious LOAEL
can be used to derive an MRL, and an uncertainty factor (UF) of 10 is employed.
MRLs are not derived from Serious LOAELs. Additional uncertainty factors of 10
each are used for human variability to protect sensitive subpopulations (people
who are most susceptible to the health effects caused by the substance) and for
interspecies variability (extrapolation from animals to humans). In deriving an
MRL, these individual uncertainty factors are multiplied together. The product
is then divided into the adjusted inhalation concentration or oral dosage
selected from the study. Uncertainty factors used in developing a
substance-specific MRL are provided in the footnotes of the LSE Tables.
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ACRONYMS, ABBREVIATIONS, AND SYMBOLS
ACIGH American Conference of Governmental Industrial Hygienists
ADME Absorption, Distribution, Metabolism, and Excretion
ATSDR Agency for Toxic Substances and Disease Registry
BCF bioconcentration factor
BSC Board of Scientific Counselors
CDC Centers for Disease Control
CEL Cancer Effect Level
CERCLA Comprehensive Environmental Response, Compensation, and Liability

Act
CFR Code of Federal Regulations
CLP Contract Laboratory Program
cm centimeter
CNS central nervous system
DHEW Department of Health, Education, and Welfare
DHHS Department of Health and Human Services
DOL Department of Labor
ECG electrocardiogram
EEG electroencephalogram
EPA Environmental Protection Agency
EKG see ECG
FAO Food and Agricultural Organization of the United Nations
FEMA Federal Emergency Management Agency
FIFRA Federal Insecticide, Fungicide, and Rodenticide Act
f1 first generation
fpm feet per minute
ft foot
FR Federal Register
g gram
GC gas chromatography
HPLC high performance liquid chromatography
hr hour
IDLH Immediately Dangerous to Life and Health
IARC International Agency for Research on Cancer
ILO International Labor Organization
in inch
Kd adsorption ratio
Kg kilogram
KOC octanol-soil partition coefficient
KOW octanol-water partition coefficient
L liter
LC liquid chromatography
LCLO lethal concentration low
LC50 lethal concentration 50 percent kill
LDLO lethal dose low
LD50 lethal dose 50 percent kill
LOAEL lowest-observed-adverse-effect level
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LSE Levels of Significant Exposure
m meter
mg milligram
min minute
mL milliliter
mm millimeters
mmo1 millimole
mppcf millions of particles per cubic foot
MRL Minimal Risk Level
MS mass spectroscopy
NIEHS National Institute of Environmental Health Sciences
NIOSH National Institute for Occupational Safety and Health
NIOSHTIC NIOSH's Computerized Information Retrieval System
nm nanometer
ng nanogram
NHANES       National Health and Nutrition Examination Survey
nmol nanomole
NOAEL no-observed-adverse-effect level
NOES National Occupational Exposure Survey
NOHS National Occupational Hazard Survey
NPL National Priorities List
NRC National Research Council
NTIS National Technical Information Service
NTP National Toxicology Program
OSHA Occupational Safety and Health Administration
PEL permissible exposure limit
pg picogram
pmo1 picomole
PHS Public Health Service
PMR proportional mortality ratio
ppb parts per billion
ppm parts per million
ppt parts per trillion
REL recommended exposure limit
RfD Reference Dose
RTECS Registry of Toxic Effects of Chemical Substances
sec second
SCE sister chromatid exchange
SIC Standard Industrial Classification
SMR standard mortality ratio
STEL short-term exposure limit
TLV threshold limit value
TSCA Toxic Substances Control Act
TRI Toxic Release Inventory
TWA time-weighted average
U.S. United States
UF uncertainty factor
WHO World Health Organization
> greater than
≥ greater than or equal to
= equal to
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< less than
≤ less than or equal to
% percent
α alpha
β beta
δ delta
γ gamma
µm micron
µg microgram
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PEER REVIEW

A peer review panel was assembled for 1,2-dibromo-3-chloropropane. The
panel consisted of the following members: Dr. James Bruckner, University of
Georgia, Athens, Georgia; Dr. Fumio Matsumura, University of California,
Davis, California; Dr. Donald Morgan, University of Iowa Medical School, Iowa
City, Iowa; Dr. Jay Silkworth, New York State Department of Health, Albany,
New York; Dr David Strayer, University of Texas, Houston, Texas. These
experts collectively have knowledge of 1,2-dibromo-3-chloropropane's physical
and chemical properties, toxicokinetics, key health end points, mechanisms of
action, human and animal exposure, and quantification of risk to humans. All
reviewers were selected in conformity with the conditions for peer review
specified in the Comprehensive Environmental Response, Compensation, and
Liability Act of 1986, Section 104.

Scientists from the Agency for Toxic Substances and Disease Registry
(ATSDR) have reviewed the peer reviewers' comments and determined which
comments will be included in the profile. A listing of the peer reviewers'
comments not incorporated in the profile, with a brief explanation of the
rationale for their exclusion, exists as part of the administrative record for
this compound. A list of databases reviewed and a list of unpublished
documents cited are also included in the administrative record.
The citation of the peer review panel should not be understood to imply
its approval of the profile's final content. The responsibility for the
content of this profile lies with the ATSDR.
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FOREWORD  
 
This toxicological profile is prepared in accordance with guidelines developed by the Agency for Toxic 
Substances and Disease Registry (ATSDR) and the Environmental Protection Agency (EPA).  The 
original guidelines were published in the Federal Register on April 17, 1987.  Each profile will be revised 
and republished as necessary. 
 
The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse health effects 
information for the hazardous substance described therein.  Each peer-reviewed profile identifies and 
reviews the key literature that describes a hazardous substance’s toxicologic properties.  Other pertinent 
literature is also presented, but is described in less detail than the key studies.  The profile is not intended 
to be an exhaustive document; however, more comprehensive sources of specialty information are 
referenced. 
 
The focus of the profiles is on health and toxicologic information; therefore, each toxicological profile 
begins with a public health statement that describes, in nontechnical language, a substance’s relevant 
toxicological properties.  Following the public health statement is information concerning levels of 
significant human exposure and, where known, significant health effects.  The adequacy of information to 
determine a substance’s health effects is described in a health effects summary.  Data needs that are of 
significance to protection of public health are identified by ATSDR and EPA. 
 
 Each profile includes the following: 
 
 (A) The examination, summary, and interpretation of available toxicologic information and 

epidemiologic evaluations on a hazardous substance to ascertain the levels of significant human 
exposure for the substance and the associated acute, subacute, and chronic health effects; 

 
 (B) A determination of whether adequate information on the health effects of each substance 

is available or in the process of development to determine levels of exposure that present a 
significant risk to human health of acute, subacute, and chronic health effects; and 

 
 (C) Where appropriate, identification of toxicologic testing needed to identify the types or 

levels of exposure that may present significant risk of adverse health effects in humans. 
 
The principal audiences for the toxicological profiles are health professionals at the Federal, State, and 
local levels; interested private sector organizations and groups; and members of the public.   
 
This profile reflects ATSDR’s assessment of all relevant toxicologic testing and information that has been 
peer-reviewed.  Staff of the Centers for Disease Control and Prevention and other Federal scientists have 
also reviewed the profile.  In addition, this profile has been peer-reviewed by a nongovernmental panel 
and was made available for public review.  Final responsibility for the contents and views expressed in 
this toxicological profile resides with ATSDR. 
 
 

Julie Louise Gerberding, M.D., M.P.H. 
Administrator 

Agency for Toxic Substances and 
Disease Registry 
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*Legislative Background 
 
The toxicological profiles are developed in response to the Superfund Amendments and Reauthorization 
Act (SARA) of 1986  (Public law 99-499) which amended the Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980  (CERCLA or Superfund).  This public law directed ATSDR to 
prepare toxicological profiles for hazardous substances most commonly found at facilities on the 
CERCLA National Priorities List and that pose the most significant potential threat to human health, as 
determined by ATSDR and the EPA.  The availability of the revised priority list of 275  hazardous 
substances was announced in the Federal Register on November 17, 1997 (62  FR 61332).  For prior 
versions of the list of substances, see Federal Register notices dated April 29, 1996 (61 FR 18744); April 
17, 1987 (52 FR 12866); October 20, 1988 (53 FR 41280); October 26, 1989 (54 FR 43619); October 17, 
1990 (55 FR 42067); October 17, 1991 (56 FR 52166); October 28, 1992 (57 FR 48801); and February 
28, 1994 (59 FR 9486).  Section 104(i)(3) of CERCLA, as amended, directs the Administrator of ATSDR 
to prepare a toxicological profile for each substance on the list. 
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QUICK REFERENCE FOR HEALTH CARE PROVIDERS 
 
Toxicological Profiles are a unique compilation of toxicological information on a given hazardous 
substance.  Each profile reflects a comprehensive and extensive evaluation, summary, and interpretation 
of available toxicologic and epidemiologic information on a substance.  Health care providers treating 
patients potentially exposed to hazardous substances will find the following information helpful for fast 
answers to often-asked questions. 
 
 
Primary Chapters/Sections of Interest 
 
Chapter 1:  Public Health Statement: The Public Health Statement can be a useful tool for educating 

patients about possible exposure to a hazardous substance.  It explains a substance’s relevant 
toxicologic properties in a nontechnical, question-and-answer format, and it includes a review of 
the general health effects observed following exposure. 

 
Chapter 2:  Relevance to Public Health: The Relevance to Public Health Section evaluates, interprets, 

and assesses the significance of toxicity data to human health. 
 
Chapter 3:  Health Effects: Specific health effects of a given hazardous compound are reported by type 

of health effect (death, systemic, immunologic, reproductive), by route of exposure, and by length 
of exposure (acute, intermediate, and chronic).  In addition, both human and animal studies are 
reported in this section.  

 NOTE: Not all health effects reported in this section are necessarily observed in the clinical 
setting.  Please refer to the Public Health Statement to identify general health effects observed 
following exposure. 

 
Pediatrics:  Four new sections have been added to each Toxicological Profile to address child health 

issues: 
 Section 1.6 How Can (Chemical X) Affect Children? 
 Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)? 
 Section 3.7 Children’s Susceptibility 
 Section 6.6 Exposures of Children 
 
Other Sections of Interest: 
 Section 3.8  Biomarkers of Exposure and Effect 
 Section 3.11  Methods for Reducing Toxic Effects 
 
 
ATSDR Information Center  
 Phone:   1-888-42-ATSDR or (404) 498-0110  Fax:   (770) 488-4178 
 E-mail:   atsdric@cdc.gov  Internet:   http://www.atsdr.cdc.gov 
 
The following additional material can be ordered through the ATSDR Information Center: 
 
Case Studies in Environmental Medicine: Taking an Exposure History—The importance of taking an 

exposure history and how to conduct one are described, and an example of a thorough exposure 
history is provided.  Other case studies of interest include Reproductive and Developmental 
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Hazards; Skin Lesions and Environmental Exposures; Cholinesterase-Inhibiting Pesticide 
Toxicity; and numerous chemical-specific case studies. 

 
Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene 

(prehospital) and hospital medical management of patients exposed during a hazardous materials 
incident.  Volumes I and II are planning guides to assist first responders and hospital emergency 
department personnel in planning for incidents that involve hazardous materials.  Volume III—
Medical Management Guidelines for Acute Chemical Exposures—is a guide for health care 
professionals treating patients exposed to hazardous materials. 

 
Fact Sheets (ToxFAQs) provide answers to frequently asked questions about toxic substances. 
 
 
Other Agencies and Organizations 
 
The National Center for Environmental Health (NCEH) focuses on preventing or controlling disease, 

injury, and disability related to the interactions between people and their environment outside the 
workplace.  Contact:  NCEH, Mailstop F-29, 4770 Buford Highway, NE, Atlanta, 
GA 30341-3724 • Phone: 770-488-7000 • FAX: 770-488-7015. 

 
The National Institute for Occupational Safety and Health (NIOSH) conducts research on occupational 

diseases and injuries, responds to requests for assistance by investigating problems of health and 
safety in the workplace, recommends standards to the Occupational Safety and Health 
Administration (OSHA) and the Mine Safety and Health Administration (MSHA), and trains 
professionals in occupational safety and health.  Contact: NIOSH, 200 Independence Avenue, 
SW, Washington, DC 20201 • Phone: 800-356-4674 or NIOSH Technical Information Branch, 
Robert A. Taft Laboratory, Mailstop C-19, 4676 Columbia Parkway, Cincinnati, OH 45226-
1998 • Phone: 800-35-NIOSH. 

 
The National Institute of Environmental Health Sciences (NIEHS) is the principal federal agency for 

biomedical research on the effects of chemical, physical, and biologic environmental agents on 
human health and well-being.  Contact:  NIEHS, PO Box 12233, 104 T.W. Alexander Drive, 
Research Triangle Park, NC 27709 • Phone: 919-541-3212. 

 
 
Referrals 
 
The Association of Occupational and Environmental Clinics (AOEC) has developed a network of clinics 

in the United States to provide expertise in occupational and environmental issues.  Contact:  
AOEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 • Phone:  202-347-
4976 • FAX:  202-347-4950 • e-mail: AOEC@AOEC.ORG • Web Page:  http://www.aoec.org/. 

 
The American College of Occupational and Environmental Medicine (ACOEM) is an association of 

physicians and other health care providers specializing in the field of occupational and 
environmental medicine.  Contact:  ACOEM, 55 West Seegers Road, Arlington Heights, 
IL 60005 • Phone:  847-818-1800 • FAX:  847-818-9266. 
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CONTRIBUTORS 
 
 
CHEMICAL MANAGER(S)/AUTHOR(S): 
 
Malcolm Williams, DVM, Ph.D. 
ATSDR, Division of Toxicology and Environmental Medicine, Atlanta, GA 
 
Stephen Bosch, B.S. 
Daniel Plewak, B.S. 
Syracuse Research Corporation, North Syracuse, NY 
 
THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS: 
 
 
1. Health Effects Review.  The Health Effects Review Committee examines the health effects 

chapter of each profile for consistency and accuracy in interpreting health effects and classifying 
end points. 

 
2. Minimal Risk Level Review.  The Minimal Risk Level Workgroup considers issues relevant to 

substance-specific Minimal Risk Levels (MRLs), reviews the health effects database of each 
profile, and makes recommendations for derivation of MRLs. 

 
3. Data Needs Review.  The Research Implementation Branch reviews data needs sections to assure 

consistency across profiles and adherence to instructions in the Guidance. 
 
4. Green Border Review.  Green Border review assures the consistency with ATSDR policy. 
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PEER REVIEW 
 
 
A peer review panel was assembled for 1,2-, 1,3-, and 1,4-dichlorobenzenes.  The panel consisted of the 
following members:  
 
1. Dr. Olen Brown, Emeritus Research Professor, University of Missouri, 527 North Cedar Lake 

Drive West, Columbia, Missouri; 
 
2. Dr. Robert Michaels, President, RAM TRAC Corporation, 3100 Rosendale Road, Schenectady, 

New York; and 
 
3. Dr. Clint Skinner, President, Skinner Associates, 3985 Shooting Star Road, Creston, California. 
 
These experts collectively have knowledge of dichlorobenzenes’ physical and chemical properties, 
toxicokinetics, key health end points, mechanisms of action, human and animal exposure, and 
quantification of risk to humans.  All reviewers were selected in conformity with the conditions for peer 
review specified in Section 104(I)(13) of the Comprehensive Environmental Response, Compensation, 
and Liability Act, as amended. 
 
Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed the peer 
reviewers' comments and determined which comments will be included in the profile.  A listing of the 
peer reviewers' comments not incorporated in the profile, with a brief explanation of the rationale for their 
exclusion, exists as part of the administrative record for this compound.   
 
The citation of the peer review panel should not be understood to imply its approval of the profile's final 
content.  The responsibility for the content of this profile lies with the ATSDR. 
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1.  PUBLIC HEALTH STATEMENT 
 

This public health statement tells you about dichlorobenzenes (DCBs) and the effects of 

exposure to them.   

 

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in 

the nation.  These sites are then placed on the National Priorities List (NPL) and are targeted for 

long-term federal clean-up activities.  1,2-, 1,3-, and 1,4-Dichlorobenzene have been identified in 

at least 281, 175, and 330, respectively, of the 1,662 current or former NPL sites.  Although the 

total number of NPL sites evaluated for these substances is not known, the possibility exists that 

the number of sites at which dichlorobenzenes are found may increase in the future as more sites 

are evaluated.  This information is important because these sites may be sources of exposure and 

exposure to these substances may harm you. 

 

When a substance is released either from a large area, such as an industrial plant, or from a 

container, such as a drum or bottle, it enters the environment.  Such a release does not always 

lead to exposure.  You can be exposed to a substance only when you come in contact with it.  

You may be exposed by breathing, eating, or drinking the substance, or by skin contact. 

 

If you are exposed to dichlorobenzenes, many factors will determine whether you will be 

harmed.  These factors include the dose (how much), the duration (how long), and how you 

come in contact with them.  You must also consider any other chemicals you are exposed to and 

your age, sex, diet, family traits, lifestyle, and state of health. 

 

1.1   WHAT ARE DICHLOROBENZENES? 
 

Each of the three types of DCBs (i.e., 1,2-DCB, 1,3-DCB, and 1,4-DCB) contains two chlorine 

atoms connected to one benzene molecule.  1,2-DCB is a colorless to pale yellow liquid used to 

make herbicides.  1,3-DCB is a colorless liquid used to make herbicides, insecticides, medicine, 

and dyes.  1,4-DCB, the most important of the three chemicals, is a colorless to white solid.  It 
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smells like mothballs and it is one of two chemicals commonly used to make mothballs.  

1,4-DCB also is used to make deodorant blocks used in garbage cans and restrooms, and to help 

control odors in animal-holding facilities.  1,4-DCB has been used as an insecticide on fruit and 

as an agent to control mold and mildew growth on tobacco seeds, leather, and some fabrics.  

Recently, using 1,4-DCB to make resins has become very important. 

 

When a package of 1,4-DCB is opened, it ‘sublimates’, that is, it slowly changes from a solid 

into a vapor, and enters the atmosphere.  The vapor acts as a deodorizer and insect killer.  Most 

of the 1,2-, 1,3-, and 1,4-DCB released into the environment is present as a vapor.  DCBs can 

burn, but they do not burn easily.  Most people begin to smell 1,4-DCB when it is in the air at a 

concentration of 0.18 parts per million (ppm) and 0.011 ppm in water. 

 

DCBs do not occur naturally; chemical companies produce them to make products for home use 

and other chemicals such as herbicides and plastics.  More information about the properties and 

uses of 1,2-, 1,3-, and 1,4-DCB is provided in Chapters 4 and 5. 

 

1.2   WHAT HAPPENS TO DICHLOROBENZENES WHEN THEY ENTER THE 
ENVIRONMENT? 

 

Most of the 1,4-DCB enters the environment when it is used in mothballs and in toilet-deodorizer 

blocks.  Some 1,4-DCB is released to the air by factories that make or use it, and only a little is 

released to soil and water.  Very little 1,4-DCB enters the environment from hazardous waste 

sites.  Some 1,2- and 1,3-DCBs are released into the environment when used to make herbicides 

and when people use products that contain these chemicals.  Companies that make 1,4-DCB also 

make unwanted amounts of 1,2-DCB during the process.  1,2-DCB is released to the 

environment when companies dispose of these unwanted supplies. 

 

Because DCBs do not dissolve easily in water, the small amounts that enter water quickly 

evaporate into the air.  If they are released to groundwater, they may be transported through the 

ground to surface water.  Sometimes, DCBs bind to soil and sediment.  DCBs in soil usually are 
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not easily broken down by soil organisms.  Evidence suggests that plants and fish absorb DCBs.  

1,4-DCB has been detected at concentrations of up to 470 parts per billion (ppb) in fish. 

 

More information about DCBs in the environment is provided in Chapters 5 and 6. 

 

1.3   HOW MIGHT I BE EXPOSED TO DICHLOROBENZENES? 
 

Humans are exposed to 1,4-DCB mainly by breathing vapors from 1,4-DCB products used in the 

home, such as mothballs and toilet-deodorizer blocks.  Reported levels of 1,4-DCB in some 

homes and public restrooms have ranged from 0.291 to 272 parts of 1,4-DCB per billion parts 

(ppb) of air.  1,2- and 1,3-DCB are not found frequently in the air of homes and buildings 

because, unlike 1,4-DCB, these chemicals are not used in household products.  Outdoor levels of 

1,4-DCB range from 0.01 to 1 ppb and are much lower than levels in homes and buildings.  

Levels in the air around hazardous waste sites are low and range from 0.01 to 4.2 ppb.  Outdoor 

air levels generally range from 0.01 to 0.1 ppb for 1,2-DCB and from 0.001 to 0.1 ppb for 

1,3-DCB. 

 

DCBs have been found in samples of drinking water from surface water sources.  1,4-DCB was 

found in 13% of surface water samples collected during a national survey.  These samples 

contained about 0.008–154 ppb of 1,4-DCB.  DCBs also have been found in drinking water from 

wells but at low concentrations.  DCBs are found only infrequently in soil, but they have been 

detected in soil around hazardous waste sites in the United States. 

 

DCBs have been detected in beef, pork, chicken, eggs, baked goods, soft drinks, butter, peanut 

butter, fruits, vegetables, and fish.  However, the levels of DCBs in foods are generally low. 

 

The average daily adult intake of 1,4-DCB is about 35 micrograms (µg), which comes mainly 

from breathing 1,4-DCB vapors released from products in homes and businesses.  The average 

daily adult respiratory exposure of the other DCBs is about 1.8 µg for 1,2-DCB and about 0.8 µg 

for 1,3-DCB. 
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Individuals can be occupationally exposed to DCBs in workplace air at much higher levels than 

the general public is exposed.  Levels measured in the air of factories that make or process 

1,4-DCB products have ranged from 5.6 to 748 ppm of air.  In addition, people who live or work 

near industrial facilities or hazardous waste sites that have high levels of DCBs may have greater 

exposure to these compounds due to emissions from the facilities and waste sites.  People who 

work or live in buildings where air fresheners, toilet block deodorants, or moth balls containing 

1,4-DCB are used also are expected to have a higher exposure to this compound, which could 

occur from skin contact as well as by breathing. 

 

More information on how you could be exposed to DCBs is given in Chapter 6. 

 

1.4   HOW CAN DICHLOROBENZENES ENTER AND LEAVE MY BODY? 
 

The main way DCBs enter your body is through the lungs when you breathe in DCB vapors 

released in the workplace or in the home from use of products that contain it.  When you breathe 

in these chemicals for a few hours, it is likely that some of the DCBs that have entered your body 

will get into your bloodstream. 

 

DCBs also can get into your body if you drink water or eat certain foods that contain them, such 

as meat, chicken, eggs, or fish.  Most of the DCBs that enter your body from food and water will 

get into your bloodstream.  It is not likely that DCBs will enter your body through the skin if you 

touch products that contain them. 

 

1,4-DCB used in the home could be accidentally swallowed, especially by young children.  This 

possibility exists because household products that contain 1,4-DCB, particularly some kinds of 

mothballs and deodorant blocks, might be freely available in closets or bathrooms. 

 

Most of the DCB that enters your body (perhaps more than 95%) leaves through the urine in less 

than a week.  Small amounts (perhaps 1–2%) leave your body in the feces and in the air you 

breathe out.  Tiny amounts remain in your fat and might stay there for a long time. 
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Most of the DCBs that enter your body are changed into other chemicals, mainly 

dichlorophenols.  It is not known if these breakdown products are more or less harmful than the 

DCBs themselves. 

 

More information about how DCBs enter and leave the body is found in Chapter 3. 

 

1.5   HOW CAN DICHLOROBENZENES AFFECT MY HEALTH? 
 

Scientists use many tests to protect the public from harmful effects of toxic chemicals and to find 

ways for treating persons who have been harmed. 

 

One way to learn whether a chemical will harm people is to determine how the body absorbs, 

uses, and releases the chemical.  For some chemicals, animal testing may be necessary.  Animal 

testing may also help identify health effects such as cancer or birth defects.  Without laboratory 

animals, scientists would lose a basic method for getting information needed to make wise 

decisions that protect public health.  Scientists have the responsibility to treat research animals 

with care and compassion.  Scientists must comply with strict animal care guidelines because 

laws today protect the welfare of research animals. 

 

Most of the information on health effects of DCBs is from studies of 1,2- and 1,4-DCB.  Very 

little is known about the health effects of 1,3-DCB, especially in humans, but they are likely to 

be similar to those of the other DCBs. 

 

Inhaling the vapor or dusts of 1,2-DCB and 1,4-DCB at very high concentrations could be very 

irritating to your eyes and nose and cause burning and tearing of the eyes, coughing, difficult 

breathing, and an upset stomach.  These concentrations could occur in workplaces, but are much 

higher than you would be exposed to in the home.  1,4-DCB is the only DCB that is commonly 

used in household products (mainly mothballs and toilet-deodorizer blocks).  Scientists have no 

clear evidence that the moderate use of common household products containing 1,4 DCB will 

cause any problems to your health.  A recent study reports limited evidence suggesting that 

inhalation exposure to 1,4-DCB may result in decreases in lung function.  Some people reported 
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health problems, such as dizziness, headaches, and liver problems, from very high levels of 

1,4-DCB in the home.  However, these people used very high amounts of 1,4-DCB products and 

continued to use the products for months or even years, even though they felt ill.  People who ate 

1,4-DCB products regularly for long periods (months to years) because of its sweet taste 

developed skin blotches and problems with red blood cells, such as anemia (iron-poor blood).  

Little information is available about the effects of skin contact with DCBs.  1,4-DCB might 

cause a burning feeling in your skin if you hold mothballs or toilet-deodorizer blocks against 

your skin for a long time. 

 

Breathing or eating any of the DCBs caused harmful effects in the liver of laboratory animals.  

Animal studies also found that 1,2-DCB and 1,4-DCB caused effects in the kidneys and blood, 

and that 1,3-DCB caused thyroid and pituitary effects.  There is no clear evidence that 1,2-DCB 

and 1,4-DCB impair reproduction or fetal development in animals at levels below those that also 

cause serious health effects in the mother, although there is an indication that 1,4-DCB can affect 

development of the nervous system after birth.   

 

Lifetime exposure to 1,4-DCB by breathing or eating induced liver cancer in mice.  1,2-DCB 

was not carcinogenic in laboratory animals, and 1,3-DCB has not been tested for its potential to 

cause cancer.  The animal studies suggest that 1,4-DCB could play a role in the development of 

cancer in humans, but we do not definitely know this.  The U.S. Department of Health and 

Human Services (DHHS) has determined that 1,4-DCB might be a human carcinogen.  The 

International Agency for Research on Cancer (IARC) determined that 1,4-DCB is possibly 

carcinogenic to humans.  Both IARC and the EPA concluded that 1,2-DCB and 1,3-DCB are not 

classifiable as to human carcinogenicity.   

 

More information about how DCBs can affect your health is given in Chapter 3. 

 

1.6   HOW CAN DICHLOROBENZENES AFFECT CHILDREN? 
 

This section discusses potential health effects in humans from exposures during the period from 

conception to maturity at 18 years of age.  
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Children are exposed to DCBs in many of the same ways adults are.  It is possible that mothballs 

and toilet bowl deodorant blocks containing 1,4-DCB could be played with or accidentally 

swallowed, especially by young children.  Because children tend to be curious about unknown 

powders and liquids, and because these products might be easily accessible in cabinets, closets, 

or bathrooms, children could be at a higher risk of exposure to 1,4-DCB than adults. 

 

Children who are exposed to DCBs are likely to exhibit the same effects as adults, although this 

is not known for certain.  Thus, all health problems of DCBs observed in adults are of potential 

concern in children. 

 

Children can also be exposed to DCBs prenatally, because all three isomers have been detected 

in placenta samples, as well as through breast feeding.  There is no reliable evidence suggesting 

that DCBs cause birth defects, although animal data raise concern for effects of 1,4-DCB on 

postnatal development of the nervous system.  

 

1.7   HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO DICHLORO-
BENZENES? 

 

If your doctor finds that you have been exposed to substantial amounts of DCBs, ask whether 

your children might also have been exposed.  Your doctor might need to ask your state health 

department to investigate. 

 

You and your children could be exposed to 1,4-DCB in your home if you use consumer products 

that contain 1,4-DCB, such as some toilet bowl cleaners and mothballs.  Exposure of children to 

1,4-DCB can be minimized by discouraging them from playing with, swallowing, or having skin 

contact with treated products.  These items should be stored out of reach of young children and 

kept in their original containers to prevent accidental poisonings.  Keep your Poison Control 

Center’s number by the phone. 
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1.8   IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN 
EXPOSED TO DICHLOROBENZENES? 

 

Several tests can be used to show if you have been exposed to DCBs.  The most commonly used 

tests measure their dichlorophenol breakdown products in urine and blood.  These tests require 

special equipment that is not routinely available in a doctor's office, but they can be performed in 

a special laboratory. 

 

The presence of the dichlorophenol breakdown products in the urine indicates a person has been 

exposed to DCBs within the previous day or two.  For example, detection of 2,5-dichlorophenol 

in urine is commonly used to determine worker exposure to 1,4-DCB in industrial settings.  

Another test measures levels of DCBs in your blood, but this is used less often.  Neither of these 

tests can be used to show how high the level of DCB exposure was or to predict whether harmful 

health effects will follow. 

 

More information about how 1,4-DCB can be measured in exposed people is presented in 

Chapters 3 and 7. 

 

1.9   WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO 
PROTECT HUMAN HEALTH? 

 

The federal government develops regulations and recommendations to protect public health.  

Regulations can be enforced by law.  The EPA, the Occupational Safety and Health 

Administration (OSHA), and the Food and Drug Administration (FDA) are some federal 

agencies that develop regulations for toxic substances.  Recommendations provide valuable 

guidelines to protect public health, but cannot be enforced by law.  The Agency for Toxic 

Substances and Disease Registry (ATSDR) and the National Institute for Occupational Safety 

and Health (NIOSH) are two federal organizations that develop recommendations for toxic 

substances. 

 

Regulations and recommendations can be expressed as “not-to-exceed” levels, that is, levels of a 

toxic substance in air, water, soil, or food that do not exceed a critical value that is usually based 
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on levels that affect animals; they are then adjusted to levels that will help protect humans.  

Sometimes these not-to-exceed levels differ among federal organizations because they used 

different exposure times (an 8-hour workday or a 24-hour day), different animal studies, or other 

factors. 

 

Recommendations and regulations are also updated periodically as more information becomes 

available.  For the most current information, check with the federal agency or organization that 

provides it.  Some regulations and recommendations for dichlorobenzenes include the following: 

 

The federal government has taken a number of steps to protect people from excessive exposure 

to DCBs.  EPA has listed 1,2-, 1,3-, and 1,4-DCB as hazardous wastes and subjects them to 

hazardous waste regulations.  EPA has set maximum levels of 600 micrograms (µg) of 1,2-DCB 

and 75 µg of 1,4-DCB per liter of drinking water.  1,4-DCB is a pesticide registered with EPA, 

and its manufacturers must provide certain kinds of information to EPA for it to be registered for 

use as a pesticide.  OSHA has set maximum levels of 50 ppm for 1,2-DCB and 75 ppm for 

1,4-DCB in workplace air for an 8-hour day, 40-hour workweek. 

 

More information about federal and state regulations regarding DCBs is presented in Chapter 8. 

 

1.10   WHERE CAN I GET MORE INFORMATION? 
 

If you have any more questions or concerns, please contact your community or state health or 

environmental quality department, or contact ATSDR at the address and phone number below. 

 

ATSDR can also tell you the location of occupational and environmental health clinics.  These 

clinics specialize in recognizing, evaluating, and treating illnesses that result from exposure to 

hazardous substances. 

 

Toxicological profiles are also available on-line at www.atsdr.cdc.gov and on CD-ROM.  You 

may request a copy of the ATSDR ToxProfilesTM CD-ROM by calling the toll-free information 



DICHLOROBENZENES  10 
 

1.  PUBLIC HEALTH STATEMENT 
 
 

 
 
 
 
 

and technical assistance number at 1-888-42ATSDR (1-888-422-8737), by e-mail at 

atsdric@cdc.gov, or by writing to:  

 

  Agency for Toxic Substances and Disease Registry 
  Division of Toxicology and Environmental Medicine 
  1600 Clifton Road NE 
  Mailstop F-32 
  Atlanta, GA 30333 
  Fax:  1-770-488-4178 
 

Organizations for-profit may request copies of final Toxicological Profiles from the following: 

 

  National Technical Information Service (NTIS) 
  5285 Port Royal Road 
  Springfield, VA 22161 
  Phone:  1-800-553-6847 or 1-703-605-6000 
  Web site:  http://www.ntis.gov/ 
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2.  RELEVANCE TO PUBLIC HEALTH 
 

2.1   BACKGROUND AND ENVIRONMENTAL EXPOSURES TO DICHLOROBENZENES IN 
THE UNITED STATES  

 

Dichlorobenzenes (DCBs) are chlorinated aromatic compounds that have three isomeric forms.  1,2-DCB 

is a colorless to pale yellow liquid used primarily as a precursor for 3,4-dichloroaniline herbicides.  

1,3-DCB is a colorless liquid used in the production of various herbicides, insecticides, pharmaceuticals, 

and dyes.  1,4-DCB, the most commercially important dichlorobenzene isomer, is a volatile colorless to 

white crystalline material with a mothball-like, penetrating odor.  It is used as a deodorant for restrooms, 

for moth control, and in the production of polyphenylene sulfide (PPS) resin. 

 

DCBs are not known to occur naturally in the environment.  The primary sources of 1,4-DCB of 

industrial or commercial origin in the environment are releases from space deodorants and moth 

repellants into the atmosphere.  1,4-DCB might also be released into water through waste water streams 

and landfill leachate and to soil through sewage sludge application, disposal of industrial waste, and 

atmospheric deposition.  1,2- and 1,3-DCBs are expected to be released to the environment during their 

use in herbicide production or during the use of other products containing these isomers.  1,2-DCB is 

produced in large quantities as a by-product during the production of 1,4-DCB and can be released into 

the environment during the disposal of unused supplies. 

 

1,2-, 1,3-, and 1,4-DCB have similar physical and chemical properties, and consequently are expected to 

have similar environmental fates.  DCBs will exist predominantly in the vapor-phase in the atmosphere.  

They are degraded in the atmosphere by reaction with hydroxyl radicals, with atmospheric lifetimes 

(theoretically calculated) of about 1 month.  The detection of these chemicals in rainwater suggests that 

atmospheric removal via washout is possible.  Depending on soil type, DCBs are expected to be 

moderately mobile in soil and to volatilize from surface water and soil surfaces to the atmosphere.  

Volatilization, sorption, biodegradation, and bioaccumulation are likely to be competing processes, with 

the dominant fate being determined by local environmental conditions.  

 

DCB concentrations in soil, water, and food are generally low in comparison to concentrations in air, 

indicating that exposure of the general population to DCBs is predominantly by inhalation.  Individuals 

are more likely to be exposed to 1,4-DCB than to the other isomers due to the widespread use of the 
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1,4-isomer in deodorant and moth repellent products.  Measured DCB concentrations in ambient outdoor 

air generally range from 0.01 to 0.1 ppb for 1,2-DCB, from 0.001 to 0.1 ppb for 1,3-DCB, and from 

0.01 to 1 ppb for 1,4-DCB.  The average daily adult intakes of 1,2-, 1,3-, and 1,4-DCB from ambient air 

have been estimated to be about 1.8, 0.8, and 35 µg/day, respectively.  The heavy use of products 

containing 1,4-DCB in homes and other buildings has resulted in higher concentrations of this substance 

in indoor air compared to concentrations in outdoor air.  Measured 1,4-DCB concentrations in indoor air 

generally range from 0.1 ppb to 100 ppb.  Indoor inhalation exposure to 1,2- or 1,3-DCB is not expected 

to be important since these substances are not used in household and consumer products to the extent of 

1,4-DCB.  1,2- and 1,4-DCB have been detected in adipose tissue at concentrations ranging from <0.1 to 

38 ppb and from 0.2 to 500 ppb, respectively.  1,4-DCB has been detected in blood samples at 

concentrations ranging from below 0.04 to 45 ppb, while measured 1,2-DCB concentrations in blood are 

below 3 ppb. 

 

Children can be exposed to DCBs prenatally, as indicated by the detection of all three isomers in placenta 

samples, as well as through breast feeding.  1,2-DCB concentrations measured in whole human milk 

range from 3 to 29 ppb.  1,3- and 1,4-DCB were detected together in whole human milk with mean and 

maximum concentrations of 6 and 75 ppb, respectively.  These isomers were detected in milkfat samples 

at a mean concentration of 161 ppb and a maximum concentration of 4,180 ppb.  1,2-, 1,3-, and 1,4-DCB 

measured separately in whole human milk samples had concentrations of 9, <5, and 25 ppb, respectively, 

while the milk fat of these samples contained 230 ppb of 1,2-DCB and 640 ppb of 1,4-DCB.  Children 

and adults are perhaps at equal risk for exposure to 1,4-DCB since there is no evidence to indicate that 

children are likely to be exposed to lower amounts of 1,4-DCB from everyday living.  While actual 

exposure reports are limited to a small number of case reports, available evidence suggests that children 

may be exposed to 1,4-DCB if they eat or play with moth balls or toilet deodorizers. 

 

2.2   SUMMARY OF HEALTH EFFECTS  
 

1,2-Dichlorobenzene.  1,2-DCB is quickly and extensively absorbed through both the gastrointestinal 

tract and the respiratory tract; studies measuring the absorption of 1,2-DCB following dermal exposure 

are not available.  Following absorption, 1,2-DCB is distributed throughout the body, but tends to be 

found in greatest levels in the fat, kidney, and liver.  1,2-DCB is initially metabolized by cytochrome 

P-450 enzymes, specifically P4502E1, to an active epoxide followed by hydrolysis to 2,3-dichlorophenol 

or 3,4-dichlorophenol.  The dichlorophenols may be further oxidized or, more often, be conjugated to 

glutathione, sulfate, or to form the glucuronide; conjugation occurs extensively, with virtually no 
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unconjugated metabolites reported in the available studies.  Metabolism is believed to occur mainly in the 

liver, but may occur at lower levels in other tissues, such as the kidney or lung.  Elimination of 1,2-DCB 

from the body is rapid, with the majority of a single dose being removed within the first 75 hours 

postexposure; elimination occurs primarily in the urine as metabolites. 

 

Information on health effects of 1,2-DCB in humans is essentially limited to observations of respiratory 

tract and eye irritation in workers chronically exposed to the vapor.  The potential for inhaled 1,2-DCB to 

cause respiratory tract effects is also shown by the induction of nasal olfactory lesions in an acute-

duration study in mice.  This effect occurred at concentrations similar to or below the lowest exposure 

levels that caused systemic effects in rats, mice, and guinea pigs in other acute and intermediate-duration 

inhalation studies.  No intermediate-duration studies examined the nasal cavity, indicating that a critical 

effect for longer-term inhalation exposures cannot be identified.  The liver is the primary systemic target 

of toxicity in animals exposed to 1,2-DCB.  Acute-, intermediate,- and chronic-duration inhalation and 

oral studies clearly identify the liver as a sensitive target of oral exposure, inducing increases in liver 

weight at low levels of exposure and histological changes such as cloudy swelling and centrilobular 

degeneration and necrosis at higher levels in rats and mice. 

 

Data on the possible effects of 1,2-DCB on reproductive or developmental end points in humans are not 

available.  Studies by both the oral and inhalation routes of exposure failed to find effects of 1,2-DCB on 

histology of reproductive organs or indices of reproduction in rats and mice.  Similarly, limited available 

data suggest that inhalation and oral exposure to 1,2-DCB do not significantly affect prenatal 

development in rats or rabbits.   

 

Data on the possible carcinogenic effects of 1,2-DCB in humans are not available.  Exposure to 1,2-DCB 

by the oral route has not been shown to cause an increase in tumor formation following lifetime exposure 

in rats or mice.  The potential carcinogenic effects of 1,2-DCB by other routes of exposure have not been 

evaluated.  EPA determined that 1,2-DCB is not classifiable as to human carcinogenicity and categorized 

it in cancer weight-of-evidence Group D.  The International Agency for Research on Cancer (IARC) 

similarly determined that 1,2-DCB is not classifiable as to carcinogenicity to humans (Group 3).   

 

A more detailed discussion of the hepatic and respiratory effects associated with 1,2-DCB exposure 

follows.  The reader is referred to Section 2.2, Discussion of Health Effects by Route of Exposure, for 

additional information on these and other health effects. 
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Hepatic Effects.    Data on the hepatic effects of 1,2-DCB in exposed humans are not available for any 

exposure route.  The liver is the primary target in animals orally exposed to 1,2-DCB, generally resulting 

in centrilobular damage in acute- and subchronic-duration studies.  A single exposure to 1,500 mg/kg in 

rats caused lethal central necrosis.  In rats exposed to 455 mg/kg/day for 15 days, severe liver damage, 

characterized by intense necrosis and fatty changes and porphyria, were reported.  Similarly, rats exposed 

to 300 mg/kg/day for 10 days showed hepatic necrosis of slight severity and increased serum alanine 

aminotransferase (ALT).  However, an acute (14-day) study by the National Toxicology Program  showed 

no hepatic effects in male or female rats given doses as high as 500 or 1,000 mg/kg/day for 

14 consecutive days.  The inconsistency between these findings might be due to a small number of 

animals in the14-day study and a low incidence and severity of lesions in the 10-day study.  Centrilobular 

liver effects similar to those reported in the acute studies were found in several intermediate-duration 

studies in rats and mice, occurring in rats exposed to 188 mg/kg/day for 138 doses, rats exposed to 

400 mg/kg/day for 90 days, rats exposed to 250 mg/kg/day or greater for 13 weeks, and mice exposed to 

250 mg/kg/day for 13 weeks.  A chronic study in rats and mice found no nonneoplastic liver effects in 

either sex of either species, even at exposures up to 120 mg/kg/day, suggesting that the nonneoplastic 

hepatic effects of 1,2-DCB may have a threshold, which might fall between 120 and 188 mg/kg/day. 

 

Respiratory Tract Effects.    Periodic industrial hygiene surveys and medical examinations were 

conducted in a plant where an unreported number of men were exposed to 1,2-DCB at an average level of 

15 ppm (range, 1–44 ppm) for an unreported duration; no nasal or eye irritation was attributable to 

exposure.  Additionally, the study author noted that the researchers detected 1,2-DCB odor at a 

concentration of 50 ppm without eye or nasal irritation during repeated vapor inhalation experiments on 

animals.  An earlier source reported that occupational exposure to 100 ppm of 1,2-DCB caused irritation 

of the eyes and respiratory passages of exposed humans.  Data on the effects of 1,2-DCB on the 

respiratory tract in humans following oral or dermal exposure are not available. 

 

In male mice exposed to 1,2-DCB in mean concentrations of 0, 64, or 163 ppm for 6 hours/day, 

5 days/week for 4, 9, or 14 days, histopathologic lesions were observed in the olfactory epithelium of the 

nasal cavity at ≥64 ppm.  The olfactory epithelial lesions were graded as very severe following the 4-day 

exposure and moderate after the 14 day exposure, indicating to the study authors that repair may occur 

despite continued exposure.  The more severe cases were characterized by a complete loss of olfactory 

epithelium, which left only partially denuded basement membrane.  No histological alterations were 

observed in the respiratory epithelium of the nasal cavity, or in the trachea or lungs.  No effects on 
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respiratory tract tissues were reported in intermediate- or chronic-duration inhalation studies in animals; 

however, in most cases, evaluation of nasal tissues was not conducted. 

 

1,3-Dichlorobenzene.  Data on the absorption of 1,3-DCB in humans and animals are not available for 

any route of exposure; however, absorption of the compound can be inferred from studies that have 

detected 1,3-DCB or metabolites in the breast milk, blood, and fat of humans and in the bile and urine of 

exposed animals.  Distribution is believed to be similar to the other DCB isomers, but data demonstrating 

this are not currently available.  Similar to the other DCB isomers, 1,3-DCB is initially metabolized by 

cytochrome P 450 enzymes, followed by extensive conjugation, primarily to glutathione.  1,3-DCB is 

eliminated mainly in the urine, similar to the other DCB isomers. 

 

Studies on the toxic effects of 1,3-DCB in humans are not available.  No studies evaluating the toxicity of 

1,3-DCB following dermal or inhalation exposure in animals were located.  Information on the oral 

toxicity of 1,3-DCB in animals is available from one 90-day systemic toxicity study and one 

developmental toxicity study.  The intermediate-duration study found effects in the thyroid, pituitary, and 

liver of rats, with thyroid lesions occurring at dose levels lower than those inducing pituitary and liver 

effects.  The information on the developmental toxicity study of 1,3-DCB is from a gavage study reported 

without details as an abstract, which reported no treatment-related effects on prenatal development in rats.  

Reproductive function and carcinogenicity have not been evaluated in humans or animals exposed to 

1,3-DCB.  EPA determined that 1,3-DCB is not classifiable as to human carcinogenicity and categorized 

it in cancer weight-of-evidence Group D.  IARC similarly determined that 1,3-DCB is not classifiable as 

to carcinogenicity to humans (Group 3).   

 

A more detailed discussion of the endocrine and hepatic effects associated with 1,3-DCB exposure 

follows.  The reader is referred to Section 2.2, Discussion of Health Effects by Route of Exposure, for 

additional information on these and other health effects. 

 

Endocrine Effects.    In a 90-day study in rats given 0, 9, 37, 147, or 588 mg/kg/day, the most sensitive 

reported effects were on the pituitary and thyroid glands.  Histologically, depletion of colloid density in 

the thyroid, characterized by decreased follicular size with scant colloid and follicles lined by cells that 

were cuboidal to columnar, was increased in a dose-related manner in males exposed to ≥9 mg/kg/day, 

and in females exposed to ≥37 mg/kg/day.  The pituitary glands of males exposed to 1,3-DCB showed 

cytoplasmic vacuolization of the pars distalis in all exposed groups, but the incidence was statistically 

significant only in animals exposed to ≥147 mg/kg/day.  Increases in serum cholesterol in males at 
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≥9 mg/kg/day and females at ≥37 mg/kg/day, and serum calcium in both sexes at ≥37 mg/kg/day were 

also believed by the authors to be related to effects on endocrine end points, possibly reflecting a 

disruption of hormonal feedback mechanisms, or target organ effects on the pituitary, hypothalamus, 

and/or other endocrine organs. 

 

Hepatic Effects.    In male and female rats exposed by gavage to up to 735 mg/kg/day for 10 days, 

hepatic effects included significantly increased relative liver weight in males at ≥147 mg/kg/day and 

females at ≥368 mg/kg/day, and altered histopathology at ≥368 mg/kg/day in both sexes.  The main 

hepatic histological change was dose-related centrolobular hepatocellular degeneration, characterized by 

varying degrees of cytoplasmic vacuolization and swelling with intact membranes.  Other hepatic 

alterations included hepatocellular necrosis that was sporadically noted in animals exposed to 

≥147 mg/kg/day; this change was usually minimal to mild, and tended to increase in incidence and 

severity in males in a dose-related manner.  In a 90-day study of 1,3-DCB toxicity, rats of both sexes were 

exposed by gavage to up to 588 mg/kg/day.  Relative liver weights were increased in both sexes at 

≥147 mg/kg/day.  Dose-related increases in histological lesions, including inflammation, hepatocellular 

alterations, and hepatocellular necrosis were reported at doses of ≥147 mg/kg/day.  Other statistically 

significant liver-associated effects included significantly increased serum aspartate aminotransferase 

(AST) levels (90–100% higher than controls) in males at ≥9 mg/kg/day and females at ≥37 mg/kg/day, 

but whether these changes were due to an effect on the liver or an endocrine effect is not clear.  Serum 

lactate dehydrogenase (LDH) levels were also reduced in males at ≥9 mg/kg/day, but the biological 

significance of a decrease in liver enzymes is unclear. 

 

1,4-Dichlorobenzene.  Following inhalation or oral exposure, absorption of 1,4-DCB is rapid and 

complete.  Data on the absorption of 1,4-DCB following dermal exposure are not available; however, 

absorption is believed to be very low, based on a very high (>6 g/kg) dermal LD50 for 1,4-DCB in rats, 

and on a lack of systemic effects in humans who held solid 1,4-DCB in their hands.  Similar to the other 

dichlorobenzene isomers, 1,4-DCB is distributed throughout the body, but tends to be found in greatest 

levels in fat, liver, and kidney.  Metabolism of 1,4-DCB is similar to that of 1,2-DCB, with an initial 

oxidation to an epoxide, followed by hydrolysis to 2,5-dichlorophenol.  Extensive phase II metabolism 

occurs subsequently, with eliminated metabolites found mainly as the sulfate, glucuronide, or mercapturic 

acid.  1,4-DCB is eliminated almost exclusively in the urine, primarily as conjugates of 2,5-dichloro-

phenol. 
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Information on the health effects of 1,4-DCB in humans is available from limited observations in exposed 

workers and case reports.  Workers who were chronically exposed to 1,4-DCB vapor experienced 

irritation of the nose and eyes and case reports of people who inhaled or ingested 1,4-DCB suggest that 

the liver, nervous system, and hematopoietic system are systemic targets in humans.  The available 

limited information on these systemic effects in humans is consistent with findings in animals exposed to 

1,4-DCB. 

 

The acute, intermediate,- and chronic-duration toxicity of 1,4-DCB in animals has been evaluated in a 

number of studies, predominantly in rats and mice.  The respiratory tract is a target of inhaled 1,4-DCB as 

shown by histopathological changes in the lungs of acutely exposed rats and guinea pigs and nasal 

olfactory epithelium of chronically exposed rats and mice.  Liver and kidney effects are the best studied 

and most consistently observed effects of inhalation and oral exposure.  There is a general pattern in 

which increased liver weight and hepatocellular hypertrophy are predominant effects at exposure levels 

below those inducing more serious histopathological changes in the liver (e.g., congestion, fatty 

degeneration, focal necrosis) and clinical signs of toxicity in the respiratory tract (e.g., nose and eye 

irritation following inhalation exposure) and nervous system (e.g., tremors and salivation).  Exposure of 

male rats to 1,4-DCB, but not female rats or either sex of other species, causes development of renal 

lesions that have been shown to be the result of interaction with the protein α2µ-globulin, a mechanism 

specific to male rats and not relevant to humans.  There are a few reports of effects on the hematologic 

system, adrenal gland, and thyroid, but these occurred at inhalation or oral exposure levels similar to or 

higher than those causing liver and kidney effects.  Chronic inhalation exposure to 1,4-DCB induced 

nasal olfactory epithelial lesions in rats at concentrations below those causing liver effects. 

 

Data on the effects of 1,4-DCB on reproductive end points in humans are not available.  Oral or inhalation 

exposure to 1,4-DCB has not been demonstrated to produce treatment-related adverse changes in 

reproductive tissue histology or on reproductive end points in animals.  Two-generation inhalation and 

oral studies in rats found that 1,4-DCB did not affect reproductive performance but induced postnatal 

toxicity in F1 and F2 offspring, including reductions in survival on day 4, body weight gain, and 

neurobehavioral performance at doses similar to or lower than those inducing liver effects in 

intermediate-duration systemic toxicity studies.  No teratogenic effects were induced in rats by inhalation 

or oral exposure to 1,4-DCB, although indications of fetotoxicity (e.g., extra ribs) occurred at levels that 

were maternally toxic. 
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1,4-DCB is carcinogenic in animals following chronic inhalation and oral exposure.  Inhalation and oral 

lifetime studies found liver tumors in male and female mice but not in rats of either sex.  Chronic oral 

exposure also induced renal tubular cell adenocarcinomas in male rats, but these appear to be associated 

with male rat-specific α2µ-globulin nephropathy and not relevant to carcinogenicity in humans.  IARC 

determined that 1,4-DCB is possibly carcinogenic to humans (Group 2B).  The Department of Health and 

Human Services (DHHS) concluded that 1,4-DCB is reasonably anticipated to be a human carcinogen. 

 

A more detailed discussion of the hepatic, respiratory, developmental, and carcinogenic effects associated 

with 1,4-DCB exposure follows.  The reader is referred to Section 2.2, Discussion of Health Effects by 

Route of Exposure, for additional information on these effects and other health effects. 

 

Hepatic Effects.    In two human fatalities believed to be caused by 1,4-DCB inhalation, the subjects 

died of massive hepatic necrosis; the exposure concentrations are not known.  A 3 year-old child who had 

been playing with crystals containing 1,4-DCB for 4–5 days was jaundiced with pale mucous membranes, 

indicative of liver damage. 

 

Many animal studies by both the oral and inhalation routes have confirmed the liver as a sensitive target 

for 1,4-DCB toxicity.  Inhaled exposure concentrations of 158–211 ppm, at exposure durations from 

2 weeks to 7 months, resulted in increased liver weights, cloudy swelling of the liver, and, at higher 

exposure levels, centrilobular hypercellular hypertrophy and necrosis.  Exposure to 270 ppm for 13 weeks 

caused increased liver weight in rats and mice and hepatocellular hypertrophy and increased serum 

enzymes in mice.  Exposure to 538 ppm for 10 weeks, and throughout mating and gestation for females, 

resulted in hepatocellular hypertrophy and increased liver weights in both the parental (F0) generation and 

the F1 generation offspring.  In chronic inhalation studies in rats and mice, no effects were seen in either 

sex of either species at 75 ppm, but at 300 ppm, histological changes in the lung were seen in male mice, 

but not in female mice or in either sex of rats.  Acute oral studies have demonstrated hepatic effects 

(increased liver weight) at concentrations as low as 300 mg/kg in rats, with higher concentrations 

resulting in increased liver cell proliferation and vacuolated and/or basophilic cytoplasm of centrilobular 

cells.  Similar hepatic effects occurred in mice orally exposed to 300 mg/kg/day for 1 week.  In rats 

exposed to 1,4-DCB for 13 weeks, increased relative liver weight was seen at ≥75 mg/kg/day, with 

centrilobular hypertrophy present at 300 mg/kg/day (Lake et al. 1997), and necrosis reported at 

1,200 mg/kg/day (NTP 1987); oral studies in mice have reported similar effects (NTP 1987).  A study of 

1,4-DCB in male and female Beagle dogs found that oral exposure to 50 or 75 mg/kg/day caused 

increased serum levels of liver enzymes, increased liver weights, hepatocellular hypertrophy, pigment 
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deposition, and hepatic portal inflammation after 6–12 months.  In the only chronic-duration (2-year) oral 

study of 1,4-DCB toxicity, no effects were seen in either sex of rats exposed to up to 300 mg/kg/day, 

while both sexes of mice showed significant, dose-related increases in hepatocellular degeneration, 

starting at 300 mg/kg/day. 

 

Respiratory Tract Effects.    A case of pulmonary granulomatosis was reported to have occurred in a 

53-year-old woman who for 12–15 years had been inhaling 1,4-DCB crystals that were scattered on a 

weekly basis on the carpets and furniture of her home.  A lung biopsy revealed the presence of 1,4-DCB 

crystals with the surrounding lung parenchyma being distorted by fibrosis, thickening of the alveolar 

walls, and marked infiltrates of lymphocytes and mononuclear phagocytes.  These effects are most likely 

related to the physical interaction of 1,4-DCB crystals (or any crystals when inhaled) with lung tissue, 

rather than to chemical toxicity.  A health survey of 58 men occupationally exposed to 1,4-DCB for 

8 hours/day, 5 days/week for 8 months to 25 years (average, 4.75 years) found the odor to be faint at 15–

30 ppm and strong at 30–60 ppm, with painful irritation of the nose and eyes usually occurring at 

concentrations ranging from 80 to 160 ppm.  At levels >160 ppm, the air was considered not breathable 

for unacclimated persons. 

 

An evaluation of 953 adult participants in the Third National Health and Nutrition Examination Survey of 

the general U.S. population found statistically significant inverse associations between blood levels of 

1,4-DCB and two measures of pulmonary function.  When compared with subjects in the lowest decile of 

1,4-DCB blood concentration (0.10 ppb), subjects in the highest decile (>4.40 ppb) had decrements of 

-153 mL in forced expiratory volume in 1 second (FEV1) and -346 mL/second in maximum mid-

expiratory flow rate (MMEFR).  There were no significant associations with forced vital capacity (FVC) 

or peak expiratory flow rate (PEFR).  Although it is unclear whether the observed decrements in FEV1 

and MMEFR are biologically meaningful, and other studies investigating effects of 1,4-DCB on lung 

function are not available, the findings suggest that exposure to 1,4-DCB may possibly contribute to 

decreases in lung function. 

 

Pulmonary effects (interstitial edema, congestion, and alveolar hemorrhage) were observed in rats and 

guinea pigs following intermittent exposure to 175 ppm of 1,4-DCB for 16 days.  The experimental 

design and report of this study have a number of deficiencies, such that the observations provide only 

qualitative evidence of exposure-related acute respiratory effects.  Support for the respiratory tract as a 

target for inhaled 1,4-DCB in animals is provided by the induction of nasal lesions in rats and mice 

chronically exposed to 1,4-DCB for 6 hours/day, 5 days/week for 2 years.  An increased incidence of 
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histological changes of the nasal olfactory epithelium occurred in female rats exposed to 75 or 300 ppm, 

and male rats and female mice exposed to 300 ppm.  In rats treated with 1,200 or 1,500 mg/kg/day or 

greater by gavage for 13 weeks, epithelial necrosis of the nasal turbinates was reported; similar effects 

were not seen in mice exposed by gavage to up to 1,800 mg/kg/day, or in rats or mice exposed by gavage 

for 2 years to up to 600 mg/kg/day. 

 

Developmental Effects.    A 21-year-old woman who had eaten 1–2 blocks of 1,4-DCB toilet 

freshener per week for the first 38 weeks of pregnancy gave birth to an apparently normal child.  In a 

2-generation study of the effects of inhaled 1,4-DCB on reproduction and development, the number of 

pups that died during the perinatal period was increased, and the body weights at postnatal day 0 and 

28 were significantly decreased, in animals exposed to 538 ppm; exposures to 66 or 211 ppm had no 

effect on developmental end points.  In rabbits exposed to 300 ppm, but not those exposed to 800 ppm, 

there was a significant increase in the number of resorptions and the percentages of resorbed 

implantations per litter; the fact that the effect did not occur in the rabbits exposed to the higher exposure 

level suggests that it was not treatment-related.  A 2-generation oral study in rats found toxicity in the 

offspring at doses ≥90 mg/kg/day; effects included reduced birth weight in F1 pups, increased mortality 

on postnatal day 4 in F1 and F2 pups, clinical manifestations of dry and scaly skin (until approximately 

postnatal day 7) in F1 and F2 pups, and reduced neurobehavioral performance (draw-up reflex evaluated at 

weaning) in F2 pups.  No exposure-related changes occurred at 30 mg/kg/day.  Other evaluations of 

developmental effects of 1,4-DCB following oral exposure have been negative. 

 

Cancer.    Data on the carcinogenic effects of 1,4-DCB in humans are not available.  1,4-DCB has been 

shown to be carcinogenic in chronic animal studies by both the inhalation and oral routes.  Following 

lifetime inhalation exposure, a dose-related increase in hepatocellular adenomas and carcinomas was 

observed in mice of both sexes, whereas incidences of liver or other tumors were not increased in rats.  

Following lifetime oral exposure, hepatic tumors (hepatocellular adenomas and carcinomas and 

histiocytic sarcomas) were increased in mice of both sexes, but not in either sex of rats.  The oral bioassay 

also found that the male rats exposed to 1,4-DCB developed renal tubular cell adenocarcinomas, but these 

are believed to be the result of interaction with α2µ-globulin, a renal protein not present in humans.  Data 

on the possible carcinogenic effects of 1,4-DCB following dermal exposure are not available.   
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2.3   MINIMAL RISK LEVELS (MRLs) 
 

Estimates of exposure levels posing minimal risk to humans (MRLs) have been made for 

dichlorobenzenes.  An MRL is defined as an estimate of daily human exposure to a substance that is 

likely to be without an appreciable risk of adverse effects (noncarcinogenic) over a specified duration of 

exposure.  MRLs are derived when reliable and sufficient data exist to identify the target organ(s) of 

effect or the most sensitive health effect(s) for a specific duration within a given route of exposure.  

MRLs are based on noncancerous health effects only and do not consider carcinogenic effects.  MRLs can 

be derived for acute, intermediate, and chronic duration exposures for inhalation and oral routes.  

Appropriate methodology does not exist to develop MRLs for dermal exposure. 

 

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1994k), 

uncertainties are associated with these techniques.  Furthermore, ATSDR acknowledges additional 

uncertainties inherent in the application of the procedures to derive less than lifetime MRLs.  As an 

example, acute inhalation MRLs may not be protective for health effects that are delayed in development 

or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic 

bronchitis.  As these kinds of health effects data become available and methods to assess levels of 

significant human exposure improve, these MRLs will be revised. 

 

Inhalation MRLs 

 

1,2-Dichlorobenzene   

 

Acute-Duration Exposure.    No MRL was derived for acute-duration inhalation exposure to 

1,2-DCB due to insufficient data.  No information was located regarding the acute inhalation toxicity of 

1,2-DCB in humans.  The nasal cavity was a target of acute inhalation in animals as shown by a study in 

which male mice were exposed to 64 or 163 ppm of 1,2-DCB for 6 hours/day, 5 days/week for 4, 9, or 

14 days (Zissu 1995).  Histological examinations of the upper and lower respiratory tracts found that 

nasal olfactory epithelial lesions occurred at both levels of exposure.  The nasal lesions were graded as 

very severe following the 4 day exposure and moderate after the 14 day exposure, suggesting to the study 

authors that some tissue repair might have occurred despite continued exposure.  The more severe cases 

were characterized by a complete loss of olfactory epithelium, which left only the partially denuded 

basement membrane.  No histological alterations were observed in the respiratory epithelium of the nasal 

cavity, or in the trachea or lungs.  Nonrespiratory tissues were not evaluated in this study. 
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Acute systemic effects of inhaled 1,2-DCB include histopathology in the liver (marked centrilobular 

necrosis) and kidneys (cloudy swelling of tubular epithelium) of rats exposed to 977 ppm for 1 hour 

(Hollingsworth et al. 1958), but not to 539 ppm for 3 or 6.5 hours (Hollingsworth et al. 1958) or 322 ppm 

for 6 hours/day for 10 days (DuPont 1982).  Maternal body weight gain was decreased in rats and rabbits 

that were exposed to 100, 200, or 400 ppm of 1,2-DCB for 6 hours/day on days 6–15 (rats) or 6–

18 (rabbits) of gestation (Hayes et al. 1985).  No prenatal developmental toxicity was observed in the 

rabbits, although skeletal variations (delayed ossification of cervical vertebral centra) occurred in fetuses 

of rats at 400 ppm, indicating that developmental effects occurred in rats at concentrations that also 

caused maternal toxicity.  Based on these findings, a lowest-observed-adverse-effect level (LOAEL) of 

100 ppm for systemic toxicity and 400 ppm for developmental toxicity are identified. 

 

The nasal histopathology findings in mice show that the upper respiratory tract is a sensitive target for 

acute inhalation exposure to 1,2-DCB, as serious olfactory lesions occurred at exposure concentrations 

below those that caused systemic or developmental effects in rats and rabbits.  The 64 ppm LOAEL for 

severe nasal olfactory lesions precludes derivation of an acute inhalation MRL for 1,2-DCB because:  

(1) a no-observed-adverse-effect level (NOAEL) for nasal lesions was not determined, (2) no other 

animal studies tested exposure levels below 100 ppm or evaluated the nasal cavity, and (3) it is not 

ATSDR’s practice to derive MRLs based on serious LOAELs. 

 

Intermediate-Duration Exposure.    No intermediate-duration inhalation MRL was derived for 

1,2-DCB due to insufficient data.  Information on the toxicity of intermediate-duration inhalation 

exposures to 1,2-DCB is limited to the findings of a multispecies intermediate study (Hollingsworth et al. 

1958) and a 2-generation reproduction study in rats (Bio/dynamics 1989).  In the intermediate study, rats 

and guinea pigs were exposed to 49 or 93 ppm for 7 hours/day, 5 days/week for 6–7 months 

(Hollingsworth et al. 1958).  Mice were similarly exposed to 49 ppm only, and rabbits and monkeys were 

similarly exposed to 93 ppm only, although the rabbit and monkey data are compromised by small 

numbers of animals (two rabbits/sex and two female monkeys).  No compound-related histopathological 

or other changes occurred in any of the animals exposed to 49 ppm.  The only remarkable findings at 

93 ppm were statistically significant decreases in final body weight (8.9% less than controls) in male rats 

and absolute spleen weight (20% less than controls) in male guinea pigs, indicating that the NOAEL and 

LOAEL for systemic effects are 49 and 93 ppm, respectively.  In the reproductive toxicity study, male 

and female rats were exposed to 50, 150, or 394 ppm of 1,2-DCB for 6 hours/day, 7 days/week for 

10 weeks before mating and subsequently through the F1 generation (Bio/dynamics 1989).  α2µ-Globulin-
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related renal changes were found in adult males of both generations at all levels of exposure, but these 

effects are specific to male rats and are not relevant to humans.  Decreased body weight gain, increased 

absolute and relative liver weights, and centrilobular hepatocyte hypertrophy occurred in adult rats of 

both sexes and generations at ≥150 ppm, indicating that the NOAEL and LOAEL for systemic effects are 

50 and 150 ppm.  There were no effects on reproduction in either generation, indicating that the NOAEL 

for reproductive toxicity is 394 ppm.  As discussed in the acute inhalation MRL section, a NOAEL of 

200 ppm and a LOAEL of 400 ppm were found for developmental toxicity (skeletal variations) in rats 

(Hayes et al. 1985). 

 

As discussed above, NOAELs of 49–50 ppm and LOAELs of 93–150 ppm are identified for systemic 

effects in intermediate-duration inhalation studies of 1,2-DCB in rats and guinea pigs (Bio/dynamics 

1989; Hollingsworth et al. 1958).  Neither of these studies evaluated possible effects in the nasal cavity, a 

known sensitive target of 1,2-DCB based on acute data.  As indicated in the acute inhalation MRL 

section, 64 ppm was a serious LOAEL for nasal olfactory lesions in rats intermittently exposed to 

1,2-DCB for 4–14 days (Zissu 1995).  Derivation of an intermediate-duration MRL for 1,2-DCB is 

precluded because the 64 ppm serious LOAEL for acute exposure is lower than the available 

intermediate-duration LOAELs for systemic and developmental effects. 

 

Chronic-Duration Exposure.    No MRL was derived for chronic-duration inhalation exposure to 

1,2-DCB due to insufficient data.  The available information consists of two limited human reports.  

Workers who were exposed to concentrations of 1,2-DCB ranging from 1 to 44 ppm (average 15 ppm) for 

unreported durations did not experience eye or nasal irritation, or show any changes in standard blood and 

urine indices, as determined by periodic occupational health examinations (Hollingsworth et al. 1958).  

1,2-DCB also did not cause eye or nasal irritation in workers exposed to approximately 50 ppm 

(researchers exposed during the conduct of inhalation studies in animals), although the odor was 

perceptible at this level (Hollingsworth et al. 1958).  Occupational exposure to higher concentrations of 

100 ppm 1,2-DCB was reported to be irritating to the eyes and respiratory passages (Elkins 1950).  The 

lack of adequate exposure-response data and any additional information in these reports, as well as a lack 

of chronic toxicity data in animals, precludes derivation of a chronic inhalation MRL. 

 

1,3-Dichlorobenzene   

 

No MRLs were derived for inhalation exposure to 1,3-DCB due to a lack of acute-, intermediate-, and 

chronic-duration inhalation studies. 
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1,4-Dichlorobenzene   

 

Acute-Duration Exposure.     
 

• An MRL of 2 ppm has been derived for acute-duration (≤14 days) inhalation exposure to 
1,4-DCB. 

 

A limited amount of information is available on the toxicity of inhaled 1,4-DCB in humans.  Case reports 

of people who inhaled 1,4-DCB provide indications that the liver and nervous system are systemic targets 

of inhalation toxicity in humans, but are limited by lack of adequate quantitative exposure information 

and/or verification that 1,4-DCB was the only factor associated with the effects (Cotter 1953; Miyai et al. 

1988; Reygagne et al. 1992). 

 

Observations in workers who were occupationally exposed to 1,4-DCB for 8 hours/day, 5 days/week for 

an average of 4.75 years (range from 8 months to 25 years) provide information relevant to acute 

inhalation exposures.  The odor was found to be faint at 15–30 ppm and strong at 30–60 ppm.  Painful 

irritation of the eyes and nose was usually experienced at 50–80 ppm, although the irritation threshold 

was higher (80–160 ppm) in workers acclimated to exposure.  Concentrations above 160 ppm caused 

severe irritation and were considered intolerable to people not adapted to it.  The odor and irritation 

effects are considered to be good acute warning properties that are expected prevent excessive exposures, 

although the industrial experience indicates that it is possible for people to become sufficiently acclimated 

to tolerate high concentrations of the vapor (Hollingsworth et al. 1956).  Periodic occupational health 

examinations showed no cataracts or any other lens changes in the eyes, or effects on clinical indices (red 

blood cell count, total and differential white blood cell counts, hemoglobin, hematocrit, mean corpuscular 

volume, blood urea nitrogen, sedimentation rate, or urinalysis) attributable to exposure. 

 

Information on effects of acute-duration inhalation exposure to 1,4-DCB in animals is available from 

short-term systemic toxicity studies in rats and guinea pigs (Hollingsworth et al. 1956), a male 

reproduction study rats (Anderson and Hodge 1976), and developmental toxicity studies in rats and 

rabbits (Hayes et al. 1985; Hodge et al. 1977).  In the systemic toxicity study, five rats of each sex and 

five guinea pigs of each sex were exposed to 173 ppm of 1,4-DCB for 7 hours/day, 5 days/week for 

16 days (Hollingsworth et al. 1956).  Mild histological effects of interstitial edema, congestion, and 

alveolar hemorrhage were observed in the lungs of male rats and female guinea pigs.  The experimental 

design and report of this study have a number of deficiencies, such that reported observations provide 
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only qualitative evidence of exposure-related respiratory effects.  In the reproduction study (a dominant 

lethal test), a NOAEL of 450 ppm was identified for reproductive performance in male mice that were 

exposed for 6 hours/day for 5 days prior to weekly mating with unexposed females for 8 weeks 

(Anderson and Hodge 1976).  No maternal or developmental toxicity occurred in rats that were exposed 

to 75–500 ppm for 6 hours/day on days 6–15 of gestation (Hodge et al. 1977), indicating that the highest 

NOAEL for reproductive effects in rats is 500 ppm.  A developmental study in which rabbits were 

exposed to 100–800 ppm for 6 hours/day on gestation days 6–18 found evidence of fetotoxicity (a minor 

variation of the circulatory system) only at 800 ppm, which was also maternally toxic as shown by body 

weight loss early in gestation (Hayes et al. 1985), indicating that 800 ppm is a LOAEL for maternal and 

developmental effects in rabbits. 

 

The lung is the target of concern for inhaled 1,4-DCB in rats and guinea pigs acutely exposed to 173 ppm 

(Hollingsworth et al. 1956) because the only effects observed in the acute reproductive and 

developmental studies were indications of maternal and fetotoxicity in rabbits at a much higher levels of 

800 ppm (Hayes et al. 1985).  Support for the respiratory tract as a sensitive target for 1,4-DCB vapor in 

animals is provided by the induction of nasal lesions in rats intermittently exposed to levels as low as 

75 ppm for 104 weeks in the study used to derive the chronic inhalation MRL for 1,4-DCB (Aiso et al. 

2005b; Japan Bioassay Research Center 1995).  Additionally, the animal data are consistent with the 

human experience indicating that occupational exposure to 1,4-DCB causes painful nose and eye irritation 

in the range of 50–160 ppm (Hollingsworth et al. 1956).  The current Threshold Limit Value-Time 

Weighted Average (TLV-TWA) for 1,4-DCB of 10 ppm, which is intended to minimize the potential for 

eye irritation in exposed workers (ACGIH 2001), is largely based on the human findings of 

Hollingsworth et al. (1956). 

 

As discussed above, eye and nose irritation are critical effects of acute and longer-term inhalation 

exposures to 1,4-DCB in humans.  Because odor detection is a warning property expected to prevent 

irritation caused by 1,4 DCB (Hollingsworth et al. 1956), the highest level at which an odor was detected 

that was simultaneously without irritant effects, 30 ppm, was designated a minimal LOAEL for irritation 

for the purposes of derivation of the MRL; the 15 ppm level was therefore designated a NOAEL for 

irritant effects.  Using the NOAEL of 15 ppm for eye and nose irritation in humans, and applying a total 

uncertainty factor of 10 (for individual variability), an MRL of 2 ppm was derived for acute inhalation 

exposure to 1,4-DCB. 
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Intermediate-Duration Exposure. 

 

• An MRL of 0.2 ppm has been derived for intermediate-duration (15–364 days) inhalation 
exposure to 1,4-DCB. 

 

A limited amount of information is available on the intermediate-duration toxicity of inhaled 1,4-DCB in 

humans.  Case reports of people who inhaled 1,4-DCB over periods of months provide indications that 

the liver and nervous system are systemic targets of inhalation toxicity in humans, but are limited by lack 

of adequate quantitative exposure information and/or verification that 1,4-DCB was the only factor 

associated with the effects (Cotter 1953; Miyai et al. 1988; Reygagne et al. 1992). 

 

Information on effects of intermediate-duration inhalation exposure to 1,4-DCB in animals is available 

from 4–7-month toxicity studies in rats, mice, guinea pigs, rabbits, and monkeys (Hollingsworth et al. 

1956), a 13-week toxicity study in rats and mice (Aiso et al. 2005a), and a 2-generation reproductive/ 

developmental toxicity study in rats (Tyl and Neeper-Bradley 1989).  These studies show that hepatic 

effects increase in severity with increasing level of exposure, ranging from increased liver weight at low 

levels to degenerative and necrotic changes at higher concentrations, and identify the liver as the most 

sensitive target of intermediate-duration inhalation of 1,4-DCB.  The lowest reliable hepatic effect levels 

are identified in the 13-week and 2-generation studies, as discussed below. 

 

In the 13-week study, groups of 10 male and 10 female F344 rats and 10 male and 10 female BDF1 mice 

were chamber-exposed to 1,4-DCB vapor (>99.9% pure) at concentrations of 0, 25, 55, 120, 270, or 

600 ppm for 6 hours/day, 5 days/week for 13 weeks (Aiso et al. 2005a).  End points evaluated during the 

study included clinical signs (daily) and body weight and food consumption (weekly).  End points 

evaluated at the end of the 13-week exposure period included hematology (red blood cells [RBC], 

hemoglobin [Hb], Hematocrit [Hct], mean corpuscular volume [MCV], mean corpuscular hemogloblin 

[MCH]), blood biochemistry (total protein, albumin, total cholesterol, triglyceride, phospholipid, AST, 

ALT, alkaline phosphatase, blood urea nitrogen [BUN], creatine), organ weights, and histopathology.  

The histological examinations were comprehensive and included the nasal cavity, in accordance with 

OECD test guidelines for a 90-day inhalation study (Aiso 2005; OECD 1981).  

 

There were no exposure-related effects on survival, clinical signs, or body weight gain in the rats (Aiso et 

al. 2005a).  Hematological changes suggestive of microcytic anemia occurred in male rats, including 

significantly decreased RBC count and hemoglobin concentration at ≥120 ppm, hematocrit at ≥270 ppm, 
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and MCV and MCH at 600 ppm.  Serum biochemical changes included significant increases in total 

protein in both sexes at 600 ppm, albumin in females at ≥270 ppm and males at 600 ppm, and total 

cholesterol and phospholipid in males at ≥270 ppm and females at 600 ppm, and significant decreases in 

triglycerides in males at 600 ppm, AST in both sexes at 600 ppm, and ALT and AP in males at ≥270 ppm.  

The biological significance of decreases in serum levels of liver enzymes is unclear.  Organ weight 

changes included >10% increases in absolute and relative weights of liver in males at ≥270 ppm and 

females at 600 ppm, kidneys in males at ≥270 ppm, and spleen in males at 600 ppm.  Histological effects 

included significantly increased incidences of centrilobular hepatocellular hypertrophy in the liver in male 

rats at 600 ppm and kidney lesions indicative of α2µ-globulin nephropathy in male rats at ≥270 ppm.  

There were no histopathological changes in hematopoietic tissues, suggesting that the anemia in the male 

rats was secondary to α2µ-globulin nephropathy-related effects on erythropoietin synthesis in the renal 

tubules. 

 

There were no exposure-related effects on survival, clinical signs, or body weight gain in the mice (Aiso 

et al. 2005a).  Organ weight changes in the mice included >10% increases in liver weight in males at 

≥270 ppm (relative) and 600 ppm (absolute) and females at 600 ppm (absolute and relative); relative liver 

weights were 9.7, 9.7, 10.1, 23.9, and 62.6% higher than controls in the low- to high-dose males.  There 

were no significant hematological changes in either sex.  Serum ALT levels were significantly increased 

in males at ≥270 ppm (18.2, 9.1, 18.2, 54.5 and 164% higher than controls in the low- to high-dose 

groups).  Other serum biochemical changes included significant increases in ALT in females at 600 ppm, 

AST in males at 600 ppm, and total cholesterol and total protein in both sexes at 600 ppm.  Histological 

examinations showed significantly increased incidences of centrilobular hepatocellular hypertrophy in 

male mice at ≥270 ppm and female mice at 600 ppm; incidences in the control to high dose males were 

0/10, 0/10, 0/10, 0/10, 10/10, and 10/10.  Affected hepatocytes were characterized by cell enlargement, 

varying nuclear size and shape, and coarse chromatin and inclusion bodies in the nucleus; the severity of 

these lesions was rated as slight at 270 ppm (males) and moderate at 600 ppm (both sexes).  The moderate 

hepatocellular hypertrophy in the 600 ppm male mice was accompanied by single cell necrosis (1/10) and 

focal liver necrosis (2/10).   

 

The lowest effect level in the 13-week study (Aiso et al. 2005a) study is 270 ppm based on the kidney and 

hematological effects in male rats and liver effects in rats and mice.  The kidney and hematological 

effects are consistent with α2µ-globulin nephropathy, which is specific to male rats and not relevant to 

humans.  The mice were more sensitive to the liver effects of 1,4-DCB than the rats because the only 

hepatic change in the 270 ppm rats was increased liver weight, whereas hepatocellular hypertrophy and 
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increased serum ALT occurred in addition to increased liver weight in the 270 ppm mice.  Additionally, 

at the next highest tested level of 600 ppm, the mice had nuclear changes and evidence of necrosis in the 

hypertrophic hepatocytes, and increased serum AST as well as ALT, whereas none of these indicators of 

hepatocellular damage occurred in the rats.  Based on increased relative liver weight (>10%) in both 

species and histological and serum enzyme changes in the mice, this study identified a NOAEL of 

120 ppm and a LOAEL of 270 ppm for hepatic effects. 

 

In the two-generation study, groups of 28 Sprague-Dawley rats of each sex were exposed to actual mean 

1,4-DCB concentrations of 0, 66, 211, and 538 ppm (Tyl and Neeper-Bradley 1989).  Additional groups 

of 10 females were similarly exposed for 10 weeks in a satellite study.  The animals in the main study 

were paired within groups for a 3 week mating period to produce the F1 generation.  Main study males 

that did not successfully mate in the first 10 days of the mating period were paired with the satellite 

females for 10 days.  Main study females that did not successfully mate during the first 10 days of the 

mating period were paired with proven males for the remaining 11 days of the mating period.  Exposures 

of the main study F0 females were continued throughout the mating period and the first 19 days of 

gestation, discontinued from gestation day 20 through postnatal day 4, and then resumed until sacrifice at 

weaning on postnatal day 28.  Exposures of the satellite F0 females were continued through mating until 

sacrifice on gestation day 15.  Exposures of the F0 males continued until sacrificed at the end of the study 

and satellite mating periods.  Groups of 28 F1 weanlings/sex and satellite groups of 10 F1 female 

weanlings were exposed for 11 weeks and mated as described above to produce the F2 generation.  

Additionally, 20 F1 weanlings/sex from the control and high exposure groups served as recovery animals 

that were observed without exposure for 5 weeks prior to sacrifice.  Complete necropsies were performed 

on all F0 and F1 adult (parental) animals, F1 recovery animals, F1 weanlings not used in the rest of the 

study, and F2 weanlings, and histology was evaluated in the F0 and F1 parental animals.  Histological 

examinations were conducted on the liver and kidneys in all groups and on selected other tissues 

(pituitary, vagina, uterus, ovaries, testes, epididymides, seminal vesicles, prostate, and tissues with gross 

lesions) in the control and high-exposure groups.  The kidney evaluation included examination for the 

presence of α2µ-globulin droplets.  Additional end points evaluated in the parental generations included 

clinical observations, mortality, body weight, and food consumption.  Mating and fertility indices were 

determined for F0 and F1 males and females, and gestational, live birth, postnatal survival (4, 7, 14, 21, 

and 28 days), and lactation indices were determined for the F1 and F2 litters. 

 

No effects on reproductive parameters in either generation were reported, although systemic toxicity 

occurred at all dose levels in F0 and F1 adult rats (Tyl and Neeper-Bradley 1989).  Hyaline droplet 
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nephropathy was found in F0 and F1 adult males at ≥66 ppm.  Manifestations of this male rat-specific 

renal syndrome included α2µ-globulin accumulation and increased kidney weights at ≥66 ppm, and other 

characteristic histological changes at 538 ppm.  Body weights and weight gains were significantly 

reduced in F0 and F1 adult males and F1 adult females during the pre-breed exposure periods at 538 ppm.  

Absolute liver weights were increased in F0 males by 6, 16, and 38% in the 66, 211, and 538 ppm groups, 

respectively; the differences were statistically significantly different from control in the 211 and 538 ppm 

groups.  In F0 females, absolute liver weights were increased by 9 and 31% at 211 and 538 ppm, 

respectively, but statistical significance was achieved only at 538 ppm.  Similar changes were seen in 

relative liver weights of the F0 generation, with respective increases of 5, 14, and 52% in the 66, 211, and 

538 ppm males and 4, 9, and 31% in the 66, 211, and 538 ppm females; all groups of treated males, and 

the 211 and 538 ppm female groups, were statistically significantly different from controls.  Relative liver 

weights were also significantly increased in F1 adult males at ≥211 ppm and in F1 adult females at 

538 ppm.  Hepatocellular hypertrophy was observed in the livers of F0 and F1 males and females at 

538 ppm; no hepatic histological changes were induced at the lower exposure concentrations.  Other 

effects also occurred in the F0 and F1 males and females at 538 ppm, indicating that there was a consistent 

pattern of adult toxicity at the high exposure level, including reduced food consumption and increased 

incidences of clinical signs (e.g., tremors, unkempt appearance, urine stains, salivation, and nasal and 

ocular discharges); these effects only sporadically occurred at 211 ppm.  Other effects at 538 ppm 

included reduced gestational and lactational body weight gain, and postnatal toxicity, as evidenced by 

increased number of stillborn pups, reduced pup body weight, and reduced postnatal survival in F1 and/or 

F2 litters.  This study identified:  (1) a NOAEL of 66 ppm and LOAEL of 211 ppm for increased (>10% 

above controls) relative liver weight in adult rats, and (2) a serious LOAEL of 538 ppm for systemic 

toxicity (central nervous system and other clinical signs) in adult rats and developmental toxicity 

(increased stillbirths and perinatal mortality) in their offspring (Tyl and Neeper-Bradley 1989).  The 

identification of increased liver weight as a critical effect of 1,4-DCB toxicity is supported by findings of 

increased liver weight and serum liver enzyme levels and histopathologic liver lesions following repeated 

oral exposure (Naylor and Stout 1996). 

 

Benchmark dose (BMD) analysis of the male rat serum ALT data (Aiso et al. 2005a) was conducted using 

all appropriate continuous-variable models in the EPA Benchmark Dose Software (Version 1.3.2) and a 

benchmark response (BMR) of 1 standard deviation change from the control mean.  None of the models 

provided an adequate fit to the variance, precluding the use of this data set for selecting a point of 

departure for deriving an MRL.  Available continuous-variable models were also fit to the Tyl and 

Neeper-Bradley (1989) data for changes in liver weight in male rats using a BMR of 1 standard deviation.  
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The 2-degree polynomial model was the best fitting model, predicting a benchmark concentration 

(BMC1sd) and BMCL1sd (lower 95% confidence limit on the BMC1sd) of 120 and 92 ppm, respectively.  A 

summary of the predicted BMCs and BMCL for both end points, as well as details of the BMD modeling, 

are presented in Appendix A.   

 

Using the BMCL1sd of 92 ppm for increased liver weight in male rats and EPA (1994k) inhalation 

reference concentration (RfC) methodology to determine the MRL, the BMCL1sd of 92 ppm was duration-

adjusted for intermittent exposure, as follows: 

 

 BMCL1sd ADJ = (BMCL1sd) (hours/24 hours) (days/7 days) 
   = (92 ppm) (6 hours/24 hours) (7 days/7 days) 
   = 23 ppm 
 

1,4-DCB exhibited the effects outside of the respiratory tract and consequently is treated as a 

category 3 gas for purposes of calculating the MRL.  The human equivalent concentration (HEC) for 

extrarespiratory effects produced by a category 3 gas is calculated by multiplying the duration-adjusted 

BMCL1sd (BMCL1sd ADJ, see below) by the ratio of blood:gas partition coefficients (Hb/g) in animals and 

humans (EPA 1994k).  Hb/g values were not available for 1,4-DCB in rats and humans.  Using a default 

value of 1 for the ratio of partition coefficients, the BMCL1sd HEC becomes 23 ppm: 

 

 BMCL1sd HEC = (BMCL1sd ADJ) x [(Hb/g)RAT / (Hb/g)HUMAN],  
   = 23 ppm x [1] = 23 ppm 
 

The BMCL1sd HEC was divided by a total uncertainty factor of 100 to derive the MRL.  This uncertainty 

factor is comprised of component factors of 10 for interspecies extrapolation, and 10 for human 

variability.  Although the rat exposure concentration was adjusted to a HEC, an uncertainty factor of 

10 was still applied, because HEC calculation was based on an assumption of equivalent blood-gas 

partition coefficients, and not on actual data.  Dividing the 23 ppm BMCL1sd HEC for increased liver weight 

in male rats by an uncertainty factor of 100 (10 for interspecies extrapolation and 10 for human 

variability) yields an MRL of 0.2 ppm for intermediate-duration inhalation exposure to 1,4-DCB. 

 

Chronic-Duration Exposure. 

 

• An MRL of 0.01 ppm has been derived for chronic-duration (≥365 days) inhalation exposure to 
1,4-DCB. 
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A limited amount of information is available on the long-term toxicity of inhaled 1,4-DCB in humans.  

Periodic occupational health examinations of workers who were exposed to 1,4-DCB for an average of 

4.75 years (range, 8 months to 25 years) showed no changes in standard blood and urine indices 

(Hollingsworth et al. 1956).  The odor was found to be faint at 15–30 ppm and strong at 30–60 ppm.  

Painful irritation of the eyes and nose was usually experienced at 50–80 ppm, although the irritation 

threshold was higher (80–160 ppm) in workers acclimated to exposure.  Concentrations above 160 ppm 

caused severe irritation and were considered intolerable to people not adapted to it.  Occasional 

examination of the eyes showed no cataracts or any other lens changes.  The odor and irritation properties 

are considered to be fairly good warning properties that should prevent excessive exposures, although the 

industrial experience indicates that it is possible for people to become sufficiently acclimated to tolerate 

high concentrations of the vapor (Hollingsworth et al. 1956).  The data from this study are inadequate for 

chronic MRL derivation due to poor characterization of long-term exposure levels, insufficient 

investigation of systemic health end points, and reporting and other study deficiencies.  Although the 

available occupational data are insufficient for chronic MRL derivation, the nose and eye irritation 

findings in humans are consistent with nasal effects observed in chronically exposed animals, as 

discussed below. 

 

Information on the chronic inhalation toxicity of 1,4-DCB in animals is available from two studies in rats 

and mice (Aiso et al. 2005b; Japan Bioassay Research Center 1995; Riley et al. 1980a, 1980b).  In the 

Riley et al. (1980a, 1980b) studies, rats of both sexes and female mice were exposed to 75 or 500 ppm of 

1,4-DCB for 5 hours/day, 5 days/week for up to 76 weeks (rats) or 57 weeks (mice), followed by 

32 weeks (rats) or 18–19 weeks (mice) without exposure.  There were no exposure-related 

histopathological changes in the nasal cavity or other tissues in either species.  Liver and kidney weights 

were increased in rats of both sexes at 500 ppm, but the toxicological significance is questionable due to 

the negative histopathology findings and the lack of related clinical chemistry effects.  Evaluation of the 

mouse data is limited by reporting insufficiencies in the available summary of the study. 

 

In the other chronic study (Aiso et al. 2005b; Japan Bioassay Research Center 1995), groups of 50 male 

and female F344/DuCrj rats and 50 male and female Crj:BDF1 mice were exposed to 1,4-DCB in target 

concentrations of 0, 20, 75, or 300 ppm for 6 hours/day, 5 days/week for 104 weeks.  Study end points 

included clinical signs and mortality, body weight (weekly for the first 13 weeks, and subsequently every 

4 weeks), and hematology, blood biochemistry, and urinalysis indices (evaluated at end of study).  

Selected organ weight measurements (liver, kidneys, heart, lungs, spleen, adrenal, brain, testis, and ovary) 

and comprehensive gross pathology and histology evaluations were performed on all animals at the end of 
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the study or at time of unscheduled death.  No interim pathology examinations were performed.  As 

summarized below, this study identifies a NOAEL of 20 ppm and a LOAEL of 75 ppm for dose-related 

eosinophilic changes in the olfactory epithelium in female rats. 

 

For the rats, the actual mean chamber concentrations were 0, 19.8, 74.8, or 298.4 ppm over the duration 

of the study (Aiso et al. 2005b; Japan Bioassay Research Center 1995).  The number of rats surviving to 

scheduled termination was significantly (p<0.05) reduced at 300 ppm in males.  Survival in the male rats 

was noticeably lower than controls beginning at approximately study week 80, and overall survival at 0, 

20, 75, and 300 ppm was 66% (33/50), 68% (34/50), 58% (29/50), and 36% (18/50), respectively.  There 

were no exposure-related decreases in survival in the female rats, or effects on growth or food 

consumption in either sex.  Changes in various hematological and blood biochemical indices (mean cell 

volume, total cholesterol, phospholipids, blood urea nitrogen, creatinine, and calcium in males; total 

protein, total bilirubin, blood urea nitrogen, and potassium in females) occurred at 300 ppm, but a lack of 

numerical data and statistical analysis precludes interpretations of significance for these end points.  

Absolute and relative liver weights in both sexes and kidney weights in males were significantly 

increased at 300 ppm.  Additional findings included histopathological changes in the kidneys and nasal 

epithelia.  The kidney lesions occurred only in male rats at 300 ppm and included significantly increased 

incidences of mineralization of the renal papilla and in hyperplasia of the urothelium.  The nasal lesions 

mainly included increased incidences of eosinophilic changes (globules) in the olfactory epithelium 

(moderate or greater severity) in males at 300 ppm and females at ≥75 ppm.  Incidences of this lesion at 0, 

20, 75, and 300 ppm were 1/50, 2/50, 2/50, and 7/50 in males, and 28/50, 29/50, 39/50, and 47/50 in 

females.  The increases were statistically significant (p≤0.05, Fisher's Exact Test performed by ATSDR) 

at ≥75 ppm in females and 300 ppm in males, and there was a trend of increasing response with 

increasing dose in both sexes (Cochran-Armitage test, performed by ATSDR).  Other nasal lesions that 

were significantly increased at 300 ppm were eosinophilic globules in the respiratory epithelium (11/50, 

10/50, 14/50, 38/50) and respiratory metaplasia in the nasal gland (5/50, 4/50, 4/50, 33/50) in females at 

300 ppm.  Kidney lesions were increased only in male rats at 300 ppm and included significantly 

increased incidences of mineralization of the renal papilla (0/50, 1/50, 0/50, 41/50) and in hyperplasia of 

the urothelium (7/50, 8/50, 13/50, 32/50).   

 

For the mice, the actual mean chamber concentrations were 0, 19.9, 74.8, or 298.3 ppm over the duration 

of the study.  Survival was significantly reduced in male mice at 300 ppm (due to an increase in liver 

tumor deaths), but comparable to controls in the females.  Terminal body weight was significantly 

reduced at 300 ppm in males (11.5% less than controls, beginning at study week 80).  Changes in various 
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hematological and blood biochemical indices (total cholesterol, serum glutamic oxaloacetic transaminase 

[SGOT], serum glutamic pyruvic transaminase [SGPT], lactic dehydrogenase [LDH], and alkaline 

phosphatase [AP] in both sexes; platelet numbers, total protein, albumin, total cholesterol, blood urea 

nitrogen, and calcium in females) occurred at 300 ppm (Japan Bioassay Research Center 1995), but a lack 

of reported numerical data and results of statistical analysis precludes interpretation of these end points.  

Absolute and relative liver and kidney weights in both sexes were significantly increased at 300 ppm.  

Additional findings included histopathological changes in the nasal cavity, liver, and testes.  The nasal 

lesions included significantly increased incidences of respiratory metaplasia in the nasal gland (moderate 

severity) in males at 75 ppm (9/49, 12/49, 18/50, 11/49) and olfactory epithelium (slight severity) in 

males at 75 ppm (23/49, 30/49, 37/50, 22/49) and females at 300 ppm (7/50, 6/50, 2/49, 20/50); the 

effects in the males were not dose-related (i.e., incidences were increased at 75 ppm but not at 300 ppm).  

The incidence of centrilobular hepatocellular hypertrophy was significantly increased in male mice at 

300 ppm (0/49, 0/49, 0/50, 34/49).  Incidences of liver tumors were also increased at 300 ppm; these 

included hepatocellular carcinoma in males (12/49, 17/49, 16/50, 38/49) and females (2/50, 4/50, 2/49, 

41/50), hepatocellular adenoma in females (2/50, 10/50, 6/49, 20/50), hepatoblastoma in males (0/49, 

2/49, 0/50, 8/49) and females (0/50, 0/50, 0/49, 6/50), and histiocytic sarcoma in males (0/49, 3/49, 1/50, 

6/49).  Testicular mineralization was significantly increased in males at ≥75 ppm (27/49, 35/49, 42/50, 

41/49) (Japan Bioassay Research Center 1995).  The testicular mineralization was not considered to be a 

toxicologically significant effect (Aiso 2006) because (1) no signs of testicular toxicity were observed in 

mice exposed for 13 weeks (Aiso et al. 2005a), and (2) it was confined to the testicular capsules and 

testicular blood vessels and not observed in the testicular parenchyma, indicating that it is a finding 

commonly observed in aged mice independent of exposure to 1,4-DCB (Aiso 2006).   

 

The results of this study indicate that moderate or severe eosinophilic changes in the nasal olfactory 

epithelium in female rats is the most sensitive toxic effect in the most sensitive species and sex.  The 

NOAEL and LOAEL for these nasal lesions are 19.8 and 74.8 ppm, respectively.  To derive a point of 

departure for MRL derivation, BMD analysis was conducted using the incidences of the nasal lesions 

(moderate or greater severity) in the female rats.  Data for other end points were not modeled because the 

effects occurred at higher concentrations (nasal lesions and hepatocellular hypertrophy in mice, kidney 

lesions in rats) or were not toxicologically significant (testicular mineralization in mice).  All 

dichotomous models in the Benchmark Dose Software (version 1.3.2) were fit to the female rat nasal 

lesion incidence data.  All models provided adequate fits to the data, and the quantal linear model 

provided the best fit to the data.  Using a BMR level of 10% extra risk above the control incidence, the 

quantal linear model resulted in a benchmark concentration (BMC10) of 14.08 ppm and lower 95% 
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confidence limit (BMCL10) of 9.51 ppm.  A summary of the predicted BMCs and BMCLs, as well as 

details of the BMD modeling, are presented in Appendix A.   

 

Using the BMCL10 value of 9.51 ppm for increased incidences of nasal lesions in female rats and EPA 

(1994k) inhalation RfC methodology to determine the MRL, the BMCL10 was duration-adjusted for 

intermittent exposure, as follows: 

 

   BMCL10 ADJ = (BMCL10) (hours/24 hours) (days/7 days) 
     = (9.51 ppm) (6 hours/24 hours) (5 days/7 days) 
     = 1.70 ppm 
 

For the nasal olfactory epithelium changes in female rats, 1,4-DCB was treated as a category 1 gas with 

effects in the extrathoracic region for purposes of calculating the HEC.  Using EPA (1988, 1994b) 

reference values, the regional gas deposition ratio was calculated as follows (EPA 1994a): 

 

  RGDRET  =  [(VE/SAET)A/(VE/SAET)H] 
      =  (0.24 m3/day/15cm2)/(20 m3/day/200cm2) 
      =  0.16 
 where: RGDRET  =  regional gas deposition ratio in the extrathoracic region 
  VE    =  minute volume in rats (VE)A or humans (VE)H 
  SAET    =  extrathoracic surface area in rats (SAET)A or humans (SAET)H 
 

The HEC was calculated by multiplying the rat BMCL10 ADJ by the RGDRET to yield a BMCL10 HEC of 

0.27 ppm, as follows: 

 

  BMCL10 HEC = BMCL10 ADJ x RGDRET 
    = 1.70 ppm x 0.16   
    = 0.27 ppm 
 

The BMCL10 HEC of 0.27 ppm for nasal effects in rats was divided by a total uncertainty factor of 30 to 

calculate the MRL.  This uncertainty factor is comprised of component factors of 3 for interspecies 

extrapolation and 10 for human variability.  A 3-fold uncertainty factor was used instead of a default 

10-fold factor to extrapolate from rats to humans, because the dosimetry adjustment (i.e., calculation of 

the human equivalent exposure for time and concentration [NOAELHEC]) addresses one of the two areas 

of uncertainty encompassed in an interspecies extrapolation factor.  The dosimetric adjustment addresses 

the pharmacokinetic component of the extrapolation factor, but the pharmaco-dynamic area of uncertainty 

remains as a partial factor for interspecies uncertainty.  Dividing the 0.27 ppm NOAEL10 HEC by the 

uncertainty factor of 30 yields an MRL of 0.01 ppm for chronic-duration inhalation exposure to 1,4-DCB.   
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Oral MRLs 

 

1,2-Dichlorobenzene   

 

Acute-Duration Exposure. 

 

• An MRL of 0.7 mg/kg/day has been derived for acute-duration (≤14 days) oral exposure to 
1,2-DCB. 

 

Information on effects of acute oral exposure to sublethal doses of 1,2-DCB consists of findings in three 

systemic toxicity studies in rats and mice and one developmental toxicity study in rats (NTP 1985; 

Rimington and Ziegler 1963; Robinson et al. 1991; Ruddick et al. 1983).  These studies administered the 

compound by gavage and collectively identify the liver as the most sensitive target.  Severe liver damage, 

characterized by intense necrosis and fatty changes as well as porphyria, occurred in rats administered 

455 mg/kg/day for 15 consecutive days (Rimington and Ziegler 1963).  Rats that were exposed to 

300 mg/kg/day for 10 consecutive days had hepatic effects that included necrosis and increased serum 

ALT (Robinson et al. 1991).  Hepatocellular degeneration and necrosis occurred in mice that were 

exposed to 250 or 500 mg/kg/day for 14 consecutive days (NTP 1985).  The 15-day rat and 14-day mouse 

studies are limited by small numbers of animals (3–5 per dose) and lack of a NOAEL due a single dose 

level (Rimington and Ziegler 1963) or lack of histopathology evaluations at doses lower than the LOAEL 

(NTP 1985).  The 10-day study (Robinson et al. 1991) is the most appropriate basis for MRL derivation 

because it is well designed, included four dose levels, and provides dose-response data for several hepatic 

end points.  

 

In the Robinson et al. (1991) study, groups of 10 male and 10 female Sprague-Dawley rats were treated 

with 1,2-DCB in corn oil by gavage at doses of 0, 37.5, 75, 150, or 300 mg/kg/day for 10 consecutive 

days.  The doses were selected on the basis of a reported rat oral LD50 of 500 mg/kg.  End points 

evaluated during the study included clinical signs, body weight, and food and water consumption.  

Evaluations at the end of the exposure period included hematology (five indices), serum chemistry 

(nine indices including aspartate AST, ALT, LDH, cholesterol, blood urea nitrogen, and creatinine), and 

selected organ weights (brain, liver, spleen, lungs, thymus, kidneys, adrenal glands, heart, and testes or 

ovaries).  Histological examinations were performed on various tissues including liver, kidneys, urinary 

bladder, heart, skin, muscle, bone, respiratory tract (nasal cavity with turbinates, lungs), nervous system 



DICHLOROBENZENES  36 
 

2.  RELEVANCE TO PUBLIC HEALTH 
 
 

 
 
 
 
 

(brain, sciatic nerve), immunological (spleen, thymus, lymph nodes), gastrointestinal (duodenum, ileum, 

jejunum, salivary gland, colon, cecum, rectum), endocrine (adrenal glands, pancreas), and reproductive 

(testes, seminal vesicles, prostate, ovaries) in the high-dose and control groups.  Target organs identified 

in the high-dose group were also histologically evaluated at the lower dose levels. 

 

No clinical signs or effects on survival were observed (Robinson et al. 1991).  Body weight gain was 

significantly reduced in the male rats at 300 mg/kg/day (final body weights were 10.9% lower than 

controls), but not in females, and there were no exposure-related changes in food consumption in either 

sex.  Statistically significant changes in organ weights predominantly occurred at 300 mg/kg/day, 

including significantly decreased absolute spleen weight in both sexes and decreased absolute heart, 

kidney, thymus, and testes weights in males.  Liver weight (absolute and relative) was significantly 

increased in females at ≥150 mg/kg/day and males at 300 mg/kg/day; compared to controls in the low- to 

high-dose females, absolute liver weights were 1.8, 9.0, 20.5, and 29.0% increased and relative liver 

weights were 6.8, 7.6, 21.7, and 34.5% increased.  Clinical chemistry findings included significantly 

increased serum ALT in both sexes at 300 mg/kg/day and serum phosphorus in females at 

≥150 mg/kg/day.  Serum cholesterol was significantly increased in females at ≥37.5 mg/kg/day, but the 

toxicological significance is unclear because the values were similar at all dose levels and showed no 

dose-response.  Histopathological findings were limited to the liver and included necrosis that was slight 

in severity and significantly (p=0.04) increased in males at 300 mg/kg/day (4/10 compared to 0/10 in 

controls); incidences in the other dose groups were not reported, although the study authors indicated that 

target organs in the high-dose groups were histologically evaluated at the lower dose levels.  Incidences 

of other hepatic lesions were not significantly increased, but included inflammation (characterized by 

lymphocyte and macrophage infiltrates) and degeneration of hepatocytes (characterized by varying 

degrees of fibrillar or vacuolated cytoplasm and swelling with intact cell membranes).  This study 

identified a NOAEL of 75 mg/kg/day and a LOAEL of 150 mg/kg/day for increased liver weight (>10%) 

in female rats, as well as a LOAEL of 300 mg/kg/day for liver necrosis in male rats.   

 

To derive a point of departure for MRL derivation, BMD dose analysis was conducted using the rat 

absolute liver weight data.  The liver lesion data were not subjected to BMD analysis because incidences 

of liver necrosis were only reported for control and high-dose rats.  Serum liver enzyme (ALT, AST, 

LDH) data were not subjected to BMD analysis because a statistically significant increase was noted only 

for serum ALT in the high-dose group of male rats and the magnitude of the increase (50% higher than 

the control serum ALT level) is not considered to be adverse.  All continuous variable models in the EPA 

Benchmark Dose Software (Version 1.3.2) were fit to the absolute liver weight data from male and female 
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rats.  One standard deviation increase from the control mean value was selected as the BMR in the 

absence of a biological rationale for using an alternative BMR.  A summary of the predicted BMDs and 

BMDLs, as well as details of the BMD modeling, are presented in Appendix A.  The linear model was 

determined to the best-fitting model for the liver weight data in male rats (provided a BMD1sd of 

249.04 mg/kg/day and a BMDL1sd of 158.55 mg/kg/day) and female rats (provided a BMD1sd of 

84.67 mg/kg/day and a BMDL1sd of 67.73 mg/kg/day).  Among the best-fitting model results, the lowest 

BMDL1sd of 67.73 mg/kg/day was selected as the point of departure for deriving the MRL.  The BMDL1sd 

of 67.73 mg/kg/day was divided by an uncertainty factor of 100 (10 for extrapolation from animals to 

humans and 10 for human variability) to derive an MRL of 0.7 mg/kg/day for acute-duration oral 

exposure to 1,2-DCB. 

 

Intermediate-Duration Exposure. 

 

• An MRL of 0.6 mg/kg/day has been derived for intermediate-duration (15–364 days) oral 
exposure to 1,2-DCB. 

 

Information on effects of intermediate-duration oral exposure to 1,2-DCB is available from three 

intermediate studies in rats and mice identifying the liver as the most sensitive target of toxicity 

(Hollingsworth et al. 1958; NTP 1985; Robinson et al. 1991).  Incidences of degenerative liver lesions 

were significantly increased in rats exposed to 250–500 mg/kg/day for ≥13 weeks (Hollingsworth et al. 

1958; NTP 1985; Robinson et al. 1991) and mice exposed to 250 mg/kg/day for 13 weeks (NTP 1985).  

Necrotic lesions occurred in several rats at 125 mg/kg/day (1/10 males, 3/10 females), but the increase 

was not statistically significant (NTP 1985).  Other hepatic findings in rats exposed to lower doses (125–

188 mg/kg/day for ≥13 weeks) included increases in relative liver weight and serum levels of ALT, 

cholesterol, serum protein, and decreases in serum triglycerides.  Increased serum ALT is an inconsistent 

finding because it was induced in rats exposed to ≥100 mg/kg/day for 90 days (Robinson et al. 1991), but 

not in rats exposed to ≥125 mg/kg/day for 13 weeks (NTP 1985).  Additionally, the increase in serum 

ALT was not dose-related and serum levels of other liver-associated enzymes were not increased in either 

the Robinson et al. (1991) study (AST, LDH, and AP) or the NTP (1985) study (AP and GGTP).  The 

lowest LOAEL is 125 mg/kg/day, which is a minimal LOAEL for increased liver weight in rats in the 

NTP (1985) study.   

 

In the NTP (1985) study, groups of 10 male and 10 female F344 rats and 10 male and 10 female 

B6C3F1 mice were administered 1,2-DCB in doses of 0, 30, 60, 125, 250, or 500 mg/kg/day for 
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5 days/week for 13 weeks.  Histology examinations of the liver were limited to the control and three 

highest dose groups.  Degenerative lesions were significantly (p≤0.05) increased in both species at 

≥250 mg/kg/day.  Changes in the rats included necrosis of individual hepatocytes at ≥250 mg/kg/day and 

centrilobular degeneration at 500 mg/kg/day; total incidences of these lesions at 0, 125, 250, and 

500 mg/kg/day were 0/10, 1/10, 4/9, and 8/10 in males, and 0/10, 3/10, 5/10, and 7/8 in females.  Relative 

liver weights were significantly increased at 125, 250, and 500 mg/kg/day in the males (8, 17, and 45% 

higher than controls) and females (8, 15, and 30%); increased relative liver weights were not seen at 

lower doses in either sex.  There were no increases in serum levels of liver enzymes [ALT, AP, or GGPT] 

at any dose in either sex.  Serum cholesterol was significantly increased in males at ≥30 mg/kg/day (50.0, 

17.6, 26.5, 70.6, and 109% higher than controls in the low to high dose groups; not significant at 

60 mg/kg/day) and females at ≥125 mg/kg/day (12.2, 12.2, 32.6, 26.5, and 51.0%).  Although increases in 

serum cholesterol were observed at doses as low as 30 mg/kg/day, the toxicological significance is 

unclear because there was no clear dose-response unless the increase at 30 mg/kg/day is considered to be 

outlying.  Urinary concentrations of uroporphyrin and coproporphyrin were 3–5 times higher than 

controls in the 500 mg/kg/day males and females, but this increase was not considered indicative of 

porphyria because total porphyrin concentration in the liver was not altered at any dose level and no 

pigmentation indicative of porphyria was observed by ultraviolet light at necropsy.  The 60 and 

125 mg/kg/day doses are the NOAEL and LOAEL, respectively, for hepatic effects in rats based on the 

increases in liver weight in both sexes.   

 

In the mice, no compound-related histopathological changes were observed in either sex at 0 and 

125 mg/kg/day or in females at 250 mg/kg/day.  Lesions that were significantly increased included 

necrosis of individual hepatocytes, hepatocellular degeneration and/or pigment deposition in 4/10 males 

at 250 mg/kg/day, and centrilobular necrosis, necrosis of individual hepatocytes, and/or hepatocellular 

degeneration in 9/10 males and 9/10 females at 500 mg/kg/day.  Relative liver weights were significantly 

increased at 500 mg/kg/day in both sexes, but there were no exposure-related changes in serum levels of 

ALT, AP, or GGPT in either sex at any dose (no other clinical chemistry indices were examined in the 

mice).  Based on the liver lesion data, the NOAEL and LOAEL in mice are 125 and 250 mg/kg/day, 

respectively. 

 

To derive a point of departure for MRL derivation, BMD analysis was conducted using liver lesion and 

liver weight data from the NTP (1985) study.  Dichotomous models available in the EPA Benchmark 

Dose Software (Version 1.3.2) were fit to data for incidences of liver lesions (single cell necrosis, 

centrilobular necrosis, and/or hepatocellular degeneration) in male and female rats (combined) and male 
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mice.  Because there were no apparent differences in sensitivity to 1,2-DCB among the male and female 

rats, the liver lesion data were combined to increase the statistical power for BMD analysis.  For each data 

set, BMDs and their lower 95% confidence limits (BMDLs) were calculated using a BMR of 10% extra 

risk.  All available models provided adequate fit to liver lesion data for male and female rats combined.  

The best-fitting model was the quantal quadratic model, which provided a BMD10 of 108.71 mg/kg/day 

and a BMDL10 of 92.08 mg/kg/day.  The log-probit model was determined to be the best-fitting model for 

the male mouse incidence data and provided a BMD10 of 176.05 mg/kg/day and BMDL10 of 

114.58 mg/kg/day.  Continuous variable models in the EPA Benchmark Dose Software were fit to the 

relative liver weight data for male and female rats using a BMR of 1 standard deviation from the control 

mean.  Adequate fits were not obtained for the male rat liver weight data, but the linear model was the 

best-fitting model for the female data, resulting in a BMD1sd of 108.15 mg/kg/day and a BMDL1sd of 

89.27 mg/kg/day.  A summary of the predicted BMDs and BMDLs for both end points, as well as details 

of the BMD modeling, are presented in Appendix A.   

 

The BMDL1sd of 89.27 mg/kg/day from the best-fitting modeling results of the female rat relative liver 

weight data is lower than the BMDL10 of 92.08 mg/kg/day from the best-fitting modeling results of liver 

lesion incidences in the male and female rats combined and the BMDL10 of 114.58 mg/kg/day from the 

best-fitting model results of liver lesion incidences in the male mice.  Therefore, the BMDL1sd of 

89.27 mg/kg/day for increased relative liver weight in the female rats was selected as the point of 

departure for the MRL.  The BMDL1sd of 89.27 mg/kg/day was adjusted for intermittent experimental 

exposure (5 days/7 days) to give a duration-adjusted BMDL1sd of 63.76 mg/kg/day, and divided by an 

uncertainty factor of 100 (10 for animal to human extrapolation and 10 for human variability) to derive an 

intermediate-duration oral MRL of 0.6 mg/kg/day for 1,2-DCB.   

 

Chronic-Duration Exposure. 

 

• An MRL of 0.3 mg/kg/day has been derived for chronic-duration (≥365 days) oral exposure to 
1,2-DCB. 

 

One chronic oral toxicity study of 1,2-DCB is available.  In this study groups of F344/N rats 

(50/sex/group) and B6C3F1 mice (50/sex/group) were administered 1,2-DCB in corn oil by gavage in 

doses of 0, 60, or 120 mg/kg/day for 5 days/week for 103 weeks (NTP 1985).  Evaluations included 

clinical signs, body weight, and necropsy and histology on all animals.  Organ weight and clinical 

chemistry indices were not assessed.  The only exposure-related effect in either species was a 
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significantly increased incidence of renal tubular regeneration in the male mice.  This lesion showed a 

dose-related trend, and was statistically significantly elevated in high-dose animals, but not in low-dose 

animals.  The NOAEL for the lesion was therefore 60 mg/kg/day, and the LOAEL was 120 mg/kg/day. 

 

To derive a point of departure for MRL derivation, BMD analysis was conducted using the kidney lesion 

incidence data.  All dichotomous models in the Benchmark Dose Software (version 1.3.2) were fit to the 

male mouse incidence data for renal tubule regeneration.  A 10% extra risk above the control incidence 

was selected as the BMR in the absence of a biological rationale for using an alternative BMR.  A 

summary of the predicted BMDs and BMDLs, as well as details of the BMD modeling, are presented in 

Appendix A.  The logistic model was the best-fitting model, resulting in a BMD10 of 62.96 mg/kg/day and 

a BMDL10 of 43.04 mg/kg/day.  The BMDL10 43.04 mg/kg/day was adjusted for intermittent 

experimental exposure (5 days/7 days) to give a duration-adjusted BMDL10 of 30.74 mg/kg/day, and 

divided by an uncertainty factor of 100 (10 for animal to human extrapolation and 10 for human 

variability) to derive a chronic-duration oral MRL of 0.3 mg/kg/day for 1,2-DCB. 

 

1,3-Dichlorobenzene   

 

Acute-Duration Exposure. 

 

• An MRL of 0.4 mg/kg/day has been derived for acute-duration (≤14 days) oral exposure to 
1,3-DCB. 

 

The acute oral database for 1,3-DCB consists of one short-term toxicity study in which groups of 10 male 

and 10 female Sprague Dawley rats were administered gavage doses of 0, 37, 147, 368, or 735 mg/kg/day 

in corn oil for 10 consecutive days (McCauley et al. 1995).  End points evaluated during the study 

included clinical signs, survival, body weight, and food and water consumption.  At the end of the study, 

blood was collected for hematology and serum chemistry analyses (erythrocytes, leukocytes, hemoglobin, 

hematocrit, mean corpuscular volume, glucose, BUN, creatinine, AP, AST, ALT, cholesterol, LDH, and 

calcium levels), and selected organs were weighed (brain, liver, spleen, lungs with lower half of trachea, 

thymus, kidneys, adrenal glands, heart, and gonads).  Gross pathology was evaluated in all animals, and 

comprehensive histological examinations were performed in the high dose and control groups; histology 

in the lower dose groups was limited to the liver.  Inflammatory and degenerative lesions were graded on 

a relative scale from one to four depending on the severity (minimal, mild, moderate, or marked). 
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No compound-related deaths or overt clinical signs were observed (McCauley et al. 1995).  Body weight 

was significantly reduced in both sexes at 735 mg/kg/day (20 and 13% lower than controls in males and 

females, respectively).  Food consumption was significantly decreased at 735 mg/kg/day in males (12%, 

normalized by body weight), and water consumption was significantly increased (8–13%) in females at 

≥735 mg/kg/day.  The hematological evaluation showed 8% decreased MCV in females at 

735 mg/kg/day.  The clinical chemistry analyses showed statistically significant changes in several 

indices, but serum cholesterol was the only end point that had values that exceeded the reference range.  

Serum cholesterol was significantly increased in females at 368 and 735 mg/kg/day (94 and 63% higher 

than controls, respectively), as well as in males at 368 and 735 mg/kg/day (79 and 84% higher than 

controls, respectively).  Relative liver weight was significantly increased in males at ≥147 mg/kg/day and 

females at ≥368 mg/kg/day; increases in the males were 9.1, 31.3, 50.63, and 32.5% higher than controls 

in the low- to high-dose groups.  Other significant changes in relative organ weight included decreased 

spleen weight in females at ≥368 mg/kg/day and males at 735 mg/kg/day, decreased thymus weight in 

both sexes at 735 mg/kg/day, and decreased testes weight in males at 735 mg/kg/day.  Absolute organ 

weights were not reported.  Histological changes primarily occurred in the liver, particularly centrilobular 

hepatocellular degeneration at ≥368 mg/kg/day.  This lesion was characterized by varying degrees of 

cytoplasmic vacuolization and swelling with intact membranes, and occurred in the 368 and 

735 mg/kg/day groups in 2/10 and 9/10 males, respectively, and 6/10 and 10/10 females, respectively; 

incidences in the other groups were not reported but are presumed to be 0/10.  Other hepatic alterations 

included hepatocellular necrosis that was sporadically noted in the 147, 368, and 735 mg/kg/day groups.  

This change was usually minimal to mild, and was reported to increase in incidence and severity in the 

males in a dose-related manner; however, incidences were not reported.  The only other reported 

histological change was atrophy of the thymus, characterized by loss of normal differentiation between 

medulla and cortex.  The thymic atrophy was observed in 2/10 males (both marked in severity) and 

2/9 females (both mild in severity) at 735 mg/kg/day; this change was not observed in controls, and the 

other dosed groups were not examined.  The 147 mg/kg/day dose is the LOAEL (minimal) for liver 

effects based on the >10% increase in relative liver weight in male rats.  The NOAEL for increased liver 

weight is 37 mg/kg/day. 

 

To derive a point of departure for MRL derivation, BMD analysis was conducted using liver effects data 

from the McCauley et al. (1995) study.  The liver effects data modeled included incidences of 

hepatocellular degeneration, absolute liver weights and mean serum cholesterol levels.  All dichotomous 

variable models available in the EPA Benchmark Dose Software (Version 1.3.2) were fit to the incidence 

data for hepatocellular degeneration in male and female rats using a BMR of 10% extra risk.  All 
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continuous variable models in the BMD software were fit to the mean absolute liver weight data and 

mean serum cholesterol level data in male and female rats using a BMR of 1 standard deviation increase 

above the control mean.  A summary of the predicted BMDs and BMDLs for all end points, as well as 

details of the BMD modeling, are presented in Appendix A.  The best-fitting models resulted in a 

BMDL10 of 207.86 mg/kg/day for hepatocellular degeneration in male rats (log-probit model), a 

BMDL10 of 159.37 mg/kg/day for hepatocellular degeneration in female rats (log-probit model), and a 

BMDL1sd of 36.32 mg/kg/day for absolute liver weight changes in female rats (2-degree polynomial 

model).  The lowest BMDL1sd of 36.32 mg/kg/day was selected as the most conservative point of 

departure for deriving an MRL.  The BMDL1sd of 36.32 mg/kg/day was divided by an uncertainty factor 

of 100 (10 for animal to human extrapolation and 10 for human variability) to derive an acute-duration 

oral MRL of 0.4 mg/kg/day for 1,3-DCB.   

 

Intermediate-Duration Exposure. 

 

• An MRL of 0.02 mg/kg/day has been derived for intermediate-duration (15–364 days) oral 
exposure to 1,3-DCB. 

 

The database for intermediate-duration oral exposure to 1,3-DCB consists of one intermediate toxicity 

study in which groups of 10 male and 10 female Sprague Dawley rats were administered gavage doses of 

0, 9, 37, 147, or 588 mg/kg/day in corn oil for 90 consecutive days (McCauley et al. 1995).  End points 

evaluated during the study included clinical signs and mortality, body weight, and food and water 

consumption.  At end of the exposure period, blood was collected for hematology and serum chemistry 

analyses (erythrocytes, leukocytes, hemoglobin, hematocrit, mean corpuscular volume, glucose, BUN, 

creatinine, AP, AST, ALT, cholesterol, LDH, and calcium levels), selected organs were weighed (brain, 

liver, spleen, lungs with lower half of trachea, thymus, kidneys, adrenal glands, heart, and gonads), and 

gross pathology was assessed.  Histological examinations were performed on all tissues that were 

examined grossly in all high-dose rats and in one-half of control rats, as well as in the liver, thyroid, and 

pituitary glands from all animals in the 9, 37, and 147 mg/kg/day dose groups.  Inflammatory and 

degenerative lesions were graded on a relative scale from one to four depending on the severity (minimal, 

mild, moderate, or marked).   

 

No compound-related deaths or overt clinical signs were observed (McCauley et al. 1995).  Body weight 

was reduced in both sexes at 588 mg/kg/day (24 and 10% lower than controls in males and females, 

respectively).  The decreased weight gain was progressive throughout the exposure period and occurred 
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despite increased food and water consumption in the same groups.  Other effects included increased 

relative kidney weight in males at ≥147 mg/kg/day and females at 588 mg/kg/day, but there were no renal 

histopathological changes in any of the exposed animals.  Hematological alterations consisted of 

significant increases in leukocyte levels in males at 147 mg/kg/day and females at 588 mg/kg/day, and in 

erythrocyte levels in males at 588 mg/kg/day.  As discussed below, histopathology and serum chemistry 

findings indicated that the thyroid, pituitary, and liver were the most sensitive targets of toxicity. 

 

Thyroid effects included significantly (p≤0.05) increased incidences of reduced colloidal density in 

follicles that exceeded normal variability in male rats at ≥9 mg/kg/day and female rats at ≥37 mg/kg/day 

(control to high dose group incidences of 2/10, 8/10, 10/10, 8/9, and 8/8 in males, and 1/10, 5/10, 8/10, 

8/10, and 8/9 in females) (McCauley et al. 1995).  Depletion of colloid density in the thyroid was 

characterized by decreased follicular size with scant colloid and follicles lined by cells that were cuboidal 

to columnar.  The severity of the colloid density depletion generally ranged from mild to moderate, 

increased with dose level, and was greater in males than females.  Incidences of male rats with thyroid 

colloidal density depletion of moderate or marked severity were significantly increased at 

≥147 mg/kg/day (0/10, 0/10, 2/10, 5/9, and 6/8). 

 

Pituitary effects included significantly (p≤0.05) increased incidences of cytoplasmic vacuolization in the 

pars distalis in male rats at ≥147 mg/kg/day (2/10, 6/10, 6/10, 10/10, and 7/7).  The vacuoles were 

variably sized, irregularly shaped, and often poorly defined, and the severity of the lesions (i.e., number of 

cells containing vacuoles) ranged from minimal to mild and generally increased with increasing dose 

level.  Incidences of male rats with pituitary cytoplasmic vacuolization of moderate or marked severity 

were significantly increased at 588 mg/kg/day (1/10, 0/10, 2/10, 3/9, and 7/7).  The pituitary lesion was 

reported to be similar to "castration cells" found in gonadectomized rats and considered to be an indicator 

of gonadal deficiency.  No compound-related pituitary lesions were observed in female rats.  Serum 

cholesterol was significantly increased in males at ≥9 mg/kg/day and in females at ≥37 mg/kg/day in a 

dose-related manner, and serum calcium was significantly increased in both sexes at ≥37 mg/kg/day.  The 

investigators suggested that these serum chemistry changes might reflect a disruption of hormonal 

feedback mechanisms, or target organ effects on the pituitary, hypothalamus, and/or other endocrine 

organs. 

 

Hepatic effects occurred in both sexes at 147 and 588 mg/kg/day, including significantly increased 

relative liver weight and incidences of liver lesions (McCauley et al. 1995).  Absolute organ weights were 

not reported.  Liver lesions were characterized by inflammation, hepatocellular alterations (eosinophilic 
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homogeneous inclusions), and hepatocellular necrosis.  Liver lesions that were significantly (p≤0.05) 

increased included hepatocellular cytoplasmic alterations of minimal to mild severity in males at 

≥147 mg/kg/day (1/10, 2/10, 1/10, 6/10, and 7/9) and females at 588 mg/kg/day (0/10, 2/10, 0/10, 1/10, 

and 7/9), and necrotic hepatocyte foci of minimal severity at 588 mg/kg/day in both males (1/10, 2/10, 

1/10, 2/10, and 5/9) and females (0/10, 0/10, 0/10, 3/10, and 5/9).  Other statistically significant liver-

associated effects included significantly increased serum AST levels (90–100% higher than controls) in 

males at ≥9 mg/kg/day and females at ≥37 mg/kg/day.  Serum cholesterol levels were significantly 

increased in males at ≥9 mg/kg/day and females at ≥37 mg/kg/day, but might be pituitary-related, as 

indicated above.  Serum LDH levels were reduced in males at ≥9 mg/kg/day and BUN levels were 

reduced in both sexes at 588 mg/kg/day, but the biological significance of decreases in these indices is 

unclear.   

 

To derive a point of departure for MRL derivation, BMD analysis was conducted using data for thyroid 

and pituitary lesion incidences and serum AST and cholesterol levels.  Continuous variable models in the 

EPA Benchmark Dose Software (Version 1.3.2) were fit to serum AST levels in the male rats and the 

serum cholesterol levels in the male and female rats using a one standard deviation change from the 

control mean as the BMR.  Dichotomous variable models in the BMD software were fit to the incidence 

data for thyroid lesions (reduced follicular colloidal density) and pituitary lesions (cytoplasmic 

vacuolation in the pars distalis) in the male rats.  A summary of the predicted BMDs and BMDLs for all 

of the end points, as well as details of the BMD modeling, are presented in Appendix A.  None of the 

models provided an adequate fit for the serum AST, serum cholesterol, or thyroid lesion data.  For the 

pituitary lesion incidence data, all of the models provided adequate fit.  The probit model provided the 

best fit, but nearly identical fits were provided by three other models (gamma, quantal-linear, and 

Weibull).  Because the BMD10 of 4.08 mg/kg/day and associated BMDL10 of 2.10 mg/kg/day from the 

gamma, quantal-linear, and Weibull models are lower than those from the probit model (BMD10 = 

7.79 mg/kg/day; BMDL10 = 4.46 mg/kg/day), a conservative health protective approach was taken and the 

lower BMDL10 of 2.10 mg/kg/day was selected as the point of departure for deriving the MRL.  The 

BMDL10 of 2.1 mg/kg/day was divided by an uncertainty factor of 100 (10 for extrapolation from animals 

to humans and 10 for human variability) to derive an MRL of 0.02 mg/kg/day for intermediate-duration 

oral exposure to 1,3-DCB. 
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Chronic-Duration Exposure. 

 

No MRL was derived for chronic-duration oral exposure to 1,3-DCB due to a lack of chronic oral studies. 

 

1,4-Dichlorobenzene   

 

Acute-Duration Exposure.  No acute-duration oral MRL was derived for 1,4-DCB due to insufficient 

data.  Information on effects of non-lethal acute-duration oral exposures to 1,4-DCB is essentially limited 

to hepatic and renal changes of unclear toxicological significance observed in studies designed to 

elucidate mechanisms of liver and kidney toxicity in rats and mice.  Acute liver damage, as assessed by 

histopathology and serum enzyme/biochemical indicators following gavage exposure, was not induced by 

high levels of 1,4-DCB in rat given single doses of ≤2790 mg/kg (Allis et al. 1992), rats and mice given 

single doses of ≤1,200 mg/kg/day (Eldridge et al. 1992), or rats and mice administered ≤300 and 

≤600 mg/kg/day, respectively, 5 days/week for 1 week (Lake et al. 1997).  Porphyria, manifested as 

increased porphyrin levels in liver and urine and suggestive of hepatic damage, was reported in rats that 

were orally exposed to 770 mg/kg/day for 5 days (Rimington and Ziegler 1963).  Although there was no 

clear evidence of liver injury in acute studies, similar dose levels of 1,4-DCB are toxic following 

intermediate- and chronic-duration exposures. 

 

Increased hepatocelluar proliferation, as measured by increased incorporation of bromodeoxyridine 

(BrdU) or [3H] thymidine into DNA-synthesizing liver cells, has been demonstrated in rats and mice at 

doses ≥150 mg/kg/day in a number of single dose and short-term oral studies that found no histological or 

other indications of overt liver damage (Eldridge et al. 1990, 1992; Hasmall et al. 1997; Lake et al. 1997; 

Sherman et al. 1998; Umemura et al. 1992, 1996).  The induction of liver cell proliferation in the absence 

of manifest hepatoxicity suggests that the proliferation is a response to mitogenic stimulation rather than 

compensatory regeneration to cytotoxicity.  Cellular proliferation and other changes have also been 

demonstrated in the kidney tubular epithelia of male rats, but not in female rats or mice of either sex, 

following short-term oral exposures to doses ≥150 mg/kg/day (Eldridge et al. 1992; Lake et al. 1997; 

Sherman et al. 1998; Umemura et al. 1992).  The renal effects are consistent with the induction of 

α2µ-globulin nephropathy in male rats by similar doses of 1,4-DCB in other acute oral studies 

(Charbonneau et al. 1989b; Dietrich and Swenberg 1991; Saito et al. 1996), but are not relevant to 

humans.  Induction of hepatic microsomal xenobiotic metabolizing enzymes appears to be the most 

sensitive effect of acute/short-term exposure to 1,4-DCB (Elovaara 1998).  For example, oral exposure to 

doses as low as 20 mg/kg/day for 14 days increased the activities of glucuronyl transferase, benzpyrene 
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hydroxylase, and enzymes involved in the detoxification of O-ethyl-O-nitrophenyl phenylphos-

phorothionate (EPN) in rats (Carlson and Tardiff 1976).  Induction of hepatic microsomal enzymes is not 

necessarily adverse, but does indicate that the liver is sensitive to relatively low doses of 1,4-DCB. 

 

The toxicological significance of the hepatic microsomal enzyme changes is unclear and the information 

on other liver effects is insufficient to identify a reliable NOAEL or LOAEL for acute/short-term oral 

exposure to 1,4-DCB.  The lack of adequate data on the threshold of adverse effects precludes derivation 

of an MRL for acute duration oral exposure. 

 

Intermediate-Duration Exposure. 

 

• An MRL of 0.07 mg/kg/day has been derived for intermediate-duration (15–364 days) oral 
exposure to 1,4-DCB. 

 

Information on the systemic toxicity of intermediate-duration oral exposure to 1,4-DCB is available from 

a number of studies conducted in rodents, mainly rats and mice, as well as one study in dogs.  Liver and 

kidney effects are the most consistently observed, best characterized, and most sensitive findings in these 

studies.  The lowest observed adverse effect level is for liver toxicity in dogs, although reproductive and 

developmental studies in rats indicate that offspring are particularly sensitive to 1,4-DCB toxicity during 

the postnatal preweaning period. 

 

Hepatic effects induced by intermediate-duration oral exposures to 1,4-DCB ranged from increased liver 

weight and hepatocyte enlargement to hepatocellular degeneration, lesions, necrosis, and tumors in rats, 

mice, rabbits, and dogs.  Increases in serum levels of enzymes and alterations in other end points (e.g., 

serum cholesterol and triglycerides) indicative of hepatocellular damage or liver dysfunction have also 

been induced.  Increased liver weight is the most sensitive hepatic end point in intermediate-duration 

studies in rats, observed at doses as low as 150 mg/kg/day for 4–13 weeks and 188 mg/kg/day for 

192 days (Hollingsworth et al. 1956; Lake et al. 1997; Umemura et al. 1998).  There was no indication of 

early liver damage in rats exposed to 150 mg/kg/day for 4 weeks using an immunohistochemical marker 

of centrilobular hepatocyte injury (Umemura et al. 1998), and increases in liver porphyrins in rats 

exposed to 50–200 mg/kg/day for 120 days were not considered to be toxicologically significant (Carlson 

1977).  Hepatocellular hypertrophy and decreased serum triglycerides occurred in rats exposed to 

≥300 mg/kg/day for 13 weeks (Lake et al. 1997; NTP 1987).  Higher dose levels of 1,4-DCB induced 

degenerative liver lesions in rats exposed to 376 mg/kg/day for 192 days (slight cirrhosis and focal 
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necrosis) (Hollingsworth et al. 1956) or 1,200 mg/kg/day for 13 weeks (hepatocyte degeneration and 

necrosis) (NTP 1987).  In mice, hepatocellular degeneration was induced at doses ≥600 mg/kg/day for 

13 weeks (NTP 1987), and rabbits had cloudy swelling and minimal focal necrosis in the liver after 

exposure to 500 mg/kg/day for 367 days (Hollingsworth et al. 1956).  Dogs are more sensitive to hepatic 

effects of intermediate-duration 1,4-DCB exposure than the other species because serum enzyme levels 

were increased following exposure to doses as low as 50 mg/kg/day for 6 months (Naylor and Stout 

1996).   

 

Renal changes, including hyaline droplet accumulation, increased kidney weights, and tubular lesions, are 

characteristically observed effects of subchronic and chronic oral exposure to 1,4-DCB in male rats at 

doses ≥75 mg/kg/day (Bomhard et al. 1988; Lake et al. 1997; NTP 1987).  These findings are not 

considered for MRL derivation because there is a scientific consensus that they are related to the 

α2µ-globulin nephropathy syndrome, which is specific to male rats and not relevant to humans.  

Subchronic studies in female rats found increased kidney weight, but no indications of nephrotoxic action 

(i.e., no histopathology or effects on urinary indices of renal function), following exposure to 

≥188 mg/kg/day for 192 days or 600 mg/kg/day for 13 weeks (Bomhard et al. 1988; Hollingsworth et al. 

1956). 

 

Developmental toxicity studies provide no indications that 1,4-DCB is teratogenic in rats at oral doses as 

high as 1,000 mg/kg/day during gestation, although fetotoxicity occurred at maternally toxic levels 

≥500 mg/kg/day (Giavini et al. 1986; Ruddick et al. 1983).  Decreased maternal weight gain and 

increased incidences of extra ribs, a skeletal variation attributable to the maternal toxicity, occurred in rats 

at gestational dose levels ≥500 mg/kg/day, but not at 250 mg/kg/day (Giavini et al. 1986).  In a two-

generation study, reproductive and developmental toxicity were evaluated in male and female rats that 

were orally exposed to 30, 90, or 270 mg/kg/day of 1,4-DCB (Bornatowicz et al. 1994).  No effects on 

mating and fertility indices were observed at any level, although toxicity occurred in the offspring at 

doses ≥90 mg/kg/day.  Effects at ≥90 mg/kg/day included reduced birth weight in F1 pups and increased 

total number of deaths from birth to postnatal day 4 in F1 and F2 pups, clinical manifestations of dry and 

scaly skin (until approximately postnatal day 7) and tail constriction with occasional partial tail loss 

(during postnatal days 4–21) in F1 and F2 pups, reduced neurobehavioral performance (draw-up reflex 

evaluated at weaning) in F2 pups, and increased relative liver weight in adult F1 males.  No exposure-

related changes were found at 30 mg/kg/day, indicating that this is the NOAEL for reproductive and 

developmental toxicity in rats. 
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As discussed above, liver, kidney, and perinatal developmental toxicity are main effects of concern for 

intermediate-duration oral exposure to 1,4-DCB in animals.  The dog is the most sensitive tested species, 

as liver effects were induced by exposure to doses as low as 50 mg/kg/day for 6 months (Naylor and Stout 

1996), which are below subchronic LOAELs of approximately 150–200 mg/kg/day for liver and kidney 

effects in rats and mice.  The two-generation study in rats demonstrates that oral exposure to 1,4-DCB can 

cause perinatal developmental toxicity, including reduced birth weight and neonatal survival in F1 and 

F2 pups, at doses ≥90 mg/kg/day (Bornatowicz et al. 1994).  Although this finding indicates that perinatal 

developmental toxicity is an additional sensitive end point for 1,4-DCB exposure, the lower 50 mg/kg/day  

LOAEL for liver effects in dogs (Naylor and Stout 1996) is a more appropriate basis for MRL derivation. 

 

In the dog study, groups of five male and five female beagles were orally administered 1,4-DCB by 

capsule in dose levels of 0, 10, 50, or 75 mg/kg/day on 5 days/week for 1 year (Naylor and Stout 1996).  

Complete details on the experimental design and results of the study are provided in the section on the 

chronic oral MRL for 1,4-DCB.  As summarized below, 6-month interim liver enzyme findings are 

consistent with liver enzyme, liver weight, and histopathological changes observed at 1 year.  Hepatic end 

points evaluated at 6 months were limited to clinical chemistry indices, including serum ALT, AST, 

GGTP, and AP, whereas the 1-year end-of-study evaluations included liver weight and histology in 

addition to clinical chemistry.  Effects on serum enzymes included statistically significantly increased AP 

in males at 50  mg/kg/day after 6 and 12 months, females at 50 mg/kg/day after 6 and 12 months, and 

females at 75 mg/kg/day after 6 and 12 months.  Serum AP levels were not statistically significantly 

increased in the 75 mg/kg/day males at months 6 or 12, but only three animals were evaluated in this dose 

group.  As detailed in the chronic MRL summary, the increases in serum AP were similar in magnitude 

after 6 and 12 months, ranging from 330 to 761% higher than control values.  Other clinical chemistry 

findings included significantly increased serum ALT (75 mg/kg/day females at month 12) and GGTP 

(75 mg/kg/day females at months 6 and 12), and significantly decreased albumin (50 and 75 mg/kg/day in 

males at months 6 and 12, and 75 mg/kg/day in females at month 6).  Absolute and relative liver weights 

were significantly increased in both sexes at 50 and 75 mg/kg/day (except absolute liver weight in 

50 mg/kg/day males).  Hepatic lesions included hepatocellular hypertrophy (diffuse or multifocal in all 

males and females at 50 and 75 mg/kg/day, and one female at 10 mg/kg/day), hepatocellular pigment 

deposition (two males and one female each at 50 and 75 mg/kg/day), bile duct/ductule hyperplasia (one 

male and one female at 75 mg/kg/day), and hepatic portal inflammation (periportal accumulation of 

neutrophils in one male at 50 mg/kg/day and two males at 75 mg/kg/day).  The 50 mg/kg/day dose is a 

intermediate-duration LOAEL based on the increases in serum AP at 6 months.  This serum enzyme 

change is a sufficient indication of intermediate-duration hepatotoxicity because the increases were 
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similar in magnitude to those observed after 1 year and associated with increased liver weight and liver 

lesions; the latter effects likely developed earlier in the study but could not be detected due to the lack of 

organ weight and histology examinations before 1 year.   

 

To derive a point of departure for MRL derivation, BMD analysis was conducted using the Naylor and 

Stout (1996) data for changes in serum AP levels in female dogs.  Mean serum AP levels in the female 

dogs exhibited a dose-response relationship and were significantly increased in the 50 and 75 mg/kg/day 

groups.  Although significantly increased mean serum AP levels were noted in the 50 mg/kg/day male 

dogs, the increase was not significant in the 75 mg/kg/day males; only three males in this dose group were 

available for the assessment of serum AP levels.  Therefore, the male serum AP data were not modeled.  

Continuous variable models in the EPA Benchmark Dose Software (Version 1.3.2) were fit to serum AP 

data in the female dogs using a one standard deviation change from the control mean as the BMR.  A 

summary of the predicted BMDs and BMDLs, as well as details of the BMD modeling, are presented in 

Appendix A.  The best fit was provided by the polynomial model, which resulted in a BMD1sd of 

12.48 mg/kg/day and a BMDL1sd of 9.97 mg/kg/day.  The BMDL1sd of 9.97 mg/kg/day was adjusted for 

intermittent experimental exposure (5 days/7 days) to give a duration-adjusted BMDL1sd of 7 mg/kg/day, 

and divided by an uncertainty factor of 100 (10 for animal to human extrapolation and 10 for human 

variability) to derive an intermediate-duration oral MRL of 0.07 mg/kg/day for 1,4-DCB.   

 

Chronic-Duration Exposure. 

 

• An MRL of 0.07 mg/kg/day has been derived for chronic-duration (365 days or more) oral 
exposure to 1,4-DCB. 

 

Information on the chronic oral effects of 1,4-DCB is available from one study each in rats, mice, rabbits, 

and dogs.  Observed effects included nephropathy in rats (including tubular degeneration and atrophy in 

females) exposed to ≥150 mg/kg/day on 5 days/week for 103 weeks (NTP 1987), hepatocellular 

degeneration and nephropathy in mice exposed to ≥300 mg/kg/day on 5 days/week for 103 weeks (NTP 

1987), and cloudy swelling and minimal focal necrosis in rabbits exposed to 500 mg/kg/day in 263 doses 

in 367 days (Hollingsworth et al. 1956).  The lowest chronic LOAEL in these studies was 150 mg/kg/day 

for kidney effects in female rats (NTP 1987).  Liver and kidney effects were induced in dogs at doses 

below the LOAELs in the other species.  As summarized below, doses as low as 50 mg/kg/day for 1 year 

were hepatotoxic in dogs (Naylor and Stout 1996). 
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In the dog study, groups of five male and five female beagles were orally administered 1,4-DCB by 

capsule in dose levels of 0, 10, 50, or 75 mg/kg/day for 1 year (Naylor and Stout 1996).  Based on the 

summarized design of a 4-week dose range-finding study, it is presumed that dosing was 5 days/week.  

The 75 mg/kg/day dose is a time-weighted average level reflecting dose decreases at the beginning of the 

study in response to unexpected severe toxicity.  An initial high dose of 150 mg/kg/day was adjusted to 

100 mg/kg/day for males during week 3, and a further decrease to 75 mg/kg/day was made for both sexes 

at the beginning of week 6.  Both high-dose males and females were untreated during weeks 4 and 5 to 

allow for recovery.  End points evaluated throughout the study included clinical observations (daily), 

body weight (weekly), and food consumption (weekly).  Ophthalmoscopic examinations were performed 

prior to study start and just prior to study completion.  Hematology (11 indices, including activated partial 

thromboplastin time), clinical chemistry (18 indices, including ALT, AST, GGTP, AP, and creatinine 

phosphokinase), and urinalysis (10 indices) were performed at month 6 and study completion (month 12).  

Organ weights, gross pathology, and histology were evaluated at month 12. 

 

Mortality occurred the first 25 days of the study before dose reduction; exposure to 150 mg/kg/day caused 

one male dog to be sacrificed in extremis on day 12, one male death on day 25, and one female death on 

day 24 (Naylor and Stout 1996).  A control male died on day 83, but all other dogs survived to the end of 

the study.  Treatment-related clinical signs were primarily limited to severely affected high-dose dogs and 

the control male that died; these included hypoactivity, dehydration, decreased defecation, blood-like 

fecal color, emesis, emaciation, and/or pale oral mucosa.  There were no significant group differences in 

mean body weight at the end of the study.  Body weight gain was significantly reduced during the first 

month of the study, but recovered following dose reduction and adjustment of food availability.  A mild 

anemia was observed at month 6 (significantly reduced red blood cells in females and HCT in males) at 

75 mg/kg/day, but it resolved by the end of the study.  The mild anemia correlated with histologic 

findings of bone marrow erythroid hyperplasia in females, and splenic excessive hematopoiesis and 

megakaryocyte proliferation in both sexes, indicating a compensatory response to the earlier anemia.  

Hepatic effects occurred at ≥50 mg/kg/day in both sexes as shown by changes in liver enzymes, increased 

liver weight, and histopathology.  Effects on serum enzyme levels included significantly increased AP in 

males at 50 mg/kg/day at months 6 and 12 (731 and 620% higher than controls, respectively), females at 

50 mg/kg/day at months 6 and 12 (525 and 330% higher), and females at 75 mg/kg/day at months 6 and 

12 months (761 and 680% higher).  Serum AP was also increased in males at 75 mg/kg/day after 6 and 

12 months, but the changes were not statistically significant, possibly due to a reduced group size of 

3 males at 75 mg/kg/day.  Other clinical chemistry findings included significantly increased ALT in 

females at 75 mg/kg/day at month 12 (253% higher than controls), increased GGTP in females at 
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75 mg/kg/day at months 6 and 12 (131 and 161% higher), and decreased albumin in males at 50 and 

75 mg/kg/day at month 6 (16 and 18% lower than controls) and females at 75 mg/kg/day at month 6 (19% 

lower).  Absolute and relative liver weights were significantly increased (40–70% higher than controls) in 

both sexes at 50 and 75 mg/kg/day (except absolute liver weight in 50 mg/kg/day males).  Hepatocellular 

hypertrophy (diffuse or multifocal) occurred in all males and females at 50 and 75 mg/kg/day and in one 

female at 10 mg/kg/day.  The study authors (Naylor and Stout 1996) considered the hepatocellular 

hypertrophy (multifocal) in the single 10 mg/kg/day female dog to be an adaptive response to a xenobiotic 

agent rather than a direct treatment related effect.  Other liver lesions considered to be treatment-related 

included hepatocellular pigment deposition (two males and one female each at 50 and 75 mg/kg/day), bile 

duct/ductule hyperplasia (one male and one female at 75 mg/kg/day), and hepatic portal inflammation 

(periportal accumulation of neutrophils in one male at 50 mg/kg/day and two males at 75 mg/kg/day).  

Kidney effects included collecting duct epithelial vacuolation in one male at 75 mg/kg/day and at all dose 

levels in females (one each at 10 and 50 mg/kg/day and two at 75 mg/kg/day).  The renal lesion was 

considered to be a possible effect of treatment at ≥50 mg/kg/day, because it was accompanied by 

increased relative kidney weight in females at ≥50 mg/kg/day and grossly observed renal discoloration in 

two females at 75 mg/kg/day.  The highest chronic NOAEL and lowest LOAEL are 10 and 50 mg/kg/day, 

respectively, based on the hepatic effects in dogs (increased liver weight, changes in liver enzymes, and 

histopathology). 

 

To derive a point of departure for MRL derivation, BMD analysis was performed on the serum AP level 

and relative liver weight data for the female dogs.  The incidences of hepatocellular hypertrophy in the 

females (0/5, 1/5, 5/5, and 5/5 at 0, 10, 50, and 75 mg/kg/day) and males (0/5, 0/5, 5/5, and 5/5) are 

inappropriate for BMD modeling due to actual or effective responses of 0% in the control and low dose 

groups and 100% in the higher dose groups.  The response in the low-dose female dog is effectively 0% 

because the authors implied that the hypertrophy in this single animal was not a hepatotoxic response.  

The incidences of the other dog liver lesions were not subjected to BMD analysis due to the low numbers 

of responders and group sizes.  Continuous variable models in the EPA Benchmark Dose Software 

(Version 1.3.2) were fit to serum AP and relative liver weight data in the female dogs using a one 

standard deviation change from the control mean as the BMR.  A summary of the predicted BMDs and 

BMDLs, as well as details of the BMD modeling, are presented in Appendix A.  The relative liver weight 

data were judged to be unsuitable for BMD analysis due to inadequate modeling of variance.  The best fit 

for the serum AP data was provided by the polynomial model, which resulted in a BMD1sd of 

15.40 mg/kg/day and a BMDL1sd of 12.32 mg/kg/day.  The BMDL1sd of 12.32 mg/kg/day was rounded to 

one significant figure (10 mg/kg/day), adjusted for intermittent experimental exposure (5 days/7 days) to 
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give a duration-adjusted BMDL1sd of 7 mg/kg/day, and divided by an uncertainty factor of 100 (10 for 

animal to human extrapolation and 10 for human variability) to derive a chronic-duration oral MRL of 

0.07 mg/kg/day for 1,4-DCB.   
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3.  HEALTH EFFECTS 
 

3.1   INTRODUCTION  
 

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and 

other interested individuals and groups with an overall perspective on the toxicology of dichlorobenzenes.  

It contains descriptions and evaluations of toxicological studies and epidemiological investigations and 

provides conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health. 

 

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile. 

 

3.2   DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE  
 

To help public health professionals and others address the needs of persons living or working near 

hazardous waste sites, the information in this section is organized first by route of exposure (inhalation, 

oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive, 

developmental, genotoxic, and carcinogenic effects).  These data are discussed in terms of three exposure 

periods:  acute (14 days or less), intermediate (15–364 days), and chronic (365 days or more). 

 

Levels of significant exposure for each route and duration are presented in tables and illustrated in 

figures.  The points in the figures showing no-observed-adverse-effect levels (NOAELs) or lowest-

observed-adverse-effect levels (LOAELs) reflect the actual doses (levels of exposure) used in the studies.  

LOAELs have been classified into "less serious" or "serious" effects.  "Serious" effects are those that 

evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress 

or death).  "Less serious" effects are those that are not expected to cause significant dysfunction or death, 

or those whose significance to the organism is not entirely clear.  ATSDR acknowledges that a 

considerable amount of judgment may be required in establishing whether an end point should be 

classified as a NOAEL, "less serious" LOAEL, or "serious" LOAEL, and that in some cases, there will be 

insufficient data to decide whether the effect is indicative of significant dysfunction.  However, the 

Agency has established guidelines and policies that are used to classify these end points.  ATSDR 

believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between 

"less serious" and "serious" effects.  The distinction between "less serious" effects and "serious" effects is 
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considered to be important because it helps the users of the profiles to identify levels of exposure at which 

major health effects start to appear.  LOAELs or NOAELs should also help in determining whether or not 

the effects vary with dose and/or duration, and place into perspective the possible significance of these 

effects to human health.   

 

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and 

figures may differ depending on the user's perspective.  Public health officials and others concerned with 

appropriate actions to take at hazardous waste sites may want information on levels of exposure 

associated with more subtle effects in humans or animals (LOAELs) or exposure levels below which no 

adverse effects (NOAELs) have been observed.  Estimates of levels posing minimal risk to humans 

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike. 

 

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of 

dichlorobenzenes are indicated in Tables 3-1 and 3-5 and Figures 3-1 and 3-5.   

 

A User's Guide has been provided at the end of this profile (see Appendix B).  This guide should aid in 

the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs. 

 

3.2.1   Inhalation Exposure  
 

Descriptive data are available from reports of humans exposed to 1,2- and 1,4-DCB by inhalation (and 

possibly dermal contact).  It is important to note that the case studies discussed in this section should be 

interpreted with caution since they reflect incidents in which individuals have reportedly been exposed to 

1,2- and 1,4-DCB, and they assume that there has been no other exposure to potentially toxic or infectious 

agents.  There is usually little or no verification of these assumptions, and often no estimate of the level of 

exposure which may have occurred.  With only rare exceptions, case studies in general are not 

scientifically equivalent to carefully designed epidemiological studies or to adequately controlled and 

monitored laboratory experiments.  Thus, the case studies described below should be considered only as 

providing supplementary evidence that 1,2- and 1,4-DCB may cause the reported human effects.  The 

highest NOAEL and all reliable LOAEL values after inhalation exposure to 1,2- and 1,4-DCB are 

recorded in Tables 3-1 and 3-2, respectively, and plotted in Figures 3-1 and 3-2, respectively.  No LSE 

tables or figures were generated for 1,3-DCB due to a lack of inhalation data.   
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3.2.1.1   Death  
 

1,2-Dichlorobenzene.  No studies were located regarding death in humans following inhalation exposure 

to 1,2-DCB. 

 

Inhalation LC50 values of 1,532 and 1,236 ppm were determined for rats and mice, respectively, that were 

exposed to 1,2-DCB for 6 hours and observed for the following 14 days (Bonnet et al. 1982).  No 

mortality was observed in rats that were exposed to 1,2-DCB in concentrations of 977 ppm for 0.5–1 hour 

or 539 ppm for 3 hours (Hollingsworth et al. 1958). 

 

1,3-Dichlorobenzene.  No studies were located regarding death in humans or animals following 

inhalation exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  Only one report of human death attributed to 1,4-DCB inhalation exposure has 

been located in the literature.  A 60-year-old man and his wife died within months of each other due to 

acute yellow atrophy of the liver (also known as massive hepatic necrosis or fulminant hepatitis; 

diagnosis was not verified histologically) (Cotter 1953).  Their home had been "saturated" with 1,4-DCB 

moth ball vapor for a period of about 3–4 months, but no air measurements were available.  Clinical 

symptoms included severe headache, diarrhea, numbness, clumsiness, slurred speech, weight loss 

(50 pounds in 3 months in the case of the husband), and jaundice.  The wife died within a year of the 

initial exposure; however, it was not clear if 1,4-DCB was the primary cause of death.  This case study 

did not address whether these individuals consumed excessive amounts of alcohol or had previous 

medical problems, such as a chronic liver infection. 

 

Several studies were located regarding death in animals after inhalation exposure to 1,4-DCB.  In an 

acute-duration study, two of six male CD-1 mice exposed to 1,4-DCB at an air concentration of 640 ppm, 

6 hours/day for 5 days died on the fifth day; no deaths were reported at an exposure level of 320 ppm 

(Anderson and Hodge 1976). 

 

Mortality data were also reported in intermediate-duration studies using rats, guinea pigs, and rabbits.  In 

studies performed by Hollingsworth et al. (1956), rats, guinea pigs, and rabbits were exposed to 1,4-DCB 

vapors for 9–12 weeks at an air concentration of 798 ppm, 8 hours/day, 5 days/week.  In that study, 4 of 

34 rats, 2 of 23 guinea pigs, and 4 of 16 rabbits died during the study period.  The exact number of 

exposures that resulted in death was not specified. 
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In a chronic-duration study, there was no evidence of a treatment effect on mortality in Wistar rats 

exposed to 1,4-DCB at concentrations up to 490–499 ppm for 5 hours/day, 5 days/week for 76 weeks 

(Riley et al. 1980a). 

 

Another chronic study found that survival was significantly reduced in male rats (F344/DuCrj) that were 

exposed 300 ppm 1,4-DCB for 6 hours/day, 5 days/week for 104 weeks (Aiso et al. 2005b; Japan 

Bioassay Research Center 1995).  Survival in the male rats was noticeably lower than controls beginning 

at approximately study week 80, and terminal survival in the 0, 20, 75, and 300 ppm groups of the study 

were 66% (33/50), 68% (34/50), 58% (29/50), and 36% (18/50), respectively.  There were no effects on 

survival in similarly exposed female rats.  Male mice (Crj:BDF1) that were similarly exposed to the same 

levels of 1,4-DCB had slightly reduced survival at all levels of exposure (80% [39/49], 63% [31/49], 64% 

[32/50], and 61% [30/49] at 0, 20, 75, and 300 ppm, respectively), but the decreases were not 

significantly different from controls or dose-related.  Survival in female mice was similar to controls.   

 

3.2.1.2   Systemic Effects  
 

Respiratory Effects.     

 

1,2-Dichlorobenzene.  Periodic industrial hygiene surveys and medical examinations were conducted in a 

plant where an unreported number of men were exposed to 1,2-DCB at an average level of 15 ppm (range 

1–44 ppm) for an unreported duration (Hollingsworth et al. 1958).  No nasal or eye irritation was 

attributable to exposure.  Additionally, Hollingsworth et al. (1958) noted that his researchers detected 

1,2-DCB odor at a concentration of 50 ppm without eye or nasal irritation during repeated vapor 

inhalation experiments on animals.  An earlier source (Elkins 1950) referenced by Hollingsworth (1958) 

reported that occupational exposure to 100 ppm of 1,2-DCB caused irritation of the eyes and respiratory 

passages. 

 

No changes in absolute lung weight or lung histology were reported in rats (20/sex), guinea pigs (8/sex), 

rabbits (2/sex), or monkeys (2 females) exposed to 93 ppm 1,2-DCB for 7 hours/day, 5 days/week for 6–

7 months, or in mice (10 females) similarly exposed to 49 ppm 1,2-DCB (Hollingsworth et al. 1958).  

Relative lung weight was not determined.  The scope of histological evaluations was not specifically 

reported; organs that were weighed are inferred to have been histologically examined.   
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Histological examinations of the upper and lower respiratory tract were conducted in groups of 10 male 

Swiss OF1 mice that were exposed to 1,2-DCB in actual mean concentrations of 0, 64, or 163 ppm (0, 

385, or 980 mg/m3) for 6 hours/day, 5 days/week for 4, 9, or 14 days (Zissu 1995).  Histological 

examinations were performed on the upper and lower respiratory tracts.  Nonrespiratory tissues were not 

evaluated.  Histopathologic lesions were observed in the olfactory epithelium of the nasal cavity at 

≥64 ppm.  The olfactory epithelial lesions were graded as very severe following the 4-day exposure and 

moderate after the 14-day exposure, indicating to the authors that a repair mechanism may take place 

despite continued exposure.  The more severe cases were characterized by a complete loss of olfactory 

epithelium, which left only the partially denuded basement membrane.  No histological alterations were 

observed in the respiratory epithelium of the nasal cavity, or in the trachea or lungs.  The results suggest 

that the upper respiratory tract is a target for inhalation exposures to 1,2-DCB. 

 

1,3-Dichlorobenzene.  No studies were located regarding respiratory effects in humans or animals 

following inhalation exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  A case of pulmonary granulomatosis was reported to have occurred in a 53-year-

old woman who, for 12–15 years, had been inhaling 1,4-DCB crystals that were scattered on a weekly 

basis on the carpets and furniture of her home.  A lung biopsy revealed the presence of 1,4-DCB crystals 

with the surrounding lung parenchyma being distorted by fibrosis, thickening of the alveolar walls, and 

marked infiltrates of lymphocytes and mononuclear phagocytes.  Also, there was some thickening of the 

muscular walls of small arteries and focal fibrous thickening of the pleura (Weller and Crellin 1953).  

These effects are most likely related to the physical interaction of 1,4-DCB crystals (or any crystals when 

inhaled) with lung tissue, rather than to chemical toxicity.  This conclusion by the authors of the study 

was based on exposure history of the patient, radiography, and histological examination of the lung tissue 

which showed the presence of birefringent crystals and a clear granulatomous reaction.   

 

A study of 58 men occupationally exposed for 8 hours/day, 5 days/week, continually or intermittently, for 

8 months to 25 years (average, 4.75 years) to 1,4-DCB found that the odor was faint at 15–30 ppm and 

strong at 30–60 ppm (Hollingsworth et al. 1956).  Painful irritation of the nose and eyes was usually 

experienced at 50–80 ppm, although the irritation threshold was higher (80–160 ppm) in workers 

acclimated to exposure.  At levels >160 ppm, the air was considered not breathable for unacclimated 

persons.  The results of this study indicate that nose and eye irritation are critical effects of acute and 

repeated exposures to 1,4-DCB in humans.  Because odor detection is a warning property expected to 
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prevent irritation caused by 1,4 DCB (Hollingsworth et al. 1956), 15 ppm was designated a NOAEL for 

irritant effects and used to derive an MRL of 2 ppm for acute inhalation exposure to 1,4-DCB. 

 

Associations between blood concentrations of 1,4-DCB and 10 other volatile organic compounds (VOCs) 

and pulmonary function were evaluated in 953 adult participants in the Third National Health and 

Nutrition Examination Survey (NHANES III) (1988–1994) of the general population who had both blood 

VOC and pulmonary function measurements (Elliot et al. 2006).  The mean age of the subjects was 

36.6 years (range 20–59), 43.1% were female, and 26.3% were current smokers.  Pulmonary function 

measures included forced expiratory volume at 1 second (FEV1), forced vital capacity (FVC), peak 

expiratory flow rate (PEFR), and maximum mid-expiratory flow rate (MMEFR).  Least squares 

regression models were used to evaluate the association between each VOC and each pulmonary function 

outcome.  The models used natural log transformations of VOC concentrations, and were adjusted for 

race/ethnicity, age, standing height, body mass index, sex, smoking, and emphysema to account for 

differences in pulmonary function based on these characteristics.  In the models unadjusted for smoking 

variables, reductions in at least one pulmonary function outcome were statistically significant for 

1,4-DCB, benzene, ethylbenzene, styrene, and toluene.  When the models were adjusted for smoking 

variables, 1,4-DCB was the only VOC that was statistically significantly associated with reduced 

pulmonary function.  Among all 1,4-DCB participants (n=846), there was a statistically significant 

(p<0.05) inverse relationship between 1,4-DCB level and FEV1 and MMEFR.  The linear regression 

coefficient (β) was -96 mL (95% CI -182 to -11) for FEV1 and -198 mL/sec (95% CI -388 to -8) for 

MMEFR.  The β coefficient estimates the expected change in lung function as the concentration of 

1,4-DCB increases from the 10th to 90th percentile (3.76 µg/L) on the natural log scale.  Analysis by race 

and sex showed statistically significant results for FEV1 in non-Hispanic white females [β=-266 mL (95% 

CI -488 to -43)] and African-American males [β=-282 mL (95% CI -497 to -66)].  Analyses conducted in 

534 subjects using urinary concentrations of 1,4-DCB and its major metabolite, 2,5-dichlorophenol, 

showed statistically significant β coefficients for FEV1 for both 1,4-DCB (-96 mL, 95% CI not reported) 

and 2,5-dichlorophenol (-134 mL, 95% CI not reported).  Analyses were also performed using non-

logarithmically transformed blood concentrations of 1,4-DCB that were categorized into deciles.  Tests 

for linear trend across deciles were statistically significant for FEV1 and MMEFR.  Compared with 

subjects in the lowest decile of 1,4-DCB concentration (0.10 ppb), subjects in the highest decile 

(>4.40 ppb) had FEV1 decrements of -153 mL (95% CI -297 to -8) and MMEFR decrements of 

-346 mL/sec (95% CI -667 to -24).  The authors concluded that the findings of this study suggest that 

exposure to 1,4-DCB at levels found in the general population may result in decreases in lung function. 
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In pregnant Alderley-Park rats, whole-body exposure to 1,4-DCB at air concentrations of 74.7, 198.6, or 

508.4 ppm, 6 hours/day on gestation days (Gd) 6–15 produced no adverse clinical or pathological signs in 

the lung tissues of the dams (Hodge et al. 1977).  Mild histopathological changes of interstitial edema, 

congestion, and alveolar hemorrhage were observed in the lungs of male (but not female) rats, female 

guinea pigs, and one female rabbit after 16 days of exposure to 1,4-DCB at 173 ppm (Hollingsworth et al. 

1956).  Congestion and emphysema were also reported in the lungs of two rabbits exposed to 798 ppm for 

12 weeks (Hollingsworth et al. 1956).  These observations were derived from a large study using several 

species of laboratory animals; however, interspecies comparisons are difficult to make due to the various 

experimental designs used in this study.  For example, at 798 ppm, 10 male rats, 15 female rats, 16 male 

guinea pigs, seven female guinea pigs, and 8 rabbits of each sex were exposed up to 62 times; at 173 ppm, 

five rats of each sex, five guinea pigs of each sex, and one rabbit of each sex were exposed for 16 days.  

These reported observations provide only qualitative evidence of respiratory effects as a result of 

intermediate-duration inhalation exposure to 1,4-DCB. 

 

An intermediate-duration study was conducted in which F344 rats and BDF1 mice were chamber–exposed 

to 25, 55, 120, 270, or 600 ppm of 1,4-DCB for 6 hours/day, 5 days/week for 13 weeks (Aiso et al. 

2005a).  No histological changes in the respiratory tract were reported.  This study apparently conformed 

to (OECD) (1981) testing guidelines for a 90-day inhalation toxicity study, indicating that the histological 

examinations included naso-pharyngeal tissues and lungs. 

 

In a chronic-duration study, male and female Wistar rats were exposed to 1,4-DCB at air concentrations 

of 75 or 490–499 ppm, 5 hours/day, 5 days/week for 76 weeks (Riley et al. 1980a).  Rats in the high-

exposure group showed a small but significant increase in absolute lung weight at termination of the 

study (112 weeks).  This response was not observed in rats sacrificed on week 76 or in rats exposed to 

75 ppm 1,4-DCB for 112 weeks.  No treatment-related histological alterations were observed in the 

larynx, trachea, or lungs in this study. 

 

Another chronic inhalation study was conducted in which groups of 50 male and female F344/DuCrj rats, 

and 50 male and 50 female Crj:BDF1 mice, were exposed to 1,4-DCB in concentrations of 0, 20, 75, or 

300 ppm for 6 hours/day, 5 days/week for 104 weeks (Aiso et al. 2005b; Japan Bioassay Research Center 

1995).  Histological examinations of the respiratory tract (nasal cavity, trachea, and lung) showed nasal 

epithelial effects in rats and mice.  The nasal lesions in rats mainly included eosinophilic changes of 

moderate or greater severity in the olfactory epithelium in male rats at 300 ppm and female rats at 

≥75 ppm.  Incidences of this lesion at 0, 20, 75, and 300 ppm were 1/50, 2/50, 2/50, and 7/50 in the male 
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rats, and 28/50, 29/50, 39/50, and 47/50 in the female rats.  The increases were significantly (p≤0.05) 

different than the control values and there was a trend of increasing response with increasing dose in both 

sexes.  Additionally observed were significantly increased incidences of eosinophilic changes of the 

respiratory epithelium and respiratory metaplasia in the 300 ppm female rats only.  The nasal lesions in 

mice included significantly increased incidences of respiratory metaplasia in the nasal gland (moderate 

severity) in males at 75 ppm (9/49, 12/49, 18/50, 11/49) and olfactory epithelium (slight severity) in 

males at 75 ppm (23/49, 30/49, 37/50, 22/49) and females at 300 ppm (7/50, 6/50, 2/49, 20/50), but the 

effects in the males were not dose-related (i.e., incidences were increased at 75 ppm but not at 300 ppm).  

The nasal lesions in female rats, the more sensitive species and sex, were selected as the critical effect for 

deriving a chronic-duration inhalation MRL of 0.01 ppm for 1,4-DCB.   

 

Cardiovascular Effects.     
 

1,2-Dichlorobenzene.  No studies were located regarding cardiovascular effects in humans following 

inhalation exposure to 1,2-DCB. 

 

No changes in absolute heart weight or heart histology were reported for rats (20/sex), guinea pigs 

(8/sex), rabbits (2/sex), or monkeys (2 females) following exposure to 93 ppm 1,2-DCB for 7 hours/day, 

5 days/week for 6–7 months, or in mice (10 females) that were similarly exposed to 49 ppm 1,2-DCB 

(Hollingsworth et al. 1958).  Relative heart weight was not determined.  The scope of histological 

evaluations was not specifically reported; organs that were weighed are inferred to have been 

histologically examined.   

 

1,3-Dichlorobenzene.  No studies were located regarding cardiovascular effects in humans or animals 

following inhalation exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  No studies were located regarding cardiovascular effects in humans following 

inhalation exposure to 1,4-DCB. 

 

Limited information is available regarding cardiovascular effects in animals.  No alterations in relative 

heart weight were observed in rats or guinea pigs exposed to 1,4-DCB at an air concentration of 173 ppm, 

7 hours/day, 5 days/week for up to 12 exposures (Hollingsworth et al. 1956).  Similar results were 

reported after approximately 130 exposures to 1,4-DCB at an air concentration of 96 ppm using the same 
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exposure protocol (Hollingsworth et al. 1956); no other cardiovascular end points were evaluated in this 

study. 

 

In pregnant Alderley-Park rats, whole-body exposure to 1,4-DCB at air concentrations of 74.7, 198.6, or 

508.4 ppm, 6 hours/day from Gd 6 to 15 produced no adverse clinical or pathological signs in the heart 

tissues of the dams (Hodge et al. 1977). 

 

A significant increase in absolute heart weight was reported in male and female rats exposed to 1,4-DCB 

at air concentrations of 490–499 ppm, 5 hours/day, 5 days/week for 76 weeks and allowed to recover until 

week 112 (Riley et al. 1980a).  This effect was not seen at the 76-week interim sacrifice or at the lower-

exposure concentration of 75 ppm.  Examination of the heart and aorta at interim sacrifices or at 

termination of the study revealed no significant histological alterations related to 1,4-DCB treatment. 

 

Gastrointestinal Effects.     

 

1,2-Dichlorobenzene.  No studies were located regarding gastrointestinal effects in humans or animals 

following inhalation exposure to 1,2-DCB. 

 

1,3-Dichlorobenzene.  No studies were located regarding gastrointestinal effects in humans or animals 

following inhalation exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  Two case reports provide evidence of gastrointestinal effects in humans after 

exposure to unknown concentrations of 1,4-DCB.  A 60-year-old man who had been exposed to vapors of 

1,4-DCB in his home for 3–4 months reported having several bowel movements a day with loose tarry 

stools for 10 days before being admitted to a hospital (Cotter 1953).  The second case is that of a 34-year-

old woman who had been exposed to vapors of 1,4-DCB at work and became acutely ill with nausea and 

vomiting, and was hospitalized with hemorrhage from the gastrointestinal tract (Cotter 1953).  The 

physical and chemical findings led to the diagnosis of subacute yellow atrophy and cirrhosis of the liver 

from 1,4-DCB exposure.  No further information was located. 

 

Limited information regarding gastrointestinal effects in animals is provided in a chronic-duration study.  

In that study (Riley et al. 1980a), the investigators found no effect on the organ weight or on gross and 

histopathological appearance of the caecum, colon, duodenum, jejunum, esophagus, pancreas, and 
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stomach in male and female Wistar rats exposed to 1,4-DCB at air concentrations of up to 490–499 ppm, 

5 hours/day, 5 days/week for 76 weeks.   

 

Hematological Effects.     

 

1,2-Dichlorobenzene.  Periodic industrial hygiene surveys and medical examinations were conducted in a 

plant where an unreported number of men were exposed to 1,2-DCB at an average level of 15 ppm (range 

1–44 ppm) for an unreported duration (Hollingsworth et al. 1958).  No effects on clinical hematology 

indices (red blood cell count, total and differential white blood cell counts, hemoglobin, hematocrit, and 

mean corpuscular volume) were attributable to exposure. 

 

Red blood cell (RBC), total white blood cell (WBC), and leucocyte differential cell counts were assessed 

in groups of five male Sprague-Dawley rats that were exposed to 0, 5, 10, 16, or 29 ppm 1,2-DCB for 

4 hours (Brondeau et al. 1990).  Total WBC counts were significantly (p≤0.05) reduced at ≥10 ppm 

without any changes in WBC differential or RBC counts.  The effect of 1,2-DCB on total WBC count 

was further assessed in groups of 10 male Sprague-Dawley rats that were normal or adrenalectomized and 

exposed to 0 or 24 ppm for 4 hours.  Adrenalectomy caused a significant increase in total WBCs (39.9% 

higher than normal controls), although exposure did not significantly affect WBC count in the 

adrenalectomized rats.  Because the adrenal-dependent leucopenia was similar to that observed after 

exposure to various irritant stressors, and is thought to be a secondary manifestation of increased secretion 

of glucocorticosteroids, the authors considered the effect to be an associative response to sensory 

irritation. 

 

No hematological changes were reported in rabbits (2/sex) or monkeys (2 females) that were exposed to 

93 ppm 1,2-DCB for 7 hours/day, 5 days/week for 6–7 months (Hollingsworth et al. 1958).  The 

hematology end points that were evaluated were not specified. 

 

1,3-Dichlorobenzene.  No studies were located regarding hematological effects in humans or animals 

following inhalation exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  Two reports of hematological effects in humans after inhalation exposure to 

1,4-DCB were located in the literature.  Based on results from blood counts, anemia was diagnosed in two 

men; one had been exposed to unknown concentrations of 1,4-DCB vapors at home for 3–4 months and 

the other had been in a storage plant saturated with 1,4-DCB vapor.  A woman exposed in a similar 
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manner was diagnosed with borderline anemia (Cotter 1953).  Early industrial hygiene surveys found no 

evidence of adverse hematological effects attributable to exposure to 1,4-DCB in workers at air 

concentrations ranging from 10 to 550 ppm for 8 months to 25 years (average 4.75 years) (Hollingsworth 

et al. 1956). 

 

Information regarding hematological effects in animals is scant.  No hematologic effects (specific tests 

not provided) were observed in rats and rabbits exposed to 1,4-DCB vapors at concentrations of 96 or 

158 ppm, respectively, dosed for durations of 7 hours/day, 5 days/week for 5–7 months (Hollingsworth et 

al. 1956).  In another intermediate-duration study, F344 rats and BDF1 mice were chamber-exposed to 25, 

55, 120, 270, or 600 ppm of 1,4-DCB for 6 hours/day, 5 days/week for 13 weeks (Aiso et al. 2005a).  

Hematological changes suggestive of microcytic anemia occurred in the male rats; effects included 

significantly decreased RBC count and hemoglobin concentration at ≥120 ppm, hematocrit at ≥270 ppm, 

and MCV and MCH at 600 ppm.  The effects were not accompanied by any anemia-associated 

histopathological changes in hematopoietic tissues (e.g., increased extramedullary hematopoiesis or 

hemosiderosis in the spleen) and did not occur in the female rats or mice of either sex, leading the 

investigators to suggest that they were secondary to male rat-specific α2µ-globulin nephropathy-related 

effects on erythropoietin synthesis in the renal tubules. 

 

A chronic-duration study reported that some changes in blood chemistry and hematologic parameters 

were seen in rats exposed 5 hours/day, 5 days/week to 1,4-DCB at air concentrations of up to 490–

499 ppm for 76 weeks; however, the reported changes showed no consistent trend with dose, sex, or 

exposure duration that would indicate treatment-related effects (Riley et al. 1980a). 

 

Musculoskeletal Effects.     

 

1,2-Dichlorobenzene.  No studies were located regarding musculoskeletal effects in humans following 

inhalation exposure to 1,2-DCB. 

 

1,3-Dichlorobenzene.  No studies were located regarding musculoskeletal effects in humans or animals 

following inhalation exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  No studies were located regarding musculoskeletal effects in humans after 

inhalation exposure to 1,4-DCB. 
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One study was located that examined the musculoskeletal effects in laboratory animals after inhalation 

exposure to 1,4-DCB.  No gross or histological alterations in skeletal muscle (unspecified parameters) 

were detected in rats exposed to 1,4-DCB at air concentrations of up to 490–499 ppm, 5 hours/day, 

5 days/week for 76 weeks (Riley et al. 1980a). 

 

Hepatic Effects.     

 

1,2-Dichlorobenzene.  No studies were located regarding hepatic effects in humans following inhalation 

exposure to 1,2-DCB. 

 

Increased liver weight and marked central lobular necrosis occurred in rats that were exposed to 1,2-DCB 

at a concentration of 977 ppm for 0.5 or 1 hour, but not to 539 ppm for 3 hours (Hollingsworth et al. 

1958).  No changes in absolute liver weight or hepatic histology were reported for rats (20/sex), guinea 

pigs (8/sex), rabbits (2/sex), or monkeys (2 females) exposed to 93 ppm 1,2-DCB for 7 hours/day, 

5 days/week for 6–7 months, or in mice (10 females) similarly exposed to 49 ppm 1,2-DCB 

(Hollingsworth et al. 1958).   

 

1,3-Dichlorobenzene.  No studies were located regarding hepatic effects in humans or animals following 

inhalation exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  Hepatic effects have been reported in humans following long-term exposure to 

1,4-DCB via inhalation.  A 60-year-old man and his wife who were exposed to moth ball vapor that 

"saturated" their home for 3–4 months both died of liver failure (acute liver atrophy) within a year of the 

initial exposure (Cotter 1953).  Yellow atrophy and cirrhosis of the liver were reported in a 34-year-old 

woman who demonstrated 1,4-DCB products in a department store and in a 52-year-old man who used 

1,4-DCB occupationally in a fur storage plant for about 2 years (Cotter 1953).  Duration of exposure was 

not estimated for the 34-year-old woman, but was indicated in the report to be >1 year.  No estimates of 

the 1,4-DCB exposure levels (other than the use of the term “saturated”) were provided in any of these 

reports, nor was it verified that 1,4-DCB exposure was the only factor associated with the observed 

effects.  History of alcohol consumption or prior liver disease factors were not mentioned for any of the 

cases reported by Cotter (1953).  These case studies indicate that the liver is a target organ for 1,4-DCB in 

humans, but they do not provide quantitative information.  
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In an acute-duration study using pregnant Alderley-Park rats, whole-body exposure to 1,4-DCB at air 

concentrations of 74.7, 198.6, or 508.4 ppm, 6 hours/day from Gd 6 to 15 produced no adverse clinical or 

pathological signs in the hepatic tissues of the dams (Hodge et al. 1977).  In a similar study, New Zealand 

White rabbits exposed whole-body to 1,4-DCB 6 hours/day on Gd 6–18 experienced no adverse effects 

on absolute or relative maternal liver weights at air concentrations up to 800 ppm (Hayes et al. 1985). 

 

An intermediate-duration study was conducted in which F344 rats and BDF1 mice were chamber-exposed 

to 0, 25, 55, 120, 270, or 600 ppm of 1,4-DCB for 6 hours/day, 5 days/week for 13 weeks (Aiso et al. 

2005a).  Hepatic effects in the rats included increases in absolute and relative liver weight (>10%) in 

males at ≥270 ppm and females at 600 ppm, serum total cholesterol and phospholipid in males at 

≥270 ppm and females at 600 ppm, serum albumin in females at ≥270 ppm and males at 600 ppm, total 

protein in both sexes at 600 ppm, and centrilobular hepatocellular hypertrophy in males at 600 ppm.  

Hepatic effects in the mice included increases in absolute and relative liver weight (>10%) in males at 

≥270 ppm and females at 600 ppm, serum ALT in males at ≥270 ppm and females at 600 ppm, serum 

AST in males at 600 ppm, serum total cholesterol and total protein in both sexes at 600 ppm, and 

centrilobular hepatocellular hypertrophy in males at ≥270 ppm and females at 600 ppm.  The mouse liver 

was more responsive to 1,4-DCB than the rat liver as shown by the histological and serum enzyme 

changes.  Hepatocellular hypertrophy occurred at a lower exposure level in the mice (270 ppm compared 

to 600 ppm in rats); incidences in the 0, 25, 120, 270, and 600 ppm male mice were 0/10, 0/10, 0/10, 

0/10; 10/10 and 10/10, respectively.  At 600 ppm, the severity of the hepatocellular hypertrophy was 

classified as moderate in the mice and slight in the rats.  Affected hepatocytes in the mice were 

characterized by cell enlargement, varying nuclear size and shape, and coarse chromatin and inclusion 

bodies in the nucleus, whereas such nuclear changes were not observed in the hypertrophic hepatocytes of 

the rats.  Additionally, the hepatocellular hypertrophy in the mice was accompanied by single cell 

necrosis (both sexes, incidence not reported) and focal necrosis (2/10 males) at 600 ppm, as well as the 

increases in serum ALT at ≥270 ppm and AST at 600 ppm, whereas none of these indicators of 

hepatocellular damage occurred in the rats.   

 

In a cross-species comparative study, exposure to 1,4-DCB at air concentrations up to 158 ppm, 

7 hours/day, 5 days/week for 5–7 months produced no treatment-related effects on liver weight or 

microscopic appearance in male and female mice; in contrast, various hepatic effects were noted in rats, 

guinea pigs, and rabbits exposed to 1,4-DCB at various levels and durations of exposure (Hollingsworth 

et al. 1956).  There was considerable variability in the species of animals exposed at each dose, the 

number of animals exposed, and the total number of exposures.  When rats and rabbits inhaled 173–
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798 ppm of 1,4-DCB intermittently for 2–12 weeks, several hepatic effects were observed.  Relative liver 

weight was increased in rats exposed to 173 ppm; histopathological examination at this exposure level 

revealed slight congestion and granular degeneration in female rats.  At 798 ppm, liver changes included 

cloudy swelling and central necrosis in both sexes of rats and rabbits.  In the same study, when rats 

inhaled 158–341 ppm 1,4-DCB intermittently for 5–7 months, male and female rats displayed cloudy 

swelling and central zone degeneration of the hepatic parenchymal cells in the liver, and increased 

relative liver weights at 158 ppm.  These changes were not seen at a concentration of 96 ppm.  In the 

same study, guinea pigs that were exposed to 341 ppm for a comparable duration or to 798 ppm for 2–

4.5 weeks had focal necrosis and slight cirrhosis (in some animals) as well as hepatocyte swelling and 

degeneration. 

 

In a 2-generation study of the effects of inhalation exposure to 1,4-DCB in Sprague-Dawley rats, males 

and females were exposed to 0, 66.3, 211, or 538 ppm 1,4-DCB 6 hours/day for 10 weeks prior to mating.  

The females were also exposed during mating, and on Gd 0–19 and postnatal days 5–27; males were 

exposed throughout the study.  Marked hepatocellular hypertrophy, localized in the centrilobular area, 

was noted in F0 and F1 males and females in the 538 ppm dose group; no such effects were seen in the 

low- and mid-dose groups.  Liver weights were significantly elevated in F0 males at the 211 and 538 ppm 

doses and in F0 females at the 538 ppm dose; liver weights were also significantly elevated in F1 males 

and females at the 538 ppm dose (Tyl and Neeper-Bradley 1989).  The increased liver weight in F0 male 

rats was selected as the critical effect for deriving an intermediate-duration inhalation MRL of 0.2 ppm 

for 1,4-DCB. 

 

In a long-term inhalation study in rats, exposure to 1,4-DCB at air concentrations of 490–499 ppm 

5 hours/day, 5 days/week for 76 weeks resulted in an increase in absolute liver weight throughout the 

study in males and at weeks 27 and 112 in females (Riley et al. 1980a).  This effect was not accompanied 

by histological alterations or by increased serum transaminase activities.  No hepatic effects were noted at 

75 ppm.  None of the adverse hepatic effects reported at lower concentrations of 1,4-DCB for shorter 

durations (Hollingsworth et al. 1956), as described above, were identified in the 76-week study.   

 

In another chronic study, groups of 50 male and female F344/DuCrj rats and 50 male and 50 female 

Crj:BDF1 mice were exposed to 1,4-DCB in concentrations of 0, 20, 75, or 300 ppm for 6 hours/day, 

5 days/week for 104 weeks (Aiso et al. 2005b; Japan Bioassay Research Center 1995).  Histological 

examinations showed liver changes only in the high-dose male mice.  The incidence of centrilobular 
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hepatocellular hypertrophy was significantly increased in male mice at 300 ppm, as shown by incidences 

of 0/49, 0/49, 0/50, and 34/49 in the control to high dose groups.  

 

Renal Effects.     

 

1,2-Dichlorobenzene.  Periodic industrial hygiene surveys and medical examinations were conducted in a 

plant where an unreported number of men were exposed to 1,2-DCB at an average level of 15 ppm (range 

1–44 ppm) for an unreported duration (Hollingsworth et al. 1958).  No effects on clinical renal indices 

(blood urea nitrogen, sedimentation rate, or urinalysis) were attributable to exposure. 

 

No changes in absolute kidney weight or kidney histology were reported for rats (20/sex), guinea pigs 

(8/sex), rabbits (2/sex), or monkeys (2 females) exposed to 93 ppm 1,2-DCB for 7 hours/day, 

5 days/week for 6–7 months, or in mice (10 females) similarly exposed to 49 ppm 1,2-DCB 

(Hollingsworth et al. 1958).  Relative kidney weight was not determined.  The scope of histological 

evaluations was not specifically reported; organs that were weighed are inferred to have been 

histologically examined.  Limited urinalysis was performed in the species exposed to 93 ppm; BUN 

determinations and qualitative tests for sugar, albumin, sediment, and blood showed no abnormalities. 

 

1,3-Dichlorobenzene.  No studies were located regarding renal effects in humans or animals following 

inhalation exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  No studies were located regarding renal effects in humans after inhalation 

exposure to 1,4-DCB. 

 

In an acute-duration study using pregnant Alderley-Park rats, whole-body exposure to 1,4-DCB at air 

concentrations of 74.7, 198.6, or 508.4 ppm, 6 hours/day from Gd 6 to 15 produced no adverse clinical or 

pathological signs in the kidney tissues of the dams (Hodge et al. 1977).  In a similar study, pregnant New 

Zealand White rabbits exposed whole-body to 1,4-DCB 6 hours/day on Gd 6–18 experienced no adverse 

effects with regard to either absolute or relative maternal kidney weights at air concentrations up to 

800 ppm (Hayes et al. 1985). 

 

In an intermediate-duration study, F344 rats and BDF1 mice were chamber-exposed to 25, 55, 120, 270, 

or 600 ppm of 1,4-DCB for 6 hours/day, 5 days/week for 13 weeks (Aiso et al. 2005a).  Histological 

effects included kidney lesions indicative of α 2µ-globulin nephropathy (hyaline droplets, granular casts, 
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tubular cell necrosis, cytoplasmic basophila, and papillary mineralization) in the male rats at ≥270 ppm.  

There were no histological changes in the kidneys of the female rats or mice of either sex.  Other renal 

effects included increased relative and/or absolute kidney weights in male rats and male mice at 

≥270 ppm and female rats and female mice at 600 ppm, and increased serum BUN in male rats and male 

mice at 600 ppm. 

 

In rats, mice, and rabbits exposed by inhalation to 1,4-DCB at air concentrations ranging from 96 to 

798 ppm, 7 or 8 hours/day, for periods as long as 7 months, no renal effects were noted in mice or rabbits, 

while both male and female rats experienced increased relative kidney weights at the 173 ppm dose level.  

In addition, a slight cloudy swelling of the tubular epithelium was noted in female rats exposed to 

798 ppm.  In the same study, inhalation of 1,4-DCB at 158 or 341 ppm intermittently for 5–7 months by 

rats caused a slight increase in relative kidney weight in males but not females (Hollingsworth et al. 

1956).  This effect was not observed in groups of guinea pigs, in one monkey, or in two rabbits under the 

same experimental conditions (Hollingsworth et al. 1956).  The findings in this study are consistent with 

those reported by Riley et al. (1980a) in a 76-week study in rats, described below. 

 

In a 2-generation study of the effects of inhalation exposure to 1,4-DCB in Sprague-Dawley rats, males 

and females were exposed to 0, 66.3, 211, or 538 ppm 1,4-DCB 6 hours/day for 10 weeks prior to mating.  

The females were also exposed during mating, and on Gd 0–19 and postnatal days 5–27; males were 

exposed throughout the study.  An increased incidence of nephrosis was seen in F0 males of all dose 

groups and in F1 males of the 211 and 538 ppm dose groups; lesions consisted of hyaline droplets, tubular 

protein nephrosis, granular cast formation, and interstitial nephritis.  No renal lesions were noted in F0 or 

F1 females.  Kidney weights were significantly elevated in F0 males at all doses and in F1 males at the 

538 ppm dose.  In females, kidney weights were significantly elevated in the F0 generation at the 538 ppm 

dose, but were not elevated in the F1 generation (Tyl and Neeper-Bradley 1989).  

 

In a chronic-duration inhalation study in Wistar rats, exposure to 1,4-DCB at air concentrations of 490–

499 ppm, 5 hours/day, 5 days/week for 76 weeks resulted in an increase in absolute kidney weight in 

males throughout the study and in females at weeks 27 and 112 weeks.  Exposure to 75 ppm 1,4-DCB had 

no effect on kidney weight, and neither exposure level caused histopathological alterations in the kidneys 

(Riley et al. 1980a).  In another chronic study, groups of 50 male and female F344/DuCrj rats and 50 male 

and 50 female Crj:BDF1 mice were exposed to 1,4-DCB in concentrations of 0, 20, 75, or 300 ppm for 

6 hours/day, 5 days/week for 104 weeks (Aiso et al. 2005b; Japan Bioassay Research Center 1995).  

Histological examinations showed kidney changes only in male rats at 300 ppm, where incidences of 
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mineralization of the renal papilla and hyperplasia of the urothelium were significantly increased.  In 

general, the renal effects observed in inhalation studies of 1,4-DCB are mild in contrast with the severe 

renal effects observed in oral studies as described in Section 3.2.2.2. 

 

Endocrine Effects.     

 

1,2-Dichlorobenzene.  No studies were located regarding endocrine effects in humans or animals 

following inhalation exposure to 1,2-DCB. 

 

1,3-Dichlorobenzene.  No studies were located regarding endocrine effects in humans or animals 

following inhalation exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  No studies were located regarding endocrine effects in humans following 

inhalation exposure to 1,4-DCB. 

 

The only information regarding endocrine effects in animals after inhalation exposure to 1,4-DCB is from 

a chronic-duration study in rats.  In that study (Riley et al. 1980a), no gross or histopathological effects 

were observed in the adrenal, thyroid, or pituitary glands of male or female rats exposed to 1,4-DCB at air 

concentrations up to 490–499 ppm, 5 hours/day, 5 days/week for 76 weeks.  No further information 

regarding endocrine effects was located.  

 

Dermal Effects.     

 

1,2-Dichlorobenzene.  No studies were located regarding dermal effects in humans or animals following 

inhalation exposure to 1,2-DCB. 

 

1,3-Dichlorobenzene.  No studies were located regarding dermal effects in humans or animals following 

inhalation exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  Dermal effects resulting from 1,4-DCB exposure were reported in a 69-year-old 

man who had been exposed for approximately 3 weeks to 1,4-DCB used in his home, including on a chair 

on which he had been sitting.  He gradually developed petechiae (small red spots), purpura (purple or 

brownish-red spots), and swelling of his hands and feet.  His sensitivity to 1,4-DCB was established by an 
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indirect basophil degranulation test that showed a strongly positive reaction (degenerative changes in 62% 

of his basophils when tested with 1,4-DCB, compared with a 6% reaction of normal serum with 1,4-DCB) 

(Nalbandian and Pearce 1965).  The authors suggested that these effects were probably immunologically 

mediated.  In a study of 58 men occupationally exposed to up to 725 ppm 1,4-DCB, 8 hours/day, 

5 days/week continually or intermittently for 8 months to 25 years (average:  4.75 years), medical 

examinations revealed no evidence of dermatological effects (Hollingsworth et al. 1956). 

 

No studies were located regarding dermal effects in animals after inhalation exposure to 1,4-DCB. 

 

Ocular Effects.     

 

1,2-Dichlorobenzene.  Periodic industrial hygiene surveys and medical examinations were conducted in a 

plant where an unreported number of men were exposed to 1,2-DCB at an average level of 15 ppm (range 

1–44 ppm) for an unreported duration (Hollingsworth et al. 1958).  No eye or nasal irritation was 

attributable to exposure.  Additionally, Hollingsworth et al. (1958) noted that his researchers detected 

1,2-DCB odor at a concentration of 50 ppm without eye or nasal irritation during repeated vapor 

inhalation experiments on animals.  An earlier source (Elkins 1950) referenced by Hollingsworth (1958) 

reported that occupational exposure to 100 ppm of 1,2-DCB caused irritation of the eyes and respiratory 

passages. 

 

1,3-Dichlorobenzene.  No studies were located regarding ocular effects in humans or animals following 

inhalation exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  In a report on 58 men who had worked for 8 months to 25 years (average exposure 

4.75 years) in a plant that used 1,4-DCB, painful irritation of the nose and eyes were reported at levels 

ranging from 80 to 160 ppm (Hollingsworth et al. 1956).  At levels >160 ppm, the air was considered 

unbreathable by unacclimated persons.  Neither cataracts nor any other lens changes were found upon 

examination of their eyes. 

 

There is no clear, quantitative evidence of ocular effects resulting from inhalation exposure to 1,4-DCB in 

animal studies.  Ocular effects, described as reversible, nonspecific eye ground changes (changes in the 

fundus or back of the eye), were seen in two rabbits exposed to 1,4-DCB at 798 ppm, 8 hours/day, 

5 days/week for 12 weeks (Hollingsworth et al. 1956).  In the same study, no lens changes were observed 

in rats or guinea pigs exposed to 798 ppm 1,4-DCB, but eye irritation was reported in the three species 
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tested.  Ocular effects occurring during and/or after exposure to chemicals in air are likely to be due to 

direct contact of the chemical with the eye.   

 

A chronic-duration inhalation study in male and female Wistar rats reported no histopathological 

alterations in the eyes of rats exposed to 1,4-DCB at air concentrations up to 490–499 ppm, 5 hours/day, 

5 days/week for 76 weeks (Riley et al. 1980a).  No further data were located.  

 

Body Weight Effects.     

 

1,2-Dichlorobenzene.  Groups of male and female albino rats (20/sex) were exposed to 0, 49, or 93 ppm 

(0, 290, or 560 mg/m3, respectively) of 1,2-DCB (99% pure) vapor for 7 hours/day, 5 days/week for 6–

7 months (Hollingsworth et al. 1958).  No compound related effects were found at 49 ppm.  Effects 

observed at 93 ppm consisted of statistically significant (p≤0.05) decreased final body weight in the males 

(8.9% lower than controls).  There were no body weight changes in guinea pigs (8/sex), rabbits (2/sex), or 

monkeys (2 females) similarly exposed to 93 ppm 1,2-DCB, or in mice (10 females) similarly exposed to 

49 ppm 1,2-DCB (Hollingsworth et al. 1958).  

 

1,3-Dichlorobenzene.  No studies were located regarding body weight effects in humans or animals 

following inhalation exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  A 60-year-old man who was exposed to vapors of 1,4-DCB in his home for 3–

4 months was reported to have lost approximately 50 pounds in body weight in 3 months (Cotter 1953).  

His wife, who received similar exposure, also lost weight.  A third case reported by the same author 

(Cotter 1953) is that of a 52-year-old man who was exposed to 1,4-DCB by using the chemical for 

preserving raw furs.  On examination, this individual was described as being emaciated.  Information 

regarding food consumption was not available in any of these cases.  In the case of the 60-year-old man, 

persistent diarrhea may have contributed to the weight loss.   

 

In an acute-duration study using pregnant Alderley-Park rats, whole-body exposure to 1,4-DCB at air 

concentrations of 74.7, 198.6, or 508.4 ppm, 6 hours/day from Gd 6 to 15 had no effect on maternal body 

weight gain (Hodge et al. 1977). 

 

Body weight data are available for various animal species after exposure to 1,4-DCB 7–8 hours/day, 

5 days/week, for periods ranging from 2 weeks to 6 months (Hollingsworth et al. 1956).  Rats, rabbits, 
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and guinea pigs experienced weight loss when exposed to 798 ppm, 8 hours/day, 5 days/week.  Rats 

exposed to up to 341 ppm 1,4-DCB for 5–7 months grew at a rate similar to that of unexposed controls.  

Similar results were obtained in rabbits exposed to 173 ppm for 16 days or to 158 ppm for about 

200 days.  Slight growth depression was observed in male and female guinea pigs exposed to 158 ppm 

1,4-DCB for 157 days, but only males showed a slight delay in growth when the exposure level was 

341 ppm for 6 months.  In male and female mice and in one female monkey, there were no effects on 

body weight after exposure to 1,4-DCB at air concentrations up to 158 ppm for as long as 7.1 months.  In 

another intermediate-duration study, there were no effects on body weight gain in F344 rats and 

BDF1 mice that were exposed to 25, 55, 120, 270, or 600 ppm of 1,4-DCB for 6 hours/day, 5 days/week 

for 13 weeks (Aiso et al. 2005a).   

 

In a 2-generation study of the effects of inhalation exposure to 1,4-DCB in Sprague-Dawley rats, males 

and females were exposed to 0, 66.3, 211, or 538 ppm 1,4-DCB 6 hours/day for 10 weeks prior to mating.  

The females were also exposed during mating, and on Gd 0–19 and postnatal days 5–27; males were 

exposed throughout the study.  Male F0 body weight and body weight gain were significantly reduced in 

the 538 ppm group.  Body weight gain was also significantly reduced in the 211 ppm group; however, the 

effect was seen at fewer observation periods.  Female F0 body weights were equivalent across all 

treatment groups during the entire prebreeding period.  The F1 generation males and females exposed to 

538 ppm 1,4-DCB had lower body weights than did controls; however, these decreases were accompanied 

by decreased food consumption (Tyl and Neeper-Bradley 1989).  

 

A chronic-duration inhalation study in male and female Wistar rats found that body weight was not 

significantly altered after exposure to 1,4-DCB at air concentrations up to 490–499 ppm, 5 hours/day, 

5 days/week for 76 weeks (Riley et al. 1980a). 

 

Other Systemic Effects.     

 

1,2-Dichlorobenzene.  No studies were located regarding other systemic effects in humans or animals 

following inhalation exposure to 1,2-DCB. 

 

1,3-Dichlorobenzene.  No studies were located regarding other systemic effects in humans or animals 

following inhalation exposure to 1,3-DCB. 
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1,4-Dichlorobenzene.  No studies were located regarding other effects in humans following inhalation 

exposure to 1,4-DCB.  Ascites, esophageal varices, hemorrhoids, and tarry stools are all secondary effects 

of subacute, yellow atrophy and cirrhosis of the liver (Cotter 1953).  

 

A chronic-duration inhalation study in male and female Wistar rats found that food and water 

consumption was not significantly altered after exposure to 1,4-DCB at air concentrations up to 490–

499 ppm, 5 hours/day, 5 days/week for 76 weeks (Riley et al. 1980a). 

 

In a 2-generation study of the effects of inhalation exposure to 1,4-DCB in Sprague-Dawley rats, males 

and females were exposed to 0, 66.3, 211, or 538 ppm 1,4-DCB 6 hours daily for 10 weeks prior to 

mating.  The females were also exposed during mating, and on Gd 0–19 and postnatal days 5–27; males 

were exposed throughout the study.  Exposure of the F0 and F1 generations to 538 ppm 1,4-DCB resulted 

in clinical signs of toxicity such as decreased grooming, unkempt appearance, decreased food 

consumption, and dehydration (Tyl and Neeper-Bradley 1989).  

 

3.2.1.3   Immunological and Lymphoreticular Effects  
 

1,2-Dichlorobenzene.  No studies were located regarding immunological effects in humans following 

inhalation exposure to 1,2-DCB. 

 

No changes in absolute spleen weight or spleen histology were reported for rats (20/sex) or guinea pigs 

(8/sex) that were exposed to 93 ppm 1,2-DCB for 7 hours/day, 5 days/week for 6–7 months 

(Hollingsworth et al. 1958).  Relative spleen weight was not determined.  The scope of histological 

evaluations was not specifically reported; organs that were weighed appear to have been examined.  

 

1,3-Dichlorobenzene.  No studies were located regarding immunological effects in humans or animals 

following inhalation exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  As mentioned in Section 3.2.1.2, dermal effects observed in a 69-year-old man 

who had been exposed to 1,4-DCB in his home for approximately 3 weeks (Nalbandian and Pearce 1965) 

may have been mediated by immunological mechanisms.  In addition to petechiae, purpura, and swelling 

of his hands and feet, his serum showed a strong positive reaction to 1,4-DCB in an indirect basophil 

degranulation test.  The authors stated that, to their knowledge, this was the first reported case of allergic 

(anaphylactoid) purpura induced by exposure to 1,4-DCB.  Enlargement of the spleen was reported in a 
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woman who had been exposed to 1,4-DCB in her home for 3–4 months and in a man who used 1,4-DCB 

to preserve raw furs (Cotter 1953).  This, however, was most likely a secondary response to 

hematological disturbances rather than an immunological effect. 

 

A slight decrease in relative spleen weight was observed in male guinea pigs exposed to 1,4-DCB at an 

air concentration of 173 ppm, 7 hours/day, 5 days/week for 16 days (Hollingsworth et al. 1956); no effect 

was seen in rats under the same experimental conditions.  In a chronic-duration inhalation study, groups 

of male and female Wistar rats exposed to 1,4-DCB 5 hours/day, 5 days/week for 76 weeks exhibited no 

gross or histopathological alterations in the cervical, thoracic, and mesenteric lymph nodes; spleen; or 

thymus at air concentrations up to 500 ppm (Riley et al. 1980a).  No other immunological end points were 

evaluated. 

 

No effects were found in an immunotoxicity study in which groups of 10 male SPF Hartley guinea pigs 

were exposed to 1,4-DCB by inhalation in concentrations of 0, 2, or 50 ppm for 12 weeks (schedule not 

specified) (Suzuki et al. 1991).  The animals were sensitized with ovalbumin after 4 and 8 weeks of 

exposure to evaluate effects on antibody production.  Determinations of serum IgE titers (passive 

cutaneous anaphylaxis test) and serum IgG and IgM titers (enzyme-linked immunosorbent assay) against 

ovalbumin, performed 1 and 2 weeks after the first sensitization and 1, 2, and 4 weeks after the second 

sensitization, showed no significant differences between the exposed and control groups.  The passive 

cutaneous anaphylaxis test was also conducted with antiserum from the 50 ppm exposure group (collected 

1 and 2 weeks after the first sensitization and 1, 2, and 4 weeks after the second sensitization) to 

determine if IgE antibodies were produced against 1,4-DCB; no antibodies against the compound were 

detected.  Active systemic anaphylaxis was also evaluated in the 0 and 50 ppm exposure groups.  An 

antigen mixture of 1,4-DCB and guinea pig serum albumin did not cause an anaphylactic reaction when 

intravenously injected in the animals 14 days after the last exposure.  This study was reported in the 

Japanese literature; relevant information was obtained from the English abstract and data tables. 

 

3.2.1.4   Neurological Effects  
 

1,2-Dichlorobenzene.  No studies were located regarding neurological effects in humans or animals 

following inhalation exposure to 1,2-DCB. 

 

1,3-Dichlorobenzene.  No studies were located regarding neurological effects in humans or animals 

following inhalation exposure to 1,3-DCB. 
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1,4-Dichlorobenzene.  Information regarding neurological effects in humans exposed to 1,4-DCB via 

inhalation is limited to several case reports.  A 60-year-old man whose home had been saturated with 

1,4-DCB moth ball vapor for 3 or 4 months complained of persistent headache, numbness, clumsiness, 

and a burning sensation in his legs (consistent with peripheral nerve damage); he also showed slurred 

speech (Cotter 1953).  In a more recent case study, a 25-year-old woman was exposed to high 

concentrations of 1,4-DCB from her bedroom, bedding, and clothing.  She had used this compound 

liberally as an insect repellant for 6 years.  The subject sought medical assistance because of severe 

ataxia, speech difficulties, and moderate weakness of her limbs.  Brainstem auditory-evoked potentials 

(BAEPs) showed marked delays of specific brainwave patterns.  Her symptoms gradually improved over 

the next 6 months after cessation of exposure and the BAEPs examined 8 months later had returned to 

normal.  This study suggests that there may be measurable but reversible neurological effects associated 

with human inhalation exposure to 1,4-DCB (Miyai et al. 1988).  The level of 1,4-DCB exposure was 

neither known nor estimated in either of the human case studies.  In addition, there is no certainty that 

exposure to 1,4-DCB was the only factor associated with the toxic effects reported. 

 

Neurological signs including marked tremors, weakness, and loss of consciousness were observed in rats, 

rabbits, and guinea pigs exposed to 798 ppm 1,4-DCB 8 hours/day, 5 days/week (Hollingsworth et al. 

1956).  In a chronic-duration study in rats, exposure to up to 500 ppm 1,4-DCB 5 hours/day, 5 days/week 

for 76 weeks did not cause gross or histological alterations in the brain, sciatic nerve, or spinal cord, but 

absolute brain weight was slightly decreased at the termination of the study (Riley et al. 1980a).  Adult 

rats exposed 6 hours/day for 10 weeks to 538 ppm 1,4-DCB during a 2-generation study displayed 

symptoms associated with compound neurotoxicity, including tremors, ataxia, and hyperactivity (Tyl and 

Neeper-Bradley 1989).  The animals also decreased their grooming behavior and developed an unkempt 

appearance.  At sacrifice, the relative brain weights of the males, but not the females, were significantly 

increased compared to the controls. 

 

3.2.1.5   Reproductive Effects  
 

1,2-Dichlorobenzene.  No studies were located regarding reproductive effects in humans or animals 

following inhalation exposure to 1,2-DCB. 

 

A 2-generation inhalation reproduction study was conducted in which groups of Charles River CD 

(Sprague-Dawley derived) rats (30/sex/generation) were exposed to 1,2-DCB at levels of 0, 50, 150, or 
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394 ppm (Bio/dynamics 1989).  F0 adults were exposed for 6 hours/day, 7 days/week for a 10-week 

premating period and during mating.  Following mating, F0 males were exposed 6 hours/day, 7 days/week 

until sacrifice at 3–4 weeks postmating.  Bred F0 females were exposed for 6 hours/day on gestation days 

0–19 and lactation days 5–28, then sacrificed postweaning.  F1 pups (29 days old) received similar 

exposures throughout an 11-week premating period, mating, gestation, and lactation.  There were no 

exposure-related effects on reproductive performance or fertility indices in either generation. 

 

No changes in absolute testicular weight or testicular histology were reported for male rats or guinea pigs 

that were exposed to 93 ppm 1,2-DCB for 7 hours/day, 5 days/week for 6–7 months (Hollingsworth et al. 

1958).  Relative testicular weight was not determined.  The scope of histological evaluations in this study 

was not specifically reported; organs that were weighed also appear to have been examined. 

 

1,3-Dichlorobenzene.  No studies were located regarding reproductive effects in humans or animals 

following inhalation exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  No studies were located regarding reproductive effects in humans after inhalation 

exposure to 1,4-DCB. 

 

In an acute-duration study using pregnant Alderley-Park rats, whole-body exposure to 1,4-DCB at air 

concentrations up to 508.4 ppm, 6 hours/day from Gd 6 to 15 did not adversely affect the number of 

implantations, resorptions, viable fetuses, corpora lutea, or sex ratios (Hodge et al. 1977).  A similar study 

in inseminated New Zealand White rabbits exposed whole-body to 1,4-DCB at air concentrations of 100, 

300, or 800 ppm, 6 hours/day on Gd 6–18 found no differences between treated and control groups in the 

mean number of corpora lutea per dam, the mean number of implantation sites per dam, the mean number 

of resorptions per litter, or the number of totally resorbed litters.  At 300 ppm, there was a significant 

increase (p≤0.05) in the percentage of resorbed implantations per litter and in the number of litters with 

resorptions; however, the results at 800 ppm were comparable to controls, and the percentage of litters 

with resorptions reported in the 300 ppm group was within the range reported for historical controls, 

suggesting this effect was not chemical- or dose-related (Hayes et al. 1985). 

 

Exposure of rats and guinea pigs to 1,4-DCB at an air concentration of 173 ppm, 7 hours/day, 

5 days/week for 2 weeks did not significantly alter relative testis weight.  The same results were obtained 

after intermittently exposing rats and guinea pigs to 1,4-DCB at air concentrations up to 158 ppm for 5–

7 months (Hollingsworth et al. 1956).  There were no treatment-related effects on the reproductive organs 
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of male or female Wistar rats exposed to 1,4-DCB at concentrations up to 490–499 ppm, 5 hours/day, 

5 days/week for 76 weeks (Riley et al. 1980a).  The evaluation of reproductive end points included organ 

weights and histopathology. 

 

In another chronic inhalation study, groups of 50 male and female F344/DuCrj rats and 50 male and 

50 female Crj:BDF1 mice were exposed to 1,4-DCB in concentrations of 0, 20, 75, or 300 ppm for 

6 hours/day, 5 days/week for 104 weeks (Aiso et al. 2005b; Japan Bioassay Research Center 1995).  

Histological examinations included reproductive system tissues in both sexes (testis, epididymis, seminal 

vesicle, prostate, ovary, uterus, vagina, and mammary gland), but there were no exposure-related adverse 

findings in either species or sex (Aiso 2006). 

 

The effects of 1,4-DCB vapors on the reproductive performance of Sprague-Dawley rats was assessed in 

a 2-generation study in which animals of both sexes were exposed before and during mating (Tyl and 

Neeper-Bradley 1989).  The females were then exposed on Gd 0–19 and postnatal days 5–27.  Effects on 

body weight, liver and kidney weight, and hepatocellular hypertrophy were found in the adult rats at 

exposure concentrations of 211 and 538 ppm and were indicative of toxicity to the breeding animals.  

These effects did not occur with the 66.3 ppm exposure concentration.  Both generations of offspring 

exposed to the 538 ppm concentration had lower body weights than the controls at lactation day 4; 

average litter size and survival rates were decreased.  When selected animals from the first filial 

generation were allowed to recover from the 1,4-DCB exposure for a 5-week period, body weights of the 

538 ppm exposure group remained lower than those for the controls.  The authors concluded that parental 

toxicity was the cause of the increased risk to offspring rather than inherent effects of 1,4-DCB on 

reproductive processes.  In addition, no reduction in reproductive performance (as measured by the 

percentage of males successfully impregnating females) was observed in an inhalation study in which 

male mice were exposed to 1,4-DCB at 75–450 ppm for 6 hours/day for 5 days before being mated with 

virgin females (Anderson and Hodge 1976).  These data are consistent with the data from the males used 

in the 2-generation study discussed above. 

 

3.2.1.6   Developmental Effects  
 

1,2-Dichlorobenzene.  No studies were located regarding developmental effects in humans or animals 

following inhalation exposure to 1,2-DCB. 
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1,3-Dichlorobenzene.  No studies were located regarding developmental effects in humans or animals 

following inhalation exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  No studies were located regarding developmental effects in humans after 

inhalation exposure to 1,4-DCB. 

 

Exposure of pregnant Alderley-Park rats to 1,4-DCB via inhalation at levels up to 508 ppm for 

6 hours/day on Gd 6–15 did not result in developmental effects in the offspring (Hodge et al. 1977).  End 

points examined included the number of viable fetuses, fetal weight, litter weight, sex ratio, external 

abnormalities, and skeletal and visceral abnormalities.  

 

In a 2-generation study of the effects of inhalation exposure to 1,4-DCB in Sprague-Dawley rats, males 

and females that were exposed to 0, 66.3, 211, or 538 ppm 1,4-DCB 6 hours daily for 10 weeks prior to 

mating were assessed.  The females were also exposed during mating, and on Gd 0–19 and postnatal days 

5–27; males were exposed throughout the study.  F1 and F2 pup body weights in the 538 ppm group were 

significantly reduced from postnatal day 0 to 28.  The number of F1 and F2 pups that died during the 

perinatal period was significantly elevated in the 538 ppm group (Tyl and Neeper-Bradley 1989).  

 

The developmental effects of 1,4-DCB have been evaluated in New Zealand White rabbits (Hayes et al. 

1985).  Pregnant rabbits were exposed to 1,4-DCB by inhalation at 800 ppm for 6 hours/day on Gd 6–18.  

At 300 ppm, there was a significant increase in the number of litters with resorptions and the percentages 

of resorbed implantations per litter; however, this effect was not seen at 800 ppm and was thus probably 

not treatment-related.  An increased incidence of retroesophageal right subclavian artery present in the 

offspring was noted; it was not considered to constitute a teratogenic response to exposure to 1,4-DCB, 

but was considered only a minor variation.   

 

3.2.1.7   Cancer  
 

1,2-Dichlorobenzene.  No studies were located regarding cancer in humans or animals following 

inhalation exposure to 1,2-DCB. 

 

1,3-Dichlorobenzene.  No studies were located regarding cancer in humans or animals following 

inhalation exposure to 1,3-DCB.  
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1,4-Dichlorobenzene.  No studies were located regarding cancer in humans after inhalation exposure to 

1,4-DCB. 

 

No evidence of carcinogenicity was observed in a long-term inhalation study in rats that were exposed to 

1,4-DCB at 75 or 500 ppm intermittently for 76 weeks (Riley et al. 1980a).  The reported lack of 

extensive organ toxicity in this study (compared with results seen in oral studies described in 

Section 3.2.2.2) strongly suggests that a maximum tolerated dose (MTD) was not achieved.  In addition, a 

less-than-lifetime dosing regimen was used.  The experimental design limitations preclude reliable 

evaluation of potential inhalation carcinogenicity based on this study. 

 

The carcinogenicity of 1,4-DCB was more recently evaluated in groups of 50 male and female 

F344/DuCrj rats, and 50 male and 50 female Crj:BDF1 mice, following exposure to concentrations of 0, 

20, 75, or 300 ppm for 6 hours/day, 5 days/week for 104 weeks (Aiso et al. 2005b; Japan Bioassay 

Research Center 1995).  Comprehensive histological evaluations (including nasal cavity, trachea, and 

lungs) showed no compound-related neoplastic changes in rats, although incidences of liver and lung 

tumors were elevated in mice.  The liver tumors were induced in mice of both sexes, generally increased 

only at 300 ppm, and were comprised of several tumor types.  Liver tumors reported to be significantly 

increased (p≤0.05, Fisher’s Exact test) in male mice were hepatocellular carcinoma (12/49, 17/49, 16/50, 

38/49; p≤0.01 at high dose), hepatoblastoma (0/49, 2/49, 0/50, 8/49; p≤0.01 at high dose) and hepatic 

histiocytic sarcoma (0/49, 3/49, 1/50, 6/49; p≤0.05 at high dose).  Liver tumors reported to be 

significantly increased in female mice were hepatocellular carcinoma (2/50, 4/50, 2/49, 41/50; p≤0.01 at 

high dose), hepatocellular adenoma (2/50, 10/50, 6/49, 20/50; p≤0.05 at low and high doses), 

hepatocellular carcinoma or adenoma (4/50, 13/50, 7/49, 45/50; p≤0.05 at low and high doses), and 

hepatoblastoma (0/50, 0/50, 0/49, 6/50; p≤0.05 at high dose).  Although the hepatocellular adenomas 

were increased in female mice at 20 and 300 ppm, the relevance of the increase at 20 ppm is unclear 

given the lack of significant change at 75 ppm.  Lung bronchoalveolar adenoma and carcinoma were 

significantly increased in female mice (1/50, 4/50, 2/49, 7/50; p≤0.05 at high dose).  Except for 

hepatoblastoma, all of the aforementioned liver and lung tumor incidences were reported to have a 

significant positive linear trend by the Peto test and/or Cochran-Armitage test. 

 

3.2.2   Oral Exposure  
 

Most of the data described in this section were derived from laboratory studies in which 1,2-, 1,3-, and 

1,4-DCB were administered to test animals via gavage.  In addition, two human case studies of 1,4-DCB 
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consumption are described.  Case studies are not generally scientifically equivalent to well-conducted 

epidemiologic studies or laboratory experiments and should be viewed only as providing contributory 

evidence that 1,4-DCB may have caused the reported effects.  The available case studies do not provide 

unequivocal proof that 1,4-DCB is solely responsible for the reported toxicological effects in humans.  

The highest NOAEL and all reliable LOAEL values after oral exposure to 1,2-, 1,3-, and 1,4-DCB are 

recorded in Tables 3-3, 3-4, and 3-5, respectively, and plotted in Figures 3-3, 3-4, and 3-5, respectively. 

 

3.2.2.1   Death  
 

1,2-Dichlorobenzene.  No studies were located regarding death in humans after oral exposure to 

1,2-DCB.   

 

Single-dose LD50 values of 500 and 1,516 mg/kg have been reported for 1,2-DCB in rats administered the 

compound in oil by gavage (Ben-Dyke et al. 1970; Monsanto 1989).  Rats that were gavaged with a 25% 

solution of 1,2-DCB in peanut oil at a dose of 675 mg/kg/day for 3 days were considered unlikely to 

survive further exposures (DuPont 1982).  Guinea pigs that were treated with a single gavage dose of 

1,2-DCB as a 50% solution in olive oil had no deaths at 800 mg/kg and 100% mortality at 2,000 mg/kg 

(Hollingsworth et al. 1958). 

 

Rats that were administered 1,2-DCB in oil by gavage for 14 consecutive days and observed until 

day 20 experienced 100% mortality at 1,000 mg/kg/day and no deaths at 500 mg/kg/day and lower doses 

(NTP 1985).  Mice that were similarly treated with 1,2-DCB for 14 days had 80% mortality in both sexes 

at 250 mg/kg/day (lowest tested dose) and 80–100% mortality at ≥500 mg/kg/day (NTP 1985).  The 

reliability of the 14-day findings is uncertain because there were no clear effects of gavage exposure to 

1,2-DCB in oil on survival in rats or mice exposed to ≤500 mg/kg/day, 5 days/week for 13 weeks (NTP 

1985), rats exposed to 400 mg/kg/day on 7 days/week for 90 days (Robinson et al. 1991), or rats or mice 

exposed to ≤120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985).  Information in the longer-term 

NTP (1985) studies suggests that gavage error might have contributed to some of the deaths in the 14-day 

studies. 

 

1,3-Dichlorobenzene.  No studies were located regarding death in humans after oral exposure to 

1,3-DCB.   
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Acute oral LD50 values of 1,200 and 1,000 mg/kg were determined in male and female Sprague-Dawley 

rats, respectively, administered a single dose of 1,3-DCB by gavage and observed for the following 

14 days (Monsanto 1980). 

 

No mortality or overt signs of toxicity occurred in male or female Sprague-Dawley rats that were exposed 

to 1,3-DCB in corn oil by gavage in doses as high as 735 mg/kg/day for 10 consecutive days, or 

588 mg/kg/day for 90 consecutive days (McCauley et al. 1995). 

 

1,4-Dichlorobenzene.  No studies were located regarding death in humans after oral exposure to 

1,4-DCB. 

 

Animal mortality data for 1,4-DCB are available from acute-, intermediate-, and chronic-duration studies.  

In acute-duration animal studies, a single dose by gavage in olive oil of 1,000 mg/kg to rats and 

1,600 mg/kg to guinea pigs resulted in no deaths, while a single dose of 4,000 mg/kg to rats and 

2,800 mg/kg to guinea pigs resulted in 100% mortality (Hollingsworth et al. 1956).  Similar results were 

seen in groups of adult male albino rats administered various doses of 1,4-DCB in corn oil once daily for 

14 days; administration of 1,4-DCB at doses up to 600 mg/kg did not result in any deaths (Carlson and 

Tardiff 1976).  Oral LD50 (lethal dose, 50% kill) values for adult Sherman rats administered 1,4-DCB in 

peanut oil were calculated to be 3,863 and 3,790 mg/kg for males and females, respectively (Gaines and 

Linder 1986).  In contrast, groups of male F344 rats (n=1/group) were administered 13–27,900 mg/kg 

body weight in corn oil via gavage.  Twenty-four hours after dosing, the animals were weighed and 

exsanguinated.  No mortality among the 1,4-DCB-treated rats was observed (Allis et al. 1992). 

 

In one series of studies (NTP 1987), the lethality data for 1,4-DCB, when administered for 14 days by 

gavage in corn oil to F344 rats and B6C3F1 mice, were rather inconsistent.  In one of these studies, no 

1,4-DCB-related deaths occurred in rats of either sex that received doses up to 1,000 mg/kg/day; however, 

in the second rat study, four of five females (80%) at 1,000 mg/kg/day died, and all rats dosed at 

>2,000 mg/kg/day died.  In one 14-day study in mice, no 1,4-DCB-related deaths occurred in either sex at 

levels up to 1,000 mg/kg/day; however, in a second 14-day mouse study, 70% of mice at 1,000 mg/kg/day 

died, and all mice that received 4,000 mg/kg/day died within 4 days.  At 1,200 mg/kg/day, 5 of 10 male 

and 1 of 10 female rats died.  No deaths occurred at 600 mg/kg/day.  

 

In 13-week gavage studies, 17 of 20 rats (8 of 10 males and 9 of 10 females) dosed with 1,4-DCB in corn 

oil 5 days/week at 1,500 mg/kg/day died.  When dosed in like manner with 1,200 mg/kg/day, 5 of 
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10 male and 1 of 10 female rats died.  No deaths occurred at doses of ≤600 mg/kg/day (NTP 1987).  

Mortality rates in mice were somewhat lower; 8 of 20 (3 of 10 males and 5 of 10 females) animals dosed 

with 1,500 mg/kg/day 1,4-DCB in corn oil 5 days/week died.  No deaths occurred in males or females at 

doses up to 900 and 1,000 mg/kg/day, respectively (NTP 1987). 

 

High mortality was reported in male rats that received 1,4-DCB 5 days/week by gavage in corn oil in a 

2-year study (NTP 1987).  At 300 mg/kg/day, 26 of 50 males (52%) died; however, survival of female 

rats at 600 mg/kg/day was comparable to controls.  There was no excess mortality in mice of either sex 

that received 1,4-DCB 5 days/week by gavage in corn oil for 2 years at levels up to 600 mg/kg/day (NTP 

1987).  The high rate of mortality in male rats was probably related, in part, to the severe nephrotoxic 

effects and renal tumors that were reported in these animals and are described in more detail in 

Sections 3.2.2.2 and 3.2.2.7. 

 

Groups of five male and five female Beagle dogs were administered 1,4-DCB by capsule in dose levels of 

0, 10, 50, or 75 mg/kg/day, 5 days/week for 1 year (Naylor and Stout 1996).  The 75 mg/kg/day dose is a 

time-weighted average level reflecting decreases from an initial high level of 150 mg/kg/day in response 

to severe toxicity.  The main early effect was mortality during the first 25 days of the study; exposure to 

150 mg/kg/day caused one male dog to be sacrificed in extremis on day 12, one male death on day 25, and 

one female death on day 24.  With the exception of one control male that died on day 83, all remaining 

dogs survived exposure to 75 mg/kg/day. 

 

3.2.2.2   Systemic Effects  
 

Respiratory Effects.     

 

1,2-Dichlorobenzene.  No studies were located regarding respiratory effects in humans after oral 

exposure to 1,2-DCB. 

 

No gross or histological changes were observed in the respiratory tract (nasal cavity, trachea, lungs, 

and/or bronchi) of Sprague-Dawley or F344 rats that were administered 1,2-DCB in corn oil by gavage in 

doses of 300 mg/kg/day for 10 consecutive days (Robinson et al. 1991), 400 mg/kg/day for 

90 consecutive days (Robinson et al. 1991), ≤500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985), or 

≤120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985).  There were no gross or histological effects in 
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the respiratory system of B6C3F1 mice that were similarly treated with ≤500 mg/kg/day, 5 days/week for 

13 weeks (NTP 1985), or ≤120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985). 

 

1,3-Dichlorobenzene.  No studies were located regarding respiratory effects in humans after oral 

exposure to 1,3-DCB. 

 

No gross or histological changes were observed in the respiratory tract (nasal cavity and turbinates, lungs, 

and lower half of trachea) in male or female Sprague-Dawley rats that were exposed to 1,3-DCB in corn 

oil by gavage in doses of 735 mg/kg/day for 10 consecutive days or 588 mg/kg/day for 90 consecutive 

days (McCauley et al. 1995). 

 

1,4-Dichlorobenzene.  No studies were located regarding respiratory effects in humans after oral 

exposure to 1,4-DCB. 

 

In a series of dose range-finding studies, groups of F344 rats were administered 1,4-DCB at 

concentrations ranging from 37.5 to 1,500 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks 

(NTP 1987).  At sacrifice, animals were examined grossly and major tissues were examined 

histologically.  No compound-related effects were observed in the lungs at any dose up to 900 mg/kg/day, 

while rats treated with 1,200 mg/kg/day or higher exhibited epithelial necrosis of the nasal turbinates 

(NTP 1987).  In parallel studies, B6C3F1 mice were administered 1,4-DCB at concentrations ranging from 

84.4 to 1,800 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks.  No compound-related effects 

were observed in the lungs at any dose level (NTP 1987). 

 

In 2-year exposure studies in F344 rats, no respiratory effects were reported in males or females that 

received 1,4-DCB by gavage in corn oil at levels up to 300 or 600 mg/kg/day, respectively (NTP 1987).  

In similarly dosed B6C3F1 mice, no respiratory effects were reported in either sex at doses up to 

600 mg/kg/day (NTP 1987). 

 

Cardiovascular Effects.     

 

1,2-Dichlorobenzene.  No studies were located regarding cardiovascular effects in humans after oral 

exposure to 1,2-DCB. 
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Mutifocal mineralization of the myocardial fibers of the heart (as well as skeletal muscle) was found in 

B6C3F1 mice that were administered 500 mg/kg/day of 1,2-DCB in corn oil by gavage 5 days/week for 

13 weeks (NTP 1985); this effect does not appear to have occurred in controls or lower dose groups 

(≤250 mg/kg/day).  No gross or histological changes were observed in the heart of B6C3F1 mice that were 

similarly treated with ≤120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985), or in Sprague-Dawley or 

F344 rats that were similarly treated with 300 mg/kg/day for 10 consecutive days (Robinson et al. 1991), 

400 mg/kg/day for 90 consecutive days (Robinson et al. 1991), ≤500 mg/kg/day, 5 days/week for 

13 weeks (NTP 1985), or ≤120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985). 

 

1,3-Dichlorobenzene.  No studies were located regarding cardiovascular effects in humans after oral 

exposure to 1,3-DCB. 

 

No gross or histological changes in the aorta were observed in male or female Sprague-Dawley rats that 

were exposed to 1,3-DCB in corn oil by gavage in doses of 735 mg/kg/day for 10 consecutive days or 

588 mg/kg/day for 90 consecutive days (McCauley et al. 1995). 

 

1,4-Dichlorobenzene.  No studies were located regarding cardiovascular effects in humans after oral 

exposure to 1,4-DCB. 

 

In a series of dose range-finding studies, groups of F344 rats were administered 1,4-DCB at 

concentrations ranging from 37.5 to 1,500 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks 

(NTP 1987).  At sacrifice, animals were examined grossly and major tissues were examined 

histologically.  No compound-related cardiovascular effects were observed at any dose level.  In parallel 

studies, B6C3F1 mice were administered 1,4-DCB at concentrations ranging from 84.4 to 

1,800 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks.  As with the rats, no compound-related 

cardiovascular effects were observed in mice at any of the doses used (NTP 1987). 

 

In 2-year exposure studies in F344 rats, no cardiovascular effects were reported in males or females that 

received 1,4-DCB by gavage in corn oil at levels up to 300 or 600 mg/kg/day, respectively (NTP 1987).  

In similarly dosed B6C3F1 mice, no cardiovascular effects were reported in either sex at doses up to 

600 mg/kg/day (NTP 1987). 
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No gross or histological changes were found in the aorta or heart of Beagle dogs (5/sex/level) that were 

administered 1,4-DCB by capsule in doses as high as 75 mg/kg/day, 5 days/week for 1 year (Naylor and 

Stout 1996).   

 

Gastrointestinal Effects.     

 

1,2-Dichlorobenzene.  No studies were located regarding gastrointestinal effects in humans after oral 

exposure to 1,2-DCB. 

 

No gross or histological changes were observed in the gastrointestinal tract (esophagus, stomach, small 

intestine, colon, and/or other tissues) of Sprague-Dawley or F344 rats that were administered 1,2-DCB in 

corn oil by gavage in doses of 300 mg/kg/day for 10 consecutive days (Robinson et al. 1991), 

≤500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985), or ≤120 mg/kg/day, 5 days/week for 103 weeks 

(NTP 1985).  Additionally, there were no gross or histological effects in the gastrointestinal tract of 

B6C3F1 mice that were similarly treated with ≤500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985), or 

≤120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985). 

 

1,3-Dichlorobenzene.  No studies were located regarding gastrointestinal effects in humans after oral 

exposure to 1,3-DCB. 

 

No gross or histological changes were observed in the gastrointestinal tract (esophagus, stomach, 

duodenum, jejunum, ileum, colon, cecum, rectum, tongue) in male or female Sprague-Dawley rats that 

were exposed to 1,3-DCB in corn oil by gavage in doses of 735 mg/kg/day for 10 consecutive days, or 

588 mg/kg/day for 90 consecutive days (McCauley et al. 1995). 

 

1,4-Dichlorobenzene.  No studies were located regarding gastrointestinal effects in humans after oral 

exposure to 1,4-DCB. 

 

In a series of dose range-finding studies, groups of F344 rats were administered 1,4-DCB at 

concentrations ranging from 37.5 to 1,500 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks 

(NTP 1987).  At sacrifice, animals were examined grossly and major tissues were examined 

histologically.  Gastrointestinal effects were observed at doses of 1,200 mg/kg/day or more and consisted 

of epithelial necrosis and villar bridging of the mucosa of the small intestines.  No gastrointestinal effects 

were noted in rats treated with 1,4-DCB at doses of 900 mg/kg/day or less (NTP 1987).  In parallel 
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studies with B6C3F1 mice, no compound-related gastrointestinal effects were observed after 

administration of 1,4-DCB at concentrations ranging from 84.4 to 1,800 mg/kg/day by gavage in corn oil 

5 days/week for 13 weeks (NTP 1987). 

 

In 2-year exposure studies in Fischer 344 rats, no gastrointestinal effects were reported in males or 

females that received 1,4-DCB by gavage in corn oil at levels up to 300 or 600 mg/kg/day, respectively 

(NTP 1987).  In similarly dosed B6C3F1 mice, no gastrointestinal effects were reported in either sex at 

doses up to 600 mg/kg/day (NTP 1987).  

 

No gross or histological changes were found in the gastrointestinal tract of Beagle dogs (5/sex/level) that 

were administered 1,4-DCB by capsule in doses as high as 75 mg/kg/day, 5 days/week for 1 year (Naylor 

and Stout 1996).  Nine regions of the gastrointestinal tract were examined. 

 

Hematological Effects.     

 

1,2-Dichlorobenzene.   No studies were located regarding hematological effects in humans after oral 

exposure to 1,2-DCB. 

 

No hematological changes were observed in Sprague-Dawley or F344 rats that were administered 

1,2-DCB in corn oil by gavage in doses of ≤300 mg/kg/day for 10 consecutive days (Robinson et al. 

1991), ≤400 mg/kg/day for 90 consecutive days (Robinson et al. 1991), or ≤500 mg/kg/day, 5 days/week 

for 13 weeks (NTP 1985).  Additionally, there were no hematological effects in B6C3F1 mice that were 

similarly treated with ≤500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985). 

 

1,3-Dichlorobenzene.   No studies were located regarding hematological effects in humans after oral 

exposure to 1,3-DCB. 

 

No hematological changes (numbers of erythrocytes and leukocytes, hemoglobin level, hematocrit, or 

mean corpuscular volume) were observed in male or female Sprague-Dawley rats that were exposed to 

1,3-DCB in corn oil by gavage in doses of 735 mg/kg/day for 10 consecutive days, or 588 mg/kg/day for 

90 consecutive days (McCauley et al. 1995). 

 

1,4-Dichlorobenzene.  A 21-year-old pregnant woman who had eaten 1–2 blocks of 1,4-DCB toilet air 

freshener per week throughout pregnancy developed severe microcytic, hypochromic anemia with 
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excessive polychromasia and marginal nuclear hypersegmentation of the neutrophils.  Heinz bodies were 

seen in a small number of the red cells.  After she discontinued this practice (at about 38 weeks of 

gestation), her hemoglobin levels began to rise steadily.  She gave birth to a normal infant with no 

hematological problems, and her own red blood cells were again normal at the final check 6 weeks after 

delivery (Campbell and Davidson 1970).  Acute hemolytic anemia and were reported to have occurred in 

a 3-year-old boy who had played with 1,4-DCB crystals (Hallowell 1959).  It is not clear whether this 

child had actually ingested any of the 1,4-DCB crystals. 

 

Hematological effects reported in animal studies mainly concern effects on red cells in rats and on white 

cells in mice.  Groups of male F344 rats (n=1/group) were administered 13–2,790 mg/kg body weight of 

1,4-DCB once via corn oil gavage.  Twenty-four hours after dosing, the animals were weighed and 

exsanguinated.  No hematological alterations were noted in any of the treated rats (Allis et al. 1992). 

 

No adverse effects on hemoglobin levels or hematocrit were seen in adult male albino rats dosed with 

1,4-DCB by gavage in corn oil at levels up to 40 mg/kg/day for 90 days (Carlson and Tardiff 1976).   

 

In F344 rats administered 1,4-DCB by gavage in corn oil, 7 days/week for 13 weeks at doses of 75–

600 mg/kg/day, no compound-related hematological effects were noted (Bomhard et al. 1988).  In a series 

of experiments performed by Hollingsworth et al. (1956), male rats were administered 1,4-DCB by 

gavage in olive oil at doses of 10–500 mg/kg/day, 5 days/week for 4 weeks; female rats received 

1,4-DCB in like manner at doses of 18.8–376 mg/kg/day, 5 days/week for 192 days; and male and female 

rabbits received 500 mg/kg/day 1,4-DCB, 5 days/week for 367 days.  Administration of 1,4-DCB 

produced no hematological effects at any dose.  

 

In another 13-week study in F344 rats, male rats that received 1,4-DCB at 300 mg/kg/day and above had 

decreased hematocrit levels, red blood cell counts, and hemoglobin concentrations (NTP 1987).  None of 

these hematologic effects were consistently seen in female rats at the same dosage level; however, a 

decrease in mean corpuscular volume was noted in females at doses of 600 mg/kg/day or more.  In a 

parallel study in male and female B6C3F1 mice dosed with 84.4–900 mg/kg/day 1,4-DCB for 13 weeks, 

no hematological effects were noted in male or female mice at doses up to 900 mg/kg/day (NTP 1987); 

however, in another study, B6C3F1 mice dosed with 600–1,800 mg/kg/day 1,4-DCB for 13 weeks showed 

hematologic effects including 34–50% reductions in the white cell counts in all male dose groups; these 

decreases were accompanied by 26–33% decreases in lymphocytes and 69–82% decreases in neutrophils.  

No hematological effects were noted in female B6C3F1 mice at doses up to 1,800 mg/kg/day (NTP 1987).  
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No hematologic effects were reported in 2-year studies in which male F344 rats received 1,4-DCB at 

levels up to 300 mg/kg/day/day and female rats received levels up to 600 mg/kg/day (NTP 1987).  Similar 

results were reported in B6C3F1 mice of both sexes exposed to 600 mg/kg/day 1,4-DCB for 2 years (NTP 

1987).   

 

Hematology was evaluated in groups of five male and five female Beagle dogs that were administered 

1,4-DCB by capsule in doses of 0, 10, 50, or 75 mg/kg/day, 5 days/week for 1 year (Naylor and Stout 

1996).  Ten routine indices and one blood clotting measurement (activated partial thromboplastin time) 

were evaluated at 6 and 12 months.  A mild anemia, as indicated by significantly reduced red blood cell 

count in females and hematocrit in males, was observed after 6 months at 75 mg/kg/day, but resolved by 

the end of the study.  Histological findings in the bone marrow (erythroid hyperplasia in females) and 

spleen (excessive hematopoiesis and megakaryocyte proliferation in both sexes) at 75 mg/kg/day 

indicated a compensatory response to the earlier anemia. 

 

Musculoskeletal Effects.     

 

1,2-Dichlorobenzene.  No studies were located regarding musculoskeletal effects in humans after oral 

exposure to 1,2-DCB. 

 

Mutifocal mineralization of the myocardial fibers of the heart and skeletal muscle was found in 

B6C3F1 mice (3/10 males, 8/10 females) that were administered 500 mg/kg/day of 1,2-DCB in corn oil by 

gavage 5 days/week for 13 weeks (NTP 1985); this effect does not appear to have occurred in controls or 

lower dose mice (≤250 mg/kg/day).  No gross or histological changes were observed in muscle of 

B6C3F1 mice that were similarly treated with ≤120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985), 

or in Sprague-Dawley or F344 rats that were similarly treated with 300 mg/kg/day for 10 consecutive 

days (Robinson et al. 1991), ≤500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985), or ≤120 mg/kg/day, 

5 days/week for 103 weeks (NTP 1985). 

 

No gross or histological changes in bone were observed in any of the rat or mouse 10-day, 13-week, or 

103-week studies summarized above (NTP 1985; Robinson et al. 1991). 

 

1,3-Dichlorobenzene.  No studies were located regarding musculoskeletal effects in humans after oral 

exposure to 1,3-DCB. 
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No gross or histological changes were observed in thigh muscle or sternebrae in male or female Sprague-

Dawley rats that were exposed to 1,3-DCB in corn oil by gavage in doses of 735 mg/kg/day for 

10 consecutive days or 588 mg/kg/day for 90 consecutive days (McCauley et al. 1995). 

 

1,4-Dichlorobenzene.  No studies were located regarding musculoskeletal effects in humans after oral 

exposure to 1,4-DCB. 

 

In a series of dose range-finding studies, groups of F344 rats were administered 1,4-DCB at 

concentrations ranging from 37.5 to 1,500 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks.  At 

sacrifice, animals were examined grossly and major tissues were examined histologically.  No 

musculoskeletal effects were noted in any of the 1,4-DCB-treated rats.  In parallel studies with 

B6C3F1 mice, no compound-related musculoskeletal effects were observed after administration of 

1,4-DCB at concentrations ranging from 84.4 to 1,800 mg/kg/day by gavage in corn oil 5 days/week for 

13 weeks (NTP 1987). 

 

In 2-year exposure studies in F344 rats, no musculoskeletal effects were reported in males or females that 

received 1,4-DCB by gavage in corn oil at levels up to 300 or 600 mg/kg/day, respectively.  In similarly 

dosed B6C3F1 mice, no musculoskeletal effects were reported in either sex at doses up to 600 mg/kg/day 

(NTP 1987).  

 

No gross or histological changes were found in skeletal muscle or bone of Beagle dogs (5/sex/level) that 

were administered 1,4-DCB by capsule in doses as high as 75 mg/kg/day, 5 days/week for 1 year (Naylor 

and Stout 1996). 

 

Hepatic Effects.     

 

1,2-Dichlorobenzene.  No studies were located regarding hepatic effects in humans after oral exposure to 

1,2-DCB. 

 

The liver is a main target of toxicity in animals following oral exposure to 1,2-DCB.  Necrosis and other 

degenerative hepatic changes were observed in acute-duration studies in which 1,2-DCB was 

administered in oil by gavage.  A single 1,500 mg/kg dose (a lethal level) caused central necrosis of the 

liver in rats (number and gender not reported) (DuPont 1982).  Severe liver damage, characterized by 
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intense necrosis and fatty changes, occurred in three male rats administered 455 mg/kg/day for 

15 consecutive days (Rimington and Ziegler 1963).  Other hepatic effects in this study included 

porphyria, manifested as increased mean peak urinary levels of coproporphyrin, uroporphyrin, 

porphobilinogen (PBG), and γ-aminolevulinic acid (ALA) that were approximately 10-fold higher than 

levels in controls.  Liver changes in other acute-duration studies included necrosis and increased serum 

ALT in rats given 300 mg/kg/day for 10 consecutive days (Robinson et al. 1991).  The necrosis was slight 

in severity and significantly (p=0.04) increased in males at 300 mg/kg/day [4/10 compared to 0/10 in 

controls; incidences in lower dose groups (37.5, 75, and 150 mg/kg/day) were not specifically reported 

and are assumed to be 0/10].  Incidences of other hepatic lesions were not significantly increased but 

included inflammation (characterized by lymphocyte and macrophage infiltrates) and degeneration of 

hepatocytes (characterized varying degrees of fibrillar or vacuolated cytoplasm and swelling with intact 

cell membranes).  Liver weight was increased in females at ≥150 mg/kg/day and males at 300 mg/kg/day; 

the increased liver weight in female rats in this study (Robinson et al. 1991) was selected as the critical 

effect for deriving an acute-duration oral MRL of 0.7 mg/kg/day for 1,2-DCB.  No liver histopathology 

was observed in male or female rats that were given doses as high as 500 or 1,000 mg/kg/day for 

14 consecutive days (NTP 1985).  The inconsistency between these findings and those of Robinson et al. 

(1991) might be due to a small number of animals (5 rats/sex/dose level) in the NTP (1985) study and 

mild response (low incidence and severity of lesions) in the Robinson et al. (1991) study.  Hepatic 

degeneration and necrosis were observed in mice exposed to 250 or 500 mg/kg/day for 14 consecutive 

days (NTP 1985), but this study is also limited by small numbers of animals (3–4 mice/sex/group). 

 

Liver histopathology was also the predominant finding in intermediate-duration studies of rats and mice 

exposed to 1,2-DCB (Hollingsworth et al. 1958; NTP 1985; Robinson et al. 1991).  The compound was 

administered in oil vehicle by gavage in all of these studies.  Slight to moderate cloudy swelling of the 

liver was found in female rats (strain not specified) dosed with 376 mg/kg/day, 5 days/week for 138 doses 

in 192 days, but not at lower dose levels of 18.8 or 188 mg/kg/day (Hollingsworth et al. 1958).  The 

incidence of the lesion was not reported.  Liver weight was increased at ≥188 mg/kg/day, but it is unclear 

whether this is an adaptive change or adverse effect due to the lack of histological or other evidence of 

tissue damage.   

 

Administration of 400 mg/kg/day for 90 consecutive days caused significantly increased incidences of 

lesions in Sprague-Dawley rats, including centrilobular degeneration, centrilobular hypertrophy, and 

single cell necrosis in 10/10, 9/10, and 7/10 males, respectively, and 8/10, 10/10, and 5/10 females, 

respectively (Robinson et al. 1991).  Histology was not evaluated at other dose levels (25 or 
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100 mg/kg/day), although no lesions occurred in controls of either sex.  Absolute and relative liver 

weights and serum levels of ALT were significantly increased at ≥100 mg/kg/day, but the increases in 

ALT were not dose-related and other liver-associated enzymes (AST, LDH, AP) were not increased.  The 

400 mg/kg/day dose is a LOAEL for hepatic effects based on histopathology.  A reliable NOAEL cannot 

be identified because histology was not evaluated at lower doses, the increase in serum ALT was not 

dose-related or supported by changes in other serum indicators of liver damage, and an increase in liver 

weight without clear evidence of tissue damage is considered to be an adaptive response. 

 

NTP (1985) conducted subchronic studies in F344/N rats and B6C3F1 mice to determine doses to be used 

in chronic bioassays.  Groups of 10 males and 10 females of each species were administered 1,2-DCB in 

doses of 0, 30, 60, 125, 250, or 500 mg/kg/day, 5 days/week for 13 weeks.  Histology examinations of the 

liver were limited to the control and three highest dose groups.  Degenerative lesions were significantly 

(p≤0.05) increased in both species at ≥250 mg/kg/day.  Changes in the rats included necrosis of individual 

hepatocytes at ≥250 mg/kg/day and centrilobular degeneration at 500 mg/kg/day; total incidences of these 

lesions at 0, 125, 250, and 500 mg/kg/day were 0/10, 1/10, 4/9, and 8/10 in males, respectively, and 0/10, 

3/10, 5/10, and 7/8 in females, respectively.  Relative liver weight was significantly increased at 

≥125 mg/kg/day in both sexes, but there were no increases in serum levels of liver enzymes (ALT, AP, or 

gamma-glutamyltranspeptidase [GGPT]) at any dose.  Serum cholesterol was significantly increased in 

males at ≥30 mg/kg/day (50.0, 17.6, 26.5, 70.6, and 109% higher than controls in the low to high dose 

groups, not significant at 42.9 mg/kg/day) and females at ≥125 mg/kg/day (12.2, 12.2, 32.6, 26.5, and 

51.0%).  Urinary concentrations of uroporphyrin and coproporphyrin were 3–5 times higher than controls 

in the 500 mg/kg/day males and females, but this increase was not considered indicative of porphyria 

because total porphyrin concentration in the liver was not altered at any dose level and no pigmentation 

indicative of porphyria was observed by ultraviolet light at necropsy.  The increases in relative liver 

weight seen in male and female rats at 125 mg/kg/day are believed to represent the beginning of adverse 

hepatic effects, indicating that 125 mg/kg/day is a minimal LOAEL for this study.  The increased liver 

weight in the female rats in this study (NTP 1985) was selected as the critical effect for deriving an 

intermediate-duration oral MRL of 0.6 mg/kg/day for 1,2-DCB.  In the mice, no compound-related 

histopathological changes were observed in either sex at 0 and 125 mg/kg/day, or in females at 

250 mg/kg/day.  Lesions that were significantly increased included necrosis of individual hepatocytes, 

hepatocellular degeneration and/or pigment deposition in 4/10 males at 250 mg/kg/day, and centrilobular 

necrosis, necrosis of individual hepatocytes, and/or hepatocellular degeneration in 9/10 males and 

9/10 females at 500 mg/kg/day.  Relative liver weights were significantly increased at 500 mg/kg/day in 

both sexes, but there were no exposure-related changes in serum levels of ALT, AP, or GGPT in either 
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sex at any dose (no other clinical chemistry indices were examined in the mice).  The hepatic 

histopathology findings indicate that the NOAEL and LOAEL for liver effects in mice are 125 and 

250 mg/kg/day, respectively. 

 

In the NTP (1985) chronic study, groups of 50 male and 50 female F344/N rats and B6C3F1 mice were 

administered 1,2-DCB in corn oil by gavage in doses of 0, 60, or 120 mg/kg/day, 5 days/week for 

103 weeks.  Histopathological examinations were performed in all animals, although liver weights and 

clinical chemistry indices were not evaluated.  There were no exposure-related nonneoplastic liver lesions 

in either species, indicating that 125 mg/kg/day is the chronic NOAEL for liver effects in both rats and 

mice.    

 

1,3-Dichlorobenzene.  No studies were located regarding hepatic effects in humans after oral exposure to 

1,3-DCB. 

 

Liver toxicity was evaluated in groups of 10 male and 10 female Sprague-Dawley rats that were exposed 

to 1,3-DCB in corn oil by daily gavage, in doses of 0, 37, 147, 368, or 735 mg/kg/day for 10 consecutive 

days, or 9, 37, 147, or 588 mg/kg/day for 90 consecutive days (McCauley et al. 1995).  Study end points 

included serum chemistry indices (AP, AST, ALT, LDH, cholesterol), liver weight, and gross appearance 

and histology of the liver.  As discussed below, hepatic changes were found at ≥147 mg/kg/day in the 

10-day study and ≥9 mg/kg/day in the 90-day study. 

 

Hepatic effects in the 10-day rat study included significantly (p≤0.05) increased relative liver weight in 

males at ≥147 mg/kg/day and females at ≥368 mg/kg/day (absolute organ weight not reported), and 

histopathology at ≥368 mg/kg/day in both sexes.  Increased liver weight in this study (McCauley et al. 

1995) was selected as the critical effect for deriving an acute-duration oral MRL of 0.4 mg/kg/day for 

1,3-DCB.  The main hepatic histological change was dose-related centrilobular hepatocellular 

degeneration, characterized by varying degrees of cytoplasmic vacuolization and swelling with intact 

membranes.  Respective incidences of this lesion at 368 and 735 mg/kg/day were 2/10 and 9/10 in males, 

and 6/10 and 10/10 females; incidences in the other groups were not reported, but are presumed to be 

0/10.  Other hepatic alterations included hepatocellular necrosis that was sporadically noted in the 147, 

368, and 735 mg/kg/day groups.  This change was usually minimal to mild, and tended to increase in 

incidence and severity in the males in a dose-related manner; however, incidences were not reported.  

Cholesterol was the only serum end point that had values exceeding the reference range.  Serum 



DICHLOROBENZENES  163 
 

3.  HEALTH EFFECTS 
 
 

 
 
 
 
 

cholesterol was significantly increased at 368 and 735 mg/kg/day in both sexes, but this change could be 

pituitary-related (see discussion of the 90-day study in Endocrine Effects).   

 

Hepatic effects in the 90-day study included significantly increased relative liver weight (absolute weight 

not reported) and histopathological changes at ≥147 mg/kg/day in both sexes.  The liver lesions included 

inflammation, hepatocellular alterations (characterized by spherical, brightly eosinophilic homogeneous 

inclusions), and hepatocellular necrosis.  Liver lesions that were significantly increased included 

hepatocellular cytoplasmic alterations of minimal to mild severity in males at ≥147 mg/kg/day 

(incidences in the control to high dose groups were 1/10, 2/10, 1/10, 6/10, and 7/9) and females at 

588 mg/kg/day (0/10, 2/10, 0/10, 1/10, and 7/9), and necrotic hepatocyte foci of minimal severity in both 

sexes at 588 mg/kg/day (1/10, 2/10, 1/10, 2/10, and 5/9 in males, and 0/10, 0/10, 0/10, 3/10, and 5/9 in 

females).  Other statistically significant liver-associated effects included significantly increased serum 

AST levels (90–100% higher than controls) in males at ≥9 mg/kg/day and females at ≥37 mg/kg/day.  

Serum LDH levels were also reduced in males at ≥9 mg/kg/day, but the biological significance of a 

decrease in liver enzymes is unclear.  Serum cholesterol values were significantly increased in males at 

≥9 mg/kg/day and females at ≥37 mg/kg/day, but this change could be pituitary-related (see Endocrine 

Effects).  

 

1,4-Dichlorobenzene.  A single case study was located regarding hepatic effects in humans after oral 

exposure to 1,4-DCB.  In this case report, the author describes a 3-year-old boy who had been playing 

with crystals containing 1,4-DCB for 4–5 days before being admitted to the hospital.  On admission, the 

boy was jaundiced and his mucous membranes were pale.  After a blood transfusion, the child gradually 

improved.  It was unclear whether the boy actually ingested any of the 1,4-DCB (Hallowell 1959). 

 

The acute hepatotoxicity and response of hepatic cytochrome P-450 in response to dosing with 1,4-DCB 

were evaluated in groups of male F344 rats (n=1/group) given one dose of 13–2,790 mg/kg body weight 

by corn oil gavage.  Twenty-four hours after dosing, the animals were weighed and sacrificed.  Serum 

was collected and analyzed for total bilirubin, cholesterol, AST, alanine aminotransferase (ALT), and 

alkaline phosphatase.  The liver was weighed and slices examined histopathologically.  Liver microsomes 

were prepared and assayed for P-450, in addition to liver protein determinations.  1,4-DCB did not 

produce liver necrosis at any dose.  There was also no effect observed on serum levels of ALT and AST.  

Hepatic cytochrome P-450 levels were increased about 30% by 1,4-DCB beginning at 380 mg/kg and 

remaining elevated at all higher doses.  No consistent pattern of change was found for indicators of 
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hepatobiliary damage, serum cholesterol, serum alkaline phosphatase, and total bilirubin (Allis et al. 

1992). 

 

The effects of 1,4-DCB were compared in male F344 rats given 0 (corn oil control), 25, 75, 150, and 

300 mg/kg/day 1,4-DCB (n=6–8/group/time) by daily oral gavage 5 days/week for 1 week.  Replicative 

DNA synthesis was studied using subcutaneously implanted osmotic pumps containing 5-bromo-

2'-deoxyuridine (BrdU) to determine the hepatocyte labeling index.  Livers were removed, weighed, and 

then immunostained.  Morphological examination of the liver sections from all lobes was performed from 

control and 300 mg/kg group rats.  1,4-DCB treatment for 1 week did not produce morphological changes 

in the rat livers.  1,4-DCB produced significant dose-related increases in relative liver weight in the rats, 

which were also associated with mild centrilobular hypertrophy.  At 300 mg/kg, relative liver weight was 

significantly increased.  Significant dose-related increases in microsomal cytochrome P-450 content were 

observed in rats given 150 and 300 mg/kg 1,4-DCB for 1 week, with a significant dose-related induction 

of microsomal 7-pentoxyresorufin O-depentylase activity observed in rats given 75–300 mg/kg 1,4-DCB.  

The hepatocyte labeling index values were only increased in animals given 300 mg/kg 1,4-DCB (225% of 

controls) (Lake et al. 1997). 

 

In a series of experiments, Eldridge et al. (1992) studied the acute hepatotoxic effects of 1,4-DCB and the 

role of cell proliferation in hepatotoxicity in B6C3F1 mice and F344 rats.  Mice and rats received a single 

dose of 1,4-DCB by gavage in corn oil of 600, 900, or 1,200 mg/kg/day.  At 1, 2, 4, and 8 days after 

1,4-DCB treatment, selected animals were injected intraperitoneally with BrdU 2 hours prior to sacrifice 

to monitor cell proliferation.  Other groups of mice and rats were sacrificed 24 or 48 hours after dosing, 

blood was collected for liver enzyme analysis, and liver sections were collected for histopathology.  In 

mice dosed with 600 mg/kg/day 1,4-DCB, liver weights were significantly increased 48 hours after 

dosing.  Labeling index (LI), indicative of cell proliferation, peaked 24 hours after dosing in females and 

48 hours in males.  Activities of serum enzymes associated with liver damage (ALT, AST, LDH, sorbitol 

dehydrogenase) were not affected by 1,4-DCB.  Twenty-four and 48 hours after administration of 

1,4-DCB, the livers of males showed periportal hepatocytes with vacuolated cytoplasm and centrilobular 

hepatocytes with granulated basophilic cytoplasm; the severity of these changes was dose-related at 

48 hours, but not at 24 hours.  Similar but less pronounced effects were seen in females at 24 hours.  In 

rats, liver weights were significantly increased at all time points after administration of 600 mg/kg/day 

1,4-DCB.  The LI peaked 24 hours after dosing and was still elevated after 48 hours.  Necrosis was not 

observed in the livers of mice or rats after treatment with 1,4-DCB.  
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In pregnant CD rats administered 1,4-DCB in corn oil at doses of 250–1,000 mg/kg/day on Gd 6–15, no 

differences in maternal liver weight were noted (Giavini et al. 1986); however, hepatic effects have been 

reported in other oral studies in which 1,4-DCB has been administered to test animals by gavage 

(discussed below).  These effects have ranged from temporary elevation of hepatic enzymes to hepatic 

degeneration and necrosis. 

 

The effects of 1,4-DCB were compared in male B6C3F1 mice given 0 (corn oil control), 300, and 

600 mg/kg/day 1,4-DCB (n=6–8/group/time) by daily oral gavage 5 days/week for 1 week.  Replicative 

DNA synthesis was studied using subcutaneously implanted osmotic pumps containing BrdU to assess 

the hepatocyte labeling index.  Livers were removed, weighed, and immunostained.  Morphological 

examination of the liver sections was performed for control and 600 mg/kg groups.  Biochemical analysis 

of liver whole homogenates was performed.  1,4-DCB produced significant dose-related increases in 

relative liver weight, which were associated with marked centrilobular hypertrophy.  Relative liver 

weights were increased for mice in both the 300 and 600 mg/kg groups at all time points, with minimal 

centrilobular hypertrophy observed in 600 mg/kg group mice.  No other histological abnormalities were 

observed in the liver sections.  Administration of 1,4-DCB also produced a sustained induction of 

microsomal cytochrome P-450 content and 7-pentoxyresorufin O-depentylase activity.  Significant dose-

related induction of microsomal cytochrome P-450 content was induced in mice given 600 but not 

300 mg/kg 1,4-DCB.  Microsomal 7-pentoxyresorufin O-depentylase activity was significantly induced in 

mouse liver microsomes at doses of 300 and 600 mg/kg 1,4-DCB.  Western immunoblotting studies 

demonstrated that 1,4-DCB induced CYP2B isoenzyme(s) in mouse liver microsomes at 300 and 

600 mg/kg 1,4-DCB.  The hepatocyte labeling index values were also significantly increased in mice 

given 300 and 600 mg/kg 1,4-DCB (Lake et al. 1997). 

 

In male B6C3F1 mice, single doses of 600, 1,000, or 1,800 mg/kg/day 1,4-DCB administered by gavage 

in corn oil resulted in significantly elevated BrdU labeling of hepatocytes at the 1,000 and 

1,800 mg/kg/day doses.  In addition, single doses of 1,800 mg/kg resulted in a 4.5-fold increase in serum 

ALT activity and severe centrilobular hepatocyte swelling.  In a companion time-course study, single 

doses of 1,800 mg/kg 1,4-DCB administered by gavage in corn oil resulted in significantly elevated BrdU 

labeling in hepatic samples on days 2, 3, and 4, but not days 1 or 7.  ALT activity was significantly 

elevated in 1,4-DCB-treated mice on day 2 only.  In all other aspects, hepatic toxicity was not evident in 

mice dosed with 1,800 mg/kg 1,4-DCB (Umemura et al. 1996).   
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1,4-DCB has been shown to produce disturbances in porphyrin metabolism after high-level/acute-duration 

exposure.  Increased excretion of porphyrins, especially coproporphyrin and uroporphyrin, are considered 

to be indicators of liver damage.  Administration of 1,4-DCB in liquid paraffin to male rats at gradually 

increasing doses, until a dose level of 770 mg/kg/day was maintained for 5 days, resulted in high 

porphyrin excretion (Rimington and Ziegler 1963).  Mean peak values of urinary coproporphyrin 

increased to about 10–15-fold above levels in controls.  A 37–100-fold increase in urinary uroporphyrin 

levels occurred; porphobilinogen levels increased 200–530-fold; and a 10-fold increase in 

δ-aminolevulinic acid (δ-ALA) levels was observed.  In the liver itself, coproporphyrin levels were 

similar to controls, uroporphyrin levels were increased 46-fold, and protoporphyrin levels were increased 

6-fold.  These dramatic increases, which suggest severe damage to the liver, were not observed when 

1,4-DCB was administered to rats at higher levels (850 mg/kg/day) in 1% cellofas (Rimington and 

Ziegler 1963) or at lower levels for a longer period of time in another study (Carlson 1977), as discussed 

below.  Also, Trieff et al. (1991) have used animal data on porphyrogenicity from various chlorinated 

benzenes to perform a QSAR study allowing prediction of ambient water criteria. 

 

Changes in other markers of liver function including cytochrome P-450 levels, and activities of some 

drug-metabolizing enzymes (aminopyrine N-demethylase and aniline hydroxylase) were investigated in 

rats treated with of 1,4-DCB by gavage at 250 mg/kg/day for up to 3 days (Ariyoshi et al. 1975).  Activity 

of δ-ALA synthetase, an enzyme used in synthesis of the heme moiety found in cytochromes, was 

increased 42% by treatment with 1,4-DCB.  However, the cytochrome P-450 content did not change, 

although the microsomal protein content of liver preparations was increased.  The toxicological 

significance of these findings is not clear since δ-ALA synthetase activity did not correlate with 

cytochrome P-450 concentration. 

 

Effects on hepatic enzyme activities were reported to have occurred in adult male rats that were given 

1,4-DCB by gavage for 14 days (Carlson and Tardiff 1976).  Significant decreases in hexobarbital 

sleeping time and a 6.5-fold increase in serum isocitrate dehydrogenase activity were observed after a 

14-day treatment regimen at 650 mg/kg/day.  In addition, even at considerably lower levels (20 or 

40 mg/kg/day), increases were observed in the activities of hepatic microsomal xenobiotic metabolic 

systems including levels of glucuronyl transferase, and benzpyrene hydroxylase and O-ethyl-O-nitro-

phenyl phenylphosphorothionate (EPN) detoxification to nitrophenol.  In a 90-day study at the same 

dosage levels, significant increases were seen in EPN detoxification, benzpyrene hydroxylase, and 

azoreductase levels.  The former two levels were still elevated at 30 days after the cessation of 

administration of the compound.  Most increases were noted at 20 mg/kg/day and above as in the 14-day 
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studies; however, azoreductase levels were elevated even at 10 mg/kg/day (Carlson and Tardiff 1976).  

These observations are important because they demonstrate that hepatic effects occur at levels of 

1,4-DCB that are far below those associated with severe histopathology. 

 

The effects of 1,4-DCB were compared in male F344 rats given 0 (corn oil control), 25, 75, 150, and 

300 mg/kg/day 1,4-DCB (n=6–8/group/time) by daily oral gavage 5 days/week for 4 and 13 weeks.  

Replicative DNA synthesis was studied using subcutaneously implanted osmotic pumps containing BrdU 

during study weeks 3–4 and 12–13.  Livers were removed, weighed, and then immunostained.  

Morphological examination of the liver sections was performed from control and 300 mg/kg group rats in 

the 13-week exposure group.  1,4-DCB treatment produced a mild centrilobular hypertrophy seen in rats 

given 300 mg/kg 1,4-DCB for 13 weeks.  No other histological abnormalities were observed in the liver 

sections.  1,4-DCB produced significant dose-related increases in relative liver weight in the rats, which 

were associated with mild centrilobular hypertrophy.  At 300 mg/kg, relative liver weight was 

significantly increased.  Significant increases in relative liver weight were observed in rats given 75 and 

150 mg/kg 1,4-DCB for 4 weeks and 150 mg/kg 1,4-DCB for 13 weeks.  Administration of 1,4-DCB also 

produced a sustained induction of microsomal cytochrome P-450 content and 7-pentoxyresorufin 

O-depentylase activity.  Significant dose-related increases in microsomal cytochrome P-450 content were 

observed in rats given 25–300 mg/kg 1,4-DCB for 4 weeks and 75–300 mg/kg 1,4-DCB for 13 weeks.  A 

significant dose-related induction of microsomal 7-pentoxyresorufin O-depentylase activity was observed 

in rats given 75–300 mg/kg 1,4-DCB for 4 weeks and 25–300 mg/kg 1,4-DCB for 13 weeks.  Western 

immunoblotting studies demonstrated that 1,4-DCB induced CYP2B isoenzyme(s) in rat liver 

microsomes at 75 and 300 mg/kg 1,4-DCB (Lake et al. 1997). 

 

Histopathological effects in the liver, including cloudy swelling and centrilobular necrosis, were observed 

after gavage administration of 1,4-DCB in rats (two per group) at 500 mg/kg/day for 4 weeks; similar 

results (cloudy swelling, focal caseous necrosis) were obtained in rabbits (five per group) given 92 doses 

of 1,000 mg/kg/day 1,4-DCB in olive oil over a 219-day period (Hollingsworth et al. 1956).  The 

interpretation of this study is limited by the size of the test groups and the fact that observations in 

controls were not presented.  Histopathological changes were also reported in a 13-week study in which 

rats received 1,4-DCB by gavage (NTP 1987).  Doses of 1,200 or 1,500 mg/kg/day produced 

degeneration and necrosis of hepatocytes.  Serum cholesterol levels were increased by doses of 

600 mg/kg/day or more in male rats and by ≥900 mg/kg/day in female rats, while serum triglycerides and 

protein levels were reduced at doses of ≥300 mg/kg/day in male rats.  Urinary porphyrins were increased 

in both sexes at ≥1,200 mg/kg/day.  However, these increases were modest and considered by the authors 
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to indicate mild porphyrinuria rather than hepatic porphyria.  Liver porphyrins were not increased at any 

dose.  In a second 13-week study in the same laboratory, hepatic effects were not observed in rats at 

dosage levels up to 600 mg/kg/day (NTP 1987). 

 

Similar hepatic effects were reported in two 13-week gavage studies in mice (NTP 1987).  Hepatocellular 

degeneration was observed in both sexes at all doses (600–1,800 mg/kg/day).  Serum cholesterol levels 

were increased in male mice at doses of 900 mg/kg/day or more, and serum protein and triglycerides were 

increased at doses of 1,500 mg/kg/day or more.  These changes were thought by the authors to reflect the 

hepatic effects of this compound.  Hepatic porphyria was not found in mice at any dose level in this study.  

Because hepatic effects were seen in mice in all dose groups in the first 13-week study, a second 13-week 

study was conducted at lower dosage levels.  Hepatocellular cytomegaly was observed in mice at doses of 

675 mg/kg/day and above.  The lowest level at which hepatic effects were observed in mice was 

600 mg/kg/day (in the first study).  

 

Other intermediate-duration oral studies with 1,4-DCB have reported liver toxicity.  In female rats dosed 

with 1,4-DCB by gavage for about 6 months, doses of 188 mg/kg/day and above resulted in increased 

liver weights.  At 376 mg/kg/day, slight cirrhosis and focal necrosis of the liver were also observed 

(Hollingsworth et al. 1956).  No effects on the liver were seen at a dose of 18.8 mg/kg/day.   

 

The ability of 1,4-DCB to induce porphyria was investigated in female rats that were administered 

1,4-DCB by gavage for up to 120 days (Carlson 1977).  Slight but statistically significant increases in 

liver porphyrins were seen in all dosed rats (50–200 mg/kg/day) at 120 days.  Urinary excretion of 

δ-ALA, porphobilinogen, or porphyrins was not increased over control levels.  These results indicated 

that 1,4-DCB had only a slight potential for causing porphyria at these doses in female rats compared with 

the far more pronounced porphyrinogenic effects reported earlier in male rats that received 

770 mg/kg/day for 5 days in a study by Rimington and Ziegler (1963).  However, sex-related differences 

in susceptibility to 1,4-DCB's effects on these parameters cannot be ruled out in a comparison of these 

two studies.   

 

The role of cell proliferation in liver toxicity induced by 1,4-DCB was examined in groups of mice (5–

7 per sex per dose level) administered 0 (vehicle only), 300, or 600 mg/kg 1,4-DCB in corn oil by gavage 

5 days/week for 13 weeks (Eldridge et al. 1992).  The liver toxicity induced by 1,4-DCB was also 

examined in groups of female rats (5–7 per dose level) administered 0 (vehicle only) or 600 mg/kg 

1,4-DCB in corn oil by gavage 5 days/week for 13 weeks.  At various times during the study, mice were 
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implanted with osmotic pumps to deliver BrdU.  Liver weights were significantly increased in high-dose 

male and female mice and in female rats throughout the 13-week study.  Treated male mice showed a 

centrilobular pattern of labeled hepatocytes, whereas females were labeled throughout the lobules.  At the 

lower-dose level, liver weight was increased in male and female mice at weeks 6 and 13.  In a group of 

mice in which treatment with 600 mg/kg/day ceased after 5 weeks and the animals were allowed to 

recover for 1 week, liver weight returned to control values.  The authors concluded that 1,4-DCB induced 

a mitogenic stimulation of cell proliferation in the liver rather than a regenerative response following 

cytotoxicity.  This was evidenced by an increase in liver weight without increase in liver-associated 

plasma enzymes (Eldridge et al. 1992). 

 

The effects of 1,4-DCB were determined in male B6C3F1 mice given 0 (corn oil control), 300, and 

600 mg/kg/day 1,4-DCB (n=6–8/group/time) by daily oral gavage 5 days/week for 4 and 13 weeks.  

Replicative DNA synthesis was studied using subcutaneously implanted osmotic pumps containing BrdU 

during study weeks 3–4 and 12–13.  Livers were removed, weighed, and immunostained.  Morphological 

examination of the livers was performed for control and 600 mg/kg group mice at 13 weeks.  Biochemical 

analysis of liver whole homogenates was also performed.  1,4-DCB produced significant dose-related 

increases in relative liver weight in the mice, which were associated with marked centrilobular 

hypertrophy.  Relative liver weights were increased for mice in both the 300 and 600 mg/kg groups at all 

time points.  At 13 weeks, a marked centrilobular hypertrophy was observed in the 600 mg/kg group.  No 

other histological abnormalities were observed in the liver.  Administration of 1,4-DCB also produced a 

sustained induction of microsomal cytochrome P-450 content and 7-pentoxyresorufin O-depentylase 

activity.  Significant dose-related induction of microsomal cytochrome P-450 content was induced in 

mice given 600 but not 300 mg/kg 1,4-DCB for treatments of 4 and 13 weeks.  Microsomal 

7-pentoxyresorufin O-depentylase activity was significantly induced in mouse liver microsomes at doses 

of 300 and 600 mg/kg 1,4-DCB.  Western immunoblotting studies demonstrated that 1,4-DCB induced 

CYP2B isoenzyme(s) in mouse liver microsomes at 300 and 600 mg/kg 1,4-DCB.  Hepatocyte labeling 

index values were significantly increased in mice given 300 and 600 mg/kg 1,4-DCB for 4 weeks 

(420 and 395% of controls, respectively) (Lake et al. 1997). 

 

A 1-year study in dogs indicates that this species is more sensitive than rats or mice to hepatic effects of  

1,4-DCB.  Groups of five male and five female Beagle dogs were administered 1,4-DCB by capsule in 

dose levels of 0, 10, 50, or 75 mg/kg/day, 5 days/week for 1 year (Naylor and Stout 1996).  Liver effects 

occurred after 6 and 12 months at ≥50 mg/kg/day in both sexes as shown by changes in liver enzymes, 

increased liver weight, and/or histopathology.  Serum levels of ALT, AST, GGT, and AP were measured 
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after 6 and 12 months.  Statistically significant increases were found for serum AP in males at 

50 mg/kg/day, and females at 50 and 75 mg/kg/day, at months 6 and 12 (330–761% higher than controls); 

ALT in females at 75 mg/kg/day and month 12 (253% higher than controls); and GGT in females at 

75 mg/kg/day and months 6 and 12 (131–161% higher than controls).  Serum albumin was significantly 

decreased in males at ≥50 mg/kg/day (months 6 and 12) and females at 75 mg/kg/day (month 6).  

Absolute and relative liver weights were significantly increased in both sexes at 50 and 75 mg/kg/day 

(except absolute liver weight in 50 mg/kg/day males).  Hepatic lesions included hepatocellular 

hypertrophy in all males and females at 50 and 75 mg/kg/day (as well as one female at 10 mg/kg/day), 

hepatocellular pigment deposition at 50 and 75 mg/kg/day (two males and one female at each level), bile 

duct/ductule hyperplasia at 75 mg/kg/day (one male and one female), and hepatic portal inflammation at 

50 and 75 mg/kg/day (periportal accumulation of neutrophils in an unspecified number of males).  The 

6- and 12-month increased serum AP levels in dogs (Naylor and Stout 1996) were used to derive 

intermediate- and chronic-duration oral MRLs of 0.07 mg/kg/day for 1,4-DCB. 

 

Studies of the hepatic effects of chronic 1,4-DCB exposure are sparse.  The toxicity of 1,4-DCB was 

evaluated in a group of seven rabbits administered 1,4-DCB in olive oil at a dose of 500 mg/kg/day a total 

of 263 times over a 367-day period.  Slight changes in the liver (cloudy swelling and a few areas of focal 

caseous necrosis) were noted at sacrifice (Hollingsworth et al. 1956). 

 

In the only study of lifetime oral exposure to 1,4-DCB in laboratory animals, groups of male and female 

F344 rats were administered 1,4-DCB by gavage in corn oil 5 days/week for 103 weeks at doses of 150 or 

300 mg/kg/day (males) or 300 or 600 mg/kg/day (females).  Groups of male and female B6C3F1 mice 

were administered 1,4-DCB at doses of 300 or 600 mg/kg/day by gavage in corn oil, 5 days/week for 

103 weeks.  No hepatic effects were seen in rats; in mice, the incidence of hepatocellular degeneration 

was greatly increased in treated mice (in males:  0/50 control, 36/49 low-dose, 39/50 high-dose; in 

females 0/50 control, 8/48 low-dose, 36/50 high-dose).  The primary degenerative change was cellular 

swelling with clearing or vacuolation of the cytoplasm.  Individual hepatocytes had pyknotic or 

karyorrhectic nuclei and condensed eosinic cytoplasm.  Some necrotic hepatocytes formed globular 

eosinophilic masses in the sinusoids (NTP 1987). 

 

Renal Effects.     

 

1,2-Dichlorobenzene.  No studies were located regarding renal effects in humans after oral exposure to 

1,2-DCB. 
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A single 1,500 mg/kg gavage dose of 1,2-DCB in peanut oil (a lethal level) caused accumulation of 

albuminous fluid and casts in the renal tubules of rats (number and gender not reported) (DuPont 1982).  

Sprague-Dawley rats (10/sex/level) that were administered 1,2-DCB in corn oil by gavage in doses of 

300 mg/kg/day for 10 consecutive days or 400 mg/kg/day for 90 consecutive days (Robinson et al. 1991).  

In subchronic studies performed by NTP (1985), F344 rats and B6C3F1 mice (10/sex/level/species) were 

administered 1,2-DCB in doses of 0, 30, 60, 125, 250, or 500 mg/kg/day in corn oil by gavage 

5 days/week for 13 weeks.  Histology examinations of the kidneys were limited to the 0 and 

≥125 mg/kg/day dose groups in the rats and 0 and 500 mg/kg/day groups in the mice.  Renal effects 

occurred only in the 500 mg/kg/day male rats; these included tubular degeneration (6/10 incidence 

compared to 0/10 in lower dose and control groups) and increased urine volume (57% higher than 

controls).  There were no exposure-related increases in BUN in either species.  In chronic studies 

performed by NTP (1985), there were no nonneoplastic tissue changes in the kidneys of male or female 

F344 rats (50/sex/level) exposed to 0, 60, or 120 mg/kg/day in corn oil by gavage for 5 days/week for 

103weeks.  In similarly-exposed B6C3F1 mice (50/sex/level) exposure to 120 mg/kg/day, but not to 

60 mg/kg/day, resulted in a significantly increased incidence of renal tubular regeneration (controls:  

8/48; low dose: 12/50; high dose: 17/49) relative to controls.  The incidence data for renal tubular 

regeneration in mice (NTP 1985) were used to derive a chronic-duration oral MRL of 0.3 mg/kg/day for 

1,2-DCB.  Renal end points other than histology were not assessed in the chronic studies. 

 

1,3-Dichlorobenzene.  No studies were located regarding renal effects in humans after oral exposure to 

1,3-DCB. 

 

No gross or histological changes were observed in the kidneys or urinary bladder in male or female 

Sprague-Dawley rats that were exposed to 1,3-DCB in corn oil by gavage in doses of 735 mg/kg/day for 

10 consecutive days or 588 mg/kg/day for 90 consecutive days (McCauley et al. 1995).  Blood urea 

nitrogen (BUN) and kidney weight was measured in both studies, although only relative organ weights 

were reported.  There was a statistically significant increase in relative kidney weight at ≥147 mg/kg/day 

in males and 735 mg/kg/day in females in the 90-day study, but this is not considered to be an adverse 

effect due to decreases in body weight gain and lack of changes in BUN and renal histology. 

 

1,4-Dichlorobenzene.  No studies were located regarding renal effects in humans after oral exposure to 

1,4-DCB. 

 



DICHLOROBENZENES  172 
 

3.  HEALTH EFFECTS 
 
 

 
 
 
 
 

The role of cell proliferation in kidney toxicity induced by 1,4-DCB was examined in groups of male and 

female B6C3F1 mice and F344 rats (Umemura et al. 1992).  Mice were administered 300 or 600 mg/kg 

1,4-DCB; in rats, males received 150 or 300 mg/kg 1,4-DCB while females received 300 or 600 mg/kg 

1,4-DCB.  All doses were administered by gavage in corn oil for 4 consecutive days.  Cell proliferation 

was evaluated by means of immunohistochemical measurement of BrdU-labeled cells.  In mice, kidney 

weights and cell proliferation in the kidney tubules were not altered by 1,4-DCB treatment; in rats, kidney 

weight was significantly increased in male rats at both dose levels, but was not affected in females.  Cell 

proliferation was greatly increased in the proximal convoluted tubule from high-dose males.  A lesser 

increase was seen in the proximal straight tubule from high-dose males; no increase was observed in the 

distal tubule from males or in any kidney region from treated female rats.  

 

The effects of 1,4-DCB were compared in male F344 rats given 0 (corn oil control), 25, 75, 150, and 

300 mg/kg/day 1,4-DCB (n=6–8/group/time) and male B6C3F1 mice given 0 (corn oil control), 300, and 

600 mg/kg/day 1,4-DCB (n=6–8/group/time) by daily oral gavage 5 days/week for 1 week.  Replicative 

DNA synthesis was studied using subcutaneously implanted osmotic pumps containing 5-bromo-

2'-deoxyuridine during study weeks 0–1, 3–4, and 12–13.  After sacrifice, the kidneys were removed, 

weighed, and immunostained.  In rats, significant increases in relative kidney weight were observed in 

those rats administered 150 and 300 mg/kg 1,4-DCB for 4 and 13 weeks.  1,4-DCB treatment produced 

significant increases in rat renal P1/P2 proximal tubule cell labeling index values at all time points.  

Significant increases were seen in the following groups:  75 mg/kg 1,4-DCB at 4 weeks (250% of 

controls); 150 mg/kg 1,4-DCB at 4 and 13 weeks (400 and 440% of controls, respectively); and 

300 mg/kg 1,4-DCB at 1, 4, and 13 weeks (170, 475, and 775% of controls, respectively).  A significant 

increase in rat P3 renal proximal tubule cell labeling index values was observed in 300 mg/kg 1,4-DCB 

group rats at weeks 4 (185% of controls) and 13 (485% of controls).  In contrast, some reduction in rat 

P3 renal proximal tubule cell labeling index values was observed in 75–300 mg/kg 1,4-DCB group rats at 

1 week.  In contrast, 1,4-DCB treatment produced little effect on mouse renal P1/P2 proximal tubule cell 

labeling index values at all time points tested.  No significant increase was seen in 300 or 600 mg/kg 

1,4-DCB groups for 1 and 13 weeks, but significant increases were seen at 4 weeks (205 and 170% of 

controls, respectively).  Neither 300 nor 600 mg/kg 1,4-DCB for 1, 4, or 13 weeks had much effect on 

mouse P3 renal proximal tubule cell labeling index values (Lake et al. 1997). 

 

In a study that examined the role of the protein α2µ-globulin in 1,4-DCB-induced nephrotoxicity in male 

rats, NCI-Black-Reiter (NBR) rats, known not to synthesize the hepatic form of the α2µ-globulin, were 

administered 500 mg/kg/day 1,4-DCB by gavage in corn oil for 4 consecutive days.  Positive controls 



DICHLOROBENZENES  173 
 

3.  HEALTH EFFECTS 
 
 

 
 
 
 
 

consisted of F344 male rats treated with lindane; the results were also compared with those obtained in a 

group of female F344 rats treated with lindane.  End points examined consisted of kidney lesions and 

protein droplet evaluation.  α2µ-Globulin was detected in kidney sections from male F344 rats, but not in 

male NBR or female F344 rats.  No lesions or hyaline droplets were detected in treated or control male 

NBR and female F344 rats (Dietrich and Swenberg 1991). 

 

Renal tubular degeneration has been observed in male but not female F344 rats in two 13-week gavage 

studies (NTP 1987).  These effects were severe in male rats receiving ≥300 mg/kg/day in the first study, 

but in the second study, only slight changes were seen at 300 mg/kg/day, while moderate tubular 

degeneration was present at 600 mg/kg/day.  Renal effects reported in another intermediate-duration 

gavage study in rats included increased renal weights at doses of ≥188 mg/kg/day (Hollingsworth et al. 

1956).  Renal effects were not observed in mice in either of two 13-week gavage studies using dosage 

regimens of 600–1,800 and 84.4–900 mg/kg/day (NTP 1987). 

 

In a study designed to investigate the mechanism of renal toxicity for 1,4-DCB reported in the NTP 

(1987) studies, 1,4-DCB administered by gavage to male F344 rats at 7 daily doses of 120 or 

300 mg/kg/day significantly increased the level of protein droplet formation in the kidneys of males but 

not females (Charbonneau et al. 1987).  Administration of a single dose of 14C-1,4-DCB by gavage at 

500 mg/kg gave similar results.  An analysis of the renal tissue of animals administered radio-labeled 

1,4-DCB indicated that it was reversibly associated with the protein α2µ-globulin.  In a study designed to 

correspond to the experimental conditions of the 13-week NTP (1987) study in rats, 1,4-DCB was 

administered to F344 rats by gavage at 75–600 mg/kg/day for 13 weeks; interim sacrifices were 

performed at 4 weeks (Bomhard et al. 1988).  At 4 weeks, females had no structural damage to the 

kidneys, while males experienced damage at the corticomedullary junction at doses of 150 mg/kg or 

more; damage consisted of dilated tubules with granular and crystalline structures, hyaline droplets, and 

desquamated epithelia.  At all dose levels in the males, hyaline bodies were seen in the proximal tubule 

epithelial cells.  At 13 weeks, males exhibited an increase urinary excretion of LDH and of epithelial cells 

over the entire dose range tested.  These changes did not always appear to be dose-related.  No signs of 

structural damage were seen in the females' kidneys.  In males, a dose-dependent incidence of hyaline 

droplets in the cortical tubular epithelium was seen at 75 mg/kg/day and above.  At ≥150 mg/kg/day, 

single-cell necrosis was observed, and at 300 and 600 mg/kg/day, epithelial desquamation of longer parts 

of the tubules were occasionally seen. 
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In the only available study of chronic-duration oral exposure to 1,4-DCB, renal effects were observed to 

occur preferentially in male rats.  Male F344 rats exposed to 1,4-DCB at 150 and 300 mg/kg/day by 

gavage for 2 years exhibited the following effects with greater severity and in greater numbers:  

nephropathy, epithelial hyperplasia of the renal pelvis, mineralization of the collecting tubules in the renal 

medulla, and focal hyperplasia of renal tubular epithelium (NTP 1987).  There was also increased 

incidence of nephropathy in female rats dosed with 1,4-DCB at 300 and 600 mg/kg/day, but there was 

minimal hyperplasia of the renal pelvis or tubules.  Administration of 1,4-DCB at 300 and 600 mg/kg/day 

for 2 years also increased the incidence of nephropathy in male B6C3F1 mice.  Renal tubular degeneration 

was noted in female mice, but these changes occurred at a lower frequency and were qualitatively 

different from those in male rats (NTP 1987). 

 

In a study with dogs, groups of five male and five female Beagles were administered 1,4-DCB by capsule 

in dose levels of 0, 10, 50, or 75 mg/kg/day, 5 days/week for 1 year (Naylor and Stout 1996).  

Histopathological changes were observed in the kidneys that included collecting duct epithelial 

vacuolation in one male at 75 mg/kg/day, and in females at all dose levels (one at 10 mg/kg/day, one at 

50 mg/kg/day, and two at 75 mg/kg/day).  This renal lesion was considered to be a possible effect of 

treatment at ≥50 mg/kg/day where it was accompanied by increased relative kidney weight (50 mg/kg/day 

females) and gross observed renal discoloration (two females at 75 mg/kg/day).  No gross or histological 

changes were found in the urinary bladder. 

 

Endocrine Effects.     

 

1,2-Dichlorobenzene.  No studies were located regarding endocrine effects in humans after oral exposure 

to 1,2-DCB. 

 

No gross or histological changes were observed in the adrenal or pancreas of Sprague-Dawley rats that 

were administered 1,2-DCB in corn oil by gavage in a dose of 300 mg/kg/day for 10 consecutive days, or 

in the adrenal (pancreas not examined) in rats similarly exposed to 400 mg/kg/day for 90 consecutive 

days (Robinson et al. 1991).  No gross or histological changes were observed in the adrenal, pancreas, 

thyroid, parathyroid, or pituitary of F344 rats or B6C3F1 mice that were treated with 1,2-DCB in corn oil 

by gavage in doses ≤500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985), or ≤120 mg/kg/day, 

5 days/week for 103 weeks (NTP 1985).   
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1,3-Dichlorobenzene.  No studies were located regarding endocrine effects in humans after oral exposure 

to 1,3-DCB. 

 

Gross and histological examinations of adrenals, pancreas, pituitary, thyroid, parathyroids, and gonads 

were performed in groups of 10 male and 10 female Sprague-Dawley rats that were exposed to 1,3-DCB 

in oil by daily gavage, in doses of 0 or 735 mg/kg/day for 10 consecutive days or 588 mg/kg/day for 

90 consecutive days (McCauley et al. 1995).  The 90-day study additionally included examinations of 

thyroid and pituitary at lower dose levels of 9, 37, and 147 mg/kg/day.  No compound-related endocrine 

effects were observed in the 10-day study.  As discussed below, the 90-day study found histological 

effects in the thyroid at ≥9 mg/kg/day and the pituitary at ≥147 mg/kg/day.  The only other tissue with 

histological changes in the 90-day study was the liver (see Hepatic Effects). 

 

Inflammatory and degenerative lesions in the McCauley et al. (1995) 90-day study were graded on a 

relative scale from one to four depending on severity (minimal, mild, moderate, or marked).  In the 

thyroid, colloidal density in the follicular cells was significantly (p≤0.05) increased in male rats at 

≥9 mg/kg/day and female rats at ≥37 mg/kg/day.  The incidences of this lesion in the 0, 9, 37, 147, and 

588 mg/kg/day dose groups were 2/10, 8/10, 10/10, 8/9, and 8/8 in males and 1/10, 5/10, 8/10, 8/10, and 

8/9 in females.  Depletion of colloid density in the thyroid was characterized by decreased follicular size 

with scant colloid and follicles lined by cells that were cuboidal to columnar.  The severity of the colloid 

density depletion generally ranged from mild to moderate, increased with dose level, and was greater in 

males than females.  For example, in the 147 and 588 mg/kg/day groups, severity was classified as 

moderate in males and mild for the females.  Incidences of male rats with thyroid colloidal density 

depletion of moderate or marked severity were significantly increased at ≥147 mg/kg/day (0/10, 0/10, 

2/10, 5/9, and 6/8).  The lowest tested dose, 9 mg/kg/day, is considered to be a minimal LOAEL because 

the morphological alterations (reduced colloidal density in follicles) are unlikely to be associated with 

functional changes in the thyroid.  The pituitary effect was cytoplasmic vacuolization in the pars distalis 

and only found in the male rats.  Incidences of this lesion were significantly (p≤0.05) increased in males 

at ≥147 mg/kg/day (2/10, 6/10, 6/10, 10/10, and 7/7); incidences in the 9 and 37 mg/kg/day groups were 

marginally increased (p=0.085).  The vacuoles were variably sized, irregularly shaped, and often poorly 

defined, and severity (number of cells containing vacuoles) ranged from minimal to mild.  The severity of 

the lesions generally increased with increasing dose level, and incidences of male rats with pituitary 

cytoplasmic vacuolization of moderate or marked severity were significantly increased at 588 mg/kg/day 

(1/10, 0/10, 2/10, 3/9, and 7/7).  The pituitary lesion was reported to be similar to “castration cells” found 

in gonadectomized rats, and considered to be an indicator of gonadal deficiency.  No compound-related 
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pituitary lesions were observed in female rats.  The incidences of pituitary lesions in male rats (McCauley 

et al. 1995) were used to derive an intermediate-duration oral MRL of 0.02 mg/kg/day for 1,3-DCB.  

Other effects in this 90-day study included significant increases in serum cholesterol in males at 

≥9 mg/kg/day and females at ≥37 mg/kg/day, and serum calcium in both sexes at ≥37 mg/kg/day.  The 

study authors suggested that these serum chemistry changes might reflect a disruption of hormonal 

feedback mechanisms, or target organ effects on the pituitary, hypothalamus, and/or other endocrine 

organs. 

 

1,4-Dichlorobenzene.  No studies were located regarding endocrine effects in humans after oral exposure 

to 1,4-DCB. 

 

In a series of dose range-finding studies, groups of F344 rats were administered 1,4-DCB at 

concentrations ranging from 37.5 to 1,500 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks.  At 

sacrifice, animals were examined grossly and major tissues were examined histologically.  No endocrine 

organs were affected in any of the 1,4-DCB-treated rats.  In parallel studies with B6C3F1 mice, no 

compound-related endocrine effects were observed after administration of 1,4-DCB at concentrations 

ranging from 84.4 to 1,800 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks (NTP 1987). 

 

In the only study of lifetime oral exposure to 1,4-DCB in laboratory animals (NTP 1987), groups of male 

and female F344 rats were administered 1,4-DCB by gavage in corn oil, 5 days/week for 103 weeks at 

doses of 150 or 300 mg/kg/day (males) or 300 or 600 mg/kg/day (females).  Groups of male and female 

B6C3F1 mice were administered 1,4-DCB at doses of 300 or 600 mg/kg/day by gavage in corn oil, 

5 days/week for 103 weeks.  In the F344 rats, an increased incidence of parathyroid hyperplasia was 

observed in males (4/42 controls, 13/42 low-dose, 20/38 high-dose), while no effect was seen in females.  

In mice, the incidence of thyroid follicular cell hyperplasia increased with dose in males (1/47 control, 

4/48 low-dose, 10/47 high-dose), but not in females.  The incidence of adrenal medullary hyperplasia and 

focal hyperplasia of the adrenal gland capsule also increased with dose in males (controls, 11/47; low-

dose, 21/48; high-dose, 28/49). 

 

No gross or histological changes were found in the adrenal, thyroid, parathyroid, pancreas, or pituitary 

glands of Beagle dogs (5/sex/level) that were administered 1,4-DCB by capsule in doses as high as 

75 mg/kg/day, 5 days/week for 1 year (Naylor and Stout 1996). 
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Dermal Effects.     

 

1,2-Dichlorobenzene.  No studies were located regarding dermal effects in humans after oral exposure to 

1,2-DCB. 

 

No gross or histological changes were observed in the skin of Sprague-Dawley or F344 rats that were 

administered 1,2-DCB in corn oil by gavage in doses of 300 mg/kg/day for 10 consecutive days 

(Robinson et al. 1991), ≤500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985), or ≤120 mg/kg/day, 

5 days/week for 103 weeks (NTP 1985).  Additionally, there were no gross or histological effects in the 

skin of B6C3F1 mice that were similarly treated with ≤500 mg/kg/day, 5 days/week for 13 weeks (NTP 

1985) or ≤120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985). 

 

1,3-Dichlorobenzene.  No studies were located regarding dermal effects in humans after oral exposure to 

1,3-DCB. 

 

No gross or histological changes were observed in the skin in male or female Sprague-Dawley rats that 

were exposed to 1,3-DCB in corn oil by gavage in doses of 735 mg/kg/day for 10 consecutive days or 

588 mg/kg/day for 90 consecutive days (McCauley et al. 1995). 

 

1,4-Dichlorobenzene.  A 19-year-old black woman who had been eating 4–5 moth pellets made of 

1,4-DCB daily for 2.5 years developed symmetrical, well demarcated areas of increased pigmentation in a 

bizarre configuration over various parts of her body.  After she discontinued this practice, the skin 

discolorations gradually disappeared over the next 4 months (Frank and Cohen 1961). 

 

In laboratory animals, groups of F344 rats were administered 1,4-DCB at concentrations ranging from 

37.5 to 1,500 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks.  No dermal effects were noted 

in any of the 1,4-DCB-treated rats.  In parallel studies with B6C3F1 mice, no compound-related dermal 

effects were observed after administration of 1,4-DCB at concentrations ranging from 84.4 to 

1,800 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks (NTP 1987). 

 

In the only study of lifetime oral exposure to 1,4-DCB in laboratory animals (NTP 1987), groups of male 

and female F344 rats were administered 1,4-DCB by gavage in corn oil, 5 days/week for 103 weeks at 

doses of 150 or 300 mg/kg/day (males) or 300 or 600 mg/kg/day (females).  Groups of male and female 

B6C3F1 mice were administered 1,4-DCB at doses of 300 or 600 mg/kg/day by gavage in corn oil, 
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5 days/week for 103 weeks.  No dermal effects have been reported in rats or mice at any of the studied 

doses. 

 

No gross or histological changes were found in the skin of Beagle dogs (5/sex/level) that were 

administered 1,4-DCB by capsule in doses as high as 75 mg/kg/day, 5 days/week for 1 year (Naylor and 

Stout 1996). 

 

Ocular Effects.     

 

1,2-Dichlorobenzene.  No studies were located regarding ocular effects in humans after oral exposure to 

1,2-DCB.  Opthalmoscopic examinations showed no effects in Sprague-Dawley rats that were dosed with 

400 mg/kg/day of 1,2-DCB in corn oil by gavage for 90 consecutive days (Robinson et al. 1991).  No 

gross or histological changes were observed in eyes of F344 rats or B6C3F1 mice that were similarly 

exposed to ≤500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985) or ≤120 mg/kg/day, 5 days/week for 

103 weeks (NTP 1985). 

 

1,3-Dichlorobenzene.  No studies were located regarding ocular effects in humans or animals after oral 

exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  No studies were located regarding the ocular effects in humans after oral exposure 

to 1,4-DCB. 

 

In a series of intermediate-duration studies, groups of F344 rats were administered 1,4-DCB at 

concentrations ranging from 37.5 to 1,500 mg/kg/day by gavage in corn oil 5 days/week for 13 weeks.  

Ocular discharge was noted prior to death in males dosed with 1,200 mg/kg and in all rats exposed to 

1,500 mg/kg.  In parallel studies with B6C3F1 mice, no compound-related ocular effects were observed 

after administration of 1,4-DCB at concentrations ranging from 84.4 to 1,800 mg/kg/day by gavage in 

corn oil 5 days/week for 13 weeks (NTP 1987). 

 

The ocular effects of oral administration of 1,4-DCB were examined in groups of white (strain not 

reported) female rats and male and female rabbits.  Rats received 1,4-DCB in olive oil at doses of 18.8–

376 mg/kg/day, 5 days/week for 192 days; rabbits received 1,4-DCB in olive oil at a dose of 

1,000 mg/kg/day for 219 days.  Under the study conditions, administration of 1,4-DCB did not produce 

cataracts in either species (Hollingsworth et al. 1956). 
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In chronic-duration toxicity studies in laboratory animals, Hollingsworth et al. (1956) found no evidence 

of cataract formation in rabbits administered a total of 263 doses of 500 mg/kg/day 1,4-DCB in olive oil 

over a 367-day period.   

 

In two lifetime oral exposure studies (NTP 1987), groups of male and female F344 rats were administered 

1,4-DCB by gavage in corn oil, 5 days/week for 103 weeks at doses of 150 or 300 mg/kg/day (males) or 

300 or 600 mg/kg/day (females); groups of male and female B6C3F1 mice were administered 1,4-DCB at 

doses of 300 or 600 mg/kg/day by gavage in corn oil, 5 days/week for 103 weeks.  In both species, no 

ocular effects were noted at any of the studied doses. 

 

Opthalmoscopic examination showed no ocular effects in Beagle dogs (5/sex/level) that were 

administered 1,4-DCB by capsule in doses as high as 75 mg/kg/day, 5 days/week for 1 year (Naylor and 

Stout 1996). 

 

Body Weight Effects.     

 

1,2-Dichlorobenzene.  No studies were located regarding body weight effects in humans after oral 

exposure to 1,2-DCB. 

 

Gavage exposure to 1,2-DCB in oil has adversely affected body weight gain in rodent at doses that also 

caused other signs of toxicity.  Decreases in body weight gain in the range of 10–20% were observed in 

rats exposed to 300 mg/kg/day for 10 consecutive days (Robinson et al. 1991), 400 mg/kg/day for 

90 consecutive days (Robinson et al. 1991), 1,000 mg/kg/day for 14 consecutive days (NTP 1985), and 

500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985), as well as in mice exposed to 500 mg/kg/day, 

5 days/week for 13 weeks (NTP 1985). 

 

1,3-Dichlorobenzene.  No studies were located regarding body weight effects in humans after oral 

exposure to 1,3-DCB. 

 

Body weight was measured in groups of 10 male and 10 female Sprague-Dawley rats that were exposed 

to 1,3-DCB in corn oil by daily gavage, in doses of 0, 37, 147, 368, or 735 mg/kg/day for 10 consecutive 

days, or 9, 37, 147, or 588 mg/kg/day for 90 consecutive days (McCauley et al. 1995).  Decreases in body 

weight gain occurred in both sexes at the high dose in both studies.  In the 10-day study, final body 
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weights at 735 mg/kg/day were 20 and 13% lower than controls in males and females, respectively.  The 

weight loss was progressive throughout the exposure period and, in males, accompanied by significantly 

reduced food consumption (12%, normalized by body weight).  In the 90-day study, final body weights at 

588 mg/kg/day were 24 and 10% lower than controls in males and females, respectively.  The weight loss 

was progressive throughout the exposure period, and occurred despite increased food and water 

consumption. 

 

1,4-Dichlorobenzene.  No studies were located regarding body weight effects in humans after oral 

exposure to 1,4-DCB. 

 

The effects of acute exposure to 1,4-DCB on body weight were examined in female Wistar rats given 

1,4-DCB suspended in 2% tragacanth gum solution (a suspending agent obtained from the dried gummy 

exudation of Astragalus gummifer) at a dose of 250 mg/kg/day for 3 days.  Under these conditions, no 

effects on body weight were seen (Ariyoshi et al. 1975).  Male and female mice and female rats dosed 

once with 600 mg/kg/day 1,4-DCB also showed no discernible changes in body weight (Eldridge et al. 

1992).  Male rats administered 770 mg/kg/day of 1,4-DCB once a day for 5 days showed no changes in 

body weight (Rimington and Ziegler 1963).  Pregnant CD rats that were administered 250–

1,000 mg/kg/day 1,4-DCB in corn oil on Gd 6–15 experienced a reversible loss in maternal body weight 

(Giavini et al. 1986). 

 

Body weight changes were observed in three studies in rats and mice (NTP 1987).  In the first, both sexes 

of mice and female rats dosed at concentrations up to 1,000 mg/kg/day for 14 days by gavage 

demonstrated no changes in body weight during the test period.  Male rats dosed at 500 mg/kg/day also 

showed no changes in body weight; however, a 7–12% decrease in body weight was noted in the 

1,000 mg/kg/day dose group.  In the second study (same route and duration as the first), male mice 

experienced a 13.3% decrease in body weight at the 250 mg/kg/day dose and a 14.7% decrease in body 

weight at the 2,000 mg/kg/day dose; however, results of intermediate doses demonstrated that there was 

no observable dose-response relationship for body weight changes.  Neither male nor female rats dosed 

with 500 mg/kg/day showed any effects on body weights; however, a dose of 1,000 mg/kg/day resulted in 

a 13.5% decrease in weight for males and a 16.7% decrease in females.  In the third study, male rats 

gavaged with 0, 25, 75, or 150 mg/kg of 1,4-DCB in corn oil for 7 days showed no changes in body 

weight; however, rats dosed at 300 mg/kg showed an approximately 10% decrease in body weight gain 

(Lake et al. 1997).  The same study in male mice dosed with 0, 300, or 600 mg/kg of 1,4-DCB in corn oil 

for 7 days showed no changes in body weight at any dose level (Lake et al. 1997). 
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In intermediate-duration studies, no compound-related effects on weight gain were noted in albino or 

F344 rats administered 1,4-DCB by gavage in corn oil at doses up to 600 mg/kg/day, 7 days/week for 

13 weeks (Bomhard et al. 1988; Carlson and Tardiff 1976).  Male rats gavaged with 0 or 25 mg/kg of 

1,4-DCB in corn oil for 7 days showed no changes in body weight; however, rats dosed at 75, 150, or 

300 mg/kg showed an approximately 10% decrease in body weight gain (Lake et al. 1997).  The same 

study in male mice dosed with 0, 300, or 600 mg/kg of 1,4-DCB in corn oil for 7 days showed no changes 

in body weight at any dose level (Lake et al. 1997).  Male and female mice and female rats dosed with 

concentrations of 600 mg/kg/day 1,4-DCB 5 days/week for 13 weeks also showed no discernible changes 

in body weight (Eldridge et al. 1992).  In a series of dose range-finding studies, groups of F344 rats were 

administered 1,4-DCB at concentrations ranging from 37.5 to 1,500 mg/kg/day by gavage in corn oil, 

5 days/week for 13 weeks (NTP 1987).  In the first of these studies, there were no treatment-related 

effects on body weight at doses up to 600 mg/kg/day.  In the second study, final body weight was 

decreased by 11% in low-dose males (300 mg/kg/day) relative to controls; in high-dose males 

(1,500 mg/kg/day), the reduction was 32%.  The effect was less marked in females (6% reduction at 

900 mg/kg/day; 11% reduction at 1,200 mg/kg/day).  In parallel studies with B6C3F1 mice, no compound-

related effects on body weight were observed after administration of 1,4-DCB at concentrations up to 

900 mg/kg/day; however, in the second study, final body weight was reduced in all males receiving 

1,4-DCB (11.4% at 1,500 mg/kg/day to 13.9% at 600 mg/kg/day) and in females at 600 mg/kg/day 

(10.3%) (NTP 1987). 

 

In two lifetime oral exposure studies, groups of male and female F344 rats and B6C3F1 mice were 

administered 1,4-DCB by gavage in corn oil, 5 days/week for 103 weeks.  Fischer 344 rats were 

administered 1,4-DCB at doses of 150 or 300 mg/kg/day (males) or 300 or 600 mg/kg/day (females); 

mice were administered 1,4-DCB at doses of 300 or 600 mg/kg/day (NTP 1987).  In mice, no effects on 

body weight attributable to treatment with 1,4-DCB were observed at doses up to 600 mg/kg/day.  In rats, 

body weight gain was depressed by 12.5% in high-dose males (300 mg/kg/day) and by 12.4% in high-

dose females (600 mg/kg/day) relative to vehicle controls. 

 

There were no adverse body weight changes in Beagle dogs (5/sex/level) that were administered 1,4-DCB 

by capsule in doses as high as 75 mg/kg/day, 5 days/week for 1 year (Naylor and Stout 1996). 
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3.2.2.3   Immunological and Lymphoreticular Effects  
 

1,2-Dichlorobenzene.  No studies were located regarding immunological or lymphoreticular effects in 

humans after oral exposure to 1,2-DCB.   

 

Immunological function has not been assessed in animals orally exposed to 1,2-DCB.  No gross or 

histological changes were observed in the spleen, thymus, or lymph nodes of male or female Sprague-

Dawley rats that were administered 1,2-DCB in corn oil by gavage in doses of 300 mg/kg/day for 

10 consecutive days or 400 mg/kg/day for 90 consecutive days (Robinson et al. 1991).  Gross and 

histological examinations of lymph nodes, spleen, thymus, and bone marrow were performed in F344 rats 

and B6C3F1 mice that were exposed to 1,2-DCB in corn oil by gavage 5 days/week in doses 

≤500 mg/kg/day for 13 weeks or ≤120 mg/kg/day for 103 weeks (NTP 1985).  The only changes in these 

tissues occurred at 500 mg/kg/day in the 13-week study; effects included lymphoid depletion in the 

thymus (4/10 male rats, 2/10 male mice, 2/10 female mice) and spleen (4/10 male mice, 2/10 female 

mice). 

 

1,3-Dichlorobenzene.  No studies were located regarding immunological or lymphoreticular effects in 

humans after oral exposure to 1,3-DCB. 

 

Immunological function has not been assessed in animals orally exposed to 1,3-DCB.  No gross or 

histological changes were observed in the spleen, thymus, or mandibular and mesenteric lymph nodes of 

male or female Sprague-Dawley rats that were exposed to 1,3-DCB in corn oil by gavage in doses of 

735 mg/kg/day for 10 consecutive days, or 588 mg/kg/day for 90 consecutive days (McCauley et al. 

1995).  Spleen and thymus weight was measured in both studies, although only relative organ weights 

were reported.  In the 10-day study, relative spleen weight was significantly decreased in females at 

≥368 mg/kg/day and males at 735 mg/kg/day, and relative thymus weight was significantly decreased in 

both sexes at 735 mg/kg/day.  These changes are not considered adverse because body weight gain was 

decreased and they were not observed after 90 days or accompanied by histological alterations. 

 

1,4-Dichlorobenzene.  No studies were located regarding immunological effects in humans after oral 

exposure to 1,4-DCB.  Symmetrical lesions with a bizarre pattern of skin pigmentation over most of her 

body were reported in the case study of a 19-year-old black woman who ingested 4–5 moth pellets of 

1,4-DCB per day for a 2.5-year period (Frank and Cohen 1961).  The lesion disappeared 4 months after 
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cessation.  The described lesions may have been the result an immunological response to 1,4-DCB.  

However, this possibility was not addressed by the authors. 

 

Groups of F344 rats were administered 1,4-DCB at concentrations ranging from 300 to 1,500 mg/kg/day 

by gavage in corn oil, 5 days/week for 13 weeks (NTP 1987).  Treatment-related immunological and 

lymphoreticular effects noted in the study included hypoplasia of the bone marrow and lymphoid 

depletion of the spleen and thymus in males and females at doses of 1,200 mg/kg/day and above.  In 

parallel studies with B6C3F1 mice administered 1,4-DCB at concentrations ranging from 300 to 

1,500 mg/kg/day, lymphoid necrosis in the thymus, lymphoid depletion in the spleen, and hematopoietic 

hypoplasia of the spleen and bone marrow were noted in both males and females at doses of 

1,500 mg/kg/day and above (NTP 1987). 

 

Minimal lymphoreticular changes were noted in a chronic-duration study (NTP 1987).  Male rats 

administered doses of 150 or 300 mg/kg/day and female rats given 300 or 600 mg/kg/day of 1,4-DCB by 

gavage 5 days/week for 2 years showed no discernible changes in the lymphoreticular system; however, 

mice dosed in a similar fashion and at a dose of 600 mg/kg/day showed an increased incidence of lymph 

node hyperplasia. 

 

No gross or histological changes were found in spleen, thymus, or lymph nodes of Beagle dogs 

(5/sex/level) that were administered 1,4-DCB by capsule in doses as high as 75 mg/kg/day, 5 days/week 

for 1 year (Naylor and Stout 1996). 

 

3.2.2.4   Neurological Effects  
 

1,2-Dichlorobenzene.  No studies were located regarding neurological effects in humans after oral 

exposure to 1,2-DCB.   

 

Neurobehavioral function has not been assessed in animals orally exposed to 1,2-DCB.  Ataxia and clonic 

contractions were observed in a small group of rats (three males) administered 1,2-DCB in liquid paraffin 

by gavage in a porphyrinogenic dose regimen of 455 mg/kg/day for 15 consecutive days (Rimington and 

Ziegler 1963).  No clinical signs of neurotoxicity or histological changes in the brain were found in 

Sprague-Dawley or F344 rats that were administered 1,2-DCB in corn oil by gavage in doses of 

300 mg/kg/day for 10 consecutive days (Robinson et al. 1991), 400 mg/kg/day for 90 consecutive days 

(Robinson et al. 1991), ≤500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985), or ≤120 mg/kg/day, 
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5 days/week for 103 weeks (NTP 1985).  The 10-day rat study also found no histological changes in 

sciatic nerve tissue, and the 90-day rat study also found no changes in absolute or relative brain weight 

(Robinson et al. 1991).  Additionally, there were no signs of neurotoxicity or histological effects in the 

brain of B6C3F1 mice that were gavaged with ≤500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985) or 

≤120 mg/kg/day, 5 days/week for 103 weeks (NTP 1985). 

 

1,3-Dichlorobenzene.  No studies were located regarding immunological effects in humans after oral 

exposure to 1,3-DCB. 

 

Neurobehavioral function has not been assessed animals orally exposed to 1,3-DCB.  No clinical signs of 

neurotoxicity, or histological changes in the nervous system (brain or sciatic nerve), occurred in male or 

female Sprague-Dawley rats that were exposed to 1,3-DCB in corn oil by gavage in doses of 

735 mg/kg/day for 10 consecutive days, or 588 mg/kg/day for 90 consecutive days (McCauley et al. 

1995). 

 

1,4-Dichlorobenzene.  Two case studies have reported neurological effects in humans exposed to 

1,4-DCB via ingestion have been reported in two case studies.  A 21-year-old pregnant woman developed 

pica (a craving for unnatural substances) for 1,4-DCB toilet bowl deodorizer blocks, which she consumed 

at the rate of 1–2/week throughout pregnancy (Campbell and Davidson 1970).  Reported neurological 

effects included fatigue, dizziness, and mild anorexia.  These effects, however, are common general 

symptoms that occur in many women during normal pregnancy.  A 19-year-old black woman who 

ingested 4–5 pellets of 1,4-DCB daily for about 2.5 years developed tremors and unsteadiness after she 

stopped eating this chemical.  However, in the opinion of the neurologist who evaluated the woman in 

this case report, the effects were considered to be psychological rather than the physiological effects of 

withdrawal from 1,4-DCB (Frank and Cohen 1961). 

 

Two studies in laboratory animals indicate that oral exposure to 1,4-DCB may result in adverse 

neurological effects.  In a study performed by Rimington and Ziegler (1963), three male albino rats were 

administered daily doses of 1,4-DCB in liquid paraffin at gradually increasing doses until a dose was 

reached (770 mg/kg/day), which resulted in high porphyrin excretion with very few fatalities; this dose 

was given for 5 days.  Clinical symptoms associated with highly porphyric rats included extreme 

weakness, ataxia, clonic contractions, and slight tremors (a rarity).  One rat receiving 1,4-DCB developed 

left-sided hemiparesis.  In F344 rats administered 1,4-DCB by gavage in corn oil 5 days/week for 

13 weeks, tremors and poor motor response were observed in males at 1,200 mg/kg/day and above, and in 
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both sexes at 1,500 mg/kg/day.  However, administration of 1,4-DCB had no effect on brain weight or on 

the microscopical appearance of the brain, sciatic nerve, or spinal cord (NTP 1987). 

 

In a chronic-duration study (NTP 1987), no neurological effects were noted either in rats dosed with 

300 mg/kg/day of 1,4-DCB, 5 days/week for 2 years, or in mice dosed with 600 mg/kg/day, 5 days/week 

for 2 years. 

 

No gross or histological changes were found in the brain, spinal cord (three levels), or peripheral or optic 

nerves of Beagle dogs (5/sex/level) that were administered 1,4-DCB by capsule in doses as high as 

75 mg/kg/day, 5 days/week for 1 year (Naylor and Stout 1996). 

 

3.2.2.5   Reproductive Effects  
 

1,2-Dichlorobenzene.  No studies were located regarding reproductive effects in humans after oral 

exposure to 1,2-DCB. 

 

Reproductive function has not been assessed in animals orally exposed to 1,2-DCB.  No gross or 

histological changes were observed in the testes, seminal vesicles, prostate, or ovaries of Sprague-Dawley 

rats that were administered 1,2-DCB in corn oil by gavage in a dose of 300 mg/kg/day for 10 consecutive 

days (Robinson et al. 1991).  There were no changes in testis or ovary weight (absolute or relative) or 

histology in Sprague-Dawley rats that were similarly exposed to 400 mg/kg/day for 90 consecutive days 

(Robinson et al. 1991).  Additionally, no gross or histological changes occurred in reproductive tissues of 

male (prostate, testes) or female (ovaries, uterus) F344 rats and B6C3F1 mice that were similarly exposed 

to ≤500 mg/kg/day, 5 days/week for 13 weeks (NTP 1985) or ≤120 mg/kg/day, 5 days/week for 

103 weeks (NTP 1985).   

 

1,3-Dichlorobenzene.  No studies were located regarding reproductive effects in humans after oral 

exposure to 1,3-DCB.   

 

Reproductive function has not been assessed in animals orally exposed to 1,3-DCB.  No histological 

changes occurred in male or female reproductive tissues (testes, seminal vesicles, prostate, preputial 

gland, clitoral gland, ovaries, or mammary gland).of Sprague-Dawley rats that were exposed to 1,3-DCB 

in corn oil by gavage in doses of 735 mg/kg/day for 10 consecutive days or 588 mg/kg/day for 

90 consecutive days (McCauley et al. 1995).  Testis and ovary weight was measured in both studies, 
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although only relative organ weights were reported.  There was a statistically significant but small 

decrease (10.6% less than controls) in relative testes weight at 735 mg/kg/day in the 10-day study, but this 

is not considered to be an adverse effect because the magnitude of change was small, body weight gain 

was decreased, and there were no accompanying testicular histological alterations. 

 

1,4-Dichlorobenzene.  No studies were located regarding reproductive effects in humans after oral 

exposure to 1,4-DCB.   

 

1,4-DCB was administered to female CD rats by gavage in corn oil on Gd 6–15 in a developmental 

toxicity study (Giavini et al. 1986).  Doses up to 1,000 mg/kg/day had no adverse effect on the mean 

number of corpora lutea, mean number of implantations, mean percentage of pre- or postimplantation 

losses, or mean percentage of dams with resorptions (Giavini et al. 1986).  In another developmental 

toxicity study of 1,4-DCB, female Wistar rats were exposed to a reported estimated dietary dose of 

2 mg/kg/day from gestation day (Gd) 1 to postnatal day (Pnd) 21 for a total of 42 days (Makita 2005).  

There were no exposure-related effects on fertility, litter size, or sex ratio, and examinations of the pups at 

6 weeks of age showed no changes in serum levels of reproductive hormones (leutinizing hormone [LH] 

and follicle stimulating hormone [FSH] in both sexes, testosterone in males) or weight or histology of 

reproductive tissues (testes, epididymides, prostate, seminal vesicles, ovaries, and uterus).   

 

Intermediate- and chronic-duration toxicity studies were conducted in which F344/N and B6C3F1 mice 

were treated with 1,4-DCB in corn oil by gavage 5 days/week (NTP 1987).  No gross or histological 

changes were observed in reproductive tissues (testis, ovary, uterus, or mammary gland) of rats exposed 

to ≤1,500 mg/kg/day for 13 weeks or ≤300 mg/kg/day for 103 weeks, or mice exposed to 

≤1,800 mg/kg/day for 13 weeks or ≤600 mg/kg/day for 103 weeks.  No gross or histological changes 

were found in the testes, ovaries, or uterus of Beagle dogs that were administered 1,4-DCB by capsule in 

doses as high as 75 mg/kg/day, 5 days/week for 1 year (Naylor and Stout 1996).  

 

In a 2-generation study, 1,4-DCB was administered by daily gavage in olive oil to male and female 

Sprague-Dawley rats at dose levels of 0, 30, 90, or 270 mg/kg/day (Bornatowicz et al. 1994).  Groups of 

24 F0 rats/sex/ dose were treated for 77 days (males) and 14 days (females) before mating, followed by 

exposure of both sexes for 21 days during mating and females during gestation.  Groups of 

24 F1 weanlings/sex/dose were treated for 84 days before mating, followed by exposure of both sexes for 

30 days during mating and females during gestation (21 days) and lactation (21 days).  There were no 

effects on mating or fertility in either generation as shown by duration between mating and successful 
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copulation, and fertility index (percentage of pregnant animals out of the number of inseminated animals).  

Additional reproductive indices were not evaluated as the emphasis of the study was on postnatal 

developmental toxicity.  As discussed in Section 3.2.2.6, developmental effects included reduced birth 

weight in F1 pups and increased F2 pup deaths between birth and postnatal day 4 at ≥90 mg/kg/day. 

 

3.2.2.6   Developmental Effects  
 

1,2-Dichlorobenzene.  No studies were located regarding developmental effects in humans after oral 

exposure to 1,2-DCB.   

 

A limited amount of information is available on the prenatal developmental effects of 1,2-DCB in 

animals.  In a gavage study inadequately reported as an abstract, Sprague-Dawley rats were administered 

50, 100, or 200 mg/kg/day of 1,2-DCB on days 6–15 of gestation (Ruddick et al. 1983).  Maternal end 

points included body weight gain, 15 unspecified biochemical parameters, and histology.  Fetal toxicity 

was assessed by evaluating litter size, fetal weight, deciduoma, and skeletal, visceral, and histological 

changes.  The maternal and fetal histological examinations included liver and thyroid; other tissues were 

not specified.  No teratological effects or maternal toxicity were reported.  Additional relevant 

information on the design and results of this study was not included in the abstract. 

 

1,3-Dichlorobenzene.   No studies were located regarding developmental effects in humans after oral 

exposure to 1,3-DCB.   

 

The developmental toxicity study of 1,3-DCB is from a gavage study inadequately reported as an abstract 

(Ruddick et al. 1983).  Sprague-Dawley rats were administered 50, 100, or 200 mg/kg/day of 1,2-DCB on 

days 6–15 of gestation (use of controls not specified).  Maternal end points included body weight gain, 

15 unspecified biochemical parameters, and histology.  Fetal toxicity was assessed by evaluating litter 

size, fetal weight, deciduoma, and skeletal, visceral, and histological changes.  The maternal and fetal 

histological examinations included liver and thyroid; other tissues were not specified.  No teratological 

effects or maternal toxicity were reported.  Additional relevant information on the design and results of 

this study was not included in the abstract.  

 

1,4-Dichlorobenzene.  No studies were located regarding developmental effects in humans after oral 

exposure to 1,4-DCB. 
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A dose-related increase in the incidence of an extra rib was observed in the fetuses of pregnant CD rats 

administered 1,4-DCB by gavage on Gd 6–15 at doses of 500, 750, and 1,000 mg/kg/day (Giavini et al. 

1986).  A reduction in fetal weight was observed at 1,000 mg/kg/day.  The reduction in fetal weight was 

not considered to be a fetotoxic effect since it was associated with a decrease in maternal weight gain at 

the same dosage level.  The structural anomaly observed in these fetuses was dose-dependant, but was not 

considered to be a true adverse effect by the authors.  However, these results raise the question of whether 

1,4-DCB ingested by the dams reached developing fetal tissue and elicited a developmental effect.  

 

Additional information on prenatal developmental effects of orally administered 1,4-DCB is available 

from a gavage study inadequately reported as an abstract (Ruddick et al. 1983).  Sprague-Dawley rats 

were administered 50, 100, or 200 mg/kg/day of 1,4-DCB on days 6–15 of gestation (use of controls not 

specified).  Maternal end points included body weight gain, 15 unspecified biochemical parameters, and 

histology.  Fetal toxicity was assessed by evaluating litter size, fetal weight, deciduoma, and skeletal, 

visceral, and histological changes.  The maternal and fetal histological examinations included liver and 

thyroid; other tissues were not specified.  No teratological effects or maternal toxicity were reported.  

Additional relevant information on the design and results of this study was not included in the abstract. 

 

In a dietary study of 1,4-DCB, female Wistar rats were exposed to a reported estimated dose of 

2 mg/kg/day from Gd 1 to Pnd 21 for a total of 42 days (Makita 2005).  There were no maternal effects as 

shown by clinical signs or changes in body weight and food consumption.  No fetal examinations were 

performed but perinatal evaluations showed no gross external malformations or effects on litter size, sex 

ratio, or pup viability on Pnd 1.  Postnatal assessments of the offspring until 6 weeks of age showed no 

effects on body weight gain, anogenital distance, times of eye and vaginal opening and preputial 

separation, or serum levels of reproductive hormones (LH and FSH in both sexes and testosterone in 

males at 6 weeks).  Examination of the liver, kidneys, spleen, thymus, testes, epididymides, prostate, 

seminal vesicles, ovaries, uterus, and thymus at 6 weeks showed no effects on organ weight or histology, 

except for increased absolute thymus weight (approximately 20% higher than controls) in the female 

pups.  The biological significance of this effect is unclear because it did not occur in the male offspring 

and was not accompanied by any histological changes. 

 

A 2-generation study was conducted in which 1,4-DCB in olive oil was administered by daily gavage to 

male and female Sprague-Dawley rats at dose levels of 0, 30, 90, or 270 mg/kg/day (Bornatowicz et al. 

1994).  Groups of 24 F0 rats/sex/dose were treated for 77 days (males) and 14 days (females) before 

mating, followed by exposure of both sexes for 21 days during mating and of females during gestation.  
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Exposure in the F0 females was continued throughout lactation until weaning of the F1 pups on postnatal 

day 21.  Groups of 24 F1 weanlings/sex/dose were treated for 84 days before mating, followed by 

exposure of both sexes for 30 days during mating, and of females during gestation and lactation.  The 

study was ended following weaning of the F2 pups on postnatal day 21.  The F0 and F1 males were 

sacrificed 21 days after the end of the mating period (it is unclear if exposure continued postmating), and 

the F0 and F1 females were sacrificed after their pups were weaned.  Study end points included clinical 

observations in adults and pups, body weight and food consumption in maternal animals (during gestation 

and lactation) and pups (from birth to day 21), reproductive indices, gestation length, litter size, numbers 

of live and dead pups, postnatal survival, postnatal developmental milestones (times to erect ears and 

eyelid separation), and neurobehavioral effects in pups at weaning (auricle reflex, orientation reaction, 

grasping, and draw-up reflexes).  Necropsies were performed on all adult males and females, as well as on 

pups that died during the first 4 days or were killed on day 4 (i.e., those not selected for continuation in 

the study).  Liver, kidney, and spleen weights were measured in males and females of both generations.  

Histopathological examinations were performed on selected tissues (liver, kidneys, spleen, vagina, cervix, 

uterus, ovaries, mammary gland, testes, epididymides, penis, prostate, seminal vesicles, and spermatic 

cord) from F0 and F1 adult animals that had no living young, died prematurely, or were killed as moribund, 

as well as on gross lesions in all animals. 

 

There were no exposure-related effects in adult rats or pups at 30 mg/kg/day (Bornatowicz et al. 1994).  

Body weight was significantly reduced in F1 pups at birth at ≥90 mg/kg/day (4.4, 5.7, and 22.6% lower 

than control group at 30, 90, and 270 mg/kg/day), in F1 pups on postnatal days 7–21 at 270 mg/kg/day, 

and in F2 pups at birth and on postnatal days 4–21.  The total number of deaths from birth to postnatal 

day 4 was significantly increased in F1 pups at 270 mg/kg/day and F2 pups at ≥90 mg/kg/day (33, 467, and 

1,033% higher than controls at 30, 90, and 270 mg/kg/day).  None of the data in this study were reported 

on a per-litter basis or analyzed for dose-related trends.  Decreased offspring survival at 270 mg/kg/day is 

also indicated by reduced total number of live F1 and F2 pups at birth, increased total dead F1 and F2 pups 

at birth, and increased total dead F1 and F2 pups during postnatal days 5–21.  Other postnatal effects in the 

offspring included delayed eye opening (first day of appearance or day shown in all pups) in F1 and 

F2 pups at 270 mg/kg/day, delayed ear erection (day shown in all pups) in F2 pups at 270 mg/kg/day, and 

reduced percentage of rats per litter with a positive draw-up reflex in the F1 pups at 270 mg/kg/day and in 

F2 pups at ≥90 mg/kg/day.  Clinical manifestations occurred in pups of both generations at 

≥90 mg/kg/day, including dry and scaly skin until approximately postnatal day 7 (0, 0, ≈70, and 100% of 

the litters at 0, 30, 90, and 270 mg/kg/day), and tail constriction that appeared between days 4 and 21 in 

all or nearly all litters (percentages not reported) and occasionally led to loss of parts of the tail.  
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Additionally, the number of F1 pups described as cyanotic after birth was increased (not quantified) at 

270 mg/kg/day.   

 

Effects in adult animals were generally not quantified, but included reduced average body weight in 

F1 males and females at 270 mg/kg/day at all time points during gestation and lactation, increased relative 

liver weight in F1 males at ≥90 mg/kg/day, and changes in absolute and/or relative organ weights in 

kidneys (increased) and spleen (reduced) in F1 males at 270 mg/kg/day.  There were no effects on organ 

weights in female rats of either generation.  The only histopathological finding attributed to exposure was 

unspecified kidney damage in both generations (effect levels, possible male specificity, and other 

information not reported).  There were no effects on mating and fertility indices in any group (see 

Section 3.2.2.5). 

 

3.2.2.7   Cancer  
 

1,2-Dichlorobenzene.  No studies were located regarding carcinogenic effects in humans after oral 

exposure to 1,2-DCB. 

 

Carcinogenicity was evaluated in groups of 50 male and 50 female F344/N rats and 50 male and 

50 female B6C3F1 mice that were exposed to 1,2-DCB (>99% pure) in corn oil by gavage in doses of 0, 

60, or 120 mg/kg, 5 days/week for 103 weeks (NTP 1985).  Evaluations in both species included clinical 

signs, body weight, and necropsy and histology on all animals.  As discussed below, no exposure-related 

tumors were found in either species, although it is unclear whether a maximum tolerated dose (MTD) was 

achieved in either species. 

 

In rats, survival to termination in the high-dose males was significantly reduced compared with controls 

(19/50 vs. 42/50, p<0.001), but NTP (1985) concluded that the difference was likely mainly from causes 

incidental to treatment.  Due to the probable gavage-related deaths in the high-dose male rats, the lower 

survival of this group does not necessarily mean that the MTD was either reached or exceeded.  No 

clinical signs were reported.  Mean body weight was slightly reduced (≈5% less than controls) in males 

throughout the study at 85.7 mg/kg/day; the only effect in females was a small increase compared to 

controls after week 32 in both dose groups (final body weights were 11–12% increased at 42.9 and 

85.7 mg/kg/day).  There were no exposure-related increased tumor incidences in the rats.  The incidence 

of adrenal gland pheochromocytomas was significantly (p≤0.05) increased in low-dose males by the life 

table test (mortality adjusted incidence of 20.9, 40.5, and 21.7% in the control, low-dose, and high-dose 
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groups, respectively), but not statistically significant by the incidental tumor test, which was considered to 

be the more appropriate mortality-adjusted test for analysis of nonfatal types of tumors.  The increased 

incidence of pheochromocytomas in the low-dose males also was not significant in the Fisher Exact test 

(without mortality adjustment), and there was no significant dose-related trend in the Cochran-Armitage 

test.  No increase in pheochromocytomas was seen in high-dose males.  The increased incidence of 

pheochromocytomas in the low-dose male rats was discounted by NTP (1985) because there was no dose-

response trend or high-dose effect, no increased incidence in females, no observation of malignant 

pheochromocytomas, and questionable toxicological significance of the life table test results 

(pheochromocytomas were not considered to be a life-threatening condition).  Incidences of interstitial-

cell tumors of the testis were elevated in control and treated groups (47/50, 49/50, 41/50), and occurred 

with a significant positive trend when analyzed by the life-table test.  However, the increase detected by 

the life-table test was discounted by NTP because this tumor is not considered to be life threatening, and 

no significant results were obtained by the incidental tumor test, which is the more appropriate test for 

nonfatal tumors.  The Cochran-Armitage test showed a significant negative trend for the interstitial cell 

tumors. 

 

There were no clinical signs or effects on body weight or survival in the mice, indicating that it is unclear 

whether an MTD was achieved in this species (NTP 1985).  There were no clear compound-related 

increased incidences of neoplasms in the mice.  Incidences of malignant histiocytic lymphomas showed a 

significant positive dose-related trend in male mice (0/50, 1/50, 4/50) and female mice (0/49, 0/50, 3/49), 

but NTP considered numbers of animals with all types of lymphomas to be a more appropriate basis for 

comparison.  Because malignant lymphocytic lymphomas occurred in male mice (7/50, 0/50, 0/50) with a 

significant negative dose-related trend, and the combined incidence of all types of lymphomas was not 

significantly different than that in controls for the male mice (8/50, 2/50, 4/50) or female mice (11/49, 

11/50, 13/49) by any of the statistical tests, the increase in histiocytic lymphomas was discounted by 

NTP.  Alveolar/bronchiolar carcinomas were significantly increased in the high dose male mice (4/50, 

2/50, 10/50).  The incidences showed a significant positive increasing trend by the Cochran-Armitage 

test, but not by the life-table or incidental tumor test.  The increase in alveolar/bronchiolar carcinomas 

was discounted by NTP because the more appropriate combined incidence of male mice with 

alveolar/bronchiolar adenomas or carcinomas (8/50, 8/50, 13/50) was not significantly greater than 

controls in any of the tests. 

 

1,3-Dichlorobenzene.  No studies were located regarding carcinogenic effects in humans or animals after 

oral exposure to 1,3-DCB. 
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1,4-Dichlorobenzene.  No studies were located regarding carcinogenic effects in humans after oral 

exposure to 1,4-DCB. 

 

1,4-DCB was found to be carcinogenic in B6C3F1 mice and male (but not female) F344 rats exposed to 

1,4-DCB for 2 years in a carcinogenesis bioassay (NTP 1987).  1,4-DCB was administered by gavage to 

male rats at doses of 150 or 300 mg/kg/day and female rats at doses of 300 or 600 mg/kg/day.  Significant 

dose-related increases in the incidence of renal tubular cell adenocarcinomas were reported in male rats 

(controls, 2%; low-dose, 6%; high-dose, 14%).  Spontaneous tumors of this type are uncommon in male 

F344 rats; they have been diagnosed in only 4 of 1,098 (0.4%) of the corn oil-gavage controls in previous 

NTP studies.  There were no tubular cell tumors in dosed or vehicle-control female rats.  There also was a 

marginal increase in the incidence of mononuclear cell leukemia in dosed male rats that was only slightly 

higher than the incidence in historical controls from the same laboratory.  The NTP study concluded that 

1,4-DCB was carcinogenic in male rats, but not in female rats. 

 

In a 2-year bioassay in B6C3F1 mice that received 1,4-DCB at 300 or 600 mg/kg/day (NTP 1987), 

increased incidences of hepatocellular carcinomas were observed in high-dose male mice (controls, 28%; 

low-dose, 22.5%; high-dose, 64%) and high-dose female mice (controls, 10%; low-dose, 10.4%; high-

dose, 38%).  Hepatocellular adenomas were increased in high- and low-dose male mice (controls, 10%; 

low-dose, 26.2%; high-dose, 32%) and in high-dose female mice (controls, 20%; low-dose, 12.5%; high-

dose, 42%).  Female control mice in this bioassay had a substantially higher incidence of liver tumors 

than did historical controls.  Hepatoblastomas (a rare form of hepatocellular carcinoma) were observed in 

four high-dose male mice along with other hepatocellular carcinomas.  This tumor type had not been 

previously observed in 1,091 male vehicle-control mice in NTP studies.  An increase in thyroid gland 

follicular cell hyperplasia was observed in dosed male mice, and there was a marginal positive trend in 

the incidence of follicular cell adenomas of the thyroid gland in female mice.  The incidence of 

pheochromocytomas (tumors of chromaffin tissue of the adrenal medulla or sympathetic pregangliar, 

benign and malignant, combined) of the adrenal gland was 0 of 47 (control), 2 of 48 (low dose), and 3 of 

49 (high dose), and the incidence of adrenal gland medullary hyperplasia and focal hyperplasia of the 

adrenal gland capsule were increased as well in dosed male mice. 

 

The observation that kidney tumors are induced in male rats, but not female rats, in response to exposure 

to certain chemicals has been the subject of recent research.  It has been hypothesized that the male rat 

kidney is susceptible to the induction of certain tumors because it contains the protein α2µ-globulin, which 
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has not been found at significant levels in either female rats, or in mice and humans of either sex 

(Charbonneau et al. 1987, 1989a, 1989b).  Chemicals like 1,4-DCB, which reversibly bind to this protein, 

cause the formation of hyalin droplets in the proximal convoluted tubules of male rats.  The hyalin 

droplet-protein complex is resistant to degradation by lysosomal enzymes and accumulates in the tubule, 

leading to localized hyperplasia of the epithelium (Borghoff et al. 1991; EPA 1991i).  It is hypothesized 

that the resulting cellular damage and cell proliferation enhances tumor formation via a mechanism not 

yet elucidated.  It has also been demonstrated that the same effects can be elicited in male rats 

administered other α2µ-globulin-binding chemicals such as [hexachloroethane, d-limonene 1-methyl-

4(1-methylethenyl)cyclohexene], unleaded gasoline, and pentachloroethane (EPA 1991i).  Based on these 

data, EPA (1991) concluded that tumors associated with α2µ-globulin and hyalin droplets are specific to 

species that produce this protein in large quantities, and that these tumors should be distinguished from 

other renal tumors. 

 

The finding of hepatocellular carcinomas and adenomas in mice in the NTP (1987) study has been the 

subject of scientific debate.  There was a high incidence of these tumors in both male and female control 

animals, but this is fairly common in mice.  However, in this case, the tumor incidence in the female 

controls was substantially higher than the historical control value.  In addition, 1,4-DCB has not been 

demonstrated to be mutagenic in any of the microbial or mammalian systems tested (NTP 1987), 

suggesting that the liver tumors are not the result of genotoxicity.  Hepatocellular degeneration with 

resultant initiation of tissue repair was present in both male and female treated mice.  This led NTP 

(1987) to speculate that 1,4-DCB acted as a tumor promotor rather than a tumor initiator during the 

formation of the liver tumors found in male and female mice. 

 

As shown in Table 3-5, 300 mg/kg/day is the cancer effect level (CEL) for renal tubular cell adenomas in 

male rats and 600 mg/kg/day is the CEL for hepatocellular carcinomas and hepatoblastomas in mice 

(NTP 1987). 

 

3.2.3   Dermal Exposure  

3.2.3.1   Death  
 

1,2-Dichlorobenzene.  No studies were located regarding death in humans or animals after dermal 

exposure to 1,2-DCB. 
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1,3-Dichlorobenzene.   No studies were located regarding death in humans or animals after dermal 

exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  No studies were located regarding death in humans after dermal exposure to 

1,4-DCB. 

 

The dermal LD50 for 1,4-DCB in Sherman rats was >6,000 mg/kg/day (Gaines and Linder 1986).  It is not 

clear how many rats died after dermal exposure to 1,4-DCB in this study, and there are no toxicokinetic 

data that address the question of absorption of 1,4-DCB by the dermal route. 

 

3.2.3.2   Systemic Effects  
 

1,2-Dichlorobenzene.  No studies were located regarding systemic toxicity in humans or animals after 

dermal exposure to 1,2-DCB. 

 

Application of two drops of undiluted 1,2-DCB into the eyes of rabbits caused some pain and slight 

irritation of the conjunctival membranes, which healed completely within 1 week (Hollingsworth et al. 

1958).  The irritation was reduced by prompt rinsing with water.  Additional relevant information was not 

reported. 

 

1,3-Dichlorobenzene.  No studies were located regarding systemic effects in humans or animals after 

dermal exposure to 1,3-DCB. 

 

1,4-Dichlorobenzene.  No studies were located regarding systemic effects in humans or animals after 

dermal exposure to 1,4-DCB.   

 

Industrial experience indicates that solid particles of 1,4-DCB are painful in the eyes of humans 

(Hollingsworth et al. 1956).  Solid 1,2-DCB has a negligible irritating action on intact, uncovered human 

skin, but can produce a burning sensation when held in close dermal contact for an unspecified excessive 

period of time (Hollingsworth et al. 1956).  Prolonged and repeated contact to strong solutions of 

1,4-DCB also could cause slight irritation in intact skin (Hollingsworth et al. 1956).  
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No studies were located regarding the following health effects in humans or animals after dermal 

exposure to 1,2-, 1,3-, or 1,4-DCB: 

3.2.3.3   Immunological and Lymphoreticular Effects  

3.2.3.4   Neurological Effects  

3.2.3.5   Reproductive Effects  

3.2.3.6   Developmental Effects  

3.2.3.7   Cancer  
 

3.3   GENOTOXICITY  
 

In vivo and in vitro genotoxicity studies of DCBs are summarized in Tables 3-6 and 3-7, respectively.  

 

1,2-Dichlorobenzene.  No studies were located regarding genotoxic effects in humans after inhalation, 

oral, or dermal exposure to 1,2-DCB. 

 

A limited amount of information is available on the genotoxicity of 1,2-DCB in animals.  Micronuclei 

were induced in bone marrow erythrocytes of mice that were administered two 93.5–375 mg/kg doses by 

intraperitoneal injection 24 hours apart; lower dose levels were not tested (Mohtashamipur et al. 1987).  A 

single 0.4 mg/kg intraperitoneal dose of 1,2-DCB caused covalent binding to liver, lung, kidney, and 

stomach DNA in rats and mice (Colacci et al. 1990). 

 

In vitro reverse mutation assays of 1,2-DCB in microbial systems were negative in Salmonella 

typhimurium with or without metabolic activation (Connor et al. 1985; NTP 1985; Shimizu et al. 1983; 

Waters et al. 1982), negative in Escherichia coli without metabolic activation (Waters et al. 1982), and 

positive results in Saccharomyces cerevisiae with metabolic activation (Paolini et al. 1998).  In mouse 

lymphoma cells, 1,2-DCB was negative for forward mutation without metabolic activation, but positive 

with S9 activation mixture (Myhr and Caspary 1991).  In vitro exposure to 1,2-DCB induced DNA 

damage in E. coli and S. cerevisiae, but not in Bacillus subtilis (Waters et al. 1982), and did not cause 

replicative DNA synthesis in cultured human lymphocytes (Perocco et al. 1983) or increased DNA repair 

in primary rat hepatocytes (Williams et al. 1989).  1,2-DCB did not cause chromosomal aberrations, 

either with or without metabolic activation, in Chinese hamster ovary (CHO) cells, but did induce sister-

chromatid exchanges only in the presence of S9 metabolic activation preparation (Loveday et al. 1990). 
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Table 3-6.  Genotoxicity of Dichlorobenzenes In Vivo 
 
Species (test system) End point Results Reference 
1,2-Dichlorobenzene 
Mammalian cells 
 Mouse bone marrow 

erythrocytesa 
Micronucleus formation  + Mohtashampir et al. 1987 

 Rat liver, lung, kidney and 
stomach cellsb 

Covalent binding to DNA + Colacci et al. 1990 

 Mouse liver, lung, kidney 
and stomach cellsb 

Covalent binding to DNA + Colacci et al. 1990 

1,3-Dichlorobenzene 
Mammalian cells 
 Mouse bone marrow 

erythrocytesc 
Micronucleus formation + Mohtashampir et al. 1987 

1,4-Dichlorobenzene 
Mammalian cells 
 Rat bone marrow cellsd Chromosomal aberrations – Anderson and Richardson 1976 
 Mouse bone marrow cells Micronucleus formation – Shelby and Witt 1995 
 Mouse erythrocytese Micronucleus formation – NTP 1987 
 Rat kidney cellsf Unscheduled DNA synthesis – Steinmetz and Spanggord 1987b
  Increased DNA replication +g  
 Mouse hepatocytesh Unscheduled DNA synthesis – Steinmetz and Spanggord 1987a
 Rat kidney cellsi Increased DNA replication + Charbonneau et al. 1989b 
 Mouse bone marrow 

erythrocytesj 
Micronucleus formation + Mohtashamipur et al. 1987 

 Rat renal tubular cells 
and hepatocytesk 

Cumulative replicating fraction – Umemura et al. 1998 

 Mouse renal tubular cells 
and hepatocytesk 

Cumulative replicating fraction + Umemura et al. 1998 

 
aExposed to 1,2-dichlorobenzene via two intraperitoneal injections of 93.5, 187.5, 281, or 375 mg/kg (24 hours apart) 
and sacrificed 6 hours after the second injection.  Males only were tested. 
bExposed to 1,2-dichlorobenzene via one intraperitoneal injection of 0.4 mg/kg. 
cExposed to 1,3-dichlorobenzene via two intraperitoneal injections of 87.5, 175, 262.5, or 700 mg/kg (24 hours apart) 
and sacrificed 6 hours after the second injection.  Males only were tested. 
dExposed to 1,4-dichlorobenzene via inhalation for 2 hours at 299 or 682 ppm; for 5 days, 5 hours/day at 75 or 
500 ppm; or for 3 months, 5 days/week, 5 hours/day at 75 or 500 ppm. 
eExposed to 1,4-dichlorobenzene via gavage for 13 weeks, 5 days/week at 600–1,800 mg/kg/day. 
fExposed to 1,4-dichlorobenzene via gavage in corn oil at 300, 600, or 1,000 mg/kg at 16 hours before sacrifice for 
unscheduled DNA synthesis experiment or at 96 hours before sacrifice for DNA replication experiment. 
gResults were positive for male rats only in which a significant S-phase response was induced. 
hExposed to 1,4-dichlorobenzene via gavage in corn oil at 300, 600, or 1,000 mg/kg at 16 or 48 hours before 
sacrifice. 
iExposed to 1,4-dichlorobenzene via gavage in corn oil at 120 or 300 mg/kg/day for 7 days and sacrificed 24 hours 
after the last dose. 
jExposed to 1,4-dichlorobenzene via two intraperitoneal injections of 355, 710, 1,065, or 1,420 mg/kg (24 hours 
apart) and sacrificed 6 hours after the second injection.  Males only were tested. 
kExposed to 1,4-dichlorobenzene via gavage for 1 week or 4 weeks at 150, 300, or 600 mg/kg/day. 
 
+ = positive result; – = negative result; DNA = deoxyribonucleic acid 
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Table 3-7.  Genotoxicity of Dichlorobenzenes In Vitro 
 

Results 

Species (test system) End point 
With 

activation
Without 

activation Reference 
1,2-Dichlorobenzene 
Microbial systems 
 Salmonella 

typhimurium TA98, 
TA100, TA1535, 
TA1537, and TA1538 

Gene mutation ND – Waters et al. 1982 

 S. typhimurium TA98, 
TA100, UTH8413, and 
UTH8414 

Gene mutation – – Connor et al. 1985 

 S. typhimurium TA98, 
TA100, TA1535, and 
TA1537 

Gene mutation – – NTP 1985 

 S. typhimurium TA98, 
TA100, TA1535, 
TA1537, and TA1538 

Gene mutation – – Shimizu et al. 1983 

 S. typhimurium Gene induction (umu)  – – Nakamura et al. 1987 
 Escherichia coli   Prophage lambda 

induction 
  DeMarini and Brooks 

1992 
 E. coli  WP2 uvra Gene mutation ND – Waters et al. 1982 
 E. coli polA- DNA damage ND + Waters et al. 1982 
 Bacillus subtilis recA- DNA damage ND + Waters et al. 1982 
 Saccharomyces 

cerevisiae 
Gene mutation – ND Paolini et al. 1998 

 S. cerevisiae D3 DNA damage ND + Waters et al. 1982 
Mammalian cells 
 Mouse lymphoma cells Gene mutation + – Myhr and Caspary 1991 
 Chinese hamster ovary 

cells 
Chromosomal aberrations – – Loveday et al. 1990 

 Chinese hamster ovary 
cells 

Sister-chromatid 
exchange 

+ – Loveday et al. 1990 

 Rat primary 
hepatocytes 

Increased DNA repair ND – Williams et al. 1989 

 Human lymphocytes Replicative DNA synthesis – – Perocco et al. 1983 
1,3-Dichlorobenzene 
Microbial systems 
 S. typhimurium TA98, 

TA100, TA1535, 
TA1537, and TA1538 

Gene mutation ND – Waters et al. 1982 

 S. typhimurium TA98, 
TA100, UTH8413, and 
UTH8414 

Gene mutation – – Connor et al. 1985 
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Table 3-7.  Genotoxicity of Dichlorobenzenes In Vitro 
 

Results 

Species (test system) End point 
With 

activation
Without 

activation Reference 
 S. typhimurium TA98, 

TA100, TA1535, 
TA1537, and TA1538 

Gene mutation – – Shimizu et al. 1983 

 E. coli  WP2 uvra Gene mutation ND – Waters et al. 1982 
 E. coli polA- DNA damage ND + Waters et al. 1982 
 B. subtilis recA- DNA damage ND + Waters et al. 1982 
 S. cerevisiae D3 DNA damage ND – Waters et al. 1982 
Mammalian cells 
 Human lymphocytes Replicative DNA synthesis – – Perocco et al. 1983 
1,4-Dichlorobenzene 
Microbial systems 
 S. typhimuriuma 

TA98, TA100, TA1535, 
and TA1538 

Gene mutation – – Anderson 1976 

 S. typhimuriumb 

TA98, TA100, and 
TA1538 

Gene mutation – – Anderson 1976 

 S. typhimuriumb 

TA1535 
Gene mutation + – Anderson 1976 

 S. typhimurium 
TA98, TA100, TA1535, 
TA1537, and TA1538 

Gene mutation – – Shimizu et al. 1983; 
Waters et al. 1982 

 S. typhimurium 
TA98, TA100, TA1535, 
and TA1537 

Gene mutation – – Haworth et al. 1983; NTP 
1987 

 S. typhimurium 
TA98, TA100, 
UTH8413, and 
UTH8414 

Gene mutation – – Connor et al. 1985 

 E. coli  WP2 uvra Gene mutation ND – Waters et al. 1982 
 E. coli polA- DNA damage ND - Waters et al. 1982 
 B. subtilis recA- DNA damage ND - Waters et al. 1982 
 S. cerevisiae Gene mutation + ND Paolini et al. 1998 
 S. cerevisiae D3 DNA damage ND - Waters et al. 1982 
Mammalian cells 
 mouse lymphoma cells 

L5178Y/TK± 
Gene mutation (=) – NTP 1987 

 mouse lymphoma cells 
L5178Y/TK±  

Gene mutation + (=) McGregor et al. 1988 

 Chinese hamster lung 
cells 

Gene mutation – – Instituto di Ricerche 
Biomediche 1986b 

 Chinese hamster ovary 
cells 

Chromosomal aberrations – – Anderson et al. 1990; 
NTP 1987 
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Table 3-7.  Genotoxicity of Dichlorobenzenes In Vitro 
 

Results 

Species (test system) End point 
With 

activation
Without 

activation Reference 
 Chinese hamster ovary 

cells 
Sister chromatid 
exchanges 

– – Anderson et al. 1990; 
NTP 1987 

 Rat hepatocytes DNA fragmentation ND - Canonero et al. 1997 
 Rat hepatocytes Micronucleus formation ND (=) Canonero et al. 1997 
 Rat kidney cells DNA damage ND + Robbiano et al. 1997 
 Rat kidney cells Micronucleus formation ND + Robbiano et al. 1997 
 Human kidney cells DNA damage ND + Robbiano et al. 1997 
 Human kidney cells Micronucleus formation ND + Robbiano et al. 1997 
 Human hepatocytes DNA fragmentation ND - Canonero et al. 1997 
 Human hepatocytes Micronucleus formation ND - Canonero et al. 1997 
 Human lymphocytes Replicative DNA synthesis – – Perocco et al. 1983 
 Human lymphocytes Sister-chromatid 

exchanges 
– – Carbonell et al. 1991 

 Human lymphocytes Unscheduled DNA 
synthesis 

– – Perocco et al. 1983; 
Instituto di Ricerche 
Biomediche 1987 

 HeLa cells Unscheduled DNA 
synthesis 

– – Instituto di Ricerche 
Biomediche 1986a 

Plant systems 
 Root tips (16 species of 

dicotyledons and 
monocotyledons) 

Chromosomal aberrations ND + Sharma and Battachary 
1956 

 Lens esculenta (L.) 
Moench 

Mitotic abnormalities ND + Sarbhoy 1980 

 Aspergillus nidulans Back mutation frequency ND + Prasad 1970 
 Tribe viceae Chromosomal aberrations ND + Srivastava 1966 
 
aExposed to 1,4-dichlorobenzene gas. 
bExposed to 1,4-dichlorobenzene in DMSO. 
 
– = negative result; + = positive result; (=) = equivocal; DNA = deoxyribonucleic acid; ND = not determined 
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1,3-Dichlorobenzene.  No studies were located regarding genotoxic effects in humans after inhalation, 

oral, or dermal exposure to 1,3-DCB. 

 

A limited amount of information is available on the genotoxicity of 1,3-DCB.  Micronuclei were induced 

in bone marrow erythrocytes of mice following administration of two 87.5–700 mg/kg doses by 

intraperitoneal injection 24 hours apart; lower dose levels were not tested (Mohtashamipur et al. 1987).  

In vitro exposure to 1,3-DCB did not induce reverse mutations in S. typhimurium (Connor et al. 1985; 

Shimizu et al. 1983; Waters et al. 1982) or E. coli (Waters et al. 1982).  1,3-DCB caused DNA damage in 

E. coli, but not in B. subtilis or S. cerevisiae (Waters et al. 1982), and did not increase replicative DNA 

synthesis in cultured human lymphocytes (Perocco et al. 1983). 

 

1,4-Dichlorobenzene.  No studies were located regarding genotoxic effects in humans after inhalation, 

oral, or dermal exposure to 1,4-DCB. 

 

Cytogenetic studies have been conducted using bone marrow cells of rats following inhalation exposure 

to 1,4-DCB (Anderson and Richardson 1976).  Three series of exposures were carried out:  (1) one 

exposure at 299 or 682 ppm for 2 hours; (2) exposures at 75 or 500 ppm, 5 hours/day for 5 days; and 

(3) exposures to 75 or 500 ppm, 5 hours/day, 5 days/week for 3 months.  Bone marrow cells from both 

femurs were examined for chromosome or chromatid gaps, chromatid breaks, fragments, or other 

complex abnormalities.  In all three experiments, exposure to 1,4-DCB failed to induce any effects 

indicative of chromosomal damage.   

 

Gavage administration of 1,4-DCB to B6C3F1 mice and F344 rats at single doses of 300–1,000 mg/kg/day 

did not result in unscheduled deoxyribonucleic acid (DNA) synthesis in the mouse hepatocytes or in the 

renal tissue of the rats in an in vivo/in vitro assay (Steinmetz and Spanggord 1987a, 1987b).  However, 

1,4-DCB at the highest level did induce an increase in DNA replication (S-phase of cell division) in the 

renal tissue of the male rats and in the hepatocytes of the male mice.  Based on a comparison with 

historical controls, the authors concluded that levels of DNA replication were also significantly elevated 

in the hepatocytes of female mice. 

 

No evidence of a clastogenic effect was found in mouse bone marrow erythroblasts after a single gavage 

administration of 1,4-DCB at 2,500 mg/kg/day (Herbold 1986a).  Similarly, no evidence of clastogenic 

effects was found in mouse bone erythroblasts after a single oral administration of 2,5-dichlorophenol 
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(the major metabolite of 1,4-DCB) at 1,500 mg/kg/day (Herbold 1986b).  2,5-Dichlorophenol with or 

without metabolic activation did not induce an increase in mutagenic response in the Chinese hamster 

ovary HGPRT forward mutation assay (Litton Bionetics 1986a).  This compound was also inactive in the 

Balb/3T3 in vitro transformation assay (Litton Bionetics 1985). 

 

Cytogenetic effects were not found in bone marrow cells from mice treated with 1,4-DCB by gavage at 

levels up to 1,800 mg/kg/day in a 13-week study (NTP 1987).  No increase in micronucleated cells 

occurred even at levels that were extremely toxic to the test animals, resulting in liver toxicity and 

decreased survival rates.  As noted by the authors of that study, the observed carcinogenic activity of 

1,4-DCB cannot be adequately predicted on the basis of the available genotoxicity data; all of the 

available information strongly suggests that 1,4-DCB acts as a tumor promoter rather than as a mutagen.   

 

However, gavage administration of a single 1,000 mg/kg/day dose of 1,4-DCB to mice and rats resulted 

in an increase in DNA replication in the renal tissue of the male rats and in the hepatocytes of mice of 

both sexes (Steinmetz and Spanggord 1987a, 1987b).  Increased 3H-thymidine incorporation into renal 

DNA has also been demonstrated in rats dosed with 1,4-DCB by gavage at 120 mg/kg/day for 7 days 

(Charbonneau et al. 1989b).  These observations suggest that 1,4-DCB promotes cell division, a finding 

that may help to elucidate the mechanism of carcinogenic action of 1,4-DCB in male rat kidneys and 

mouse liver in the NTP (1987) bioassay.  However, it is important to note that in these studies; only 

kidney tissue was tested in the rat for increased DNA replication, and in the mouse, only liver tissue was 

tested.  Therefore, it is not clear whether increased cell replication also occurs in other tissue in each 

species or is limited to the tissues in which the carcinogenic effects occurred. 

 

The in vivo genotoxicity of 1,4-DCB is summarized in Table 3-6.  As discussed above, the in vivo testing 

showed positive results for increased DNA replication in the livers of orally exposed mice (Steinmetz and 

Spanggord 1987a) and in the kidneys of orally exposed rats (Charbonneau et al. 1989b; Steinmetz and 

Spanggord 1987b), and mixed positive and negative findings for induction of micronuclei in bone marrow 

cells of orally exposed mice (Mohtashampir et al. 1987; NTP 1987).   

 

In vitro genotoxicity studies of 1,4-DCB are summarized in Table 3-7.  Microbial reverse mutation tests 

were predominantly negative in S. typhimurium (Anderson 1976; Connor et al. 1985; NTP 1987; Shimizu 

et al. 1983; Waters et al. 1982) and E. coli (Waters et al. 1982), but positive in S. cerevisiae (Paolini et al. 

1998).  Assays for DNA damage in E. coli, B. subtilis, and S. cerevisiae were negative (Waters et al. 

1982).  1,4-DCB did not induce replicative DNA synthesis (Perocco et al. 1983) or DNA strand breaks 
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(Canonero et al. 1997) in rat and human hepatocytes, although DNA damage was increased in rat and 

human kidney cells (Robbiano et al. 1999).  Forward mutation assays in mouse lymphoma cells were 

equivocal (McGregor et al. 1988; NTP 1987), and mixed positive and negative results were found for 

chromosomal aberrations and sister-chromatid exchanges in CHO cells (Anderson et al. 1990; Carbonell 

et al. 1991; NTP 1987).  Tests for micronucleus formation were equivocal in human and rat hepatocytes 

(Canonero et al. 1997) and positive in human and rat kidney cells (Robbiano et al. 1999).  In vitro testing 

in plant systems showed genotoxic effects that included chromosomal aberrations, mitotic abnormalities, 

and back mutations (Prasad 1970; Sarbhoy 1980; Sharma and Battacharya 1956; Srivastava 1966).  

 

3.4   TOXICOKINETICS  
 

1,2-DCB is quickly and extensively absorbed through both the gastrointestinal tract and the respiratory 

tract; studies describing the absorption of 1,2-DCB following dermal exposure are not available.  

Following absorption, 1,2-DCB is distributed throughout the body, but tends to be found in greatest levels 

in the fat, kidney, and liver.  1,2-DCB is initially metabolized by cytochrome P-450 enzymes, specifically 

P4502E1, to an active epoxide followed by hydrolysis to 2,3-dichlorophenol or 3,4-dichlorophenol.  The 

dichlorophenols may be further oxidized or, more often, be conjugated to glutathione, sulfate, or to form 

the glucuronide; conjugation occurs extensively, with virtually no unconjugated metabolites reported in 

the available studies.  Metabolism is believed to occur mainly in the liver, but may occur at lower levels 

in other tissues, such as the kidney or lung.  Elimination of 1,2-DCB from the body is rapid, with the 

majority of a single dose being removed within the first 75 hours postexposure; elimination occurs 

primarily in the urine as metabolites. 

 

Information on the quantitative absorption of 1,3-DCB in humans and animals is not available for any 

route of exposure; however, absorption of the compound can be inferred from studies that have detected 

1,3-DCB or metabolites in the breast milk, blood, and fat of humans and in the bile and urine of exposed 

animals.  Distribution is believed to be similar to the other DCB isomers, but data demonstrating this are 

not presently available.  Similar to the other DCB isomers, 1,3-DCB is initially metabolized by 

cytochrome P-450 enzymes, followed by extensive conjugation, primarily to glutathione, has been 

reported.  1,3-DCB is eliminated mainly in the urine, similar to the other DCB isomers. 

 

Absorption of 1,4-DCB is rapid and essentially complete following inhalation or oral exposure.  

Information on the quantitative absorption of 1,4-DCB following dermal exposure are not available; 

however, absorption is believed to be very low, based on a very high (>6 g/kg) dermal LD50 for 1,4-DCB 
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in rats, and on a lack of systemic effects in humans who held solid 1,4-DCB in their hands.  Similar to the 

other dichlorobenzene isomers, 1,4-DCB is distributed throughout the body, but tends to be found in 

greatest levels in fat, liver, and kidney.  Metabolism of 1,4-DCB is similar to that of 1,2-DCB, with an 

initial oxidation to an epoxide, followed by hydrolysis to 2,5-dichlorophenol.  Extensive phase II 

metabolism occurs subsequently, with eliminated metabolites found mainly as the sulfate, glucuronide, or 

mercapturic acid.  1,4-DCB is eliminated almost exclusively in the urine, primarily as conjugates of 

2,5-dichlorophenol. 

 

3.4.1   Absorption  

3.4.1.1   Inhalation Exposure  
 

1,2-Dichlorobenzene.  Quantitative data on the absorption of 1,2-DCB in humans following inhalation 

exposure are not available.  However, evidence for absorption of 1,2-DCB in humans comes from 

numerous studies that have detected 1,2-DCB in human tissues, including the blood (Bristol et al. 1982), 

urine (Kumagai and Matsunaga 1995, 1997; Zenser et al. 1997), adipose tissue (Jan 1983), and in breast 

milk (Jan 1983; Mes et al. 1986).  While these studies do not provide a quantitative measure of the rate or 

extent of 1,2-DCB and cannot provide information concerning possible exposure route, they provide 

evidence of 1,2-DCB absorption in humans. 

 

Quantitative data on the absorption of 1,2-DCB in animals are similarly not available.  However, 

numerous studies presenting evidence of systemic toxicity (see Section 3.2) following inhalation of 

1,2-DCB provide qualitative evidence for the absorption of 1,2-DCB.  

 

1,3-Dichlorobenzene.  Quantitative data on the absorption of 1,3-DCB in humans following inhalation 

exposure are not available.  However, evidence for absorption of 1,3-DCB in humans comes from studies 

that have detected 1,3-DCB in breast milk (Mes et al. 1986), blood (Bristol et al. 1982), and adipose 

tissue (Jan 1983).  While these studies do not provide a quantitative measure of the rate or extent of 

1,3-DCB and cannot provide information concerning possible exposure route, they provide evidence of 

1,3-DCB absorption in humans. 

 

Quantitative inhalation absorption data for 1,3-DCB are not available, but absorption characteristics are 

likely to be similar to those of the other isomers based on similarities in chemical and physical properties. 
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1,4-Dichlorobenzene.  Quantitative data on the absorption of 1,4-DCB in humans following inhalation 

exposure are not available.  However, evidence for absorption of 1,4-DCB in humans comes from 

numerous studies that have detected 1,4-DCB in human tissues, including the blood (Bristol et al. 1982; 

Hill et al. 1995), urine (Ghittori et al. 1985; Hill et al. 1995; Pagnotto and Walkley 1965), adipose tissue 

(Jan 1983), and breast milk (Jan 1983).  While these studies do not provide a quantitative measure of the 

rate or extent of 1,4-DCB and cannot provide information concerning possible exposure route, they 

provide evidence that 1,4-DCB is absorbed by humans. 

 

Studies presenting quantitative data on the rate and/or extent of absorption of 1,4-DCB following 

inhalation exposure in animals are not available.  However, numerous studies presenting evidence of 

systemic toxicity (see Section 3.2) following inhalation exposure provide qualitative evidence for the 

absorption of 1,4-DCB.  Additional evidence comes from studies that have reported the presence of the 

compound or its metabolites in peripheral tissues following inhalation exposure.  Following a single or 

multiple 3-hour inhalation exposures of radiolabeled 1,4-DCB in rats, label was detected in all evaluated 

tissues (liver, kidneys, lungs, muscle, fat, and blood plasma), indicating that considerable absorption had 

occurred (Hawkins et al. 1980).  Levels of label in tissues did not appreciably increase with increasing the 

number of exposures beyond one (Hawkins et al. 1980).  Similarly, following a single 24-hour inhalation 

exposure in rats, 1,4-DCB levels in the liver, kidney, fat, and blood increased sharply during the first 

6-hour evaluation period, then rose slowly but steadily for the remainder of the exposure period 

(Umemura et al. 1998), indicating an initial rapid absorption, followed by a slower total absorption as 

equilibration of body and blood levels is approached. 

 

3.4.1.2   Oral Exposure  
 

1,2-Dichlorobenzene.  Quantitative data on the absorption of 1,2-DCB in humans following oral 

exposure are not available.  However, absorption of 1,2-DCB in humans can be concluded based on the 

results of numerous studies that have detected 1,2-DCB in human tissues, including the blood (Bristol et 

al. 1982), urine (Kumagai and Matsunaga 1995, 1997; Zenser et al. 1997), and in breast milk (Jan 1983; 

Mes et al. 1986).  While these studies do not provide a quantitative measure of the rate or extent of 

1,2-DCB and cannot provide information concerning possible exposure route, they provide evidence of 

1,2-DCB absorption in humans. 

 

In male Wistar rats given single oral doses of 5, 50, and 250 mg/kg body weight of 14C-labeled 1,2-DCB, 

radioactivity in urine (collected for up to 175 hours after dosing) accounted for about 75, 84, and 75% of 
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the radioactivity for administered doses, respectively (Hissink et al. 1996a).  Radioactivity in feces 

accounted for about 16, 12, and 7% of the respective administered doses.  These results indicate 

absorption of at least 75–84% of the administered dose (assuming that none of fecal radioactivity was 

absorbed) occurred, and up to 82–96% of the dose (assuming that all radiolabel in the feces was first 

absorbed and later excreted in the bile) may have been absorbed.  Rapid absorption was indicated since 

peak levels of radioactivity in blood samples occurred at about 6, 10, and 24 hours after administration of 

5, 50, and 250 mg/kg doses, respectively (Hissink et al. 1996a).  Other studies have identified the 

presence of metabolites of 1,2-DCB in the urine following oral exposure (Azouz et al. 1955; Hissink et al. 

1996c). 

 

1,3-Dichlorobenzene.  Quantitative data on the absorption of 1,3-DCB in humans following oral 

exposure are not available.  However, evidence for absorption of 1,3-DCB in humans comes from studies 

that have detected 1,3-DCB in breast milk (Mes et al. 1986), blood (Bristol et al. 1982), and adipose 

tissue (Jan 1983).  While these studies do not provide a quantitative measure of the rate or extent of 

1,3-DCB and cannot provide information concerning possible exposure route, they provide evidence of 

1,3-DCB absorption in humans. 

 

Evidence for absorption of 1,3-DCB following oral exposure of animals comes from the detection of 

metabolites in the urine and bile.  Kimura et al. (1992) identified at least 12 metabolites in the bile of rats 

given 1,3-DCB by gavage, indicating that absorption and transport to the liver had occurred.  In rabbits 

given oral 1,3-DCB, glucuronide, sulfur esters, mercapturic acid, and catechol metabolites were identified 

in the urine (Parke and Williams 1955), and suggested that 50–75% of the compound was absorbed, based 

on the presence of these metabolites. 

 

1,4-Dichlorobenzene.  Quantitative data on the absorption of 1,4-DCB in humans following oral 

exposure are not available.  However, evidence for absorption of 1,4-DCB in humans comes from 

numerous studies that have detected 1,4-DCB in human tissues, including the blood (Bristol et al. 1982; 

Hill et al. 1995), urine (Hill et al. 1995; Ghittori et al. 1985; Pagnotto and Walkley 1965), adipose tissue 

(Jan 1983), and breast milk (Jan 1983).  While these studies do not provide a quantitative measure of the 

rate or extent of 1,4-DCB and cannot provide information concerning possible exposure route, they 

provide evidence that 1,4-DCB is absorbed by humans. 

 

Evidence for absorption of 1,4-DCB in animals includes studies demonstrating toxicity following oral 

exposure (see Section 3.2), as well as studies demonstrating the presence of 1,4-DCB or metabolites in 
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peripheral tissues following one or more oral exposures that indicate that 1,4-DCB is rapidly and nearly 

completely absorbed.  Following a single or multiple oral exposures of radiolabeled 1,4-DCB in rats, 

label was detected in all evaluated tissues (liver, kidneys, lungs, muscle, fat, and blood plasma), 

indicating that considerable absorption had occurred (Hawkins et al. 1980).  Additional support for a 

near-complete absorption comes from data showing that levels in tissues were similar following 10 oral 

exposures or 10 subcutaneous injections of 250 mg/kg.  Levels of label in tissues did not appreciably 

increase with increasing the number of exposures beyond one (Hawkins et al. 1980).  Similarly, Hissink 

et al. (1996b) reported that 70–85% of a single radiolabeled dose of 1,4-DCB was eliminated in the urine 

within 72 hours of exposure, indicating that 1,4-DCB was rapidly and extensively absorbed.  By contrast, 

Klos and Dekant (1994) reported that ~41% of a labeled oral dose of 1,4-DCB was recovered in the urine 

72 hours postexposure. 

 

3.4.1.3   Dermal Exposure  
 

1,2-Dichlorobenzene.  Studies examining the absorption of 1,2-DCB in humans or animals following 

dermal exposure are not available. 

 

1,3-Dichlorobenzene.  Studies examining the absorption of 1,3-DCB in humans or animals following 

dermal exposure are not available. 

 

1,4-Dichlorobenzene.  No studies were located that specifically address the rate or amount of absorption 

of 1,4-DCB by humans or animals after dermal exposure to 1,4-DCB.  Solid 1,4-DCB produces a burning 

sensation when held closely to the skin for an excessive period of time, but it does not produce irritation 

or systemic effects (Hollingsworth et al. 1956).  In a study of the acute dermal toxicity of 1,4-DCB in 

adult Sherman rats, the dermal LD50 was estimated to be >6,000 mg/kg/day in both sexes (Gaines and 

Linder 1986).  These data do not indicate that 1,4-DCB is absorbed to any extent after dermal exposure; 

dermal exposure to 1,4-DCB is associated with low systemic toxicity in both humans and laboratory 

animals. 
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3.4.2   Distribution  
 

1,2-Dichlorobenzene.  Quantitative data on the distribution of 1,2-DCB in humans are not available.  

1,2-DCB has been detected in the blood (Bristol et al. 1982), urine (Kumagai and Matsunaga 1995, 1997; 

Zenser et al. 1997), and breast milk (Jan 1983; Mes et al. 1986) of humans. 

 

The most comprehensive animal study of the distribution of 1,2-DCB following a single oral 

administration (10 mg/kg) is the study of Hissink et al. (1996a), which followed the distribution of the 

compound in exposed rats for up to 75 hours in 19 tissues, as well as the residual carcass and 

gastrointestinal tract.  The results are presented in Table 3-8.  1,2-DCB was detected in all evaluated 

tissues, but at greatest concentrations in the urinary bladder, kidney, fat, and liver.  Retention half-times 

ranged from 8.7 hours (urinary bladder) to 19.3 hours (brain), with only small levels of activity detectable 

in any tissue at 75 hours postexposure.  In a separate study in the same manuscript, approximately 60% of 

an oral dose was found in the bile, indicating that considerable enterohepatic circulation occurs. 

 

Twenty-two hours after a single intraperitoneal injection in Wistar rats or BALB/c mice, 1,2-DCB was 

found covalently bound to DNA, RNA, and proteins of liver, kidney, lung, and stomach (Colacci et al. 

1990). 

 

1,3-Dichlorobenzene.  Quantitative data on the distribution of 1,3-DCB in humans are not available.  

However, 1,3-DCB has been detected in breast milk (Mes et al. 1986), blood (Bristol et al. 1982), and 

adipose tissue (Jan 1983), suggesting a wide distribution throughout the body. 

 

Data are not available on the distribution of 1,3-DCB following inhalation exposure in animals.  Kimura 

et al. (1983) reported the presence of 1,3-DCB or metabolites in the liver and kidney following oral 

exposure.  Following oral exposure, 1,3-DCB undergoes enterohepatic circulation, as demonstrated by the 

data of Kimura et al. (1992), who identified at least 12 biliary metabolites in rats exposed to 1,3-DCB by 

gavage.  

 

1,4-Dichlorobenzene.  Quantitative data on the distribution of 1,4-DCB in humans are not available.  

However, 1,4-DCB has been detected in the blood (Bristol et al. 1982; Hill et al. 1995), urine (Hill et al. 

1995; Ghittori et al. 1985; Pagnotto and Walkley 1965), adipose tissue (Jan 1983), and breast milk (Jan 

1983) of humans, indicating distribution at least to those tissues.  
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Table 3-8.  Tissue Concentrations (nmol/g tissue) of Radioactivity in Male Wistar 
Rats at Four Time Points after Oral Administration of 10 mg/kg 14C-Labeled 

1,2-Dichlorobenzene in Corn Oil 
 

Tissue 6 hours 15 hours 30 hours 75 hours t1/2 (hours) 
Liver 32.7±3.4 9.4±1.9 3.1±1.1 1.4±0.4 17.0 
Kidney 132.5±107 15.7±4.8 3.8±0.7 1.5±0.4 13.1 
Spleen 8.0±5.3 2.0±0.9 0.59±0.14 0.2±0.07 15.2 
Pancreas 9.5±5.6 2.6±0.9 1.11±0.4 0.26±0.08 14.5 
Lung 6.6±0.6 3.4±0.9 1.02±0.12 0.29±0.11 16.0 
Heart 4.7±0.8 2.6±0.8 0.7±0.08 0.18±0.03 15.1 
Brain 1.1±0.1 0.7±0.08 0.3±0.08 0.08±0.04 19.3 
Skin 18.8±10.9 2.9±1.1 1.11±0.46 0.41±0.12 15.1 
Femur 5.2±2.6 1.3±0.4 0.55±0.18 0.14±0.0 15.1 
Skeletal muscle 4.7±3.1 1.3±0.6 0.45±0.2 0.09±0.04 13.5 
Perirenal fat 33.4±12.1 14.0±2.6 2.18±0.3 0.18±0.03 9.4 
Testis 3.6±0.8 1.9±0.4 1.13±0.9 0.2±0.07 17.2 
Urinary bladder 183±121 17.3±13.6 6.6±6.4 0.32±0.04 8.7 
Stomach 6.5±1.7 1.7±0.2 0.98±0.46 0.16±0.03 14.3 
Small intestine 29.1±9.3 10.7±0.6 3.5±2.4 0.43±0.28 11.6 
Caecum 16.4±4.8 16.7±1.1 2.8±2.2 0.27±0.07 11.1 
Colon 7.5±2.2 12.0±2.4 1.4±0.9 0.20±0.07 12.0 
Plasma 22.3±2.0 8.8±3.0 1.8±0.1 0.41±0.14 12.5 
Red blood cells 9.2±1.0 3.4±0.6 1.6±0.4 0.57±0.22 18.8 
Residual carcass 13±3% 4±2% 1±0.2% 0.3±0.07% No data 
Gastrointestinal tract contents 13±4% 15±4% 2±1% 0.1±0.04% No data 
 
Source:  Hissink et al. 1996a 
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Studies in animals indicate that following absorption, 1,4-DCB is rapidly distributed throughout the body.  

Initially, 1,4-DCB accumulates in adipose tissue, but is not retained long-term.  While distributed rapidly 

throughout the body, studies have demonstrated that very little of a dose of 1,4-DCB remains in tissues 

72 hours postexposure (Hissink et al. 1996b; Klos and Dekant 1994; Umemura et al. 1998). 

 

Following a single 24-hour inhalation exposure in rats, serum concentrations of 1,4-DCB rose sharply 

during the first 6 hours, then slowly for the next 18 hours.  A sharp increase was seen in serum 1,4-DCB 

levels during the first 3 hours postexposure, which decreased rapidly thereafter.  The greatest tissue 

concentrations of 1,4-DCB were found in the fat; concentrations in fat increased rapidly for the first 

12 hours, then leveled off, remaining more or less steady until 6 hours postexposure, at which time they 

declined sharply (Umemura et al. 1990).  Levels in the liver and kidney were approximately equivalent, 

although 10- to 20-fold lower than those in fatty tissues; in both liver and kidney, there was a steady 

increase in 1,4-DCB concentration for the 24 hours of exposure.  In parallel with serum 1,4-DCB levels, 

there was a sharp, unexplained jump in the concentration of 1,4-DCB in both liver and kidney at 3 hours 

postexposure that resolved by 6 hours postexposure; concentrations fell rapidly thereafter.  Following 

single or multiple inhalation exposures to radiolabeled 1,4-DCB, the greatest concentrations of label were 

found in the fat, with levels 10- to 20-fold greater than any other examined tissue (Hawkins et al. 1980).  

In nonfat tissues, the kidney showed the greatest amounts of label, on a per gram of tissue basis, followed 

by the liver, blood plasma, lungs, and muscle (Hawkins et al. 1980). 

 

Following single or multiple oral exposures to radiolabeled 1,4-DCB, the greatest concentrations of label 

were found in the fat, with levels 6- to 15-fold greater than any other examined tissue (Hawkins et al. 

1980).  In nonfat tissues, the kidney showed the greatest amounts of label, on a per gram of tissue basis, 

followed by the liver, blood plasma, lungs, and muscle (Hawkins et al. 1980).  Hissink et al. (1997a) 

reported that after a single oral dose of radiolabeled 1,4-DCB, a steady increase in radiolabel found in the 

blood, and in the plasma compartment, was seen for the first 8–10 hours, after which concentrations 

decreased steadily for the next 40 hours. 

 

Within 12 hours after exposure of male rats to a single oral dose of 1,4-DCB, two sulfur-containing 

metabolites, 2,5-dichlorophenyl methyl sulfoxide, and 2,5-dichlorophenyl methyl sulfone (M2), were 

found in the blood, urine, fat, liver, and kidneys (Kimura et al. 1979).  These metabolites remained in the 

blood after most of the 1,4-DCB had fallen below the detection limits of the assay.  The maximum 

concentration of 2,5-dichlorophenyl methyl sulfoxide in blood was reached 15 hours after dosing and 

declined rapidly thereafter.  For 2,5-dichlorophenyl methyl sulfone, two peaks were detected at 18 and 
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48 hours after dosing, which suggested to the authors that 2,5-dichlorophenyl methyl sulfone might 

undergo enterophepatic circulation.  Changes in the levels of these metabolites in blood and tissues over a 

120-hour period led the authors to suggest that 2,5-dichlorophenyl methyl sulfone might arise from 

2,5-dichlorophenyl methyl sulfoxide. 

 

3.4.3   Metabolism  
 

Fisher et al. (1995) compared the metabolism and toxicity of the DCB isomers in liver slices prepared 

from human donor tissues, and from male Sprague-Dawley and F344 rats.  At 2 and 6 hours, the 

metabolism of 1,4-DCB in human liver slices was similar to that seen in Sprague-Dawley and F344 rats.  

In human and F344 rat liver slices, the metabolism of 1,4-DCB was intermediate to that of 1,3- and 

1,2-DCB at 2 hours; at 6 hours, the metabolism of 1,4-DCB was lower than that of 1,3- or 1,2-DCB.  In 

Sprague-Dawley rats, the hepatic metabolism of 1,4-DCB was greater than that of 1,3- and 1,2-DCB at 

2 hours, while at 6 hours, the metabolism of 1,4-DCB was intermediate to that of 1,3- or 1,2-DCB.  In all 

three species, the metabolism of 1,4-DCB was not linear over time; the amount metabolized at 6 hours 

was only slightly higher than that metabolized after 2 hours.  At both 2 and 6 hours, the amount of 

glucuronide and sulfate conjugates produced from 1,4-DCB was similar across all of the tested species. 

 

1,2-Dichlorobenzene.  The initial step in the metabolism of 1,2-DCB is metabolism by cytochrome 

P-450 isozymes, mainly P4502E1, to an active epoxide.  This epoxide can either react directly with 

cellular components, be conjugated to glutathione or glucuronic acid, or be hydrolyzed to form 

2,3-dichlorophenol or 3,4-dichlorophenol.  The dichlorophenol metabolites can be further metabolized by 

conjugation with glutathione, glucuronic acid, or sulfate, or further oxidized to catechols.  An additional 

oxidation to form dichlorohydroquinone metabolites has also been proposed. 

 

Microsomal studies have implicated cytochrome P-450, and particularly P4502E1, as a major component 

of 1,2-DCB metabolism, resulting in the formation of dichlorophenols, dichlorocatechols, and 

dichlorohydroquinones.  After exposure to 1,2-DCB in rat liver microsomes, dichlorohydroquinone 

metabolites>dichlorophenol metabolites>dichlorocatechol metabolites (den Besten et al. 1992).  

Increasing dose results in a greater formation of dichlorohydroquinone metabolites, with less 

dichlorophenol and dichlorocatechol metabolites, and a greater covalent binding to proteins.  When 

1,2-DCB was added to hepatic microsomes from animals treated with P-450 inducers, the major 

metabolites were dichlorophenols and dichlorohydroquinones (den Besten et al. 1992).  1,2-DCB in this 

system was also metabolized to a species that bound covalently with protein; addition of ascorbic acid 
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decreased the binding to protein by 68% (den Besten et al. 1992).  Microsomes from rats and mice 

pretreated with benzene to induce cytochrome P-450 resulted in greater levels of metabolism of 1,2-DCB, 

both to soluble or covalently-bound products, than in untreated animals (Nedelcheva et al. 1998).  

Addition of diethyldithiocarbamate, a P-450 inhibitor, decreased 1,2-DCB metabolism by ≥90% in both 

normal and pretreated hepatic microsomes from rats and mice, and in normal human liver microsomes. 

 

Addition of glutathione to the reaction mixture containing human or rat microsomes results in 

considerable (50–70%) formation of the glutathione-epoxide conjugate; addition of glutathione 

S-transferase enhances this proportion (Hissink et al. 1996c). 

 

The metabolism of 1,2-DCB by isolated microsomes containing human cytochrome P-450 isozymes is 

accomplished mainly by cytochrome P4502E1 (Hissink et al. 1996a, 1996b).  Incubation of 1,2-DCB 

with microsomes from cells expressing human cytochrome P-450 enzymes indicated that the 

3,4-dichlorophenol was formed in greater amounts than the 2,3-dichlorophenol, and that in both cases, 

cytochrome P4502E1 was the most active isozyme (Bogaards et al. 1995). 

 

Experiments using rat and human liver slices have detected the presence of sulfatase, glucuronide, and 

glutathione/cysteine conjugates following exposure to 1,2-DCB (Fisher et al. 1990, 1995).  Covalent 

binding of 1,2-DCB metabolites to proteins has also been shown in experiments using rat and liver slices 

(Fisher et al. 1990, 1995). 

 

Fisher et al. (1990) reported that in rat liver slices, the majority (>70%) of 1,2-DCB was found conjugated 

to glutathione, or as a cysteine conjugate, with only small amounts of the glucuronide or sulfate detected; 

only the conjugation status of the metabolite was reported.  In human liver slices, the pattern was 

different, with approximately equal distribution of glucuronide and glutathione conjugates, and only 

minor amounts of the sulfate.  Human liver slices metabolized approximately 50% more 1,2-DCB than 

did slices from F344 rats, and approximately 4-fold as much as slices from Sprague-Dawley rats (Fisher 

et al. 1995).  Human liver slices formed 7–30-fold greater levels of glucuronide conjugates, 1.5–2-fold 

more sulphatase conjugates, and 1.5–2-fold more glutathione/cysteine conjugates of 1,2-DCB than rat 

liver slices (Fisher et al. 1995).  Human fetal liver slices metabolized 1,2-DCB only about 10% as much 

as adult liver, and did so predominantly with conjugation to glutathione-S-transferase (GSH) (Fisher et al. 

1990). 
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Azouz et al. (1955) identified urinary metabolites of 1,2-DCB in rabbits exposed to a single in vivo dose; 

2,3- and 3,4-dichlorophenol were detected, as were considerable levels of glucuronide and sulfate 

conjugates; the presence of dihydroquinone metabolites was not reported.  Pretreatment of F344 rats with 

inducers of cytochrome P-450 (phenobarbital, β-naphthoflavone, or pyridine) resulted in an increased 

toxicity of intraperitoneal 1,2-DCB while treatment with piperonyl butoxide, a P-450 inhibitor, reduced 

the toxicity of 1,2-DCB (Valentovic et al. 1993b).  Evidence for binding of 1,2-DCB or its metabolites to 

glutathione includes the depletion of hepatic glutathione following a single intraperitoneal injection of 

3.6 mmol/kg of 1,2-DCB in F344 or SD rats (Younis et al. 2000); depletion was nearly complete at 

8 hours postinjection, and remained nearly complete at 12 hours postinjection.  Fischer 344 rats recovered 

by 24 hours postinjection, but SD rats remained depleted. 

 

Kumagai and Matsunaga (1995, 1997) reported that in occupationally-exposed humans, conjugated 

urinary metabolites of 1,2-DCB consisted of 3,4- and 4,5-dichlorocatechol and 2,3- and 

3,4-dichlorophenol; there was a linear correlation between exposure concentration and the levels of these 

four metabolites in the urine. 

 

1,3-Dichlorobenzene.  Data on the metabolism of 1,3-DCB are less available than for the other two 

isomers of DCB.  However, the available studies indicate that 1,3-DCB is metabolized by cytochrome 

P-450 to an epoxide and later to a dichlorophenol, followed by considerable secondary metabolism, 

similar to 1,2- and 1,4-DCB.   

 

Fisher et al. (1990) reported that in rat liver slices, the majority (~70%) of 1,3-DCB was found conjugated 

to glutathione, or as a cysteine conjugate, with only small amounts of the glucuronide or sulfate detected.  

In human liver slices, the pattern was different, with approximately equal distribution (~40% each) of 

glucuronide and glutathione conjugates, and ~20% of the metabolites as the sulfate.   

 

Human liver slices metabolized greater amounts of 1,3-DCB than did slices from F344 or Sprague-

Dawley rats (Fisher et al. 1995).  Human liver slices formed 2–9-fold greater levels of glucuronide 

conjugates, 1–4-fold greater levels of sulphatase conjugates, and 1–4-fold greater levels of 

glutathione/cysteine conjugates of 1,3-DCB than rat liver slices (Fisher et al. 1995). 

 

Following in vivo exposure of rats to 1,3-DCB, the major sulfur-containing metabolites in the urine were 

2,4- and 3,5-dichlorophenyl methyl sulfoxides and 3,5- and 2,4-dichlorophenyl methyl sulfones (Kimura 

et al. 1983).  Kimura et al. (1992) identified 18 different biliary metabolites in rats exposed to a single 
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dose of 1,3-DCB; these were all heavily conjugated dichlorophenyl metabolites, with evidence of both 

mono- and diol formation, but no conjugated quinone derivatives.   

 

Parke and Williams (1955) reported that following administration of 1,3-DCB to rabbits, the major 

urinary metabolites were 3,5-dichlorophenol and 2,4-dichlorophenol; the urine also contained 

2,4-dichlrophenylmercapturic acid. 

 

1,4-Dichlorobenzene.  In general, the basic steps in metabolism of 1,4-DCB are similar to those of the 

other DCB isomers.  The initial metabolic step is oxidation by cytochrome P-450, primarily P4502E1, to 

an epoxide and further to 2,5-dichlorophenol.  The dichlorophenol may be further oxidized to 

dichlorocatechols, or possibly a dichlorohydroquinone, or may be conjugated by several phase II 

metabolism pathways.  Support for the cytochrome P-450-mediated oxidation of 1,4-dichlorophenol, and 

subsequent conjugation reactions, comes from studies in isolated microsomes, liver slices, and exposures 

in vivo.   

 

Analysis of the urine specimens of a 3-year-old boy who had been playing with 1,4-DCB yielded 

2,5-dichlorophenol as well as four other unidentified phenols.  These compounds were shown to be 

conjugated with glucuronic and sulfuric acids (Hallowell 1959). 

 

After treatment of F344 rats with 1,4-DCB, the major biotransformation reaction is P-450-dependent 

oxidation to 2,5-dichlorophenol, which is then primarily conjugated to sulphate or glucuronic acid and 

eliminated in the urine (Hissink et al. 1996b; Klos and Dekant 1994); mercapturic acids were also 

identified in the urine of exposed rats.  Following a single oral exposure of 1,4-DCB to male Wistar rats, 

the main sulfur-containing metabolites found in the urine were 2,5-dichlorophenyl methyl sulfoxide (M1) 

and 2,5-dichlorophenyl methyl sulfone (M2); levels of M2 in the blood were greater, and more persistant, 

following a single oral dose of 1,4-DCB (Kimura et al. 1979).   

 

Hissink et al. (1997a) exposed male Wistar rats to 0, 10, 50, or 250 mg/kg of 1,4-DCB.  Approximately 

90% of the DCB was metabolized to the 2,5-dichlorophenol, which was detected in the urine as its sulfate 

(50–60%), glucuronide (20–30%), and the free form (5–10%); in the bile, the major metabolite was the 

glucuronide of 2,5-dichlorophenol.  The remaining metabolites consisted of N-acetyl-cysteine-S-dihydro-

hydroxy-1,4-DCB and N-acetyl-cysteine-S-1,4-DCB.  No evidence for the formation of hydroquinones 

was seen, even under conditions of induced oxidative metabolism.   

 



DICHLOROBENZENES  214 
 

3.  HEALTH EFFECTS 
 
 

 
 
 
 
 

Following oral administration to Chinchilla rabbits, 1,4-DCB was also oxidized, principally to 

2,5-dichlorophenol.  A very high percentage of this metabolite was eliminated in the urine as conjugates 

of glucuronic or sulfuric acids (Azouz et al. 1955).  Sulfur metabolites (methyl sulfides and methyl 

sulfones) of 2,5-dichlorophenol have been shown to induce cytochrome P450 activity (Kimura et al. 

1983). 

 

Fisher et al. (1990) reported that in rat liver slices, the majority (>60%) of 1,4-DCB was found conjugated 

to glutathione, or as a cysteine conjugate, with small amounts of the sulfate detected as well (~10% of 

total metabolites).  In human liver slices, the pattern was different, with glutathione still being the 

predominant metabolite (~55%), but with an approximately equal distribution of glucuronide and sulfate 

conjugates (22–24%).  In a later study, Fisher et al. (1995) reported that the total metabolism of 1,4-DCB 

was similar in liver slices from F344 rats, Sprague-Dawley rats, and humans.  Human liver slices formed 

greater levels (~20–50%) of glucuronide conjugates of 1,4-DCB than rat liver slices; levels of formation 

of sulphatase and glutathione conjugates were similar in rats and humans (Fisher et al. 1995). 

 

After a single exposure to 1,4-DCB in rat liver microsomes, dichlorohydroquinone metabolites were 

formed at greater levels than dichlorophenol metabolites, which in turn were more prevalent than 

dichlorocatechol metabolites (den Besten et al. 1992).  Increasing the concentration does not change the 

percent formation of 2,5-dichlorohydroquinone, but decreases the formation of dichlorophenols in favor 

of increased covalent binding to proteins.  Hissink et al. (1997b) reported that incubation of 1,4-DCB with 

microsomes of rat or mouse liver, in the presence of glutathione but lacking ascorbic acid or glutathione 

transferase enzymes, resulted primarily in the formation of S-glutathionyl-dichlorocatechol metabolites, 

2,5-dichlorophenol, and 2,5-dichlorohydroquinone; rats appeared to be more efficient at forming a 

glutathione conjugate of the 2,3-epoxide than did mice, and formed less unconjugated 2,5-dichlorophenol 

and 2,5-dichlorhydroquinone.   

 

Incubation of 1,4-DCB with microsomes from cells expressing human cytochrome P-450 enzymes 

indicated that the 2,5-dichlorophenol was the only isomer formed, and that cytochrome P4502E1 was the 

most active isozyme in its formation (Bogaards et al. 1995; Hissink et al. 1996a, 1996b).  In human 

microsomes, metabolism of 1,4-DCB was lower than in rodents, with 2,5-dichlorophenol as the major 

metabolite, even in the presence of added GSH (Hissink et al. 1997b).  Using cell lines expressing 

individual human cytochrome P-450 isozymes, it was revealed that CYP2E1, and not 1A1, 1A2, 2B6, 

2C9, 2D6, 2A6, or 3A4, participated in 1,4-DCB metabolism. 
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Addition of diethyldithiocarbamate, a P-450 inhibitor, decreased 1,2-DCB metabolism by ≥90% in both 

normal or pretreated hepatic microsomes from rats and mice, and in normal human liver microsomes 

(Nedelcheva et al. 1998), providing additional evidence for the involvement of cytochrome P-450 in 

1,4-DCB metabolism.  

 

3.4.4   Elimination and Excretion  
 

1,2-Dichlorobenzene.  Following absorption, 1,2-DCB is eliminated primarily in the urine of both 

humans and animals, as metabolites rather than as the parent compound.  Studies have detected the 

metabolites of 1,2-DCB in the urine of occupationally exposed humans (Kumagai and Matsunaga 1995, 

1997; Zenser et al. 1997).  While a linear correlation between airborne concentration and urinary 

metabolite levels has been demonstrated, a quantitative assessment of the percent urinary elimination has 

not been determined. 

 

Quantitative data on elimination of 1,2-DCB comes from the study of Hissink et al. (1996a), which 

reported that following a single oral exposure to radiolabeled 1,2-DCB, 75–84% of the activity was 

detected in the urine 175 hours postexposure, with 7–16% being detected in the feces.  Azouz et al. 

(1955) has also reported the elimination of 1,2-DCB and metabolites in the urine of exposed animals, 

although quantitative assessments of elimination were not presented. 

 

1,3-Dichlorobenzene.  Data on the elimination of 1,3-DCB in humans are not available. 

 

Following a single dose of 1,3-DCB in rabbits, 50–75% of the compound was detected as urinary 

metabolites, indicating that the major route of elimination for 1,3-DCB is via the urine (Parke and 

Williams 1955).  Kumura et al. (1984) also reported the presence of urinary metabolites of 1,3-DCB, 

although quantitative data were not presented.  Additional data on the elimination of 1,3-DCB are not 

available. 

 

1,4-Dichlorobenzene.  Quantitative data on the elimination of 1,4-DCB in humans are not available.  

However, metabolites of 1,4-DCB have been detected in the urine of exposed humans (Ghittori et al. 

1985; Hill et al. 1995; Pagnotto and Walkley 1965), demonstrating the urinary elimination of 1,4-DCB in 

humans. 
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Animal studies of 1,4-DCB elimination have demonstrated that the compound is eliminated mainly in the 

urine, regardless of exposure route; elimination occurs in the form of metabolites, rather than as the parent 

compound.  Male Wistar rats given single oral doses of 10, 50, or 250 mg/kg of 14C-1,4-DCB excreted the 

majority of 14C derived from 1,4-DCB in the urine as either the sulfate conjugate (60%) or the 

glucuronide (30%).  Bile contained 5 and 30% of the total radioactivity after the low and high doses, 

respectively.  Only minor amounts of mercapturic acid were found (Hissink et al. 1996b).  In a later study, 

Hissink et al. (1997a) reported that following a single oral dose of 1,4-DCB in male Wistar rats, 75–85% 

of the dose was recovered in the urine, with only 2–5% being detected in the feces; clearance half-times 

did not vary with increasing dose level.  Biliary excretion was dose-related, ranging from <5% at 

10 mg/kg to 30% at 250 mg/kg (Hissink et al. 1997a).  In male and female F344 rats administered a single 

dose of 900 mg/kg/day 14C-1,4-DCB by gavage in corn oil, the excretion of radioactivity in the urine 

reached a peak in both males and females between 24 and 36 hours after dosing.  Seventy-two hours after 

dosing, 41.3 and 3.6% of the dose was found in the urine and feces, respectively, of males; corresponding 

values in the urine and feces of females were 41.3 and 3.6% (Klos and Dekant 1994).  Following oral or 

inhalation exposure in rats, levels of 1,4-DCB and its metabolites decreased only slightly over the first 

8 hours postexposure in the liver, kidneys, fat, and plasma, but then fell rapidly and were nearly 

undetectable 120 hours after the final exposure (Hawkins et al. 1980).  Elimination was primarily urinary, 

with 97% of the total recovered label found in the urine (Hawkins et al. 1980).  Elimination in the expired 

air was negligible, being 1% of the total or less (Hawkins et al. 1980). 

 

3.4.5   Physiologically Based Pharmacokinetic (PBPK)/Pharmacodynamic (PD) Models  
 

Physiologically based pharmacokinetic (PBPK) models use mathematical descriptions of the uptake and 

disposition of chemical substances to quantitatively describe the relationships among critical biological 

processes (Krishnan et al. 1994).  PBPK models are also called biologically based tissue dosimetry 

models.  PBPK models are increasingly used in risk assessments, primarily to predict the concentration of 

potentially toxic moieties of a chemical that will be delivered to any given target tissue following various 

combinations of route, dose level, and test species (Clewell and Andersen 1985).  Physiologically based 

pharmacodynamic (PBPD) models use mathematical descriptions of the dose-response function to 

quantitatively describe the relationship between target tissue dose and toxic end points.   

 

PBPK/PD models refine our understanding of complex quantitative dose behaviors by helping to 

delineate and characterize the relationships between:  (1) the external/exposure concentration and target 

tissue dose of the toxic moiety, and (2) the target tissue dose and observed responses (Andersen and 
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Krishnan 1994; Andersen et al. 1987).  These models are biologically and mechanistically based and can 

be used to extrapolate the pharmacokinetic behavior of chemical substances from high to low dose, from 

route to route, between species, and between subpopulations within a species.  The biological basis of 

PBPK models results in more meaningful extrapolations than those generated with the more conventional 

use of uncertainty factors.   

 

The PBPK model for a chemical substance is developed in four interconnected steps:  (1) model 

representation, (2) model parameterization, (3) model simulation, and (4) model validation (Krishnan and 

Andersen 1994).  In the early 1990s, validated PBPK models were developed for a number of 

toxicologically important chemical substances, both volatile and nonvolatile (Krishnan and Andersen 

1994; Leung 1993).  PBPK models for a particular substance require estimates of the chemical substance-

specific physicochemical parameters, and species-specific physiological and biological parameters.  The 

numerical estimates of these model parameters are incorporated within a set of differential and algebraic 

equations that describe the pharmacokinetic processes.  Solving these differential and algebraic equations 

provides the predictions of tissue dose.  Computers then provide process simulations based on these 

solutions.   

 

The structure and mathematical expressions used in PBPK models significantly simplify the true 

complexities of biological systems.  If the uptake and disposition of the chemical substance(s) are 

adequately described, however, this simplification is desirable because data are often unavailable for 

many biological processes.  A simplified scheme reduces the magnitude of cumulative uncertainty.  The 

adequacy of the model is, therefore, of great importance, and model validation is essential to the use of 

PBPK models in risk assessment. 

 

PBPK models improve the pharmacokinetic extrapolations used in risk assessments that identify the 

maximal (i.e., the safe) levels for human exposure to chemical substances (Andersen and Krishnan 1994).  

PBPK models provide a scientifically sound means to predict the target tissue dose of chemicals in 

humans who are exposed to environmental levels (for example, levels that might occur at hazardous waste 

sites) based on the results of studies where doses were higher or were administered in different species.  

Figure 3-6 shows a conceptualized representation of a PBPK model. 

 

If PBPK models for dichlorobenzenes exist, the overall results and individual models are discussed in this 

section in terms of their use in risk assessment, tissue dosimetry, and dose, route, and species 

extrapolations. 
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Figure 3-6.  Conceptual Representation of a Physiologically Based 
Pharmacokinetic (PBPK) Model for a  

Hypothetical Chemical Substance 
 

 
 
Source:  adapted from Krishnan et al. 1994 
 
Note:  This is a conceptual representation of a physiologically based pharmacokinetic (PBPK) model for a 
hypothetical chemical substance.  The chemical substance is shown to be absorbed via the skin, by inhalation, or by 
ingestion, metabolized in the liver, and excreted in the urine or by exhalation. 
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PBPK models are available for 1,2-DCB in rats and humans (Hissink et al. 1997b).  No PBPK models 

have been developed for 1,3- or 1,4-DCB. 

 

The rat and human PBPK models for 1,2-DCB were developed for oral exposure and do not include 

respiratory or dermal portals of entry (Hissink et al. 1997b).  Both models have four compartments 

connected by blood flows:  rapidly perfused tissues including the lung, kidneys, and spleen; slowly 

perfused tissues comprising muscle and skin; fat; and the liver, the only compartment in which 

metabolism is assumed to take place.  The models assume that gastrointestinal tract uptake proceeds as a 

dose-dependent first-order kinetic process in which 1,2-DCB is deposited directly in the liver.  For each 

of the nonmetabolizing compartments, differential equations describe the influx and efflux of 1,2-DCB.  

Equations are also used for the liver compartment to accounted for 1,2-DCB metabolism and reduced 

glutathione (GSH) synthesis, turnover, and consumption.  Physiologic parameters, partition coefficients, 

biochemical parameters, and absorption rate constants used in the models are shown in Table 3-9.  

Absorption rate constants were estimated by fitting of the parameters to data for rats exposed to 5, 50, or 

250 mg/kg 1,2-DCB. 

 

Metabolism in the model is described as the initial, P-450-mediated, saturable formation of an epoxide, 

followed by epoxide transformation via three competing pathways that are assumed to independently 

follow pseudo first-order kinetics (i.e., are non-saturable):  (1) conversion into dichlorophenol; 

(2) covalent binding to cellular macromolecules; and (3) conjugation with GSH.  Michaelis-Menten 

constants, Vmax and Km, for the saturable cytochrome-P-450 oxidation of 1,2-DCB were initially 

estimated (in units of nmol/min-mg protein) from in vitro experiments with rat and human liver 

microsomes (Table 3-9).  Scaling for use in the models assumed rat and human values of 45 and 77 mg 

microsomal protein/g liver, respectively.  However, in order to obtain adequate fits to rat data for blood 

concentrations of parent material or total amount of metabolites, a “best-fit” Vmax value of 17 µmol/hour 

was used, along with the in vitro Km of 4.8 µM (Table 3-9).  This “best-fit” value was about 4-fold higher 

than the rat in vitro Vmax scaled to units of µmol/hour (4.3 µmol/hour; see Table 3-9).  Based on the rat 

data analysis, a factor of four was used to derive a “best-fit” Vmax value of 10,840 µmol/hour from the 

human in vitro Vmax (2,742 µmol/hour; see Table 3-9).  The ratio of rate constants for the three epoxide-

transforming pathways in rats (5:30:65) was estimated based on the relative amounts of in vitro covalent 

binding (5%), in vitro and in vivo dichlorophenol formation (25 and 30%), and in vitro and in vivo GSH 

conjugation (70 and 60%).  For the rat model, the first-order rate constant for covalent binding was 

arbitrarily set at 50 hour-1; the resultant constants for dichlorophenol formation and GSH conjugation  
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Table 3-9.  Parameters in PBPK Models for 1,2-Dichlorobenzene 
 

Parameter Rat Human 
Physiologic parameters (as per Gargas et al. 1986) 
Body weight (kg) 0.258 70 
Percentages of body weight   
 Liver 4 3.14 
 Fat 7 23.1 
 Rapidly perfused 5 2.66 
 Slowly perfused 75 62.1 
Flows (L/hour) [QC or QP= 15 L/hour (body weight)0.74]  
 Cardiac output (QC) 5.50 348.0 
 Alveolar ventilation (QP) 5.50 348.0 
Percentages of cardiac output   
 Liver 25 25 
 Fat 9 9 
 Rapidly perfused 51 51 
 Slowly perfused 15 15 
Partition coefficients 
[calculated by methods of Droz et al. (1989) based on water:air, oil:air, and blood:air partition 
coefficients] 
Blood:air 423 423 
Liver:blood 2.7 2.7 
Fat:blood 66.4 66.4 
Rapidly perfused:blood 2.7 2.7 
Slowly perfused:  blood 1.3 1.3 
Biochemical parameters 
1,2-Dichlorobenzene oxidation 
 Vmax (nmol/min-mg) (in vitro derived) 0.142 (4.3 µmol/hour) 0.27 (2,742 µmol/hour) 
 Km (µM) (in vitro derived) 4.8 7.5 
 Vmax (µmol/hour) (“best-fit” values) 17 10,840 
GSH conjugation of epoxide (hour-1) 650 650 
Formation of dichlorophenol (hour-1) 300 360 
Formation of reactive metabolites (hour-1) 50 5 
GSH turnover rate (hour-1) 0.14 0.14 
Absorption rate constants 
(estimated by fitting parameters to data for rats at indicated dose levels) 
Ka (hour-1) 
 5 mg/kg 0.5 No data 
 50 mg/kg 0.18 No data 
 250 mg/kg 0.06 0.06 
 
Source:  Hissink et al. 1997b 
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were 300 and 650 hour-1, respectively (Table 3-9).  In vitro data with human microsomes similarly formed 

the basis of the rate constants for these pathways:  5 hour-1 for covalent binding, 360 hour-1 for 

dichlorophenol formation, and 650 hour-1 for GSH conjugation (Table 3-9).  A GSH turnover rate of 

0.14 hour-1, determined in another study with rats (Potter and Tran 1993), was used in both the rat and 

human models (see Table 3-9). 

 

The rat model was used to predict hepatic concentrations of covalently bound metabolites following an 

oral dose of 250 mg/kg 1,2-DCB that was expected to be toxic to the liver (Hissink et al. 1997b).  The 

hepatic concentration in rats, 24 hours after dosing, was 1,459 µM.  Versions of the human model using 

different Vmax values predicted that this administered dose level produced much lower hepatic 

concentrations of covalently bound metabolites in humans.  Increasing the human in vitro-derived Vmax 

values by a factor of 10 did not increase the predicted human hepatic concentrations, 24 hours after 

dosing, to a value above about 240 µM.  Therefore, the models predicted that equivalent administered 

doses in rats and humans would produce rat hepatic concentrations of covalently bound metabolites that 

are at least 6-fold higher in rats than humans. 

 

The PBPK models were also used to predict hepatic concentrations of GSH (expressed as a percentage of 

an assumed baseline concentration of 6.5 mM) following an oral dose of 250 mg/kg 1,2-DCB (Hissink et 

al. 1997b).  The rat model predicted that maximum depletion of GSH (about 70% depletion) occurred at 

15 hours after dosing with 250 mg/kg.  In contrast, the human model (using a Vmax value of 

10,840 µmol/hour; see Table 3-9) predicted that maximum depletion of GSH (essentially 100% depletion) 

occurred at 10 hours after dosing.  The models therefore predicted that humans may be more susceptible 

to 1,2-DCB depletion of hepatic GSH levels than are rats.  Hissink et al. (1997b) noted that (1) if 

depletion of GSH is the only factor involved in acute 1,2-DCB hepatotoxicity, the models predict that 

humans may be more susceptible than rats at the same administered dose levels, and (2) if covalent 

binding of reactive metabolites is the critical factor, humans may be less susceptible to 1,2-DCB acute 

hepatotoxicity than rats.  However, at present, the majority of parameters of the human model are based 

on direct scaling from the rodent data, rather than having been calibrated and validated using human data.  

Because the predictive ability of the human model has not been established, its usefulness is unclear.   
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3.5   MECHANISMS OF ACTION  

3.5.1   Pharmacokinetic Mechanisms  
 

Absorption.    Quantitative inhalation, oral, or dermal absorption studies in humans are not available for 

1,4-DCB.  In the few studies available in laboratory animals, absorption was demonstrated to occur 

during a 3-hour inhalation exposure to 1,000 ppm of 1,4-DCB (Hawkins et al. 1980) as evidenced by 

accumulation of 14C in liver, kidney, plasma, and adipose tissue.  No studies were located that described 

the absorption characteristics of 1,4-DCB after oral exposure; however, given the structural and 

physicochemical similarity to benzene, oral absorption is thought to be at or near 100% (EPA 1987a; 

Hawkins et al. 1980).  A study assessing dermal absorption reported a dermal LD50 of >6,000 mg/kg/day 

in rats (Gaines and Linder 1986).  Given the physicochemical properties, similarity to benzene, and lipid-

soluble properties of 1,4-DCB, absorption by the inhalation, oral, and dermal routes of exposure is most 

likely by simple diffusion across cellular lipid membranes.  No information is available that describes 

site-specific absorption within the respiratory tract (nasal epithelial absorption as opposed to alveolar 

absorption) or in the gastrointestinal tract.  

 

Distribution.    Quantitative inhalation, oral, or dermal distribution studies in humans are not available 

for 1,4-DCB.  1,4-DCB has been detected in human blood, adipose tissue, and breast milk after an 

assumed inhalation exposure in Tokyo residents (Morita and Ohi 1975; Morita et al. 1975), as well as 

people in some parts of the United States (EPA 1983b, 1986f).  The available data indicate that after 

inhalation, oral, and subcutaneous exposure, 1,4-DCB preferentially distributes to the fat tissue and 

organ-specific sites within the body (Hawkins et al. 1980), following the order:  adipose > kidney > liver 

> blood (Charbonneau et al. 1989b; Hawkins et al. 1980).  Although 1,4-DCB is originally distributed 

primarily to adipose tissue, significant amounts of 1,4-DCB are not retained in that tissue after exposure 

ceases.  Regardless of exposure route, most of the 1,4-DCB falls to near- or below-detectable assay limits 

in all tissues of the body except adipose tissues 48–72 hours after exposure, depending on the dose 

(Charbonneau et al. 1989b; Kimura et al. 1979).  1,4-DCB was detected in adipose tissue at 120 hours 

after exposure (Charbonneau et al. 1989b).  In the kidney, 50% of the 1,4-DCB appears to localize within 

the cytosol in male F344 rats (Charbonneau et al. 1987).  1,4-DCB also does not appear to bind to tissue 

proteins (Klos and Dekant 1994). 

 

Metabolism/Excretion.    Quantitative inhalation, oral, or dermal metabolism and excretion studies in 

humans are not available for 1,4-DCB.  One case study involving a 3-year-old boy who may have 

ingested 1,4-DCB reported the presence of 2,5-dichlorophenol in the urine (Hallowell 1959).  Several 
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laboratory animal studies have indicated that 1,4-DCB is metabolized by phase I metabolism to 2,5-di-

chlorophenol (probably by cytochrome P-450), which then undergoes phase II metabolism/conjugation to 

the glucuronide or sulfate (Azouz et al. 1955; Hawkins et al. 1980; Hissink et al. 1996a; Kimura et al. 

1979; Klos and Dekant 1994).  Minor amounts of 2,4-dichlorohydroquinone may also be present (Klos 

and Dekant 1994).  Metabolism occurs in the liver.  None of the detected metabolites have been reported 

to be associated with the toxic effects seen with 1,4-DCB.  Metabolites are excreted mostly in the urine 

(Azouz et al. 1955; Hissink et al. 1996a; Kimura et al. 1979); however, some metabolites (mainly the 

glucuronide conjugate) may also be excreted in the bile and feces (Hissink et al. 1996a).  The role of 

enterohepatic circulation in the metabolism and excretion of metabolites is not completely known; 

however, it has been suggested that enterohepatic circulation may occur with some sulfated metabolites 

(Kimura et al. 1979).  This phase I and II metabolic pathway mechanism (see below) seems plausible, in 

that other chemicals with similar (halogenated- and lipid-soluble) physicochemical properties undergo 

very similar metabolic routines to become more water-soluble and excreted.  The data suggest that 

metabolism and excretion are similar in several species.  It is likely that human metabolic pathways are 

similar, if not identical, to those established in laboratory animals. 

 

3.5.2   Mechanisms of Toxicity  
 

The precise mechanism of 1,4-DCB oxidation to 2,5-dichlorophenol has not thoroughly been 

investigated.  1,4-DCB is known to be metabolized by cytochrome P-450 (Azouz et al. 1955; Hawkins et 

al. 1980) in order to be presented to phase II metabolic pathways to increase its water solubility for 

excretion.  A proposed metabolic pathway involving cytochrome P-450 with intermediate formations of 

metabolites has been outlined for 1,4-DCB (Den Besten et al. 1992).  No information was available 

regarding specific or altered mechanisms of action for 1,4-DCB in children.  The hepatotoxicity and 

nephrotoxicity observed in laboratory animals are likely due to the formation of toxic intermediates 

formed while converting 1,4-DCB to 2,5-dichlorophenol by cytochrome P-450, or by depletion of GSH at 

higher doses of 1,4-DCB, or both.  Some indirect evidence of this was provided by Mizutani et al. (1994).  

In mice pretreated with DL-buthionine sulfoximine (BSO), a glutathione synthesis inhibitor, a single dose 

of 300 mg/kg 1,4-DCB caused significant elevations of ALT and liver calcium, both peaking between 

24 and 32 hours after dosing and declining thereafter, indicative of hepatic damage.  Necrotic changes 

were observed at those times as well as hemorrhage, fatty changes, and appearance of altered eosinophilic 

cells.  A single 1,200 mg/kg dose of 1,4-DCB did not significantly alter ALT or liver calcium, but doses 

of 100 mg/kg or higher in mice pretreated with BSO produced dose-related alterations in these 

parameters.  Increasing cellular GSH with GSH monoethyl ester protected the liver from the combination 
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of 1,4-DCB and BSO.  In addition, pretreatment with microsomal cytochrome P-450-dependent 

monooxygenase inhibitors also protected the liver from the combined toxicity of 1,4-DCB and BSO.  

Pretreatment with the P-450 inducer beta-naphthoflavone did not significantly alter the effect of 1,4-DCB 

plus BSO.  Pretreatment with phenobarbital partially blocked the effect of 1,4-DCB plus BSO on ALT 

and completely prevented the increase in liver calcium.  PCBs prevented the effect on both ALT and liver 

calcium.  Treatment with BSO alone or in combination with 1,4-DCB (300 mg/kg) greatly decreased 

hepatic GSH concentration, the effect being more pronounced with the combination.  1,4-DCB alone had 

no such effect.  Depletion of GSH also has been reported to increase the toxicity of 1,4-DCB in rats (Stine 

et al. 1991).  The data provide a strong indication that the mechanism behind the hepatic (and probably 

renal) toxicity of 1,4-DCB lies in the intermediate steps of metabolite formation and conjugation by 

cytochrome P-450.  Formation of 2,5-dichlorophenol from 1,4-DCB via cytochrome P-450 metabolism 

likely produces some intracellular, intermediate metabolite(s) that are also hepatotoxic when sufficient 

amounts accumulate intracellularly.  These yet unidentified metabolites are detoxified by GSH, but when 

GSH depletion occurs, which is likely to occur at higher oral doses, toxicity is enhanced.  Hepatocytes 

respond to these insults by releasing intracellular enzymes (Carlson and Tardiff 1976; Umemura et al. 

1996), degeneration, vacuolation (Eldridge et al. 1992; NTP 1987; Rimington and Ziegler 1963), 

necrosis, and increases in gross liver weight (Hollingsworth et al. 1956; Riley et al. 1980a).  However, 

these changes are not specific to 1,4-DCB and likely occur in a dose-responsive manner.  At lower doses, 

cellular proliferation in the liver in the absence of these toxic-type responses has been observed (Eldridge 

et al. 1992; Umemura et al. 1996); however, the mechanism behind this response needs to be more clearly 

defined.  Exposure to 1,4-DCB likely follows similar metabolic pathways in the kidneys and would be 

responsible for the toxicity (increased organ weight, tubular degeneration, nephropathy) observed in that 

organ, and may also be linked to the known formation of cancer-linked α2µ-globulin in male rats.  

 

The metabolism of 1,4-DCB could involve the formation of an arene oxide intermediate, as has been 

proposed to occur in the oxidative metabolism of many halogenated aromatic hydrocarbons (Jerina and 

Daly 1974).  1,4-DCB has not been shown to be mutagenic in microbial or mammalian systems, a result 

that may be viewed as further suggestive evidence that an arene oxide intermediate is not involved in its 

metabolism. 

 

1,4-DCB has also been reported to produce hematological effects associated with exposure in humans and 

laboratory animals.  These findings have been limited to red and white blood cell anomalies (NTP 1987) 

in rats and mice, and may take place within the bone marrow at the time of red and white cell formation, 

although a precise and careful mechanism behind this finding has not been produced.  Acute hemolytic 



DICHLOROBENZENES  225 
 

3.  HEALTH EFFECTS 
 
 

 
 
 
 
 

anemia and methemoglobinemia reportedly occurred in a 3-year-old boy who had played with, and 

possibly ingested, 1,4-DCB crystals (Hallowell 1959).  A 21-year-old pregnant woman who had eaten 1–

2 blocks of 1,4-DCB toilet air freshener per week throughout pregnancy developed severe microcytic, 

hypochromic anemia with excessive polychromasia and marginal nuclear hypersegmentation of the 

neutrophils.  Heinz bodies were seen in a small number of the red cells.  After she discontinued this 

practice (at about 38 weeks of gestation), her hemoglobin levels began to rise steadily.  The mechanism 

behind these findings in the human exposures is unknown, but it appears that 1,4-DCB may have some 

local effect on the hemoglobin content of the red blood cell (hemolysis, methemoglobinemia, Heinz 

bodies).  These are rare events in humans and only occur at very high exposure doses in laboratory 

animals.  The clinical finding of Heinz-body formation in red blood cells and methemoglobinemia 

suggest that some form of oxidative stress is occurring to produce these findings, although the 

mechanisms behind these end points are not known.  While there may not be any direct evidence, it is not 

unreasonable to suspect that oxidant metabolites of 1,4-DCB may inhibit glucose-6-phosphate 

dehydrogenase (G6PD), as do metabolites of aniline, leading to Heinz body production, 

methemoglobinemia, and hemolysis (Trieff et al. 1993).  The effect on the red and white blood cell 

production processes in the bone marrow (anemia, polychromasia) is quite likely an effect related to 

blood loss associated with bleeding from esophageal varices which form secondary to liver cirrhosis.   

 

3.5.3   Animal-to-Human Extrapolations  
 

No studies were identified that specifically addressed the use of animal data applied to human exposure 

issues specifically related to 1,4-DCB.  No physiologically based pharmacokinetic models are available to 

estimate risk associated with human exposure to 1,4-DCB.  It is difficult to compare the toxicity of 

1,4-DCB in laboratory animals to the toxicity observed in humans, since little reliable human data are 

available for examination (see Section 3.2).  From the little data available, it appears that humans do have 

the potential to exhibit the same toxicological features of 1,4-DCB toxicosis as demonstrated or observed 

in the laboratory animal models studied.  Although the mechanisms have not been outlined, human 

hematological responses (Campbell and Davidson 1970) and liver responses (Hallowell 1959) to 

1,4-DCB have been similar to the responses of laboratory animals tested (Hollingsworth et al. 1956; NTP 

1987).  (However, the human hematological responses were vague and quite possibly unrelated.)  

Although the data are not sufficient to make direct comparisons, the possibility strongly exists that human 

responses may be similar to those of laboratory animals, and animal data should be taken into 

consideration until better human data become available.  With the exception of the α2µ-globulin 

observation in the male rat kidney (Bomhard et al. 1988), all of the detoxication pathways present in the 
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laboratory animal models are present in humans.  This means that humans are likely to detoxify 1,4-DCB 

in a similar or identical manner to that of the laboratory animals, and suggests that humans are susceptible 

to the liver and possibly the renal lesions outlined for the laboratory animals studied (see Section 3.5.2).  

Due to the lack of acceptable dosing and exposure data in humans, it is not possible at present to 

definitively determine the magnitude of these human toxicological responses, the dose-response 

relationship, or whether humans are more or less susceptible to these effects on a mg/kg/day (oral and 

dermal) or ppm (inhalation) basis.  It is also unknown whether the sex predilection found in male rats to 

1,4-DCB renal or endocrine toxicity occurs in the human male. 

 

3.6   TOXICITIES MEDIATED THROUGH THE NEUROENDOCRINE AXIS  
 

Recently, attention has focused on the potential hazardous effects of certain chemicals on the endocrine 

system because of the ability of these chemicals to mimic or block endogenous hormones.  Chemicals 

with this type of activity are most commonly referred to as endocrine disruptors.  However, appropriate 

terminology to describe such effects remains controversial.  The terminology endocrine disruptors, 

initially used by Thomas and Colborn (1992) and again by Colborn et al. (1993), was also used in 

1996 when Congress mandated the EPA to develop a screening program for “...certain substances [which] 

may have an effect produced by a naturally occurring estrogen, or other such endocrine effect[s]...”.  To 

meet this mandate, EPA convened a panel called the Endocrine Disruptors Screening and Testing 

Advisory Committee (EDSTAC), and in 1998, the EDSTAC completed its deliberations and made 

recommendations to EPA concerning endocrine disruptors.  In 1999, the National Academy of Sciences 

released a report that referred to these same types of chemicals as hormonally active agents.  The 

terminology endocrine modulators has also been used to convey the fact that effects caused by such 

chemicals may not necessarily be adverse.  Many scientists agree that chemicals with the ability to disrupt 

or modulate the endocrine system are a potential threat to the health of humans, aquatic animals, and 

wildlife.  However, others think that endocrine-active chemicals do not pose a significant health risk, 

particularly in view of the fact that hormone mimics exist in the natural environment.  Examples of 

natural hormone mimics are the isoflavinoid phytoestrogens (Adlercreutz 1995; Livingston 1978; Mayr et 

al. 1992).  These chemicals are derived from plants and are similar in structure and action to endogenous 

estrogen.  Although the public health significance and descriptive terminology of substances capable of 

affecting the endocrine system remains controversial, scientists agree that these chemicals may affect the 

synthesis, secretion, transport, binding, action, or elimination of natural hormones in the body responsible 

for maintaining homeostasis, reproduction, development, and/or behavior (EPA 1997c).  Stated 

differently, such compounds may cause toxicities that are mediated through the neuroendocrine axis.  As 
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a result, these chemicals may play a role in altering, for example, metabolic, sexual, immune, and 

neurobehavioral function.  Such chemicals are also thought to be involved in inducing breast, testicular, 

and prostate cancers, as well as endometriosis (Berger 1994; Giwercman et al. 1993; Hoel et al. 1992). 

 

Concern has been raised that many industrial chemicals, including DCBs, are endocrine-active 

compounds capable of having widespread effects on humans and wildlife (Colborn et al. 1993; Crisp et al. 

1998; Daston et al. 1997; Safe and Zacharewski 1997; Versonnen et al. 2003).  Particular attention has 

been paid to the possibility of these compounds mimicking or antagonizing the action of estrogen.  

Estrogen influences the growth, differentiation, and functioning of many target tissues, including female 

and male reproductive systems, such as mammary gland, uterus, vagina, ovary, testes, epididymis, and 

prostate.  Most estrogenic chemicals have a ring structure included in the molecule, and para-substituted 

phenols generally bind better to the estrogen receptor and are more likely to exert xenoestrogenic effects 

than ortho- or meta-substituted compounds.  In addition, there is evidence that some of these chemicals 

alter the thyroid hormone system, which is an important system for normal structural and functional 

development of sexual organs and the brain. 

 

Insufficient information is available to adequately assess the endocrine disruptor potential of DCBs.  

Testing of 1,2-, 1,3-, and 1,4-DCB in the in vitro yeast estrogen screen (YES) assay showed that the 1,3- 

and 1,4- isomers were active in a concentration-responsive manner, although estrogenic potency was 

extremely weak (Versonnen et al. 2003).  The relative potency relative to 17β-estradiol was 1.04x10-8 for 

1,3-DCB and 2.2x10-7 for 1,4-DCB.  The negative results for 1,2-DCB in this system are consistent with a 

lack of estrogenic activity of 1,2-DCB in in vitro yeast two-hybrid assays (Eguchi et al. 2003; Nishihara 

et al. 2000).  The in vivo estrogenic activity of 1,2-, 1,3-, and 1,4-DCB was tested by measuring plasma 

vitellogenin (VTG) production in zebrafish (Danio rerio) that were exposed to each isomer for 14 days 

(Versonnen et al. 2003).  VTG is a yolk protein precursor in teleosts and other oviparous vertebrates that 

is synthesized in response to estradiol stimulation.  Elevated VTG levels were found in fish exposed to 

≥10 mg/L of 1,4-DCB, but estrogenic potency was weak in comparison to ethynylestradiol, which 

increased VTG at ≥5 ng/L.   

 

Histopathological changes occurred in the thyroid and pituitary glands of rats orally exposed to 1,3-DCB 

for 90 days (McCauley et al. 1995).  Effects in the thyroid occurred at ≥9 mg/kg/day, the lowest tested 

dose, and included depletion of colloid density, characterized by decreased follicular size with scant 

colloid and follicles lined by cells that were cuboidal to columnar.  Effects in the pituitary occurred at 

≥147 mg/kg/day and included cytoplasmic vacuolization of the pars distalis.  Increases in serum 
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cholesterol and serum calcium also occurred and were also believed to be related to effects on endocrine 

end points, possibly reflecting a disruption of hormonal feedback mechanisms, or target organ effects on 

the pituitary, hypothalamus, and/or other endocrine organs.  Histopathological changes in endocrine 

tissues were not observed in intermediate- and chronic-duration studies of 1,2-DCB (NTP 1985; 

Robinson et al. 1991) or 1,4-DCB (Aiso et al. 2005b; Japan Bioassay Research Center 1995; Naylor and 

Stout 1996; NTP 1987) in rats, mice, or dogs.  Measurements of thyroid and other endocrine hormones 

have not been conducted in any study of DCBs. 

 

Effects of 1,2- and 1,3-DCB on reproductive function have not been investigated.  There were no effects 

on fertility or mating in 2-generation studies of 1,4-DCB in rats exposed orally to ≤270 mg/kg/day 

(Bornatowicz et al. 1994) or by inhalation to ≤211 ppm (Tyl and Neeper-Bradley 1989).  No adverse 

histopathological changes in reproductive tissues were observed in intermediate- and chronic-duration 

oral studies of 1,2-DCB (NTP 1985; Robinson et al. 1991), 1,3-DCB (McCauley et al. 1995), and 

1,4-DCB (Naylor and Stout 1996; NTP 1987). 

 

3.7   CHILDREN’S SUSCEPTIBILITY  
 

This section discusses potential health effects from exposures during the period from conception to 

maturity at 18 years of age in humans, when all biological systems will have fully developed.  Potential 

effects on offspring resulting from exposures of parental germ cells are considered, as well as any indirect 

effects on the fetus and neonate resulting from maternal exposure during gestation and lactation.  

Relevant animal and in vitro models are also discussed. 

 

Children are not small adults.  They differ from adults in their exposures and may differ in their 

susceptibility to hazardous chemicals.  Children’s unique physiology and behavior can influence the 

extent of their exposure.  Exposures of children are discussed in Section 6.6, Exposures of Children. 

 

Children sometimes differ from adults in their susceptibility to hazardous chemicals, but whether there is 

a difference depends on the chemical (Guzelian et al. 1992; NRC 1993).  Children may be more or less 

susceptible than adults to health effects, and the relationship may change with developmental age 

(Guzelian et al. 1992; NRC 1993).  Vulnerability often depends on developmental stage.  There are 

critical periods of structural and functional development during both prenatal and postnatal life, and a 

particular structure or function will be most sensitive to disruption during its critical period(s).  Damage 

may not be evident until a later stage of development.  There are often differences in pharmacokinetics 
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and metabolism between children and adults.  For example, absorption may be different in neonates 

because of the immaturity of their gastrointestinal tract and their larger skin surface area in proportion to 

body weight (Morselli et al. 1980; NRC 1993); the gastrointestinal absorption of lead is greatest in infants 

and young children (Ziegler et al. 1978).  Distribution of xenobiotics may be different; for example, 

infants have a larger proportion of their bodies as extracellular water, and their brains and livers are 

proportionately larger (Altman and Dittmer 1974; Fomon 1966; Fomon et al. 1982; Owen and Brozek 

1966; Widdowson and Dickerson 1964).  The infant also has an immature blood-brain barrier (Adinolfi 

1985; Johanson 1980) and probably an immature blood-testis barrier (Setchell and Waites 1975).  Many 

xenobiotic metabolizing enzymes have distinctive developmental patterns.  At various stages of growth 

and development, levels of particular enzymes may be higher or lower than those of adults, and 

sometimes unique enzymes may exist at particular developmental stages (Komori et al. 1990; Leeder and 

Kearns 1997; NRC 1993; Vieira et al. 1996).  Whether differences in xenobiotic metabolism make the 

child more or less susceptible also depends on whether the relevant enzymes are involved in activation of 

the parent compound to its toxic form or in detoxification.  There may also be differences in excretion, 

particularly in newborns who all have a low glomerular filtration rate and have not developed efficient 

tubular secretion and resorption capacities (Altman and Dittmer 1974; NRC 1993; West et al. 1948).  

Children and adults may differ in their capacity to repair damage from chemical insults.  Children also 

have a longer remaining lifetime in which to express damage from chemicals; this potential is particularly 

relevant to cancer. 

 

Certain characteristics of the developing human may increase exposure or susceptibility, whereas others 

may decrease susceptibility to the same chemical.  For example, although infants breathe more air per 

kilogram of body weight than adults breathe, this difference might be somewhat counterbalanced by their 

alveoli being less developed, which results in a disproportionately smaller surface area for alveolar 

absorption (NRC 1993). 

 

There is little credible scientific information available on the susceptibility and toxicological effects of 

1,4-DCB in children.  The risk for exposure is apparently high.  A study by Hill et al. (1995) measured 

blood levels of 1,4-DCB and urine levels of its metabolites in 1,000 adults, finding that exposure to 

1,4-DCB was widespread, with 98% of the adults having measurable concentrations of 1,4-DCB 

metabolites in their urine.  There is no evidence to indicate that children are likely to be exposed to lower 

amounts of 1,4-DCB from everyday living, suggesting that children are perhaps equally at risk for 

exposure and potential toxic side-effects. 
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Some information on possible health effects of DCBs in children is available from two case reports of 

1,4-DCB exposure.  Campbell and Davidson (1970) reported a case of a 21-year-old woman eating 1–

2 toilet air-freshener blocks per week while pregnant.  The mother developed hematological aberrations 

(hypochromic, microcytic anemia, polychromasia); however, she delivered an apparently normal female 

infant with no apparent hematological problems.  Another report describes a 3-year-old boy who had been 

playing with crystals containing 1,4-DCB for 4–5 days before being admitted to the hospital.  On 

admission, the boy was jaundiced, his mucous membranes were pale, and he was diagnosed with anemia 

and methemoglobinemia.  After a blood transfusion, the child gradually improved, but it was unclear 

whether the boy actually ingested any of the 1,4-DCB (Hallowell 1959).  These case reports are consistent 

with an expectation that health effects in children and adults are similar.  Although there are no known 

differences in the toxicity of DCBs between adults and children, there is no evidence to substantiate the 

presumption. 

 

Information on the reproductive toxicity of DCBs is essentially limited to a 2-generation oral study of 

1,4-DCB in rats (Bornatowicz et al. 1994).  There were no effects on mating or fertility in either 

generation, as assessed by a minimal number of end points (duration between mating and successful 

copulation and fertility index).  The is a report of morphologically abnormal sperm in rats exposed to a 

high dose of 1,4-DCB by intraperitoneal injection (Murthy et al. 1987), but there are no studies that 

investigated transgenerational effects of exposure to DCBs. 

 

Information on the developmental toxicity of 1,2-, 1,3-, and 1,4-DCB is available from oral and inhalation 

studies in rats and rabbits (Bio/dynamics 1989; Bornatowicz et al. 1994; Giavini et al. 1986; Hayes et al. 

1985; Hodge et al. 1977; Ruddick et al. 1983; Tyl and Neeper-Bradley 1989).  These studies provide no 

indications that DCBs are teratogenic, although fetotoxicity occurred at exposure levels that were also 

maternally toxic.  A multigeneration study in rats that were orally exposed to 1,4-DCB found toxic effects 

in the pups during the nursing period, including increased neonatal mortality, dermal effects and other 

clinical manifestations, and reduced neurobehavioral performance (Bornatowicz et al. 1994).  The 

postnatal developmental toxicity occurred at dose levels that were not maternally toxic and below those 

causing systemic toxicity in other animal studies.  The results of this study indicate that postnatal 

developmental toxicity is the most sensitive end point in animals, and suggest a basis for potential 

concern in exposed children.  Effects of DCBs on the immune and endocrine systems have not been 

adequately studied. 
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No studies are available that describe potential differences in the toxicokinetics or the mechanism of 

action of 1,4-DCB in children.  No data are available that specifically describe whether 1,4-DCB or its 

major metabolites will cross the placenta; however, all three DCB isomers have been detected in placental 

tissues (Erickson et al. 1980; Pellizzari et al. 1982; Reichrtova et al. 1999).  Because 1,4-DCB is not 

known to be genotoxic, it poses no threat to the DNA in parental germ cells.  No PBPK models are 

available for children, fetuses/pregnant women, or infants/lactating women exposed to 1,4-DCB. 

 

As discussed in Section 3.4, Toxicokinetics, the specific toxicokinetic behavior of 1,4-DCB in children 

(and immature laboratory animals) has not been reported.  Based on its physicochemical properties, it is 

anticipated that the absorption, distribution, metabolism, and excretion of 1,4-DCB and its metabolites 

would be quite similar to that of the adult human (or animal), even when taking into account differences 

in body weight, total body water, body fat, volumes of distribution (VD), and perhaps lower activities of 

some metabolizing enzymes (cytochrome P-450) during the natal and neonatal periods.  1,4-DCB is a 

lipid-soluble toxicant and is likely to pass across the placental membranes.  It will likely accumulate in 

many of the same tissues in the fetus that it would normally be expected to accumulate in the adult, with 

the possible exception of fat storage in the fetus (Li et al. 1995).  Some amount of 1,4-DCB accumulates 

in human breast milk (EPA 1983b), given its high lipid (milk fat) content, thereby providing a potential 

route of exposure to a nursing child, although there is no concrete data to support this relay exposure 

hypothesis.  Some studies have noted that 1,4-DCB will preferentially distribute to adipose tissues in 

relatively high amounts, compared to accumulations in the liver and kidneys (Charbonneau et al. 1989b; 

Hawkins et al. 1980; Klos and Dekant 1994).  Loss of maternal body fat may potentially mobilize 

1,4-DCB from fat storage deposits in exposed mothers.  This mobilization could result in increased blood 

levels and/or excretion of 1,4-DCB and its metabolites from the mother, as well as redistribution to other 

fat deposition sites, such as the high fat content found in breast milk. 

 

No studies have described the interactions of 1,4-DCB with other chemicals in children, or the means by 

which to reduce peak absorption of 1,4-DCB after exposure. 

 

3.8   BIOMARKERS OF EXPOSURE AND EFFECT  
 

Biomarkers are broadly defined as indicators signaling events in biologic systems or samples.  They have 

been classified as markers of exposure, markers of effect, and markers of susceptibility (NAS/NRC 

1989). 
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Due to a nascent understanding of the use and interpretation of biomarkers, implementation of biomarkers 

as tools of exposure in the general population is very limited.  A biomarker of exposure is a xenobiotic 

substance or its metabolite(s) or the product of an interaction between a xenobiotic agent and some target 

molecule(s) or cell(s) that is measured within a compartment of an organism (NAS/NRC 1989).  The 

preferred biomarkers of exposure are generally the substance itself, substance-specific metabolites in 

readily obtainable body fluid(s), or excreta.  However, several factors can confound the use and 

interpretation of biomarkers of exposure.  The body burden of a substance may be the result of exposures 

from more than one source.  The substance being measured may be a metabolite of another xenobiotic 

substance (e.g., high urinary levels of phenol can result from exposure to several different aromatic 

compounds).  Depending on the properties of the substance (e.g., biologic half-life) and environmental 

conditions (e.g., duration and route of exposure), the substance and all of its metabolites may have left the 

body by the time samples can be taken.  It may be difficult to identify individuals exposed to hazardous 

substances that are commonly found in body tissues and fluids (e.g., essential mineral nutrients such as 

copper, zinc, and selenium).  Biomarkers of exposure to dichlorobenzenes are discussed in Section 3.8.1. 

 

Biomarkers of effect are defined as any measurable biochemical, physiologic, or other alteration within an 

organism that, depending on magnitude, can be recognized as an established or potential health 

impairment or disease (NAS/NRC 1989).  This definition encompasses biochemical or cellular signals of 

tissue dysfunction (e.g., increased liver enzyme activity or pathologic changes in female genital epithelial 

cells), as well as physiologic signs of dysfunction such as increased blood pressure or decreased lung 

capacity.  Note that these markers are not often substance specific.  They also may not be directly 

adverse, but can indicate potential health impairment (e.g., DNA adducts).  Biomarkers of effects caused 

by dichlorobenzenes are discussed in Section 3.8.2. 

 

A biomarker of susceptibility is an indicator of an inherent or acquired limitation of an organism's ability 

to respond to the challenge of exposure to a specific xenobiotic substance.  It can be an intrinsic genetic or 

other characteristic or a preexisting disease that results in an increase in absorbed dose, a decrease in the 

biologically effective dose, or a target tissue response.  If biomarkers of susceptibility exist, they are 

discussed in Section 3.10, Populations That Are Unusually Susceptible. 

 

3.8.1   Biomarkers Used to Identify or Quantify Exposure to Dichlorobenzenes  
 

Exposure to DCBs can be identified by measuring levels of the isomers in blood (Bristol et al. 1982; Hill 

et al. 1995; Jan 1983; Langhorst and Nestrick 1979; Pellizzari et al. 1985), urine (Ghittori et al. 1985; Hill 
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et al. 1995; Kumagai and Matsunaga 1995, 1997; Zenser et al. 1997), adipose tissue (Jan 1983), and 

breast milk (Jan 1983; Mes et al. 1986).  Toxicokinetic studies (Section 3.4) indicate that DCBs are 

present in blood for a limited time after exposure and eliminated from the body over a period of several 

days, primarily in the urine as metabolites (Hissink et al. 1996a, 1996b; Kimura et al. 1979; Parke and 

Williams 1955).  Measurement of urinary metabolites is likely to provide a better indication of recent 

exposure than blood or other measurements since DCBs can be excreted for several days post-exposure 

(Hallowell 1959).  Urinary 2,5-dichlorophenol is a well-documented biomarker for monitoring worker 

exposure to 1,4-DCB (McKinney et al. 1970; Pagnotto and Walkley 1965).  Urinary 2,3- and 

3,4-dichlorophenols, as well as 3,4- and 4,5-dichlorocatechols, have been shown to be useful indicators of 

exposure to 1,2-DCB (Kumagai and Matsunaga 1997).  Because the basic steps in the metabolism of the 

three DCB isomers are similar, likely biomarkers of exposure to 1,3-DCB include 2,4- and 3,5-dichloro-

phenols (Kimura et al. 1992).  The presence of a DCB isomer and/or its conjugates in urine is not 

completely specific for exposure to the DCB.  For example, several chlorophenols, including 

2,5-dichlorophenol, have been identified as metabolites of lindane in laboratory animals.  Because DCBs 

tend to accumulate in fat, measurements of adipose levels of the parent isomers are likely to provide 

useful information on long-term exposures (Jan 1983; Morita et al. 1975).  There are currently no data 

available to assess a potential correlation between the values obtained with these measurements and the 

toxic effects observed in humans or laboratory animal species.  Information on the analytical methods 

commonly used to detect and quantify 1,4-DCB in biological samples is presented in Section 6.1. 

 

No information is available describing specific biomarkers of exposure to 1,4-DCB in children. 

 

3.8.2   Biomarkers Used to Characterize Effects Caused by Dichlorobenzenes  
 

There are no known specific biomarkers of effects for 1,2-, 1,3-, or 1,4-DCB because none of the health 

effects identified in humans or animals appear to be uniquely associated with exposure to any isomer.  

Biomarkers of effects for DCBs are likely to be common to the general class of halogenated aromatic 

hydrocarbons because DCBs and other structurally similar chemicals cause generally similar effects.  For 

example, DCBs and other chlorinated aromatics induce a similar spectrum of hepatic effects ranging from 

liver enlargement and increased microsomal enzyme activities at lower levels of exposure to degenerative 

lesions at higher doses. 

 

It is well documented that 1,4-DCB induces hyaline droplet formation and tubular degeneration in the 

kidneys of male rats at moderate-to-high levels of oral exposure.  Saito et al. (1996) studied the effect of 
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oral treatment with 1,4-DCB on the urinary excretion of kidney-type α2µ-globulin (aG-K) in male 

Sprague-Dawley rats.  Groups of 3 rats received placebo or 1,4-DCB (1.5 mmol/kg/day; 220 mg/kg/day) 

by gavage in corn oil for 7 days.  Concentrations of aG-K in the urine of 1,4-DCB-treated rats ranged 

from 0.04 to 0.18 mg/mL; urine concentrations increased steadily throughout the study.  In contrast, aG-K 

concentrations were undetectable in the urine of controls at all time points.  The mean concentration of 

aG-K in the kidneys of rats treated with 1,4-DCB was 1.15 mg/mg of soluble protein, compared to 

0.35 mg/mg protein in the control group.  The authors concluded that measurement of urinary aG-K 

would be a good indicator of 1,4-DCB exposure; however, this response is neither unique to 1,4-DCB nor 

applicable to human exposure cases.  As discussed earlier in Section 2.5, this particular protein is 

produced in large amounts by male rats, accounting for 26% of their total urinary protein, but not in 

human males, where it was found to be present at 1% of the amount measured in male rats (Olson et al. 

1990).  Also, this protein is produced in only minimal quantities by females of any species or the males of 

other laboratory species including mice (EPA 1991i).  These observations have led to suggestions that 

humans are probably not at risk for the type of nephropathy induced by 1,4-DCB in male rats, and that the 

α2µ-globulin biomarker is inappropriate to use in humans (EPA 1991i). 

 

No information was available describing specific biomarkers of effect in children to 1,4-DCB. 

 

For more information on biomarkers for renal and hepatic effects of chemicals see ATSDR/CDC 

Subcommittee Report on Biological Indicators of Organ Damage (1990) and for information on 

biomarkers for neurological effects, see OTA (1990). 

 

3.9   INTERACTIONS WITH OTHER CHEMICALS  
 

Little information is available regarding possible interactions of 1,2-, 1,3-, or 1,4-DCB with other 

chemicals.  Because DCBs are liver toxins, they might interact with other chemicals that are liver 

toxicants.  These toxicants are many, and include ethanol, halogenated hydrocarbons (chloroform, carbon 

tetrachloride, etc.), benzene, and other haloalkanes and haloalkenes.  DCB hepatotoxicity could also be 

exacerbated by concurrent exposure to acetaminophen, heavy metals (copper, iron, arsenic), aflatoxins, 

pyrrolizidine alkaloids (from some types of plants), high levels of vitamin A, and hepatitis viruses.  Such 

interactions are likely to be additive or synergistic.  One study found that pretreatment with DCB 

increased LD50 values for parathion in mice (EPA 1985a). 
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Regarding the effect of 1,4-DCB on hemolysis and formation of Heinz bodies, methemaglobinemia, and 

hemolytic anemia, it is likely that additive or synergistic interaction would occur with other oxidants, 

such as aniline and acrolein, which are known to inhibit G6PD.  A human case study reported a possible 

interactive effect between DCB and naphthalene in a woman who developed aplastic anemia (EPA 

1985a). 

 

Perinatal evaluations were performed in offspring of female Wistar rats were exposed to diets containing 

25 ppm 1,4-DCB (estimated dose 2 mg/kg/day) alone or combined with 125 ppm p,p’-dichlorodiphenyl-

dichloroethylene (p,p’-DDE) from Gd 1 to Pnd 21 for a total of 42 days (Makita 2005).  There were no 

maternal effects in either group as shown by clinical signs or changes in body weight and food 

consumption.  Perinatal evaluations showed no gross external malformations or effects on litter size, sex 

ratio, or pup viability on Pnd 1 in either group.  Assessments of the offspring until 6 weeks of age showed 

no postnatal effects on body weight gain, anogenital distance, times of eye and vaginal opening and 

preputial separation, or serum levels of reproductive hormones (LH and FSH in both sexes and 

testosterone in males at 6 weeks) in either group.  Examination of the liver, kidneys, spleen, thymus, 

testes, epididymides, prostate, seminal vesicles, ovaries, uterus, and thymus at 6 weeks showed no effects 

on organ weight or histology in either group, except for increased absolute thymus weight (approximately 

20% higher than controls) in female pups exposed to 1,4-DCB alone.  The biological significance of this 

effect is unclear because it did not occur in the male offspring and was not accompanied by any 

histological changes.  There was no effect on thymus weight or histology in male or female pups exposed 

to the mixture of 1,4-DCB and p,p’-DDE.   

 

No information was located on interactions between DCBs and other chemicals in children. 

 

3.10   POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE  
 

A susceptible population will exhibit a different or enhanced response to dichlorobenzenes than will most 

persons exposed to the same level of dichlorobenzenes in the environment.  Reasons may include genetic 

makeup, age, health and nutritional status, and exposure to other toxic substances (e.g., cigarette smoke).  

These parameters result in reduced detoxification or excretion of dichlorobenzenes, or compromised 

function of organs affected by dichlorobenzenes.  Populations who are at greater risk due to their 

unusually high exposure to dichlorobenzenes are discussed in Section 6.7, Populations with Potentially 

High Exposures. 
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No population has been identified as exhibiting an unusual susceptibility to the effects of exposure to 

1,4-DCB.  However, based on data from studies in humans and animals, individuals with compromised 

liver function, infants and children with immature liver function (Hallowell 1959), and elderly people 

(Cotter 1953; Nalbandian and Pearce 1965) may be more at risk than the general population.  Individuals 

having a genetic susceptibility to methemoglobin formation (such as those individuals with a deficiency 

of G6PD in their red blood cells) may also be at increased risk from inhalation or oral exposure to 

1,4-DCB. 

 

No information was available describing specific susceptibilities of children to 1,4-DCB.  There is no 

direct evidence that children differ in their susceptibility to the health effects of 1,4-DCB from adults.  It 

should be noted that postnatal neurodevelopmental toxicity is a sensitive end point in 1,4-DCB-exposed 

rats (Bornatowicz et al. 1994), suggesting a basis for potential concern in exposed children.  This issue is 

discussed in detail in Section 3.7 Children’s Susceptibility. 

 

The extent to which men and women may differ in susceptibility to DCBs is not known.  Available 

animal data do not provide a clear pattern for gender differences in the toxicity of DCBs, although some 

subchronic and chronic studies found that males were more sensitive than females for some end points.  

For example, a multigeneration inhalation study of 1,4-DCB in rats observed increases in adult liver 

weight that were more pronounced in males than females (Tyl and Neeper-Bradley 1989).  In a 

subchronic oral study of 1,3-DCB in rats, histopathological changes in the thyroid were generally more 

severe in males than in females (McCauley et al. 1995).  This study also found histopathology in the 

pituitary of male rats, but not female rats.  The pituitary lesion was reported to be similar to those induced 

in gonadectomized rats and was considered to be an indicator of gonadal deficiency (McCauley et al. 

1995).  Though these animal studies provide an indication that males may be more sensitive to DCBs 

exposure, the evidence is insufficient for extrapolating to humans. 

 

3.11   METHODS FOR REDUCING TOXIC EFFECTS  
 

This section will describe clinical practice and research concerning methods for reducing toxic effects of 

exposure to dichlorobenzenes.  However, because some of the treatments discussed may be experimental 

and unproven, this section should not be used as a guide for treatment of exposures to dichlorobenzenes.  

When specific exposures have occurred, poison control centers and medical toxicologists should be  
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consulted for medical advice.  The following texts provide specific information about treatment following 

exposures to dichlorobenzenes:   

 

Aaron CK, Howland MA, eds.  1994.  Goldfrank's toxicologic emergencies.  Norwalk, CT:  Appleton and 
Lange. 
 
Dreisback RH, ed.  1987.  Handbook of poisoning.  Norwalk, CT:  Appleton and Lange. 
 
Ellenhorn MJ, Barceloux, DG, eds.  1997.  Medical toxicology:  Diagnosis and treatment of human 
poisoning.  New York, NY:  Elsevier Publishing. 
 
Grossel TA, Bricker JD.  1994.  Principles of clinical toxicology.  3rd edition, New York, NY:  Raven 
Press. 
 
Haddad LM, Winchester JF, eds.  1990.  Clinical management of poisoning and drug overdose.  2nd 
edition, Philadelphia, PA:  WB Saunders. 
 

3.11.1   Reducing Peak Absorption Following Exposure  
 

Human exposure to 1,4-DCB can occur by inhalation, ingestion, or dermal contact.  General 

recommendations for reducing absorption of 1,4-DCB following acute-duration inhalation exposure have 

included moving the patient to fresh air and administration of 100% humidified supplemental oxygen 

with assisted ventilation (HSDB 1996).  General recommendations for reducing absorption following 

acute ingestion exposure have included inducing vomiting (unless the patient is or could rapidly become 

obtunded, comatose, or convulsing, and considering the risk of aspiration of vomitus), gastric lavage, or 

administration of a charcoal slurry (HSDB 1996).  Intake of fatty foods, which would promote absorption, 

should be avoided.  In the case of eye exposure, irrigation with copious amounts of water has been 

recommended (HSDB 1996).  For dermal exposure, and to minimize dermal absorption, the removal of 

contaminated clothing and a thorough washing of any exposed areas with soap and water has been 

recommended (HSDB 1996). 

 

3.11.2   Reducing Body Burden  
 

1,4-DCB distributes to fatty tissues and is probably retained there at low concentrations (EPA 1986d; 

Hawkins et al. 1980; Morita and Ohi 1975; Morita et al. 1975).  However, most of an absorbed dose is 

excreted within 5 days of exposure (Hawkins et al. 1980), and there is no evidence suggesting that the low 

levels of 1,4-DCB that are likely to remain in fatty tissues would cause adverse effects.  For these reasons, 
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methods for enhancing elimination of 1,4-DCB shortly after high-dose exposure could reduce toxic 

effects; however, no such methods have been identified.  Methods that could enhance the elimination of 

1,4-DCB after high- or low-dose exposure in humans or laboratory animals have not been reported. 

 

While it might be possible to develop methods to alter metabolism of 1,4-DCB to promote formation of 

metabolites that are more easily excreted, this could be difficult because the current lack of knowledge of 

the specific metabolic pathways of 1,4-DCB precludes speculation concerning which pathways it might 

be most beneficial to stimulate or inhibit.  One pathway for which stimulation may be contraindicated is 

sulfate conjugate formation (Kimura et al. 1979).  Methylation of 1,4-DCB sulfate conjugates can occur, 

and these methylated conjugates are excreted less rapidly than nonmethylated conjugates (Kimura et al. 

1979).  Since little is known concerning the toxicity of these conjugates, it is presently not possible to 

determine the consequences of promoting formation of these metabolites. 

 

3.11.3   Interfering with the Mechanism of Action for Toxic Effects  
 

The mechanism of action for liver effects of 1,4-DCB has not been clearly delineated; however, based on 

in vitro experiments, induction of P-450 metabolism by pretreatment with phenobarbital may enhance 

hepatotoxicity (Fisher et al. 1991a).  This suggests that one mechanism of hepatotoxicity may be the 

production of reactive intermediates through phase I P-450-mediated oxidation, although it should be 

noted that the P-450 inhibitors metyrapone and SKF 525-A did not block hepatotoxicity of 1,4-DCB in 

human liver tissue in vitro (Fisher et al. 1991a).  Lattanzi et al. (1989) provide evidence indicating that the 

microsomal mixed-function oxidase system and microsomal glutathione transferases and, to a lesser 

degree, cytosolic glutathione transferases, can be involved in the bioactivation of 1,4-DCB.  More 

information concerning the mechanism of action for hepatic effects is needed before methods for blocking 

that mechanism and reducing toxic effects can be developed. 

 

The mechanisms of action for nephrotoxic (with the exception of α2µ-globulin-mediated nephropathy 

specific to male rats) or hematotoxic effects have not been clearly delineated, and with the available 

information, it is difficult to speculate how 1,4-DCB might cause such effects.  More information 

concerning the mechanisms of action for blood and kidney effects are needed before methods for 

blocking those mechanism and reducing toxic effects can be developed. 
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3.12   ADEQUACY OF THE DATABASE  
 

Section 104(I)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the 

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 

adequate information on the health effects of dichlorobenzenes is available.  Where adequate information 

is not available, ATSDR, in conjunction with the National Toxicology Program (NTP), is required to 

assure the initiation of a program of research designed to determine the health effects (and techniques for 

developing methods to determine such health effects) of dichlorobenzenes. 

 

The following categories of possible data needs have been identified by a joint team of scientists from 

ATSDR, NTP, and EPA.  They are defined as substance-specific informational needs that if met would 

reduce the uncertainties of human health assessment.  This definition should not be interpreted to mean 

that all data needs discussed in this section must be filled.  In the future, the identified data needs will be 

evaluated and prioritized, and a substance-specific research agenda will be proposed. 

 

3.12.1   Existing Information on Health Effects of Dichlorobenzenes  
 

The existing data on health effects of inhalation, oral, and dermal exposure of humans and animals to 

dichlorobenzenes are summarized in Figures 3-7, 3-8, and 3-9.  The purpose of this figure is to illustrate 

the existing information concerning the health effects of dichlorobenzenes.  Each dot in the figure 

indicates that one or more studies provide information associated with that particular effect.  The dot does 

not necessarily imply anything about the quality of the study or studies, nor should missing information in 

this figure be interpreted as a “data need”.  A data need, as defined in ATSDR’s Decision Guide for 

Identifying Substance-Specific Data Needs Related to Toxicological Profiles (Agency for Toxic 

Substances and Disease Registry 1989), is substance-specific information necessary to conduct 

comprehensive public health assessments.  Generally, ATSDR defines a data gap more broadly as any 

substance-specific information missing from the scientific literature. 

 

Some limited information (i.e., anecdotal, single acute-duration exposure, and workplace exposure) is 

available on the health effects of human exposure to 1,2- and 1,4-DCB via inhalation and 1,4-DCB by the 

oral route.  For persons exposed via inhalation, there is information on death, systemic effects, neurologic 

effects.  There is also information on systemic effects in humans resulting from acute-, intermediate-, and 

chronic-duration oral exposure.  It is important to note that most of this oral information was obtained 

from case studies in which levels and durations of exposure to 1,4-DCB were unknown or uncertain. 
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Figure 3-7.  Existing Information on Health Effects of 1,2-Dichlorobenzene 
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Figure 3-8.  Existing Information on Health Effects of 1,3-Dichlorobenzene 
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Figure 3-9.  Existing Information on Health Effects of 1,4-Dichlorobenzene 
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Data available on health effects of DCBs in animals are more extensive than in humans.  Most of the 

information is for 1,2- and 1,4-DCB, whereas all data on 1,3-DCB are from one oral study.  The most 

extensively studied isomer is 1,4-DCB.  Information is available on the developmental, reproductive, 

genotoxic, and carcinogenic effects of inhalation exposure to 1,4-DCB, as well as on the systemic effects 

resulting from intermediate-duration exposure.  In studies using oral exposure, information is available on 

death; systemic effects resulting from acute-, intermediate-, and chronic-duration exposure; and 

developmental, genotoxic, and carcinogenic effects.  Only data on the lack of a lethal effect are available 

in studies using dermal exposure. 

 

3.12.2   Identification of Data Needs  
 

Acute-Duration Exposure.    A limited amount of information is available on health effects in people 

who were occupationally exposed to 1,2-DCB (Hollingsworth et al. 1958).  This information includes 

exposure levels associated with eye and respiratory tract irritation and results of periodic medical 

examinations, but the data are insufficient for identifying sensitive systemic end points in humans or for 

inhalation MRL derivation purposes.  The limited information on irritation effects of 1,2-DCB in humans 

is consistent with histological findings of nasal olfactory epithelial lesions in mice that were intermittently 

exposed to 1,2-DCB vapor for up to 14 days (Zissu 1995).  The severity of the nasal lesions ranged from 

moderate to severe in severity and occurred at concentrations lower than those that caused acute systemic 

effects (liver and kidney lesions) in rats (DuPont 1982; Hollingsworth et al. 1958) or developmental 

effects in rats and rabbits (Hayes et al. 1985).  A NOAEL was not identified for the serious nasal effects, 

precluding derivation of an acute inhalation MRL.  Additional studies could characterize the threshold 

region for nasal effects, confirm that the nasal cavity is more sensitive than systemic end points, and 

provide a sufficient basis for inhalation MRL derivation.  

 

There is no information on the toxicity of 1,2-DCB in orally-exposed humans.  Information on effects of 

acute oral exposure to 1,2-DCB in animals essentially consists of findings in three systemic toxicity 

studies in rats and mice (NTP 1985; Rimington and Ziegler 1963; Robinson et al. 1991) and one 

developmental toxicity study in rats (Ruddick et al. 1983).  These studies collectively identify the liver as 

the most sensitive target, but two are limited by small numbers of animals and lack of a NOAEL due a 

single dose level (Rimington and Ziegler 1963) or lack of histopathology evaluations at doses lower than 

the LOAEL (NTP 1985).  The third systemic toxicity study (Robinson et al. 1991) is well designed, 

identified a critical NOAEL and LOAEL for hepatoxicity, and was used to derive an acute oral MRL.  
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Additional studies are needed to establish whether liver toxicity is the most sensitive end point for acute 

exposure and the most appropriate basis for the MRL.  The oral database for 1,2-DCB particularly lacks 

adequate assessments of neurotoxicity, immunotoxicity, and end points shown to be sensitive to other 

DCB isomers (e.g., thyroid and pituitary). 

 

No inhalation toxicity data are available for 1,3-DCB in humans or animals, indicating that a well-

designed inhalation toxicity study could provide a basis for an acute inhalation MRL.  The acute oral 

database for 1,3-DCB essentially consists of one well-designed 10-day systemic toxicity study (McCauley 

et al. 1995) that was sufficient for estimation of an MRL.  Additional studies could determine whether the 

critical effect in this study, increased liver weight, is the most appropriate and sensitive end point for 

MRL derivation. 

 

A limited amount of information is available on the toxicity of inhaled 1,4-DCB in humans.  Case reports 

of people who inhaled 1,4-DCB provide indications that the liver and nervous system are systemic targets 

of inhalation toxicity in humans, but are limited by lack of adequate quantitative exposure information 

and/or verification that 1,4-DCB was the only factor associated with the effects (Cotter 1953; Miyai et al. 

1988; Reygagne et al. 1992).  An occupational health survey identified odor detection and eye/nose 

irritation thresholds for 1,4-DCB (Hollingsworth et al. 1956).  Information on effects of acute-duration 

inhalation exposure to 1,4-DCB in animals is available from short-term systemic toxicity studies in rats 

and guinea pigs (Hollingsworth et al. 1956), a male reproduction study rats (Anderson and Hodge 1976), 

and developmental toxicity studies in rats and rabbits (Hayes et al. 1985; Hodge et al. 1977).  These 

animal studies identified the lung as the target of concern, and are consistent with chronic inhalation data 

(Aiso et al. 2005b; Japan Bioassay Research Center 1995) as well as the human occupational experience 

(Hollingsworth et al. 1956), but are insufficient for deriving an acute inhalation MRL.  Studies in animals 

investigating potentially sensitive systemic end points (e.g., respiratory, endocrine, neurological, 

immunological) are needed to identify an appropriate end point and effect level for MRL derivation. 

 

Information on effects of non-lethal acute-duration oral exposures to 1,4-DCB is essentially limited to 

hepatic and renal changes of unclear toxicological significance observed in animal studies designed to 

elucidate mechanisms of liver and kidney toxicity in rats and mice.  Appropriately designed acute oral 

studies are needed to provide a suitable basis for MRL derivation. 

 

The only available study using the dermal route is a lethality study that attempted to determine a dermal 

LD50 level for 1,4-DCB in rats (Gaines and Linder 1986).  There are no available toxicokinetic data that 
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have examined absorption of 1,4-DCB via the dermal route.  If dermal absorption and systemic 

distribution of 1,4-DCB could be demonstrated, acute-duration studies using this route would be useful 

since humans are commonly exposed to it by handling various consumer products in the home and being 

exposed to the vapor form.   

 

Intermediate-Duration Exposure.    Information on the toxicity of intermediate-duration inhalation 

exposure to 1,2-DCB is limited to the findings of a multispecies subchronic study (Hollingsworth et al. 

1958) and a 2-generation reproduction study in rats (Bio/dynamics 1989).  These studies identified 

NOAELs and LOAELs for liver and body weight effects, but possible effects in the nasal cavity, a known 

sensitive target of 1,2-DCB based on acute data, were not evaluated.  Derivation of an intermediate-

duration inhalation MRL for 1,2-DCB is precluded because the acute-duration serious LOAEL for nasal 

effects (Zissu 1995) is lower than the available intermediate-duration LOAELs for systemic and 

developmental effects.  Additional studies could verify the nasal cavity is more sensitive than systemic 

end points and provide exposure-response data useful for inhalation MRL derivation. 

 

No information was located regarding the toxicity of inhaled 1,3-DCB in humans or animals, indicating 

that appropriate studies are needed to provide a basis for derivation of an intermediate-duration inhalation 

MRL for this isomer.  The database for intermediate-duration oral exposure to 1,3-DCB consists of one  

well-designed 90-day systemic toxicity study (McCauley et al. 1995) that was sufficient for estimation of 

an intermediate oral MRL.  The thyroid, pituitary, and liver were identified as sensitive targets and 

incidences of pituitary lesions were used to derive an intermediate oral MRL. 

 

Case studies are available on humans exposed to 1,4-DCB via inhalation and the oral route for 

intermediate-duration exposure.  These include the report of a 69-year-old man who developed skin 

discolorations and swelling of his hands and feet after about 3 weeks of exposure to 1,4-DCB in his home 

(Nalbandian and Pearce 1965), the cases of a 60-year-old man and his wife who both died of liver atrophy 

after their home had been saturated with moth ball vapor for 3–4 months (Cotter 1953), and the case of a 

21-year-old woman who developed hypochromic, microcytic anemia as a result of ingesting 1,4-DCB 

toilet air freshener blocks throughout pregnancy (Campbell and Davidson 1970).  All of these case studies 

lack critical dosing amounts and durations.  It would be helpful if future reports of accidental or 

intentional exposure included dose information (measured or estimated) that could be used to help 

characterize dose-response relationships in humans. 
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Information on effects of intermediate-duration inhalation exposure to 1,4-DCB in animals is available 

from a multispecies subchronic toxicity study (Hollingsworth et al. 1956), a 13-week toxicity study in rats 

and mice (Aiso et al. 2005a), and a 2-generation reproductive/developmental toxicity study in rats (Tyl 

and Neeper-Bradley 1989).  The 13-week and 2-generation studies identified a NOAEL and LOAEL for 

increased relative liver weight, and increased liver weight was used to derive an MRL.  A chronic 

inhalation study (Aiso et al. 2005b; Japan Bioassay Research Center 1995) found that nasal lesions in rats 

and testicular effects in mice were more sensitive than liver effects.  No nasal or testicular lesions were 

reported in the 13-week rat and mouse study, and these tissues were not examined in the multispecies 

subchronic study.  Additional studies could verify that liver weight is the most appropriate basis for the 

intermediate inhalation. 

 

Information on the systemic toxicity of intermediate-duration oral exposure to 1,4-DCB is available from 

a number of studies conducted in rodents, mainly rats and mice, as well as one study in dogs (Bomhard et 

al. 1988; Hollingsworth et al. 1956; NTP 1985; Lake et al. 1997; Naylor and Stout 1996; Umemura et al. 

1998).  Liver and kidney effects were the most consistently observed, best characterized, and most 

sensitive findings in these studies.  Liver effects were used as the basis for intermediate-duration oral 

MRLs for 1,2-DCB (NTP 1985) and 1,4-DCB (Naylor and Stout 1996). 

 

Studies using the dermal route for intermediate-duration exposure would be useful if absorption and 

systemic distribution of 1,4-DCB by this route could first be demonstrated in toxicokinetic studies.   

 

Chronic-Duration Exposure and Cancer.    No studies were located regarding the chronic 

inhalation toxicity of 1,2-DCB in humans or animals, indicating that data are needed to provide a basis for 

estimation of an inhalation MRL.  Regarding chronic oral toxicity of 1,2-DCB, the only available study is 

a two-dose-level NTP (1985) bioassay that was conducted in rats and mice.  The only exposure-related 

effect in either species was a significantly increased incidence of renal tubular regeneration in male mice.  

A NOAEL and LOAEL were identified for this lesion and incidences of renal tubular regeneration were 

used to derive a chronic oral MRL for 1,2-DCB.  No information is available on the carcinogenicity of 

1,2-DCB in humans.  Data on cancer in animals are limited to the NTP (1985) chronic bioassay, in which 

no exposure-related tumors were found in male and female rats and mice exposed to two dose levels of 

1,2-DCB for 103 weeks.  This is a well-designed chronic study with respect to exposure duration and 

scope of histological examinations, but it is uncertain whether an MTD was achieved in either species.  

Additional studies that include multiple dose levels and clear MTDs, as well as toxicity end points that 

could be more sensitive than kidney lesions (e.g., endocrine and immunological), could be used determine 
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if the MRL is based on the most appropriate effect level and also provide an better assessment of 

carcinogenic potential. 

 

No studies were located regarding the chronic inhalation or oral toxicity of 1,3-DCB in humans or 

animals, indicating that data are needed to provide the bases for chronic MRL and carcinogenicity 

assessments. 

 

Several case studies of chronic human exposure to 1,4-DCB have been reported.  Reported effects 

resulting mainly from chronic inhalation included pulmonary granulomatosis in a 53-year-old woman 

who had been inhaling 1,4-DCB crystals in her home for 12–15 years (Weller and Crellin 1953); atrophy 

and cirrhosis of the liver in a 34-year-old woman who was exposed to 1,4-DCB-containing products in a 

small enclosed booth in a department store for 1 or more years (Cotter 1953); jaundice and liver atrophy 

in a 52-year-old man after 2 years of exposure to 1,4-DCB in the fur storage plant where he worked 

(Cotter 1953); and ataxia, speech difficulties, limb weakness, and altered brainwave activity in a 25-year-

old woman who had been exposed to high concentrations of 1,4-DCB in her bedroom, bedding, and 

clothes for about 6 years (Miyai et al. 1988).  A limited occupational health survey reported that nasal and 

ocular irritation, but no major systemic health effects, were the only 1,4-DCB-related complaints 

(Hollingsworth et al. 1956).  Further occupational health data on individuals exposed chronically to 

1,4-DCB would be useful for both cancer and noncancer health effect end points already mentioned.  The 

only data located relating to chronic oral human exposure to 1,4-DCB come from a case report of a 

19-year-old black woman who developed an increase in skin pigmentation as a result of eating 1,4-DCB 

moth pellets daily for about 2.5 years (Frank and Cohen 1961).  All of these case studies lacked dosing 

amounts and durations, which makes it difficult to characterize dose-response relationships for effects in 

humans exposed to 1,4-DCB.  No studies of chronic dermal exposure to 1,4-DCB were located, although 

it seems likely that chronic inhalation and oral exposure scenarios, both in the home and in the workplace, 

have also involved dermal contact with 1,4-DCB. 

 

A limited amount of additional information is available on the chronic toxicity of inhaled 1,4-DCB in 

humans.  Periodic health examinations of workers who were exposed to 1,4-DCB for an average of 

4.75 years (range, 8 months to 25 years) showed no changes in standard blood and urine indices 

(Hollingsworth et al. 1956).  The data from this occupational study are inadequate for chronic MRL 

derivation due to poor characterization of exposure levels, insufficient investigation of systemic health 

end points, and poor reporting as well as other study deficiencies.  However, eye and nose irritation 

findings in this study are consistent with nasal effects observed in chronically exposed animals.  
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Information on the chronic inhalation toxicity of 1,4-DCB in animals is available from two studies in rats 

and mice (Aiso et al. 2005b; Japan Bioassay Research Center 1995; Riley et al. 1980a, 1980b).  One of 

these studies (Aiso et al. 2005b; Japan Bioassay Research Center 1995) identified nasal lesions in rats and 

provided a sufficient basis for MRL estimation. 

 

Information on the chronic oral effects of 1,4-DCB is available from one study each in rats, mice, and 

rabbits (Hollingsworth et al. 1956; NTP 1987).  Lesions were observed in the kidneys and liver, and the 

lowest tested dose was a LOAEL for renal effects in rats (NTP 1987).  Naylor and Stout (1996) identified 

liver effects (increased liver weight, changes in liver enzymes, and histopathology) in dogs administered 

1,4-DCB for 1 year; these liver effects provided a sufficient basis for chronic oral MRL estimation.  

Information on carcinogenicity of 1,4-DCB is available from the chronic oral and inhalation studies in 

rats and mice.  The oral study (NTP 1987) found evidence of carcinogenicity based on increased tumor 

incidences in male rat kidneys and in the livers of male and female mice.  The kidney tumors are not 

relevant to humans because the mechanism (α2µ-globulin nephropathy) is specific to male rats.  One of the 

inhalation studies (Aiso et al. 2005b; Japan Bioassay Research Center 1995) similarly showed tumor 

induction in the livers of male and female mice, although there was no tumor formation in either sex of 

rats.  The other inhalation study (Riley et al. 1980a, 1980b) found no neoplastic changes in rats or mice, 

but the adequacy of the study for carcinogenicity evaluation is limited by failure to reach the maximum 

tolerated dose, less-than-lifetime exposure durations, and short observation periods in both species.  There 

is sufficient evidence of 1,4-DCB carcinogenicity in animals based on the induction of liver tumors in 

mice exposed by both the oral and inhalation routes.  Unlike the kidney tumors in male rats, the 

mechanistic basis of the liver tumors in mice is not adequately defined, indicating that additional studies 

could help to better assess their relevance to humans.   

 

Data on the effects of chronic dermal exposure to 1,4-DCB might be useful if dermal absorption and 

systemic distribution of 1,4-DCB can be demonstrated from toxicokinetic studies, since chronic dermal 

exposure to 1,4-DCB occurs as a result of bathing and showering in drinking water that contains low 

levels of this chemical in many U.S. communities.   

 

Genotoxicity.    Genotoxic effects of 1,2- and 1,3-DCB have been investigated in various animal test 

systems with generally mixed results.  The genotoxicity of 1,4-DCB has been extensively studied in a 

wide variety of in vitro and in vivo animal assays with a preponderance of negative results.  Additional 

studies could help to clarify the mechanism of carcinogenesis for 1,4-DCB-induced liver tumors in mice.  
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There are considerable data supporting a sustained proliferative response following 1,4-DCB exposure as 

the mode of action for liver tumor formation; however, the existing evidence is incomplete. 

 

Reproductive Toxicity.    The reproductive toxicity of 1,2-DCB has been evaluated in a 2-generation 

inhalation study in rats (Bio/dynamics 1989), but not by the oral route.  The inhalation study found no 

effects on reproduction in either generation at exposure levels higher than those causing liver effects in 

the parental animals, indicating that it can be used to partially address the data gap for oral exposure. 

 

No information was located on possible reproductive effects of 1,3-DCB, indicating that reproductive 

toxicity is a data need for both inhalation and oral exposure to this isomer. 

 

The reproductive toxicity of 1,4-DCB has been evaluated in inhalation and oral 2-generation studies in 

rats with no exposure-related effects on reproductive function (Bornatowicz et al. 1994; Tyl and Neeper-

Bradley 1989).  An inhalation study of male mice exposed to 1,4-DCB for 5 days did not find an adverse 

impact on their ability to impregnate females (Anderson and Hodge 1976).  Incidences of morpho-

logically abnormal sperm were increased in rats that were intraperitoneally injected with 1,4-DCB 

(Murthy et al. 1987).  Histopathology evaluations of 1,4-DCB-exposed animals have not demonstrated 

changes in reproductive tissues in the preponderance of studies.  Based on the available data, there is no 

compelling need for additional reproductive toxicity studies of 1,4-DCB.  

 

Developmental Toxicity.    The developmental toxicity of inhaled 1,2-DCB was evaluated in an 

adequate study of gestationally-exposed rats and rabbits (Hayes et al. 1985).  Skeletal variations, but no 

teratogenic effects, occurred in rats at a concentration that also caused maternal toxicity.  A poorly 

reported oral study in which rats were gestationally exposed to 1,2-DCB (Ruddick et al. 1983) found no 

effects on fetuses and indicates that developmental toxicity, if induced, would only occur at levels that 

were maternally toxic.  No information is available on possible neurodevelopmental effects of 1,2-DCB, 

indicating that this is a data need. 

 

No information was located on the developmental toxicity of 1,3-DCB, indicating that this is a data need 

for both inhalation and oral exposure to this isomer. 

 

The developmental toxicity of inhaled 1,4-DCB was evaluated in adequate studies of gestationally-

exposed rats and rabbits (Hayes et al. 1985; Hodge et al. 1977).  No maternal or prenatal developmental 

toxicity occurred in the rats, although there was evidence of fetotoxicity (a minor variation of the 
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circulatory system) in the rabbits at a concentration that was maternally toxic and higher than LOAELs 

for systemic toxicity in other studies.  Information on developmental toxicity of ingested 1,4-DCB is 

available from an 2-generation oral study in rats (Bornatowicz et al. 1994).  Fetuses were not examined 

for prenatal changes, but various effects occurred in the offspring perinatally and during the later pre-

weaning period, including decreased neonatal survival and impaired neurobehavioral development in 

F1 and F2 pups.  This finding suggests that postnatal neurobehavioral development is a sensitive end point 

for 1,4-DCB that could be better characterized by additional studies.    

 

Immunotoxicity.    No information is available on immunological function in humans or animals 

exposed to 1,2-DCB or 1,3-DCB by the inhalation or oral routes.  Lymphoid depletion in the thymus was 

observed histologically in rats that were exposed to a high oral dose of 1,2-DCB for 13 weeks (NTP 

1985), suggesting that the immune system is a possible target of concern and providing an additional 

indication of the need for adequate assessments of immunotoxicity.  

 

No studies were located that directly assess the potential immunotoxic effects of 1,4-DCB in humans 

exposed by inhalation, oral, or dermal routes.  However, case reports of skin reactions in a 69-year-old 

man who was exposed via inhalation (Nalbandian and Pearce 1965) and a 19-year-old woman who 

ingested moth pellets (Frank and Cohen 1961) suggest that the immune system may be a target for 

1,4-DCB.  Oral exposure to high doses of 1,4-DCB for 13 weeks caused lymphoid necrosis in the thymus, 

lymphoid depletion in the spleen, and hematopoietic hypoplasia in the spleen and bone marrow of mice, 

and lymphoid depletion of the thymus and spleen in rats (NTP 1987).  Effects of oral 1,4-DCB exposure 

on function of the immune system have not been studied, although there were no functional decrements in 

a 12-week inhalation immunotoxicity study in guinea pigs that assessed a limited number of indices 

(Suzuki et al. 1991).  Comprehensive immunological testing would help to adequately assess the 

immunotoxic potential of 1,4-DCB.   

 

Neurotoxicity.    Comprehensive neurobehavioral assessments have not been performed for any of the 

DCB isomers.  Clinical signs neurotoxicity (e.g., ataxia and clonic contractions) were observed in rats that 

were orally exposed to a high dose of 1,2-DCB for 15 days (Rimington and Ziegler 1963), but similar 

effects were not found in rats or mice in other studies of this isomer.  No signs of neurotoxicity occurred 

in rats were orally exposed to 1,3-DCB for up to 90 days (McCauley et al. 1995). 

 

Neurological effects including dizziness, weakness, headaches, nausea, vomiting, numbness, clumsiness, 

speech difficulties, and altered patterns of certain brainwaves have been reported to have occurred in case 
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studies of persons exposed to 1,4-DCB via inhalation (Cotter 1953; Miyai et al. 1988), as well as with 

other halogenated hydrocarbons.  There are no data on neurological effects in humans exposed to 

1,4-DCB through the oral or dermal routes.  Neurotoxic effects of 1,4-DCB occurred in rats, rabbits, and 

guinea pigs following inhalation exposure to high concentrations; effects included tremors, weakness, and 

periods of unconsciousness.  Similar neurological responses were observed following oral exposure to 

high doses of 1,4-DCB (NTP 1987; Rimington and Ziegler 1963).  No studies were located that reported 

neurological effects after a dermal route of exposure.  Additional information, particularly on subtle 

behavioral changes at low levels of inhalation and oral exposure, is needed to adequately assess the 

neurotoxic potential of 1,4-DCB and for quantifying dose-response relationships.   

 

Epidemiological and Human Dosimetry Studies.    A limited amount of information is available 

on the inhalation toxicity of 1,2- and 1,4-DCB in humans from observations in exposed workers, mainly 

from assessments of symptoms and standard blood and urine indices as determined by periodic 

occupational health examinations (Hollingsworth et al. 1956, 1958).  No information is available on the 

toxicity of ingested 1,2- or 1,3-DCB in humans.  Information on toxic effects of 1,4-DCB in orally 

exposed humans is limited to two case reports describing hematological changes, particularly anemia, 

following known or presumed repeated ingestion of unknown doses of the compound in commercial 

products (Campbell and Davidson 1970; Hallowell 1959).  The limited available information suggests 

that inhalation or oral exposure to DCBs can cause effects in humans similar to those found in animals, 

particularly in the respiratory tract, liver, and hematological systems.  There are no case studies or 

epidemiological data that suggest that levels of DCBs found in the environment are associated with 

significant human exposure.  The available data suggest that levels of DCBs in outside air are relatively 

insignificant, although the compounds are widespread (IARC 1982; Scuderi 1986; Wallace et al. 1986b).  

Levels in groundwater and surface water are also relatively low (Coniglio et al. 1980; Dressman et al. 

1977; IJC 1989; Oliver and Nicol 1982a; Page 1981; Staples et al. 1985).  These observations indicate 

that the most likely population to exhibit effects of DCB exposures would be occupationally exposed 

groups.  Human epidemiological studies that provide a more definitive dose-response relationship 

between exposure, clinical manifestations, and target organ toxicity (i.e., hepatic, hematological, and 

neurological systems) would be useful. 

 

Biomarkers of Exposure and Effect.     

 

Exposure.  Exposure to DCBs can be identified by measuring levels of the isomers in blood (Bristol et al. 

1982; Hill et al. 1995; Jan 1983; Langhorst and Nestrick 1979; Pellizzari et al. 1985), urine (Ghittori et al. 
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1985; Hill et al. 1995; Kumagai and Matsunaga 1995, 1997; Zenser et al. 1997), adipose tissue (Jan 

1983), and breast milk (Jan 1983; Mes et al. 1986), as well as metabolites in the urine.  Urinary 

2,5-dichlorophenol is a well-documented biomarker for monitoring worker exposure to 1,4-DCB 

(McKinney et al. 1970; Pagnotto and Walkley 1965), and urinary 2,3- and 3,4-dichlorophenols, as well as 

3,4- and 4,5-dichlorocatechols, have been shown to be useful indicators of exposure to 1,2-DCB 

(Kumagai and Matsunaga 1997).  Additional data with which to correlate these measurements to exposure 

levels, particularly by the inhalation route, and potential health effects, would be useful. 

 

Effect.  There are no health effects that are uniquely associated with exposure to DCBs.  Therefore, 

studies to identify a specific biomarker of effect for DCBs would be useful. 

 

Absorption, Distribution, Metabolism, and Excretion.    There are no data on the toxicokinetics 

of any DCB isomer in humans.  Experiments with laboratory animals indicate that DCBs are absorbed via 

oral or inhalation exposure and distributed mainly to adipose tissue, with some distribution to the liver 

and kidney, and minor amounts to other organs (Hawkins et al. 1980; Kimura et al. 1979).  Absorbed 

DCBs are principally metabolized to dichlorophenol metabolites (e.g., 2,5-dichlorophenol from 1,4-DCB) 

by oxidation and is rapidly eliminated, primarily in urine (Azouz et al. 1955; Hawkins et al. 1980).  The 

available data indicate that the route of exposure is likely to have little effect on the subsequent 

metabolism and excretion of DCBs.  Scant data are available on absorption and systemic distribution 

resulting from exposure via the dermal route.  Dermal absorption data would be particularly useful 

considering that the inhalation MRLs are based on whole-body exposure.  1,4-DCB produces a burning 

sensation when applied to the skin for a prolonged period of time, indicating at least minimal penetration 

to nerve endings within the skin (Hollingsworth et al. 1956).  The little information that is available 

suggests that dermal exposure is associated with low systemic toxicity in both humans and laboratory 

animals.  It would be useful to confirm this because it could provide a basis for assessing the likelihood of 

toxic effects resulting from dermal exposure and the need to conduct various toxicity studies via the 

dermal route.  Additional toxicokinetic data would be useful for quantitating route-specific absorption 

rates.   

 

Comparative Toxicokinetics.    There are no available studies that compare the toxicokinetics of any 

of the DCB isomers across species.  This has been an important area of concern in interpreting the results 

of animal studies with 1,4-DCB with respect to their relevance to humans, most notably in the 

observations of renal toxicity and carcinogenicity in male rats.  Although this specific issue has been 

largely resolved, it would be useful to have further data comparing the toxicokinetics of 1,4-DCB across 
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species in order to understand better which animal model is likely to compare most directly with humans 

with regard to other toxic effects in response to 1,4-DCB exposure.  From the available data in humans 

and laboratory animals, the primary metabolite produced after exposure to 1,4-DCB is 2,5-dichloro-

phenol.  This metabolite appears mainly in the urine after undergoing phase II metabolism, principally to 

the sulfate and glucuronide conjugates, with some exiting via the bile (Azouz et al. 1955; Fisher et al. 

1995; Hissink et al. 1997a; Hallowell 1959; Kimura et al. 1979; Klos and Dekant 1994). 

 

Methods for Reducing Toxic Effects.    Based on the chemical and physical properties of DCBs, 

absorption is most likely to occur by passive diffusion.  However, this has not been investigated.  Studies 

that investigate the mechanism by which DCBs are absorbed could be useful in developing methods for 

reducing its absorption.  Standard methods exist for reducing the absorption of DCBs across the skin, 

lungs, and gastrointestinal tract (HSDB 1996) and are described in more detail in Chapter 7 of this profile; 

however, none of these are specific for exposures to 1,2-, 1,3-, or 1,4-DCB.  DCBs can be retained in fatty 

tissues at low levels (EPA 1986f; Hawkins et al. 1980; Morita and Ohi 1975; Morita et al. 1975).  

Additional studies that characterize the metabolic pathways that enhance excretion may be useful in 

developing a method for reducing body burden.  However, since most of an absorbed dose is likely to be 

eliminated within several days (Hawkins et al. 1980), it seems unlikely that methods for reducing body 

burden would be of much benefit.  There is limited evidence that DCBs are metabolically activated to 

hepatotoxic intermediates (Fisher et al. 1991a; Lattanzi et al. 1989).  Additional studies that further 

characterize the metabolic activation of DCBs could be useful for understanding how metabolites interact 

and to develop methods for interfering with the mechanism of action. 

 

Children’s Susceptibility.    Data needs relating to both prenatal and childhood exposures, and 

developmental effects expressed either prenatally or during childhood, are discussed in detail in the 

Developmental Toxicity subsection above. 

 

Essentially all of the studies on effects of exposure of humans to DCBs have focused on adults.  It is 

unknown whether children differ from adults in their susceptibility to health effects from DCBs.  Only 

two case reports of 1,4-DCB specifically referenced potential exposure to a child (Campbell and 

Davidson 1970; Hallowell 1959).  Data relating to health effects in general for children are lacking.  

There are no data describing the developmental effects in humans.  Such data, although potentially useful, 

would be difficult to obtain.  See the Developmental Toxicity subsection above for related data needs. 
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Although there is no reason to suspect that the pharmacokinetics of DCBs differs in children and adults, 

scant data are available to support or disprove this statement.  Studies of absorption, distribution, 

metabolism, and excretion in children would aid in determining if children are at an increased risk, 

particularly if conducted in an area where a high-dose acute or low-dose chronic exposure to an 

environmental source were to occur.  With regard to exposure during development, additional research on 

maternal and fetal/neonatal toxicokinetics, placental biotransformation, the mechanism of action in 

children, and the risk associated with the transfer of DCBs to an infant via breast milk would be useful in 

obtaining a more complete picture of prenatal and neonatal development.  Direct evidence on whether 

DCBs crosses the placenta and on the kinetics associated with that transfer is also needed.  Data needs 

exist for determining if specific biomarkers of exposure or effect exist in children (and how those differ 

from adults) and how DCBs interact with other chemicals (i.e., other organochlorine pesticides, drugs, 

etc.)  Data needs also exist for methods to reduce peak absorption after exposure, to reduce body burden, 

and to interfere with the mechanism of action for toxic effects targeted for adults as well as for children. 

 

Child health data needs relating to exposure are discussed in Section 6.8.1, Identification of Data Needs:  

Exposures of Children. 

 

3.12.3   Ongoing Studies  
 

No known ongoing studies related to the toxicity or toxicokinetics of DCBs were identified. 
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4.  CHEMICAL AND PHYSICAL INFORMATION 
 

4.1   CHEMICAL IDENTITY  
 

Dichlorobenzenes (DCBs) are chlorinated aromatic compounds.  1,2-DCB is used primarily as a 

precursor for 3,4-dichloroaniline herbicides (CMR 1996).  1,3-DCB is used in the production of various 

herbicides, insecticides, pharmaceuticals, and dyes (Krishnamurti 2001).  1,4-DCB is used as a deodorant 

for restrooms (Howard 1989), for moth control (O’Neil 2001), and as an insecticide (Farm Chemicals 

Handbook 1983).  Information regarding the chemical identity of 1,2-, 1,3-, and 1,4-DCB is located in 

Table 4-1. 

 

4.2   PHYSICAL AND CHEMICAL PROPERTIES  
 

The dichlorobenzene isomers, 1,2-DCB and 1,3-DCB, are colorless volatile liquids at room temperature 

(EPA 1985a).  1,2-DCB has a pleasant odor, while the odor of 1,3-DCB is unspecified (EPA 1985a; 

NIOSH 2005).  1, 4-DCB is a combustible crystalline solid that tends to sublime at ordinary room 

temperatures.  It possesses a distinctive odor reportable to be noticeable at airborne concentrations 

between 30 and 60 ppm (by weight [ppm-w] or by volume [ppm-v] not specified; presumably "ppm" 

would refer to ppm by weight).  Information regarding the physical and chemical properties of 1,2-, 1,3-, 

and 1,4-DCB is located in Table 4-2. 
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Table 4-1.  Chemical Identity of 1,2-, 1,3-, and 1,4-Dichlorobenzene 
 
Characteristic Value Reference 
Chemical name  1,2-Dichlorobenzene Lide 2000 
Synonyms o-Dichlorobenzene; o-dichlorobenzol; 

orthodichlorobenzene 
RTECS 2005 

Trade names Chloroben; Cloroben; Dilatin DB; 
Dowtherm E; Dizene; Special termite 
fluid; Termitkil 

HSDB 2005; RTECS 2005 

Chemical formula C6H4Cl2 RTECS 2005 
Chemical structure Cl

Cl

 

 

Identification numbers:   
 CAS Registry 95-50-1 Lide 2000 
 NIOSH RTECS CZ4500000 RTECS 2005 
 EPA Hazardous Waste U070; F002 HSDB 2005 
 OHM/TADS No data  
 DOT/UN/NA/IMCO Shipping UN 1591; IMO 6.1 HSDB 2005 
 HSDB 521 HSDB 2005 
 NCI NCI-C54944 RTECS 2005 
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Table 4-1.  Chemical Identity of 1,2-, 1,3-, and 1,4-Dichlorobenzene 
 
Characteristic Value Reference 
Chemical name  1,3-Dichlorobenzene Lide 2000; HSDB 2005 
Synonyms m-Dichlorobenzene; m-DCB; 

m-dichlorobenzol; m-phenylene 
dichloride 

RTECS 2005  

Trade names No data  
Chemical formula C6H4Cl2 RTECS 2005 
Chemical structure Cl

Cl  

 

Identification numbers:   
 CAS Registry 541-73-1 Lide 2000 
 NIOSH RTECS CZ4499000 RTECS 2005 
 EPA Hazardous Waste U071 HSDB 2005 
 OHM/TADS No data  
 DOT/UN/NA/IMCO Shipping No data  
 HSDB 522 HSDB 2005 
 NCI No data  
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Table 4-1.  Chemical Identity of 1,2-, 1,3-, and 1,4-Dichlorobenzene 
 
Characteristic Value Reference 
Chemical name  1,4-Dichlorobenzene Lide 2000 
Synonyms para-Dichlorobenzene; p-dichloro-

benzene; p-chlorophenyl chloride; 
PDB; PDCB; p-dichlorobenzol 

RTECS 2005 

Trade names Paracide; Paradow; Paradi; 
Santochlor; Paramoth; Paranuggets; 
Parazene; Persia-perazol; Para 
crystals; Global; Evola; Di-chloricide 

RTECS 2005 

Chemical formula C6H4Cl2 RTECS 2005 
Chemical structure Cl

Cl  

 

Identification numbers:   
 CAS Registry 106-46-7 Lide 2000 
 NIOSH RTECS CZ4550000 RTECS 2005 
 EPA Hazardous Waste U072; D027 HSDB 2005 
 OHM/TADS No data  
 DOT/UN/NA/IMCO Shipping UN 1592; IMO 6.1 HSDB 2005 
 HSDB 523 HSDB 2005 
 NCI NCI-C54955 RTECS 2005 
 
CAS = Chemical Abstracts Service; DOT/UN/NA/IMCO = Department of Transportation/United Nations/North 
America/Intergovernmental Maritime Dangerous Goods Code; EPA = Environmental Protection Agency; 
HSDB = Hazardous Substances Data Bank; NCI = National Cancer Institute; NIOSH = National Institute for 
Occupational Safety and Health; OHM/TADS = Oil and Hazardous Materials/Technical Assistance Data System; 
RTECS = Registry of Toxic Effects of Chemical Substances 
 



DICHLORORBENZENES 259 
 

4.  CHEMICAL AND PHYSICAL INFORMATION 
 
 

 
 
 
 
 

 

Table 4-2.  Physical and Chemical Properties of 1,2-, 1,3-, and 
1,4-Dichlorobenzene 

 
Property Value Reference 
Chemical name 1,2-Dichlorobenzene Lide 2000 
Molecular weight 147.00 Lide 2000 
Color Colorless to pale yellow NIOSH 2005 
Physical state Liquid Lewis 1997 
Melting point -16.7 °C Lide 2000 
Boiling point  180 °C Lide 2000 
Density at 20 °C 1.3059 g/mL Lide 2000 
Odor Pleasant, aromatic NIOSH 2005 
Odor threshold:   
 Water 0.01 mg/L Verschueren 2001 
 Air 50 ppm (301 mg/m3) Verschueren 2001 
Solubility:   
 Water 156 mg/L at 25 °C Banerjee et al. 1980 
Organic solvents Miscible with alcohol, ether, benzene O’Neil 2001 
Partition coefficients:   
 Log octanol/water 3.43 Hansch et al. 1995 
 Log Koc 2.51 Chiou et al. 1983 
Vapor pressure at 25 °C 1.36 mm Hg Daubert and Danner 1992 
Henry's law constant at 25 °C 1.92x10-3 atm m3/mol Shiu and Mackay 1997 
Autoignition temperature 640 °C Krishnamurti 2001 
Flashpoint 28 °C (closed cup) Krishnamurti 2001 
Flammability limits No data  
Conversion factors 1 mg/m3=0.116 ppm at 25 °C and 

760 mm Hg; 
1 ppm=6.01 mg/m3 at 25 °C and 
760 mm Hg 

Verschueren 2001 

Explosion limits 2–9% by volume in air Leber and Bus 2001 
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Table 4-2.  Physical and Chemical Properties of 1,2-, 1,3-, and 
1,4-Dichlorobenzene 

 
Property Value Reference 
Chemical name 1,3-Dichlorobenzene Lide 2000 
Molecular weight 147.00 Lide 2000 
Color Colorless Lewis 1997 
Physical state Liquid Lewis 1997 
Melting point -24.8 °C Lide 2000 
Boiling point  173 °C Lide 2000 
Density at 20 °C 1.2884 g/mL Lide 2000 
Odor No data  
Odor threshold:   
 Water 0.02 mg/L Verschueren 2001 
 Air No data  
Solubility:   
 Water 125 mg/L at 20 °C Miller et al. 1984 
Organic solvents Soluble in alcohol, ether O’Neil 2001 
Partition coefficients:   
 Log octanol/water 3.53 Hansch et al. 1995 
 Log Koc 2.47 Chiou et al. 1983 
Vapor pressure at 25 °C 2.15 mm Hg Daubert and Danner 1992 
Henry's law constant at 25 °C 2.8x10-3 atm m3/mol Staudinger and Roberts 1996 
Autoignition temperature >500 °C Krishnamurti 2001 
Flashpoint No data  
Flammability limits No data  
Conversion factors 1 mg/ m3=0.116 ppm at 25 °C and 

760 mm Hg; 
1 ppm=6.01 mg/m3 at 25 °C and 
760 mm Hg 

HSDB 2005 

Explosion limits No data  
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Table 4-2.  Physical and Chemical Properties of 1,2-, 1,3-, and 
1,4-Dichlorobenzene 

 
Property Value Reference 
Chemical name 1,4-Dichlorobenzene Lide 2000 
Molecular weight 147.00 Lide 2000 
Color Colorless or white NIOSH 2005 
Physical state Solid Lewis 1997 
Melting point 52.7 °C Lide 2000 
Boiling point  174 °C Lide 2000 
Density at 20 °C 1.46 g/mL O’Neil 2001 
Odor Mothball-like; penetrating Lewis 1997; NIOSH 2005 
Odor threshold:   
 Water 0.011 mg/L Amoore and Hautala 1983 
 Air 0.18 ppm (1.1 mg/m3) Amoore and Hautala 1983 
Solubility:   
 Water 80.0 mg/L Yalkowsky and He 2003 
Organic solvents Soluble in alcohol, ether, benzene, 

chloroform, carbon disulfide 
O’Neil 2001 

Partition coefficients:   
 Log octanol/water 3.44 Hansch et al. 1995 
 Log Koc 2.44 Chiou et al. 1983 
Vapor pressure at 25 °C 1.77 mm Hg Daubert and Danner 1992 
Henry's law constant at 25 °C 2.41x10-3 atm m3/mol Shiu and Mackay 1997 
Autoignition temperature >500 °C Krishnamurti 2001 
Flashpoint 67 °C (closed cup) Krishnamurti 2001 
Flammability limits 6.2–16% Leber and Bus 2001 
Conversion factors 1 ppm=6.01 mg/m3 at 25 °C and 

760 mm Hg; 
1 mg/m3=0.166 ppm at 25 °C and 
760 mm Hg 

Verschueren 2001 

Explosion limits No data  
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5.  PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 
 

5.1   PRODUCTION 
 

Chlorinated benzenes are produced typically by reacting liquid benzene with gaseous chlorine in the 

presence of a catalyst at moderate temperature (unspecified) and atmospheric pressure (IARC 1999; 

Rossberg et al. 2002).  This reaction yields a mixture of chlorobenzene isomers with varying degrees of 

chlorination.  A maximum dichlorobenzene yield of 98% is obtainable in a batch process in which 

2 moles of chlorine is used per mole of benzene (mass ratio approximately 1.8:1) in the presence of ferric 

chloride and sulfur monochloride (IARC 1999).  1,2- and 1,4- DCB are the major DCB isomers formed in 

this process, with 1,2:1,4 ratios dependant on the type of catalyst used (Table 5-1).  1,3-DCB is also 

formed, but in much smaller quantities (Krishnamurti 2001).  The DCB isomers are typically separated by 

crystallization and distillation. 

 

Production of 1,4-DCB in the United States has risen from approximately 15 million pounds 

(6,800 metric tons) in 1981 to approximately 72 million pounds (32,600 metric tons) in 1993 (IARC 

1999).  The production volume of 1,4-DCB reported by manufacturers in 1998 and 2002 was within the 

range of greater then 50 million pounds to 100 million pounds (>23,000–45,000 metric tons) (EPA 

2002e).  The historical rate of growth of this chemical from 1989–1998 was 1.1 percent per year (CMR 

1999). 

 

Production of 1,2-DCB in the United States fell from approximately 54 million pounds (24,700 metric 

tons) in 1975 to approximately 35 million pounds (15,800 metric tons) in 1993 (IARC 1999).  The 

production volume of 1,2-DCB reported by manufacturers in 1998 was within the range of >50 million 

pounds to 100 million pounds (>23,000–45,000 metric tons) (EPA 2002e).  In 2002, companies reported 

production within the range of <10 million pounds to 50 million pounds (<5,000–23,000 metric tons) 

(EPA 2002e).  The historical rate of growth of this chemical from 1986–1995 was 0.7 percent per year 

(CMR 1996).   

 

Production of 1,3-DCB in the United States was <1 million pounds (500 metric tons) in 1983 (IARC 

1999).  The production volume of this chemical reported by manufacturers was within 10 thousand 

pounds to 500 thousand pounds (5–200 metric tons) during reporting year 1986, >1 million pounds to 

10 million pounds (500–5,000 metric tons) during reporting year 1990, and >500 thousand pounds to  
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Table 5-1.  Influence of Catalysts on the Ratio 1,4-:1,2-Dichlorobenzene 
 

Catalyst 
Proportion of 1,4-dichlorobenzene 
(in percent) in the dichlorobenzene fraction

Ratio 1,4- : 1,2-di-
chlorobenzene 

MnCl2 + H2O ca. 50 1.03 
SbCl5  1.5 
FeCl3 or Fe ca. 59 1.49–1.55 
Metallosilicon organic 
compounds 

61–74 1.56–2.8 

AlCl3 – SnCl4  2.21 
AlCl3 – TiCl4  2.25 
Fe – S – PbO ca. 70  
FeCl3 – diethyl ether  2.38 
Aluminum silicate-
hexamethylene-diamine 

 2.7 

FeCl3 – S2Cl2 ca. 76  
FeCl3 – divalent organic sulfur 
compounds 

ca. 77 3.3 

L-type zeolite ca. 88 8.0 
TiCl4 (chlorinating agent is 
FeCl3) 

 20–30 

 
Source:  Rossberg et al. 2002 
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1 million pounds (>200–500 metric tons) in reporting years 1994 and 1998 (EPA 2002e).  Production 

volume data were not listed for reporting year 2002.  

 

1,4-DCB is the most important of the three DCB isomers commercially (Elovaara 1998).  However, the 

high 1,2- to 1,4-DCB ratio has traditionally created an isomer imbalance in the DCB market (CMR 1999).  

Decreasing demand for 1,2-DCB in recent years has resulted in an increased economic disadvantage for 

the companies producing these chemicals.   

 

1,4-DCB and 1,2-DCB are currently produced by 2 U.S. companies at 2 different locations:  Solutia Inc., 

in Sauget, Illinois and PPG Industries, Inc., in Natrium, West Virginia (SRI 2005).  Current annual 

1,4-DCB production capacity for Solutia Inc. and PPG Industries, Inc. are 39 and 40 million pounds 

(17,700 and 18,100 metric tons), respectively (SRI 2005).  Total annual production capacity for this 

isomer has fluctuated during the last 2 decades.  The annual production capacity was 119 (54,000), 

132 (59,900), 371 (168,000), 144 (65,000), 145(66,000), 154(70,000), and 79 (35,800) million pounds 

(metric tons) in 1983, 1988, 1995, 1997, 1999, 2001, and 2003 respectively (SRI 1984, 1988, 1995, 1997, 

1999, 2001, 2003).  Current annual 1,2-DCB production capacity for Solutia and PPG are 13 and 

20 million pounds (5,900 and 9,000 metric tons), respectively (SRI 2005).  The annual production 

capacity for the 1,2- isomer was 78 (35,000), 81 (37,000), 81 (37,000), 76 (34,000), 80 (36,000), 

83 (38,000), and 33 (15,000) million pounds (metric tons) in 1983, 1988, 1995, 1997, 1999, 2001, and 

2003 respectively (SRI 1984, 1988, 1995, 1997, 1999, 2001, 2003).   

 

Tables 5-2, 5-3, and 5-4 list the facilities in each state that manufacture or process 1,2-, 1,3-, and 

1,4-DCB, respectively.  These tables give the intended use and the range of maximum amounts of each 

DCB isomer that are stored on site.  The data listed in Tables 5-2 through 5-4 are derived from the Toxics 

Release Inventory (TRI03 2005).  Only certain types of facilities were required to report (EPA 1997b).  

Therefore, this is not an exhaustive list. 

 

5.2   IMPORT/EXPORT  
 

In 1978, about 1.09x104 kg (24,030 pounds) of 1,4-DCB were imported into the United States (HSDB 

2005; NTP 1989).  Import volumes of 1,4-DCB were 867,441 kg (1.9 million pounds), 1,113,676 kg 

(2.5 million pounds), 996,649 kg (2.2 million pounds), 3,283,759 kg (7.2 million pounds), and 

3,019,233 kg (6.7 million pounds) for 1990, 1991, 1992, 1993, and 1994, respectively.  U.S.  
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Table 5-2.  Facilities that Produce, Process, or Use 1,2-Dichlorobenzene 
 

Statea 
Number of 
facilities 

Minimum amount 
on site 
in poundsb 

Maximum 
amount on site 
in poundsb Activities and usesc 

AL  3 1,000 999,999 6, 11, 12 
AR  12 100 49,999,999 2, 3, 6, 7, 10, 12 
AZ  1 1000 9,999 11 
CA  15 100 9,999,999 2, 3, 7, 8, 9, 11, 12 
CO  1 1,000 9,999 7 
CT  2 1,000 99,999 12 
DE  6 1,000 9,999,999 1, 3, 4, 6, 7, 9 
FL  2 10,000 99,999 7, 11 
GA  3 1,000 99,999 7, 8 
IL  3 1,000 9,999,999 1, 4, 12 
IN  8 100 999,999 2, 3, 7, 10, 12 
KS  3 100 99,999 12 
KY  2 10,000 999,999 1, 3, 6 
LA  12 100 999,999 1, 5, 6, 10, 12 
MA  8 100 999,999 7, 10, 11, 12 
MI  4 0 9,999 7, 8, 9, 12 
MN  1 1,000 9,999 12 
MO  6 100 99,999,999  7, 9, 12 
MS  5 0 999,999 1, 3, 9, 11, 12 
NC  12 100 999,999 2, 3, 6, 7, 10, 11, 12 
NE  2 10,000 999,999 12 
NH  1 0 99 12 
NJ  22 1,000 9,999,999 2, 3, 6, 7, 8, 9, 10, 12, 14 
NY  8 1,000 999,999 10, 11, 12 
OH  8 1,000 9,999,999 3, 7, 9, 10, 11, 12 
OK  1 1,000 9,999 12 
OR  2 10,000 99,999 8, 12 
PA  9 0 999,999 3, 7, 10, 11, 12 
RI  4 1,000 99,999 7, 8, 10 
SC  6 100 999,999 6, 10, 11, 12 
TN  3 10,000 999,999 10, 11 
TX  31 100 9,999,999 1, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13 
VA  2 10,000 999,999 12 
WI  3 10,000 999,999 9, 10 
WV  6 100,000 49,999,999 1, 4, 10, 11 
 
Source:  TRI03 2005 (Data are from 2003) 
 
aPost office state abbreviations used 
bAmounts on site reported by facilities in each state 
cActivities/Uses: 
1.  Produce 
2.  Import 
3.  Onsite use/processing 
4.  Sale/Distribution 
5.  Byproduct 

6.  Impurity 
7.  Reactant 
8.  Formulation Component 
9.  Article Component 
10.  Repackaging 

11.  Chemical Processing Aid 
12.  Manufacturing Aid  
13.  Ancillary/Other Uses 
14.  Process Impurity 
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Table 5-3.  Facilities that Produce, Process, or Use 1,3-Dichlorobenzene 
 

Statea 
Number of 
facilities 

Minimum 
amount on site 
in poundsb 

Maximum 
amount on site 
in poundsb Activities and usesc 

AR  1 1,000 9,999 12 
CA  1 100 999 12 
DE  7 100 9,999,999 1, 3, 4, 5, 6, 13 
IL  5 1,000 9,999,999 1, 4, 5, 12, 13 
IN  1 100 999 12 
KY  1 10,000 99,999 1, 3, 6 
LA  4 1,000 999,999 1, 5 
MI  2 100,000 999,999 2, 3, 6 
MO  3 100 99,999 6, 12 
MS  1 100 999 12 
NJ  3 100 999,999 3, 6, 10, 12 
OH  2 1,000 99,999 12 
SC  1 10,000 99,999 6 
TX  7 0 99,999 1, 5, 11, 12, 13 
WV  3 100,000 9,999,999 1, 4, 5, 13 
 
Source:  TRI03 2005 (Data are from 2003) 
 
aPost office state abbreviations used 
bAmounts on site reported by facilities in each state 
cActivities/Uses: 
1.  Produce 
2.  Import 
3.  Onsite use/processing 
4.  Sale/Distribution 
5.  Byproduct 

6.  Impurity 
7.  Reactant 
8.  Formulation Component 
9.  Article Component 
10.  Repackaging 

11.  Chemical Processing Aid 
12.  Manufacturing Aid  
13.  Ancillary/Other Uses 
14.  Process Impurity 
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Table 5-4.  Facilities that Produce, Process, or Use 1,4-Dichlorobenzene 
 

Statea 
Number of 
facilities 

Minimum 
amount on site 
in poundsb 

Maximum 
amount on site 
in poundsb Activities and usesc 

AR  6 1,000 99,999 1, 2, 6, 7, 12, 13 
CA  2 100 999 3, 4, 9, 12 
DE  2 1,000,000 49,999,999 1, 3, 4, 6 
FL  4 10,000 99,999 4, 7, 9 
GA  9 1,000 999,999 7, 8, 9, 12 
IL  8 0 9,999,999 1, 2, 3, 4, 7, 9, 11, 12, 14 
IN  6 100 99,999 7, 8, 11, 12 
KS  8 100 999,999 7, 9, 12 
KY  3 1,000 99,999 2, 4, 12 
LA  8 0 999,999 1, 5, 6, 13 
MA  5 1,000 999,999 2, 3, 7, 11 
MI  2 1,000 99,999 2, 5 
MO  4 100 999,999 1, 5, 8, 12 
NC  5 100 999,999 2, 3, 6, 11, 12 
NE  1 10,000 99,999 12 
NJ  12 1,000 999,999 2, 3, 4, 7, 8, 9, 12 
NY  1 100 999 2, 4 
OH  13 1,000 999,999 1, 2, 3, 4, 7, 8, 9, 10, 11, 12 
OK  4 1,000 99,999 2, 3, 6, 8 
PA  6 100 99,999 3, 7, 9, 10, 11, 12 
SC  2 10,000 99,999 6, 12 
TX  12 0 49,999,999 1, 2, 3, 5, 6, 7, 12, 13 
UT  1 1,000 9,999 12 
VA  1 1,000 9,999 12 
WV  1 1,000,000 9,999,999 1, 4 
 
Source:  TRI03 2005 (Data are from 2003) 
 
aPost office state abbreviations used 
bAmounts on site reported by facilities in each state 
cActivities/Uses: 
1.  Produce 
2.  Import 
3.  Onsite use/processing 
4.  Sale/Distribution 
5.  Byproduct 

6.  Impurity 
7.  Reactant 
8.  Formulation Component 
9.  Article Component 
10.  Repackaging 

11.  Chemical Processing Aid 
12.  Manufacturing Aid  
13.  Ancillary/Other Uses 
14.  Process Impurity 
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imports of 1,2-DCB were 6,300 kg in 1972 and 1,230,000 kg in 1975 (HSDB 2005).  U.S. imports of 

1,3-DCB were 56,600 kg in 1983 (HSDB 2005).  More recent import data for the DCB isomers were not 

available. 

 

In 1972, U.S. exports of 1,4-DCB were reported to be 4.5x106 kg (9.9 million pounds) (HSDB 2005).  

Exports of 1,4-DCB have expanded through the 1980s at about 1–2% per year due to the growth in 

production of polyphenylene sulfide (PPS) resin overseas (HSDB 2005; NTP 1989).  In 1990, the United 

States exported about 25% (about 33 million pounds) of its 1,4-DCB production volume (CMR 1990).  

Export volumes of 1,4-DCB were 11,925,179 kg (24.1 million pounds), 11,185,034 kg (24.7 million 

pounds), 10,651,337 kg (23.5 million pounds), 13,390,545 kg (29.5 million pounds), and 11,078,150 kg 

(24.4 million pounds) for 1990, 1991, 1992, 1993, and 1994, respectively.  1,4-DCB exports during 

1994–1997 averaged 25 million pounds (11,000 metric tons) (CMR 1999).  U.S. exports of 1,2-DCB 

averaged 14 million pounds (6,000 metric tons) per year during 1991–1995 (CMR 1996).  Export data for 

1,3-DCB were not available. 

 

Based on a 1993 production volume value of 72 million pounds (32,600 metric tons), an import value of 

7 million pounds (3,000 metric tons), and an export value of 30 million pounds (14,000 metric tons), the 

total amount of 1,4-DCB available for use in U.S. commerce in 1993 was 49 million pounds 

(22,000 metric tons).  Based on a 1993 production volume value of  35 million pounds (15,800 metric 

tons) and an export value of 14 million pounds (6,000 metric tons), the total amount of 1,2-DCB 

remaining in the United States in 1993 was 21 million pounds (10,000 metric tons) assuming that imports 

of this chemical during that year were negligible.  It should be noted, however, that not all of the 1,2-DCB 

that is produced is expected to be available for use since large quantities of this chemical are more likely 

to be disposed of when it is produced as a byproduct in the production of 1,4-DCB.  Although reported 

export values for 1,2- and 1,4-DCB show that considerable amounts of these chemicals have been sent to 

other countries in previous years, the production volumes for these chemicals have been consistently 

higher suggesting that more than half of the amounts produced each year have remained in the United 

States. 

 

5.3   USE  
 

For the past 20 years, 1,4-DCB has been used principally (25–55% of all uses) as a space deodorant for 

toilets and refuse containers, and as a fumigant for control of moths, molds, and mildews.  In recent years, 

the use of 1,4-DCB in the production of polyphenylene sulfide (PPS) resin has increased steadily (25–
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50% of its total use).  1,4-DCB is also used as an intermediate in the production of other chemicals such 

as 1,2,4-trichlorobenzene (approximately 10%).  Minor uses of 1,4-DCB include its use in the control of 

certain tree-boring insects and ants, and in the control of blue mold in tobacco seed beds (CMR 1999; 

HSDB 2005).  

 

1,2-DCB is used primarily as a precursor to 3,4-dichloroaniline herbicides.  Other uses of 1,2-dichloro-

aniline include its use as a solvent, in the synthesis of dyes, and in odor control products (CMR 1996; 

HSDB 2005). 

 

1,3-DCB has been used in the production of herbicides and insecticides as well as in the production of 

pharmaceuticals and dyes (IARC 1999).   

 

5.4   DISPOSAL  
 

Wastes containing DCBs are considered hazardous if they meet certain criteria specified by law.  

Hazardous wastes are subject to the handling, transport, treatment, storage, and disposal regulations as 

promulgated under the Resource Conservation and Recovery Act (HSDB 2005; IRPTC 1985).  

Regulations governing the treatment and disposal of wastes containing DCBs are detailed in Chapter 8.  

 

Incineration by appropriate means is the recommended method for the disposal of waste 1,4-DCB (HSDB 

2005).  1,4-DCB may be disposed of by making packages of the chemical in paper or other disposable 

material and burning in a suitable combustion chamber equipped with an appropriate effluent gas cleaning 

device or by dissolving the chemical in a flammable solvent (such as alcohol) and atomizing in a suitable 

combustion chamber equipped with an appropriate effluent gas cleaning device (IRPTC 1985).  

Halogenated compounds may be disposed of by incineration provided they are blended with other 

compatible wastes or fuels so that the composite contains <30% halogens.  Liquid injection, rotary kiln, 

and fluidized bed incinerators are typically used to destroy liquid halogenated wastes.  Temperatures of at 

least 2,000–2,200 °F are necessary.  Residence times of seconds are required for liquids and gases, while 

hours are required for solids (HSDB 2005).  1,2-DCB is produced in large quantities as a byproduct 

during the production of 1,4-DCB.  Unused supplies may be disposed of or released directly into the 

environment. 

 

No data were located regarding historic disposal trends or the amounts of 1,2-, 1,3-, or 1,4-DCB disposed 

of by different means. 
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6.1   OVERVIEW  
 

1,2-, 1,3- and 1,4-Dichlorobenzene (DCB) have been identified in at least 281, 175, and 330, respectively, 

of the 1,662 hazardous waste sites that have been proposed for inclusion on the EPA National Priorities 

List (NPL), respectively (HazDat 2005).  However, the number of sites evaluated for these DCB isomers 

is not known.  The frequency of these sites can be seen in Figures 6-1, 6-2, and 6-3.  Of these sites, all are 

located within the United States. 

 

1,4-DCB is a widely used chemical that enters the environment primarily as releases to air during its use 

as a space deodorant, toilet deodorizer, and moth repellant.  1,2- and 1,3-DCB are expected to be released 

to the environment during their use in herbicide production or during the use of other products containing 

these isomers.  However, 1,2- and 1,3-DCB are used much less than the 1,4-isomer.  Disposal of 

1,2-DCB, which is produced as a by-product in the manufacture of 1,4-DCB, may be a significant 

pathway by which 1,2-DCB is released into the environment.  DCBs are not known to occur naturally in 

the environment and are solely produced by commercial, industrial, and consumer activities. 

 

DCBs are degraded in the atmosphere by reaction with hydroxyl radicals, with a calculated atmospheric 

lifetime of 14-31 days (Atkinson 1989; Howard 1989).  DCBs will exist predominantly in the vapor-

phase in the atmosphere, and their detection in rainwater suggests that atmospheric removal via washout 

is possible (Ligocki et al. 1985).  Depending on soil type, DCBs are expected to be moderately mobile in 

soil.  They are also expected to volatilize from surface water and soil surfaces to the atmosphere.  

Volatilization, sorption, biodegradation, and bioaccumulation are likely to be competing processes, with 

the dominant fate being determined by local environmental conditions. 

 

The principal route of exposure to DCBs for the general population (including children) is via inhalation, 

with average daily adult intakes from ambient air estimated at about 35 µg for 1,4-DCB, 1.8 µg for 

1,2-DCB, and 0.8 µg for 1,3-DCB (EPA 1985a; Singh et al. 1981a, 1981b).  Recent data suggest that 

exposure to 1,4-DCB from indoor air may be an order of magnitude higher than exposures from ambient 

outdoor air (Wallace et al. 1986b).  Indoor inhalation exposure to 1,2- or 1,3-DCB is not expected to be as 

high as 1,4-DCB since these substances are not used in household and consumer products to the extent 

that 1,4-DCB is.  Consumer contact with 1,4-DCB associated with its use in moth repellant crystals and  
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Figure 6-1.  Frequency of NPL Sites with 1,2-Dichlorobenzene Contamination 
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Figure 6-2.  Frequency of NPL Sites with 1,3-Dichlorobenzene Contamination 
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Figure 6-3.  Frequency of NPL Sites with 1,4-Dichlorobenzene Contamination 
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toilet deodorizers is the most frequent means of exposure to this compound in the home (Wallace et al. 

1986b, 1989).  DCBs have been detected in various types of foods and drinking water, although generally 

in low concentrations (Heikes et al. 1995; IARC 1999; Page and Lacroix 1995; Young and Heesen 1978; 

Young et al. 1980).  DCB exposure through these pathways is not expected to be important.  Children 

may be accidentally exposed to 1,4-DCB if they eat moth balls or toilet deodorizers.  Occupational 

exposure is primarily through inhalation or dermal contact with DCBs, with the highest exposure 

resulting from production or processing of these chemicals (IARC 1999). 

 

6.2   RELEASES TO THE ENVIRONMENT  
 

The Toxics Release Inventory (TRI) data should be used with caution because only certain types of 

facilities are required to report (EPA 2005).  This is not an exhaustive list.  Manufacturing and processing 

facilities are required to report information to the TRI only if they employ 10 or more full-time 

employees; if their facility is included in Standard Industrial Classification (SIC) Codes 10 (except 1011, 

1081, and 1094), 12 (except 1241), 20–39, 4911 (limited to facilities that combust coal and/or oil for the 

purpose of generating electricity for distribution in commerce), 4931 (limited to facilities that combust 

coal and/or oil for the purpose of generating electricity for distribution in commerce), 4939 (limited to 

facilities that combust coal and/or oil for the purpose of generating electricity for distribution in 

commerce), 4953 (limited to facilities regulated under RCRA Subtitle C, 42 U.S.C. section 6921 et seq.), 

5169, 5171, and 7389 (limited S.C. section 6921 et seq.), 5169, 5171, and 7389 (limited to facilities 

primarily engaged in solvents recovery services on a contract or fee basis); and if their facility produces, 

imports, or processes ≥25,000 pounds of any TRI chemical or otherwise uses >10,000 pounds of a TRI 

chemical in a calendar year (EPA 2005). 

 

According to the TRI, in 2003, a total of 92,973 pounds (42 metric tons) of 1,2-DCB was released to the 

environment from 39 large processing facilities (TRI03 2005).  Table 6-1 lists amounts released from 

these facilities.  Of this total, an estimated 87,443 pounds (40 metric tons) were released to air, 

1,240 pounds (0.6 metric tons) were released to water, 1,784 pounds (0.8 metric tons) were released to 

land, and 2,500 pounds (1 metric ton) were released via underground injection.  The total amount of 

1,2-DCB released on-site was estimated as 91,868 pounds (42 metric tons).  The total amount released 

off-site was estimated as 1,104 pounds (0.5 metric tons) (TRI03 2005). 

 

According to the TRI, in 2003, a total of 1,966 pounds (0.9 metric tons) of 1,3-DCB was released to the 

environment from eight large processing facilities (TRI03 2005).  Table 6-2 lists amounts released from  
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Table 6-1.  Releases to the Environment from Facilities that Produce, Process, or 
Use 1,2-Dichlorobenzenea 

 
 Reported amounts released in pounds per yearb 

Total release 
Statec RFd Aire Waterf UIg Landh Otheri On-sitej Off-sitek On- and off-site 
AR 4 78 No data 0 0 0 78 0 78 
CA 1 640 No data 0 0 0 640 0 640 
IL 2 8,961 No data 0 5 5 8,961 10 8,971 
IN 1 9,700 750 0 0 0 10,450 0 10,450 
KS 1 2 No data 0 0 0 2 0 2 
KY 1 3 0 0 0 0 3 0 3 
LA 2 7,800 8 2,500 110 0 10,308 110 10,418 
MA 1 360 No data 0 0 0 360 0 360 
MS 2 510 No data 0 0 0 510 0 510 
NC 2 1,250 No data 0 0 0 1,250 0 1,250 
NE 1 5 No data 0 0 0 5 0 5 
NJ 2 652 13 0 1,267 0 1,225 707 1,932 
NY 1 5 No data 0 0 0 5 0 5 
OH 1 5 5 0 255 0 10 255 265 
PA 2 10 No data 0 0 0 10 0 10 
RI 1 2,068 4 0 22 0 2,072 22 2,094 
SC 2 9,707 5 0 0 0 9,712 0 9,712 
TN 1 No data No data No dataNo dataNo data No data 0 0 
TX 9 5,137 3 0 110 0 5,251 0 5,251 
WV 2 40,550 452 0 15 0 41,017 0 41,017 
Total 39 87,443 1,240 2,500 1,784 5 91,868 1,104 92,973 
 
Source:  TRI03 2005 (Data are from 2003) 
 
aThe TRI data should be used with caution since only certain types of facilities are required to report.  This is not an 
exhaustive list.  Data are rounded to nearest whole number. 
bData in TRI are maximum amounts released by each facility. 
cPost office state abbreviations are used. 
dNumber of reporting facilities. 
eThe sum of fugitive and point source releases are included in releases to air by a given facility. 
fSurface water discharges, waste water treatment-(metals only), and publicly owned treatment works (POTWs) (metal 
and metal compounds). 
gClass I wells, Class II-V wells, and underground injection. 
hResource Conservation and Recovery Act (RCRA) subtitle C landfills; other on-site landfills, land treatment, surface 
impoundments, other land disposal, other landfills. 
iStorage only, solidification/stabilization (metals only), other off-site management, transfers to waste broker for 
disposal, unknown 
jThe sum of all releases of the chemical to air, land, water, and underground injection wells. 
kTotal amount of chemical transferred off-site, including to POTWs. 
 
RF = reporting facilities; UI = underground injection 
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Table 6-2.  Releases to the Environment from Facilities that Produce, Process, or 
Use 1,3-Dichlorobenzenea 

 
 Reported amounts released in pounds per yearb 

Total release 
Statec RFd Aire Waterf Landh On-sitej Off-sitek On- and off-site 
AR 1 0 No data 0 0 0 0 
IL 1 451 No data 0 451 0 451 
KY 1 2 0 0 2 0 2 
OH 1 5 5 255 10 255 265 
SC 1 182 5 0 187 0 187 
TX 2 43 3 0 47 0 47 
WV 1 664 350 0 1,014 0 1,014 
Total 8 1,347 363 255 1,711 255 1,966 
 
Source:  TRI03 2005 (Data are from 2003) 
 
aThe TRI data should be used with caution since only certain types of facilities are required to report.  This is not an 
exhaustive list.  Data are rounded to nearest whole number. 
bData in TRI are maximum amounts released by each facility. 
cPost office state abbreviations are used. 
dNumber of reporting facilities. 
eThe sum of fugitive and point source releases are included in releases to air by a given facility. 
fSurface water discharges, waste water treatment-(metals only), and publicly owned treatment works (POTWs) (metal 
and metal compounds). 
gClass I wells, Class II-V wells, and underground injection. 
hResource Conservation and Recovery Act (RCRA) subtitle C landfills; other on-site landfills, land treatment, surface 
impoundments, other land disposal, other landfills. 
iStorage only, solidification/stabilization (metals only), other off-site management, transfers to waste broker for 
disposal, unknown 
jThe sum of all releases of the chemical to air, land, water, and underground injection wells. 
kTotal amount of chemical transferred off-site, including to POTWs. 
 
RF = reporting facilities; UI = underground injection 
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these facilities.  Of this total, an estimated 1,347 pounds (0.6 metric tons) were released to air, 363 pounds 

(0.2 metric tons) were released to water, 255 pounds (0.1 metric tons) were released to land, and 0 pounds 

were released via underground injection.  The total amount of 1,3-DCB released on-site was estimated as 

1,711 pounds (0.8 metric tons).  The total amount released off-site was estimated as 255 pounds 

(0.1 metric tons) (TRI03 2005). 

 

According to the TRI, in 2003, a total of 96,993 pounds (44 metric tons) of 1,4-DCB was released to the 

environment from 21 large processing facilities (TRI03 2005).  Table 6-3 lists amounts released from 

these facilities.  Of this total, an estimated 85,463 pounds (39 metric tons) were released to air, 

815 pounds (0.4 metric tons) were released to water, 270 pounds (0.1 metric tons) were released to land, 

and 10,408 pounds (5 metric tons) were released via underground injection.  The total amount of 

1,4-DCB released on-site was estimated as 96,696 pounds (44 metric tons).  The total amount released 

off-site was estimated as 297 pounds (0.1 metric tons) (TRI03 2005).  The TRI data should be used with 

caution because only certain types of facilities are required to report.  This is not an exhaustive list. 

 

1,2-, 1,3-, and 1,4-DCB have been identified in a variety of environmental media (air, surface water, 

groundwater, soil, and sediment) collected at 281, 175, and 330 of the 1,662 NPL hazardous waste sites, 

respectively (HazDat 2005).  The number of these sites located in each state can be seen in Figures 6-1, 

6-2, and 6-3.   

 

Quantitative information on releases of DCBs to specific environmental media is discussed below. 

 

6.2.1   Air  
 

According to the TRI, estimated releases of 1,2-DCB of 87,443 pounds (40 metric tons) to the air from 

39 large processing facilities accounted for about 93% of the total TRI environmental releases in 

2003 (TRI03 2005).  Table 6-1 lists amounts of 1,2-DCB released from these facilities.  Estimated 

releases of 1,3-DCB of 1,347 pounds (0.6 metric tons) to the air from eight large processing facilities 

accounted for about 69% of the total TRI environmental releases in 2003 (TRI03 2005).  Table 6-2 lists 

amounts of 1,3-DCB released from these facilities.  Estimated releases of 1,4-DCB of 85,463 pounds 

(38 metric tons) to the air from 20 large processing facilities accounted for about 88% of the total TRI 

environmental releases in 2003 (TRI03 2005).  Table 6-3 lists amounts of 1,4-DCB released from these 

facilities.  The TRI data should be used with caution because only certain types of facilities are required 

to report (EPA 1997b).  Therefore, this is not an exhaustive list. 
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Table 6-3.  Releases to the Environment from Facilities that Produce, Process, or 
Use 1,4-Dichlorobenzenea 

 
 Reported amounts released in pounds per yearb 

Total release 

Statec RFd Aire Waterf UIg Landh Otheri On-sitej Off-sitek 
On- and off-
site 

AR 2 3 No data 0 0 0 3 0 3 
GA 1 No data No data No data No data No data No data 0 0 
IL 2 25,111 5 0 0 0 25,116 0 25,116 
KS 2 2,105 No data 0 5 0 2,105 5 2,110 
KY 1 2 No data 0 0 0 2 0 2 
MO 1 766 No data 0 0 0 766 0 766 
NC 1 11,515 6 0 0 0 11,521 0 11,521 
OH 2 1,385 5 0 255 0 1,390 255 1,645 
OK 1 569 No data 0 0 0 569 0 569 
PA 1 10 No data 0 0 0 10 0 10 
SC 1 No data No data No data No data No data No data 0 0 
TX 3 14,725 3 10,408 10 0 25,146 0 25,146 
UT 2 2 No data 0 0 37 2 37 39 
WV 1 29,270 796 0 0 0 30,066 0 30,066 
Total 21 85,463 815 10,408 270 37 96,696 297 96,993 
 
Source:  TRI03 2005 (Data are from 2003) 
 
aThe TRI data should be used with caution since only certain types of facilities are required to report.  This is not an 
exhaustive list.  Data are rounded to nearest whole number. 
bData in TRI are maximum amounts released by each facility. 
cPost office state abbreviations are used. 
dNumber of reporting facilities. 
eThe sum of fugitive and point source releases are included in releases to air by a given facility. 
fSurface water discharges, waste water treatment-(metals only), and publicly owned treatment works (POTWs) (metal 
and metal compounds). 
gClass I wells, Class II-V wells, and underground injection. 
hResource Conservation and Recovery Act (RCRA) subtitle C landfills; other on-site landfills, land treatment, surface 
impoundments, other land disposal, other landfills. 
iStorage only, solidification/stabilization (metals only), other off-site management, transfers to waste broker for 
disposal, unknown 
jThe sum of all releases of the chemical to air, land, water, and underground injection wells. 
kTotal amount of chemical transferred off-site, including to POTWs. 
 
RF = reporting facilities; UI = underground injection 
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Because 1,4-DCB is a volatile substance that sublimes at room temperature, most environmental releases 

are to the atmosphere.  In 1972, 70–90% of the annual U.S. production of 1,4-DCB was estimated to have 

been released into the atmosphere primarily as a result of its use in toilet bowl and garbage deodorants, 

and its use in moth control as a fumigant (IARC 1982).  It has been estimated that about 40% of the 

domestic use of 1,4-DCB is for space deodorants moth repellents (CMR 1999).  Assuming that 90% of 

the space deodorants and all of the moth repellents are released to the atmosphere (EPA 1981a), and using 

current production data (50–100 million pounds or 23,000–45,000 metric tons) (EPA 2002e), about 20–

40 million pounds (9,000–18,000 metric tons) of 1,4-DCB were released to the air in 1994 from these 

sources.  1,4-DCB may also be emitted to air from other sources, such as hazardous waste sites (EPA 

1981a), during its use as a fumigant (EPA 1981a), or from emissions from waste incinerator facilities (Jay 

and Stieglitz 1995).  These emissions are likely to be a minor contribution to the total atmospheric 

loading of 1,4-DCB, but may be locally important.  There are no known natural sources of 1,4-DCB 

(IARC 1999). 

 

1,2- and 1,3-DCB, which are volatile liquids at room temperature, are also expected to be released 

primarily to air.  Unlike 1,4-DCB, however, the 1,2- and 1,3- isomers are not widely used in household or 

consumer products and thus are not released into the air of homes and buildings to the extent of the 1,4- 

isomer.  1,2- and 1,3-DCB are expected to be released to the air during their use in herbicide production, 

during the use of other products containing these isomers, or from air emissions at hazardous waste sites 

and incinerator facilities.  Another significant source for the release of 1,2-DCB to air may be from the 

disposal of this substance when it is produced as a by-product in the production of 1,4-DCB.  There are 

no known natural sources of 1,2- or 1,3-DCB (IARC 1999).  

 

The concentrations of 1,2-, 1,3-, and 1,4-DCB in the emissions of a municipal waste incineration plant 

were 2.32x10-6, 2.44x10-6, and 5.92x10-5 ppm, respectively (Jay and Stieglitz 1995).  DCBs were detected 

in emissions from municipal solid waste composting facilities at concentrations of 1.16x10-4 ppm for 

1,2-DCB, 2.32x10-4 ppm for 1,3-DCB, and 1.04x10-2 ppm for 1,4-DCB (Eitzer 1995).  Garcia et al. 

(1992) measured 1,4-DCB concentrations ranging from 3.48x10-5 to 4.99x10-4 ppm in the emissions of 

coal-fired power stations.  1,2-DCB was detected in landfill gas at the Fresh Kills municipal solid waste 

landfill in New York City with a mean concentration of 2.17 ppm (Eklund et al. 1998).  

 

1,2-DCB has been identified in air samples collected at 15 of the 281 NPL hazardous waste sites, 

respectively, where it has been detected in at least one environmental medium (HazDat 2005).  1,3-DCB 

has been identified in air samples collected at 9 of the 175 NPL hazardous waste sites where it has been 
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detected in some environmental media (HazDat 2005).  1,4-DCB has been identified in air samples 

collected at 23 of the 330 NPL hazardous waste sites where it has been detected in some environmental 

media (HazDat 2005). 

 

6.2.2   Water  
 

According to the TRI, the estimated releases of 1,2-DCB of 1,240 pounds (0.6 metric tons) to water from 

39 large processing facilities accounted for 1% of the total TRI environmental releases in 

2003 (TRI03 2005).  An additional 1,104 pounds (0.5 metric tons) (1% of total TRI environmental 

releases) were released off-site, which includes release to publicly owned treatment works (POTWs).  

Table 6-1 lists amounts of 1,2-DCB released from these facilities.  Estimated releases of 1,3-DCB of 

363 pounds (0.2 metric tons) to water from eight large processing facilities accounted for 18% of the total 

TRI environmental releases in 2003 (TRI03 2005).  An additional 255 pounds (0.1 metric tons) (13% of 

total TRI environmental releases) were released off-site, which includes release to POTWs.  

Table 6-2 lists amounts of 1,3-DCB released from these facilities.  Estimated releases of 1,4-DCB of 

815 pounds (0.4 metric tons) to water from 21 large processing facilities accounted for 0.8% of the total 

TRI environmental releases in 2003 (TRI03 2005).  An additional 297 pounds (0.1 metric tons) (0.3% of 

total TRI environmental releases) were released off-site, which includes release to POTWs.  

Table 6-3 lists amounts of 1,4-DCB released from these facilities.  The TRI data should be used with 

caution because only certain types of facilities are required to report (EPA 1997b).  Therefore, this is not 

an exhaustive list. 

 

Less than 1% of environmental releases of 1,4-DCB are to surface water (EPA 1981a).  The main route 

for the release of this substance to surface water is expected to be through its extensive use in urinal 

deodorant blocks (IARC 1999).  1,2-DCB is released into industrial waste water during its production and 

use.  1,2-DCB might also be released into waste water during the disposal of this substance when it is 

produced as a by-product in the production of 1,4-DCB.  Data concerning the release of 1,3-DCB to water 

are lacking.  Release of this substance to water may occur during its production, use, or disposal.  DCBs 

have been identified in industrial and municipal waste waters from several sources, at concentrations 

ranging from <3 to >900 ppb (Oliver and Nichol 1982a; Perry et al. 1979; Young and Heesen 1978; 

Young et al. 1980, 1981).  1,2- and 1,4-DCB were both detected in 1% of 84 possible detections in 

influent samples from the New York City municipal waste water treatment system at concentrations of 

22 and 4 ppb, respectively (Stubin et al. 1996).  1,2-DCB was detected in 2% while 1,4-DCB was 

detected in 1% of 84 possible detections in effluent samples at concentrations of 4–6 and 3 ppb, 
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respectively.  The concentrations of 1,2-DCB were higher than those of 1,4-DCB, which is contrary to 

what is expected for these substances in residential and domestic waste water.  However, no explanation 

was offered for this.  The concentration of 1,4-DCB in the effluent of the North Regional Wastewater 

Treatment Plant in Broward County, Florida was approximately 1.2 ppb (Tansel and Eyma 1999).  

1,4-DCB was detected above “standard levels” (unspecified) in sediment at the end of the Macaulay Point 

and Clover Point waste water outfalls off the coast of Vancouver, British Columbia (Taylor et al. 1998). 

 

DCB (unspecified isomers) has been reported in the leachate from industrial and municipal landfills at 

concentrations from 0.007 to 0.52 ppm (7–520 ppb) (Brown and Donnelly 1988).  Eganhouse et al. 

(2001) identified 1,4-DCB at a concentration of 0.1–5.6 ppb in a landfill leachate plume in groundwater 

from a municipal landfill located in Norman, Oklahoma.  DCBs have also been detected in wetland-

treated leachate water at a municipal solid waste landfill in central Florida (Chen and Zoltek 1995).  

Groundwater samples contained 1,2-DCB at concentrations of 0.09–1.56 ppb, 1,3-DCB at concentrations 

of 0.08–8.95 ppb, and 1,4-DCB at concentrations of 0.08–10.71 ppb.  Hallbourg et al. (1992) detected 

DCB (unspecified isomers) in groundwater at several landfill sites in Orange County, Florida.  These 

authors reported mean concentrations of DCBs of 0.37–21.2, 6–46.4, and <1–7.4 ppb at the Orange 

County Landfill, Alachua County Southwest Landfill, and the Alachua County Northeast Landfill, 

respectively.  In their study, DCB was one of the 10 most frequently detected volatile organic compounds 

(VOCs).  Plumb (1991) also reported 1,2-, 1,3-, and 1,4-DCB in groundwater samples collected at 36, 16, 

and 34 of 479 hazardous waste sites, respectively. 

 

1,4-DCB was monitored for, but not detected, in 86 samples of urban storm water runoff in the National 

Urban Runoff Program (Cole et al. 1984).  DCBs were detected in four rivers (Aire, Calder, Don, and 

Trent) that drain an industrial catchment from the United Kingdom into the North Sea (Meharg et al. 

2000).  Annual fluxes in these rivers ranged from 1.37 to 32.91 kg/year for 1,2-DCB, 0.12 to 9.33 kg/year 

for 1,3-DCB, and 6.80 to 28.96 kg/year for 1,4-DCB.   

 

1,2-DCB has been identified in surface water and groundwater samples collected at 29 and 186 of the 

281 NPL hazardous waste sites, respectively, where it was detected in at least one environmental medium 

(HazDat 2005).  1,3-DCB has been identified in surface water and groundwater samples collected at 

13 and 107 of the 175 NPL hazardous waste sites, respectively, where it was detected in some 

environmental media (HazDat 2005).  1,4-DCB has been identified in surface water and groundwater 

samples collected at 31 and 213 of the 330 NPL hazardous waste sites, respectively, where it was detected 

in some environmental media (HazDat 2005). 
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6.2.3   Soil  
 

According to the TRI, releases of 1,2-DCB to land of 1,784 pounds (0.8 metric tons) from 39 large 

processing facilities accounted for 2% of total TRI environmental releases in 2003 (TRI03 2005).  An 

estimated 2,500 pounds (1 metric ton) (3% of total TRI environmental releases) were released via 

underground injection.  Table 6-1 lists amounts of 1,2-DCB released from these facilities.  Releases of 

1,3-DCB of 255 pounds (0.1 metric tons) to the land from eight large processing facilities accounted for 

13% of total TRI environmental releases in 2003 (TRI03 2005).  Table 6-2 lists amounts of 1,3-DCB 

released from these facilities.  There were no releases of 1,3-DCB to the underground in 2003 as shown in 

Table 6-2.  Releases of 1,4-DCB of 270 pounds (0.1 metric tons) to the land from 21 large processing 

facilities accounted for 0.2% of total TRI environmental releases in 2003 (TRI03 2005).  In addition, an 

estimated 10,408 pounds (0.5 metric tons) (11% of total environmental releases) were released via 

underground injection.  Table 6-3 lists amounts of 1,4-DCB released from these facilities.  The TRI data 

should be used with caution because only certain types of facilities are required to report (EPA 1997b).  

Therefore, this is not an exhaustive list. 

 

The principal sources of 1,4-DCB release to land are disposal of industrial waste in landfills, application 

of sewage sludge containing 1,4-DCB to agricultural land, and atmospheric deposition (Wang and Jones 

1994b; Wang et al. 1995).  Municipal wastes may include unused space deodorants and moth repellents 

containing 1,4-DCB, but these releases are not expected to be significant (EPA 1981a).  A survey of 

204 sewage sludges conducted in Michigan that analyzed for 73 organic compounds reported a 

concentration range of 0.04–633 mg/kg dry weight (ppm) for 1,4-DCB and mean and median 

concentrations of 12.0 and 2.02 ppm, respectively (Jacobs and Zabik 1983).  1,4-DCB from this source 

may be released to soils during land applications of sludge to agricultural soils.  A similar survey of 

sewage sludges in England found 1,4-DCB ranging from 561 to 2,320 µg/kg (0.561–2.32 ppm wet 

weight) in all 12 of the samples tested (Wang and Jones 1994b).  Wang et al. (1995) reported, however, 

that 1,4-DCB concentrations increased during the 1960s in both plots receiving sewage sludge 

applications and in control soil plots.  The authors concluded that atmospheric deposition during the 

1960s in particular, which corresponded to a period of increased production of many organochlorine 

compounds, was a likely source.  1,2-DCB was detected in all 12 sewage sludge samples at 

concentrations ranging from 71.3 to 4,110 µg/kg (ppb) dry weight (3.57–152 ppb wet weight).  The 

concentrations of 1,2-DCB in industrial sewage sludge was considerably higher than in urban sewage 
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sludge.  1,3-DCB was detected in 9 out of 12 sewage sludge samples at concentrations ranging from 

below the detection limit to 467 µg/kg (ppb) dry weight (below the detection limit–13.5 ppb wet weight). 

 

1,2-DCB is produced in large quantities as a by-product in the production of 1,4-DCB.  The TRI data for 

this substance suggest that 1,2-DCB may be released into the ground during the disposal of unused 

supplies.  Data concerning the release of 1,3-DCB to soil were lacking.  Based on TRI data, the 

production volume of these chemicals, and their uses, releases of this isomer to soil are expected to be 

minor compared to the other DCB isomers. 

 

1,2-DCB has been identified in soil and sediment samples collected at 111 and 37 of the 281 NPL 

hazardous waste sites, respectively, where it was detected in at least one environmental medium (HazDat 

2005).  1,3-DCB has been identified in soil and sediment samples collected at 64 and 25 of the 175 NPL 

hazardous waste sites, respectively, where it was detected in at least one environmental medium (HazDat 

2005).  1,4-DCB has been identified in soil and sediment samples collected at 112 and 52 of the 330 NPL 

hazardous waste sites, respectively, where it was detected in at least one environmental medium (HazDat 

2005). 

 

6.3   ENVIRONMENTAL FATE  

6.3.1   Transport and Partitioning  
 

Whereas 1,2- and 1,3-DCB are liquids at room temperature, 1,4-DCB is a solid that sublimes readily.  

Sublimation rates of 1,4-DCB from consumer products were measured at 1.6x10-3 to 4.6x10-3 g/minute at 

temperatures ranging from 21 to 24 °C during a 19-day test period (Scuderi 1986).  DCBs tend to 

volatilize to the atmosphere from soil and water at a relatively rapid rate.  The estimated volatilization 

half-life for these chemicals was 4 hours in a model river and 120 hours from a model lake (HSDB 2005).  

The reported volatilization half-lives for 1,4-DCB measured in coastal seawater ranged from 10 to 

18 days (Wakeham et al. 1983).  1,2-DCB (100 ppm) and 1,4-DCB (300 ppm) both volatilized 

completely from nonaerated distilled water in <3 days and from aerated distilled water in <4 hours 

(Garrison and Hill 1972).  Volatilization from surface soil may be an important transport mechanism for 

DCBs (Wang and Jones 1994a), but adsorption to soil particulates may inhibit volatilization (Wilson et al. 

1981). 
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Since DCBs are slightly soluble in water (80.0–156 mg/L) (Banerjee et al. 1980; Miller et al. 1984; 

Yalkowsky and He 2003), partitioning to clouds, rain, or surface water may occur.  Henry's Law constant 

values ranging from 1.74x10-3 to 2.63x10-3 atm-m3/mol at 25 °C (Shiu and Mackay 1997; Staudinger and 

Roberts 1996) indicate that partitioning from air to water is likely to be minor relative to the reverse 

process of volatilization of the compound from water to air.  However, DCBs have been detected in 

rainwater and snow (Laniewski et al. 1998, 1999; Ligocki et al. 1985).  The concentration of 1,4-DCB 

detected in 6 of 7 rainwater samples collected in Portland, Oregon, ranged from 3 to 7 ppt (ng/L), while 

the concentration of 1,2-DCB detected in 5 out of 7 rainwater samples ranged from 0.13 to 0.62 ppt 

(Ligocki et al. 1985).  DCBs have been detected in surficial snow from Antarctica (Laniewski et al. 

1998), which suggests that these substances can be transported over long distances through the 

atmosphere. 

 

Based on measured soil organic carbon partition coefficient (Koc) values, which range from 275 to 

1,833 in different soils (Bahnick and Doucette 1988; Chiou et al. 1983; Newsom 1985; Schwartzenbach 

and Westall 1981; Wilson et al. 1981), DCBs are expected to sorb moderately to soils and sediments.  

Sorption is primarily to the soil organic phase (Chiou et al. 1983) and, therefore, depends on the organic 

content of the soil.  However, sorption is likely to be reversible; therefore, DCBs may leach from 

hazardous waste sites and be transported to groundwater, or may migrate from surface water through the 

soil to groundwater (Newsom 1985; Schwartzenbach and Westall 1981).  In a sandy soil with low organic 

matter, 26–49% of 1,4-DCB percolated through the soil to a depth of 140 cm (Wilson et al. 1981). 

 

DCBs are expected to bioconcentrate in aquatic organisms.  High log octanol-water partition coefficient 

(log Kow) values of 3.43–3.53 (Hansch et al. 1995) also suggest that DCBs have a moderate to high 

potential for bioaccumulation.  A calculated bioconcentration factor (BCF) of 267 was reported for the 

fathead minnow (Pimephales promelas) (ASTER 1995).  Measured mean BCF values of 370 and 

720 were experimentally determined at equilibrium for rainbow trout exposed to water concentrations of 

28 ng/L (ppb) and 670 ng/L (ppb), respectively, of 1,4-DCB for up to 119 days in laboratory aquaria 

(Oliver and Niimi 1983).  BCF values measured in this study for 1,2-DCB were 270 (47 ng/L in water) 

and 560 (940 ng/L in water), while BCF values measured for 1,3-DCB were 420 (28 ng/L in water) and 

740 (690 ng/L in water).  A study of chlorobenzenes in sediments, water, and selected fish from the Great 

Lakes indicated that many chlorobenzenes are bioconcentrated by fish, but that DCBs are concentrated to 

a smaller extent than some of the more highly chlorinated chlorobenzene compounds such as 

pentachlorobenzene and hexachlorobenzene (Oliver and Niimi 1982a).  For example, equilibrium/steady-
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state BCF values measured in fish maintained in flowing water systems typically increased with 

increasing chlorination as shown in Table 6-4.   

 

DCBs can enter soil-plant systems through many routes including atmospheric deposition, sewage sludge 

application to agricultural land, and through industrial activities (Wang and Jones 1994a).  Wang and 

Jones (1994c) studied the uptake of several chlorobenzene compounds in carrots grown in spiked and 

sewage-amended soils.  The transfer of chlorobenzenes from soils to plants and subsequent 

bioaccumulation is of interest because chlorobenzenes are ubiquitous in sewage sludge.  Chlorobenzenes 

are also lipophilic and volatile compounds that can be taken up by plants by both root and foliage 

pathways.  Carrots were grown for 100 days in control soil, chemically-spiked soil, and in low and high 

rate sludge-amended soils.  DCB concentration in the soils did not remain constant throughout the growth 

period.  BCF values are not traditional steady-state values since measurements were taken for only one 

time interval.  The authors reported that concentrations of 1,4-DCB in soil before sowing and after the 

harvest were 5.9  and 2.6 ppb dry weight in the control, 16 and 11 ppb in the chemically-spiked soil, 

10 and 7.4 ppb in the low rate sewage-amended soil, and 38 and 30 ppb in the high rate sewage-amended 

soils, respectively.  Concentrations of 1,4-DCB in carrot foliage and the corresponding bioconcentration 

factors (BCFs) were 13 ppb (BCF=3.1) for the control, 17 ppb (BCF=1.3) for the spiked soil, 22 ppb 

(BCF=2.5) for the low rate sewage-amended soil, and 49 ppb (BCF=1.5) for the high rate sewage-

amended soil.  The concentrations of 1,2-DCB in soil before sowing and after the harvest were both 

below the detection limit (unspecified) in the control, 29 and 17 ppb in the chemically-spiked soil, 13 and 

7.3 ppb in the low rate sewage-amended soil, and 60 and 45 ppb in the high rate sewage-amended soils, 

respectively.  Concentrations of 1,2-DCB in carrot foliage and the corresponding BCFs were 6.7 ppb 

(BCF not given) for the control, 9.6 ppb (BCF=0.42) for the spiked soil, 12 ppb (BCF=1.2) for the low 

rate sewage-amended soil, and 26 ppb (BCF=0.49) for the high rate sewage-amended soil.  The 

concentrations of 1,3-DCB in soil before sowing and after the harvest were both below the detection limit 

(unspecified) in the control, 4.2 and 2.9 ppb in the chemically-spiked soil, 2.3 and 0.98 ppb in the low rate 

sewage-amended soil, and 8.2 and 5.8 ppb in the high rate sewage-amended soils, respectively.  

Concentrations of 1,3-DCB in carrot foliage and the corresponding BCFs were 0.72 ppb (BCF not given) 

for the control, 0.83 ppb (BCF=0.24) for the spiked soil, 1.3 ppb (BCF=0.80) for the low rate sewage-

amended soil, and 2.2 ppb (BCF=0.31) for the high rate sewage-amended soil.  The application of the 

low-rate sewage sludge stimulated both the carrot foliage and root production to the greatest extent.  The 

authors concluded that foliar uptake of all chlorobenzenes tested, including the DCBs, was an important 

bioaccumulation pathway. 
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Table 6-4.  Comparison of Bioconcentration Factors (BCFs) for Various 
Chlorinated Benzenes in Fish 

 
Compound BCF (range) 
Monochlorobenzene 12–450 
1,2-Dichlorobenzene 89–560 
1,3-Dichlorobenzene 66–740 
1,4-Dichlorobenzene 15–720 
1,2,3-Trichlorobenzene 700–2,600 
1,2,4-Trichlorobenzene 182–3,200 
1,3,5-Trichlorobenzene 760–4,100 
1,2,3,4-Tetrachlorobenzene 3,800–12,000 
1,2,3,5-Tetrachlorobenzene 1,800–3,900 
1,2,4,5-Tetrachlorobenzene 4,000–13,000 
Pentachlorobenzene 3,400–20,000 
Hexachlorobenzene 12,000–44,437 
 
Source:  EPA 1985a 
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The concentrations (dry weight) of the DCBs in the carrot peel were typically equal to or slightly lower 

than the concentrations in the carrot core (Wang and Jones 1994a).  This indicated that DCBs, when 

present in carrots, penetrate into the core.  For carrot roots, the concentrations of 1,4-DCB in the core and 

peel were 9.4 µg/kg (ppb) (BCF=2.2) and 7.0 ppb (BCF=1.6) for the control, 5.9 ppb (BCF=0.44) and 

7.3 ppb (BCF=0.54) for the chemically-spiked soil, 5.9 ppb (BCF=0.68) and 5.8 ppb (BCF=0.67) for the 

low-rate sewage application, and 9.6 ppb (BCF=0.28) and 4.3 ppb (BCF=0.13) for the high-rate sewage 

treatment, respectively.  The concentrations of 1,2-DCB in the core and peel were 1.5 µg/kg (ppb) (BCF 

not given) and 1.4 ppb (BCF not given) for the control, 5.8 ppb (BCF=0.25) and 5.3 ppb (BCF=0.23) for 

the chemically-spiked soil, 0.0 ppb (BCF=0.0) and 0.84 ppb (BCF=0.085) for the low-rate sewage 

application, and 2.8 ppb (BCF=0.053) and 1.5 ppb (BCF=0.029) for the high-rate sewage treatment, 

respectively.  1,3-DCB was only detected in the core of the chemically-spiked soil at 1.0 ppb (BCF=0.29) 

and in the core of the high-rate sewage treatment at 1.8 ppb (BCF=0.26).  1,3-DCB concentrations in the 

root peels as well as the root core of the control were below the detection limit (unspecified).  Overall, 

<1% of the DCBs and other chlorobenzenes in the soil were accumulated by the carrots, which is minor 

compared with the other loss pathway from the soil, principally volatilization.  

 

Wang et al. (1996) found that a 1 ppm solution of 1,4-DCB was taken up by carrots (Daucus carota, 

49%), soybeans (Glycine max, 50%), and red goosefoot (Chenopodium rubrum, 62%), but not by 

tomatoes (Lycopersicon esculentum).  Only the soybean cell cultures provided evidence of the existence 

of metabolites of this compound, probably conjugates of chlorophenol.  The authors further observed that 

the uptake, metabolism, and toxicity of 1,4-DCB differed among the species tested.   

 

Zhang et al. (2005) studied DCB uptake in vegetables grown in urban areas of China.  DCB 

concentrations in spinach, Chinese cabbage, and celery were highest in roots, followed by leaves.  

Concentrations in radishes and carrots were highest in leaves, followed by stems.  The authors reported 

that the accumulation of chlorinated benzenes in these vegetables was affected by the lipid contents of the 

vegetables, the volatilities of the chemicals, and the physiological characteristics of the vegetables. 

 

Data on biomagnification of DCBs through aquatic or terrestrial food chains were not located. 
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6.3.2   Transformation and Degradation  

6.3.2.1   Air  
 

The main degradation pathway for DCBs in air is reaction with photochemically generated hydroxyl 

radicals (Cuppitt 1980; EPA 1985a).  Reactions with ozone or other common atmospheric species are not 

expected to be significant (Cuppitt 1980; EPA 1985d).  Therefore, the atmospheric lifetime of the DCBs 

may be predicted from an assumed hydroxyl radical concentration in air and the rate of reaction.  The 

reported rate for reaction of hydroxyl radicals with DCBs is 3.2–7.2x10-13 cm3/mol-sec (Atkinson 1989; 

Howard 1989), and the estimated atmospheric half-life for DCBs is about 14–31 days (Howard 1989).  

Since this degradation process is relatively slow, DCBs may become widely dispersed, but are not likely 

to accumulate in the atmosphere.  The degradation pathways for 1,4-DCB in the atmosphere are shown in 

Figure 6-4. 

 

Reports of smog chamber studies of chlorobenzene degradation have indicated degradation after 5 hours 

of 21.5% of 1,2-DCB (EPA 1985a).  Chloronitrobenzenes and chloronitrophenols were identified as 

degradation products.  Irradiation of chlorobenzenes with natural sunlight was reported to produce 

polychlorinated biphenyls (PCBs).  Whether this occurs under natural atmospheric conditions is 

unknown, but it would appear to be unlikely because of the normally low concentrations of 

chlorobenzenes in ambient air. 

 

6.3.2.2   Water  
 

Biodegradation may be an important transformation process for DCBs in water under aerobic, but not 

anaerobic, conditions (Bouwer and McCarty 1982, 1983, 1984; Schwartzenbach et al. 1983; Spain and 

Nishino 1987; Tabak et al. 1981).  Although volatilization of 1,4-DCB may interfere with biodegradation 

studies, 14C studies indicate that significant biodegradation of 1,4-DCB does occur (Spain and Nishino 

1987).  Longer acclimation periods are required when 1,4-DCB is the sole carbon source (Spain and 

Nishino 1987). 

 

Several aerobic screening tests have been performed on the DCB isomers.  1,2- and 1,3-DCB, both at 

initial concentrations of 30 mg/L, reached 0% of their theoretical BOD in 4 weeks using an activated 

sludge inoculum at 100 mg/L and the Japanese MITI test (CITI 1992).  During an OECD closed bottle 

test, removal of 1,4-DCB was 97.1%.  However, volatilization was considered to be the major mechanism  
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Figure 6-4.  The Decomposition of 1,4-Dichlorobenzene in Air 
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for removal.  During a modified porous pot test operated under normal conditions at a lower aeration rate, 

temperatures of 8, 15, and 20 °C, and sludge retention times of 3 and 6 days, removal of 1,4-DCB was 

>95%.  The author reported that the major mechanism for 1,4-DCB removal in this test was 

biodegradation.  Using acetate as the primary carbon source under aerobic conditions and after an 

acclimation period of 10 days, rapid bacterial degradation of 96% of a 1,2-DCB sample, 28% of a 

1,3-DCB sample, and 98% of a 1,4-DCB sample was reported (Bouwer and McCarty 1982).  1,4-DCB 

was completely mineralized to inorganic end products.  Possible explanations for the lower 1,3-DCB 

biodegradation rate were biodegradation with slow utilization kinetics or sorption removal.  The 

biodegradation rate of 1,2-DCB in a heterogeneous unconfined aquifer at Columbus Air Force Base in 

Columbus, Mississippi was measured to be 0.0059 day-1 (Stauffer et al. 1994).  This corresponds to a 

half-life of 117 days.  Biodegradation of 1,2-DCB in aquifer samples from Vejen and Grindsted, Denmark 

was slow, with >30% of the test compound remaining after 50 days.  1,4-DCB was not degraded in these 

samples after 50 days.  1,2-DCB (initial concentrations, 20 ppm) underwent 30–50% biodegradation in 

river water and 15–30% biodegradation in sea water after 3 days during an aerobic screening test (Kondo 

et al. 1988).  1,4-DCB (initial concentrations, 4 ppm) underwent 0% biodegradation in both the river 

water and sea water inocula after 3 days.  In-situ biodegradation rate constants were measured for 1,2- 

and 1,4-DCB in an aerobic aquifer (Nielsen et al. 1996).  Rate constants and lag phases were 0.02–

0.06 day-1 (half-life, 12-35 days) and 0-20 days, respectively, for 1,2-DCB and 0.01–0.05 day-1 (half-life, 

14–69 days) and 0–22 days, respectively, for 1,4-DCB.  Half-lives reported for 1,4-DCB in seawater 

mesocosm experiments performed at various temperatures ranged from 10 to 18 days (Wakeham et al. 

1983).  The authors noted that volatilization was the dominant removal process.  No degradation of DCBs 

was reported under denitrification or methanogenic conditions (Bouwer and McCarty 1983, 1984).  

Degradation pathways for 1,4-DCB in water are shown in Figure 6-5. 

 

6.3.2.3   Sediment and Soil  
 

Based on the Henry’s law constants of 1,2- and 1,3-DCB and the tendency of 1,4-DCB to sublime, 

volatilization rather than transformation is the most likely fate process for DCBs from surface soil.  

Transformation of DCBs by biodegradation, photolysis, chemical hydrolysis, and oxidation appear to be 

relatively minor processes.  Leaching of DCBs to groundwater from subsurface soils under certain 

conditions may occur (EPA 1985a).   

 

Wang and Jones (1994a) studied the fate of chlorobenzenes including DCBs in chemically-spiked and 

sewage-amended soils to determine the rate of volatilization, biodegradation, photolysis, and other  
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Figure 6-5.  The Decomposition of 1,4-Dichlorobenzene in Soil and Water 
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possible loss processes.  These authors used sewage sludge collected from a sewage treatment facility 

serving a municipal (~60%) and industrial (~40%) catchment.  The sewage sludge or chemically-spiked 

solutions containing chlorobenzenes were added to five experimental systems; (1) normal soil, 

(2) sterilized soil (with 1% [weight] of sodium azide), (3) sterilized soil shaded with aluminum foil, 

(4) sterilized soil, shaded and sealed with a Teflon-coated septum, and (5) a control (untreated soil).  The 

mesocosms were incubated at 20–30 °C over a 259-day period.  Loss of all chlorobenzenes including 

DCBs was best represented by a two-step first-order kinetics model.  In the normal condition containing 

unsterilized soil exposed to sunlight and open to the air, during the first 35 days, 79.9% of the 1,2-DCB, 

85.1% of the 1,3-DCB, and 70.5% of the 1,4-DCB were lost with half-life values of 13.2, 12.4, and 

17.4 days, respectively.  From day 35 to day 259, only 4.29% of 1,2-DCB, 3.93% of 1,3-DCB, and 11.3% 

of 1,4-DCB were lost with half-life values of 892, 579, and 294 days, respectively.  For the chemically-

spiked soil treatment, the first phase (days 0–17) loss was 75.6% for 1,2-DCB, 73.3% for 1,3-DCB, and 

73.2% for 1,4-DCB with half-life values of 8.63, 8.42, and 8.57 days.  The second phase (days 17–259) 

loss was 13.9% for 1,2-DCB, 25.4% for 1,3-DCB, and 11.2% for 1,4-DCB with half-lives of 191, 189, 

and 131 days, respectively.  Although the DCB loss rates in the sewage-amended soil were slower than 

those in the chemically-spiked soil, the total percentage losses of DCBs after 259 days were comparable.  

Based on the results of losses of DCBs observed in the other microcosm systems, the authors concluded 

that transformation processes including biodegradation, photolysis, and other abiotic losses (chemical 

hydrolysis and oxidation) were minor processes compared to volatilization.  The experimental results of 

Wang and Jones (1994a) showed that, during the first phase, volatilization rates were high and substantial 

portions of the DCBs were lost.  The second phase was much slower and portions of the DCBs remained 

in the soil for a much longer period.   

 

Neither 1,3- nor 1,4-DCB were biotransformed in an aerobic Rhine River sediment column (closed 

system) after 12 months (Bosma et al. 1990).  1,2-DCB was completely degraded after 4 months 

following a lag period of 60–100 days.  DCBs (unspecified isomers) were degraded slowly in alkaline 

para-brown soil (100 g soil per 2 mg compound) with 6.3% of theoretical CO2 evolution in a closed 

system after 10 weeks (Haider et al. 1974).  Half-lives corresponding to the biodegradation of 1,2-, 1,3-, 

and 1,4-DCB in anaerobic estuarine sediment from the Tsurumi River, Japan were 36.9, 433.2, and 

385.1 days, respectively (Masunaga et al. 1996).  Between 25 and 90% of 1,2- and 1,4-DCB were 

removed from an aerobic soil column (closed system) after 300 days of continuous operation, while 

<25% of 1,3-DCB was removed (Van der Meer et al. 1992).  These studies show that the rate of loss of 

DCBs in soils and sediments is much lower when volatilization is minimized.  This supports the 

conclusion of Wang and Jones (1994a) that biodegradation is slow compared to volatilization.  
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6.4   LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT  
 

Reliable evaluation of the potential for human exposure to dichlorobenzenes depends in part on the 

reliability of supporting analytical data from environmental samples and biological specimens.  

Concentrations of dichlorobenzenes in unpolluted atmospheres and in pristine surface waters are often so 

low as to be near the limits of current analytical methods.  In reviewing data on dichlorobenzenes levels 

monitored or estimated in the environment, it should also be noted that the amount of chemical identified 

analytically is not necessarily equivalent to the amount that is bioavailable.  The analytical methods 

available for monitoring dichlorobenzenes in a variety of environmental media are detailed in Chapter 7. 

 

Due to their use and volatile nature, DCBs are detected much more frequently and at higher 

concentrations in air than in other environmental compartments such as soil, water, or sediment. 

 

6.4.1   Air  
 

1,4-DCB has been detected in indoor air, ambient outdoor air, and in occupational settings.  A summary 

of levels of 1,4-DCB detected in indoor air is shown in Table 6-5.  An update of the 1980 national 

ambient VOCs database prepared for the EPA summarized concentrations of 1,4-DCB by site type (Shah 

and Heyerdahl 1988).  The median indoor air concentration of 1,4-DCB detected at 2,121 sites was 

0.283 ppb (mean 3.988 ppb), and the median concentration detected from personal air monitoring of 

1,650 individuals was 0.416 ppb (Shah and Heyerdahl 1988); for reference, the American Conference of 

Governmental Industrial Hygienists (ACGIH) Threshold Limit Value (TLV) (8-hour time-weighted 

average [TWA] for 1,4-DCB is 10 ppm (ACGIH 2005).  The authors concluded that these values are a 

result of the use of 1,4-DCB in air fresheners and to control moths that could damage woolen clothing.  

 

Because of its indoor uses, reports of indoor air monitoring show higher concentrations of 1,4-DCB than 

those observed in ambient outdoor air.  This was also observed during the Total Exposure Assessment 

Methodology (TEAM) Study conducted by EPA between 1979 and 1985 in an effort to measure 

exposures to 20 VOCs in personal air, outdoor air, and drinking water.  Data from the TEAM study were 

presented for the sum of 1,3- and 1,4-DCB (Wallace et al. 1986a).  Because 1,4-DCB is produced and 

used in much greater volume than 1,3-DCB, the authors assumed that the concentrations found were 

almost all 1,4-DCB.  The authors concluded that the major cause for the higher personal air  
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Table 6-5.  Levels of 1,4-Dichlorobenzene in Indoor Air 
 

Concentration (ppm) 
Conditions Range Mean Median Maximum Reference 
Bathroom with one 
deodorizer block 

7.80x10-2–
1.26x10-1 

   Scuderi 1986 

Bathroom with one 
deodorizer block in one 
urinal and one toilet 

1.16x10-1–
2.20x10-1 

    

Inside closet with moth 
flakes in closed garment bag 

2.19x10-1–
5.45x10-1 

    

Outside closet with moth 
flakes in closed garment bag 

1.03x10-2–
7.10x10-2 

    

Inside wardrobe air  0.197   Morita and Ohi 1975
Inside closet air  0.036    
Bedroom air  0.012    
2,121 Indoor sites  4x10-3 2.83x10-4  Shah and 

Heyerdahl 1988 
1,650 Personal air monitors   4.16x10-4   
1256 Dwellings  1.33x10-3   Brown et al. 1994 
Ventilated office air     Field et al. 1992 
 Prior to pollution event 4.43x10-3–

7.75x10-3 
5.14x10-3 4.89x10-3   

 During pollution event 3.54x10-3–
7.29x10-3 

4.51x10-3 4.48x10-3   

32 Smoking homes  2.79x10-3 1.51x10-4 5.03x10-2 Heavner et al. 1996
61 Nonsmoking homes  8.62x10-4 9.65x10-5 2.03x10-2  
757 Homes  2.61x10-3   Meek et al. 1994 
12 Homes 1.66x10-4–

1.78x10-2 
2.50x10-3   Chan et al. 1990 

Over 100 homes (United 
States, Germany, 
Netherlands) 

 2.16x10-3 
(3.99x10-3 

in the 
United 
States) 

 2.66x10-1 IARC 1999 

Inside four test houses   3.65x10-4–
4x10-2 

1.2x10-3–
1.22x10-1 

Wallace et al. 1989 

 With solid deodorizer   5.64x10-2   
 With spray deodorizer   6.14x10-3   
 With liquid deodorizer   4.15x10-3   
 With no deodorizer   4.32x10-3   
26 Normal houses  1.08x10-4 1.33x10-5 1.5x10-3 Kostiainen 1995 
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Table 6-5.  Levels of 1,4-Dichlorobenzene in Indoor Air 
 

Concentration (ppm) 
Conditions Range Mean Median Maximum Reference 
Nationwide study of 
Canadian homes 

    Fellin and Otson 
1994 

 Winter  5.93x10-3    
 Spring  2.5x10-3    
 Summer  1.75x10-3    
 Fall  2.5x10-3    
 0 °C  3.92x10-3    
 0–15 °C  3.66x10-3    
 15 °C  2.0x10-3    
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concentrations was the use of 1,4-DCB sources such as moth crystals and room deodorizers in the home 

(Wallace et al. 1986b).   

 

Wallace et al. (1989) studied the influence of personal activities on exposure to VOCs.  These authors 

reported that the median 1,4-DCB concentration in ambient outdoor air sampled 3 times/day over a 3-day 

monitoring period at each of three test houses was <1 µg/m3 (0.17 ppb) and the maximum concentration 

was 17 µg/m3 (2.8 ppb).  The median indoor 1,4-DCB air concentrations sampled individually at each of 

four study houses ranged from 2.2 to 240 µg/m3 (0.37–40 ppb), while the maximum concentrations ranged 

from 7.2 to 740 µg/m3 (1.2–123.3 ppb).  The mean personal air concentration for seven individuals living 

in the study houses was 81 µg/m3 (13.5 ppb) (range 4.0–240 µg/m3 [0.7–40 ppb]), while the outdoor mean 

1,4-DCB personal air concentration was 1 µg/m3 (0.17 ppb).  The personal air to outdoor air ratio 

of 81 was 4 times higher than the ratios calculated for the other VOCs tested.  Two individuals living in 

the same house both had mean personal air concentrations of 240 µg/m3 (40 ppb); the median levels of 

1,4-DCB in their breath were 40 and 47 µg/m3 (6.7 and 7.8 ppb), which was higher than the median breath 

level of 1.5 µg/m3 (0.3 ppb) in an individual receiving a personal exposure of 5.7 µg/m3 (1.5 ppb).  

Wallace et al. (1989) further studied the activities associated with increased personal exposure to, or 

increased indoor air concentrations of, 1,4-DCB.  The activities that increased both personal exposure and 

indoor air concentrations of 1,4-DCB were the use of solid toilet deodorizers, followed by spray 

deodorizers and liquid deodorizers, compared to the use of no deodorizers at all.  The median personal 

exposure concentrations to 1,4-DCB were 330 µg/m3 (55 ppb) (maximum, 500 µg/m3 [83.3 ppb]), 

33 µg/m3 (5.5 ppb) (maximum, 84 µg/m3 [14 ppb]), 12 µg/m3 (2 ppb) (maximum, 28 µg/m3 [4.7 ppb]), and 

2.4 µg/m3 (0.4 ppb) (maximum, 6.6 µg/m3 [1.1 ppb]) for solid, spray, liquid, and no deodorizer use, 

respectively.  Median indoor air concentrations were 340 µg/m3 (56.7 ppb) (maximum, 

630 µg/m3 [105 ppb]), 37 µg/m3 (6.2 ppb) (maximum, 59 µg/m3 [9.8 ppb]), 25 µg/m3 (4.2 ppb) (maximum, 

30 µg/m3 [5 ppb]), and 2.6 µg/m3 (0.43 ppb) (maximum, 5.2 µg/m3 [0.87 ppb]) for solid, spray, liquid, and 

no deodorizer use, respectively. 

 

More recently, Kostianen (1995) identified >200 VOCs in the indoor air of 26 normal houses.  1,4-DCB 

was detected in 100% of the houses studied. 1,4-DCB was detected at a mean concentration of 

0.65 µg/m3 (0.1 ppb) (median 0.08 µg/m3 [0.013 ppb], minimum 0 µg/m3 [0 ppb], and maximum 

8.94 µg/m3 [1.5 ppb]) in the houses studied.  Forty-eight compounds (including 1,4-DCB) were selected 

for further quantitative analysis in 50 normal houses and 38 “sick houses,” which had poor quality indoor 

air that was linked to odors and to a number of physiological follow-up study of normal and “sick 

houses,” the median concentration of 1,4-DCB (0.88 µg/m3 [0.15 ppb]) in the normal houses was 
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exceeded by 5–10% in 6% of the normal houses and by 10–50% in 18% of the normal houses, while in 

the “sick houses,” the median concentration was exceeded by 5–10% in 7.9% of the “sick houses”, by 10–

50% in 2.6% of the sick houses, and by 50–200% in 5.3% of the “sick houses.”  The median 

concentrations of 1,4-DCB reported in the 38 “sick houses” ranged from 0.00 to 5.36 µg/m3 (0–0.89 ppb).   

 

During a study of exposure of volatile organic compounds in the air of three photocopy centers, 1,4-DCB 

was detected in the breathing zone of photocopier operators at concentrations ranging from 0.1 to 3.7 ppb 

(Stefaniak et al. 2000).  1,4-DCB was not listed with the compounds detected in building background 

samples. 

 

A nationwide study of indoor air concentrations of 26 VOC compounds was conducted in Canada in 

1991 (Fellin and Otson 1994).  The authors reported that mean 1,4-DCB concentrations were 

35.75 µg/m3 (5.96 ppb) (winter), 15 µg/m3 (2.5 ppb) (spring), 10.54 µg/m3 (1.76 ppb) (summer), and 

15 µg/m3 (2.5 ppb) (fall), and that the concentrations declined with an increase in ambient air temperature.  

At ≤0, 0–15, and ≥15 °C, the 1,4-DCB mean concentrations were 23.64, 22.02, and 11.83 µg/m3 (3.94, 

3.67, and 1.97 ppb), respectively.  Analysis revealed that 1,4-DCB concentrations were associated with 

use of household products and moth repellant crystals.  These authors concluded that indoor sources of 

1,4-DCB (household products and moth repellant crystal) are likely to have a more significant influence 

on indoor air concentrations than climatic variables.  Summer conditions and outdoor temperatures 

>15.1 °C gave the lowest indoor air concentrations of 1,4-DCB.  Moth repellant crystals are also deployed 

in a manner that gives reasonably constant emissions over several weeks.  This compound produced a 

trend consistent with expected ventilation results.  The highest average concentrations were observed 

during the winter or when temperatures were <0 °C, when ventilation is expected to be lowest.  

Intermediate values were measured during the fall and spring, while the lowest values were measured 

during the summer, when ventilation of homes is expected to be highest.  Zhu et al. (2005) detected 1,2- 

and 1,4-DCB in the indoor air samples from 5 and 81% of 75 randomly selected dwellings in Ottawa, 

Canada, respectively.  Arithmetic mean concentrations in these air samples were 0.77 µg/m3 for 1,4-DCB 

and 0.01 µg/m3 for 1,2-DCB. 

 

Kinney et al. (2002) measured home outdoor, home indoor, and personal air concentrations of 1,4-DCB 

for selected students that attend school in the West Central Harlem section of New York City as part of 

the Toxic Exposure Assessment (TEACH) study.  Mean winter concentrations of 1,4-DCB were 

5.03 µg/m3 in 36 home outdoor samples, 54.9 µg/m3 in 36 home indoor samples, and 43.4 µg/m3 in 

36 personal air samples.  Mean summer concentrations of 1,4-DCB were 5.03 µg/m3 in 29 home outdoor 
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samples, 54.9 µg/m3 in 36 home indoor samples, and 43.4 µg/m3 in 40 personal air samples.  Similar 

results were obtained from TEACH study measurements in Los Angeles, California (Sax et al. 2004).  

Mean outdoor 1,4-DCB concentrations were 2.0 µg/m3 in 35 samples collected during the winter and 

3.5 µg/m3 in 32 samples collected during the fall.  Mean indoor 1,4-DCB concentrations were 40 µg/m3 in 

40 samples collected during the winter and 52 µg/m3 in 32 samples during the fall.  Personal air 

concentrations measured in Los Angeles were not reported in this study.  Shendell et al. (2004) measured 

1,4-DCB concentrations ranging from not detected to 3.36 µg/m3 in the air of 13 portable modular 

classroom structures and from not detected to 10 µg/m3 in the air of 7 main building classrooms (Shendell 

et al. 2004).  Mean and median 1,4-DCB concentrations in air from 3 urban communities in Minnesota 

(Battle Creek, East St. Paul, and Phillips) were measured to be 0.1 and 0.1 µg/m3, respectively, in 

132 outdoor air samples, 1.2 and 0.2 µg/m3, respectively, in 292 indoor air samples, and 3.2 and 

0.4 µg/m3, respectively, in 288 personal air samples (Sexton et al. 2004). 

 

1,4-DCB has been detected in ambient air samples in several monitoring studies, as shown in Table 6-6.  

Kelly et al. (1994) reported that the median concentration of 1,4-DCB was below detection limits based 

on 1,447 samples collected from 57 different locations.  MacLeod and Mackay (1999) reported a 

1,4-DCB background concentration of 3.36x10-5 ppm for the Southern Ontario, Canada region.  The mean 

and median concentrations of 1,4-DCB in air from 25 sites across the state of Minnesota were 

3.36x10-5 and 2.55x10-5 ppm, respectively (Pratt et al. 2000).  Concentrations were not quantifiable in 

rural air (Shah and Heyerdahl 1988), but increasingly higher concentrations were detected in suburban 

and urban air.  Air samples from Mexicali, Mexico, a residential industrial area, contained 1,4-DCB with 

concentrations ranging from 6.0x10-5 to 2.22x10-2 ppm (mean=1.75x10-3 ppm), while air samples from 

Rosarito, Mexico, a beach resort town, contained 1,4-DCB with concentrations ranging from 2.0x10-5 to 

1.8x10-4 ppm (mean=8.0x10-5 ppm).  Hartwell et al. (1992) reported that ambient outdoor concentrations 

of 1,4-DCB are considerably higher in the winter compared to the summer.  The authors concluded that 

this effect may be due to reduced levels of sunlight in the winter, which would hinder atmospheric 

removal by photooxidation.  Mean concentrations of 1,4-DCB in air, and in the vicinity of hazardous 

waste sites and sanitary landfill sites, generally average <4.2x10-3 ppm, but indoor air concentrations of 

1,4-DCB may be 1–3 orders of magnitude higher where 1,4-DCB is used as a space deodorizer or moth 

repellent (IARC 1982; Scuderi 1986; Wallace et al. 1986a, 1986b) (see Table 6-5).  

 

Concentrations of 1,4-DCB in workplace air were, not unexpectedly, the highest concentrations measured 

(IARC 1982), as shown in Table 6-7; concentrations ranged from 33–52 mg/m3 (5.4–8.7 ppm) detected in  
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Table 6-6.  Levels of 1,4-Dichlorobenzene in Outdoor Air 
 

Concentration (ppm) 
Location Mean Median Maximum Range Reference 
Rural  0.00a   Shah and 

Heyerdahl 1988 
Semi-rural 
(NJ) 

2.0x10-5– 
2.1x10-4b 

 1.7x10-4–4.6x10-3c  Bozzelli and 
Kebbekeus 1979 

Suburban  4.8x10-5   Shah and 
Heyerdahl 1988 

Suburban 1.5x10-4   5.0x10-5– 
5.0x10-4 

Delfino et al. 2003 

Suburban   2.8x10-3 <1.66x10-4–2.8x10-3 Wallace et al. 1989
Suburban 4.06x10-4    Bevan et al. 1991 
Urban  5x10-5   Shah and 

Heyerdahl 1988 
Urban (NJ)     Harkov et al. 1984 
 Summer 4x10-5–7x10-5d     
 Winter 2x10-5d     
Urban (NJ) 6x10-5d 

5x10-5–6.6x10-4b 
 4.3x10-4–2x10-2c  Bozzelli and 

Kebbekeus 1979 
Urban (DC) 1.5x10-4  1.57x10-3  Hendler and Crow 

1992 
Urban 6.96x10-5   0.0–2.44x10-4 Fraser et al. 1998 
Urban 1.42x10-4   <2.0x10-4–1.3x10-3 Loscutoff and 

Poore 1993 
Urban 0.00–7.00x10-5  2.20x10-4  Zielinska et al. 

1998 
Urban 2.0x10-2 

2.9x10-1 
 2.9x10-2 

1.0x101 
 Grosjean 1991 

Urban 4.18x10-4    Bevan et al. 1991 
Hazardous 
waste sites 
(seven sites) 

3x10-5–5.4x10-4b  4.2x10-3  Harkov et al. 1984 

Hazardous 
waste sites 
and sanitary 
landfill sites 

4x10-5–5.1x10-4b 
2x10-5–2.2x10-4e 

 3.8x10-4–4.2x10-3c  LaRegina et al. 
1986 

Waste dump    1.24x10-5–6.41x10-5 Nerin et al. 1996 
 
aLevel not quantifiable 
bRange in arithmetic mean concentrations 
cRange in maximum concentrations detected 
dGeometric mean 
eRange in geometric mean concentrations 
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Table 6-7.  Levels of 1,4-Dichlorobenzene Detected in Workplace Air 
 

Concentration (ppm)  
Occupation Maximum Range 
Monochlorobenzene manufacturing plant 8.7 5.4–8.7 

Abrasive-wheel plant 11.5 8–11.5 

Mothball manufacturing plant 25 9–25 

Chlorobenzene manufacturing plant 34 24–34 

1,4-Dichlorobenzene manufacturing plant 548 12–548 

Monochlorobenzene and dichlorobenzene manufacturing plant 724 – 

 
Source:  IARC 1982 
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air sampled at a monochlorobenzene manufacturing facility to 4,350 mg/m3 (724 ppm) detected in air 

sampled at a plant manufacturing monochlorobenzene and DCB. 

 

1,2- and 1,3-DCB have also been detected in air samples from various locations, though at much lower 

concentrations than 1,4-DCB.  Because these isomers are not used in household products to the extent that 

1,4-DCB is, they are not prevalent in indoor air.  For example, mean indoor air concentrations in a 

ventilated office in London were approximately 3.5x10-3 ppm for 1,4-DCB compared to 1.4x10-4 ppm for 

1,2-DCB (Field et al. 1992).  Mean indoor air concentrations of 1,2-DCB from residences in some 

California communities were 1.39x10-5 ppm during the winter and 3.48x10-6 ppm during the summer 

(Pellizzari et al. 1986).  1,3-DCB was detected in the air from a university art building where there is 

heavy use of printmaking solvents.  Mean concentrations of 1,3-DCB were 0.4 µg/m3 (median=0.8 µg/m3) 

on the studio floor and 0.8 µg/m3 (median below 0.5–1.5 ppb) on a non-use floor (Ryan et al. 2002).  

Some studies have reported 1,3-DCB air sample concentrations in combination with 1,4-DCB 

concentrations.  However, based the production volumes of these isomers, it is expected that these 

concentrations represent 1,4-DCB almost entirely.  The concentrations of 1,2- and 1,3-DCB measured in 

ambient outdoor air are shown in Tables 6-8 and 6-9, respectively.  Based on the data in these tables, 

ambient outdoor air concentrations generally range from 0.01 to 0.1 ppb for 1,2-DCB, and from 0.001 to 

0.1 ppb for 1,3-DCB.  Concentrations of 1,2- and 1,3-DCB in workplace air were not located. 

 

6.4.2   Water  
 

DCBs have generally been detected at low concentrations in finished drinking water, surface water, and 

groundwater in the United States.  Finished drinking water samples from 20 of the 113 cities monitored in 

the National Organics Monitoring Survey (NOMS) had levels of 1,4-DCB ranging from 0.01 to 1.54 ppb, 

with a median value of 0.03 ppb (Dressman et al. 1977), and the compound was detected in about 13% of 

finished drinking water supplies using surface water sources (Coniglio et al. 1980).  1,2-, 1,3- and 

1,4-DCB were reported in drinking water samples from three cities on Lake Ontario at concentrations 

ranging from not detectable (ND) to 2 ppt, from ND to 7 ppt, and from 8 to 20 ppt, respectively (Oliver 

and Nicol 1982a).  DCB isomers were detected in 0–3% of drinking water samples from selected 

locations in New Jersey, North Carolina, and North Dakota locations (Wallace et al. 1986a).  

Concentrations of 1,3- and 1,4-DCB were generally <1 µg/L in treated and raw water samples taken from 

30 Canadian potable water treatment facilities that serve about 5.5 million consumers (Otson et al. 1982). 

 



DICHLOROBENZENES  303 
 

6.  POTENTIAL FOR HUMAN EXPOSURE 
 
 

 
 
 
 
 

 

Table 6-8.  Levels of 1,2-Dichlorobenzene in Outdoor Air 
 

Concentration (ppm) 
Location Mean Median Maximum Range Reference 
Semi-rural (New Jersey) 2x10-5–2.4x10-4a  2.1x10-4–

3.9x10-3b 
 Bozzelli and 

Kebbekeus 1979 
Beach resort town 3.0x10-5   1.0x10-5– 

8.0x10-5 
Zielinska et al. 2001 

Background (Southern 
Ontario) 

1.28x10-6    MacLeod and 
Mackay 1999 

25 Sites across Minnesota 1.62x10-5 1.28x10-5 2.44x10-5  Pratt et al. 2000 
Urban (New Jersey)     Harkov et al. 1984 
 Summer 1x10-5–3x10-5c     
 Winter 3x10-5–6x10-5c     
Urban (New Jersey) 4.8x10-5c 

2x10-5–1.0x10-3a
 5.2x10-4–

1x10-2b 
 Bozzelli and 

Kebbekeus 1979 
Urban (seven U.S. cities) 4.0x10-6–

2.60x10-5  
  1.0x10-6–

2.36x10-4  
Singh et al. 1981a, 
1981b 

Urban 2.0x10-5   1.0x10-5– 
6.0x10-5 

Zielinska et al. 2001 

Urban 8.6x10-5   <1.0x10-4– 
6.0x10-4 

Loscutoff and Poore 
1993 

Urban 0.0d–8.80x10-4  1.02x10-3  Zielinska et al. 1998 
Urban 1.0x10-3– 

1.3x10-1 

5.6x10-2 

 1.7x10-3– 
3.1x10-1d 

6.6x10-1 

 Grosjean 1991 

Hazardous waste sites and 
sanitary landfill sites 

6x10-5–7.7x10-4a

2x10-5–2.3x10-4e
 6.9x10-4–

8.4x10-3b 
 LaRegina et al. 1986

Waste dump    1.58x10-5– 
9.13x10-5 

Nerin et al. 1996 

 
aRange in arithmetic mean concentrations 
bRange in maximum concentrations detected 
cGeometric mean 
dLevel not quantifiable 
eRange in geometric mean concentrations 
 



DICHLOROBENZENES  304 
 

6.  POTENTIAL FOR HUMAN EXPOSURE 
 
 

 
 
 
 
 

 

Table 6-9.  Levels of 1,3-Dichlorobenzene in Outdoor Air 
 

Concentration (ppm) 
Location Mean Median Maximum Range Reference 
Beach resort town   0.00a  Zielinska et al. 2001
Background (Southern 
Ontario) 

1.39x10-6    MacLeod and 
Mackay 1999 

25 Sites across 
Minnesota 

2.55x10-5 1.28x10-5 9.87x10-4  Pratt et al. 2000 

Urban (seven U.S. 
cities) 

4.0x10-6–8.7x10-6   1.0x10-6– 
4.7x10-5  

Singh et al. 1981a, 
1981b 

Urban   0.00a  Zielinska et al. 2001
Urban 1.01x10-4   <2.0x10-4– 

3.0x10-4 
Loscutoff and Poore 
1993 

Urban 0.0a–8.80x10-4  1.02x10-3  Zielinska et al. 1998
Urban 4.0x10-3–7.7x10-2 

8.3x10-2 
 9x10-3–1.5x10-1b

2.2 
 Grosjean 1991 

Waste dump    1.43x10-6– 
6.70x10-6 

Nerin et al. 1996 

 
aLevel not quantifiable 
bRange in maximum concentrations detected 
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During a national groundwater supply survey, 1,4-DCB was detected in 2 out of 280 (0.7%) random 

sample sites serving <10,000 persons and in 3 out of 186 (1.6%) random sample sites serving 

>10,000 persons above a quantitation limit of 0.5 µg/L (Westrick et al. 1984).  The mean positive 

concentration and maximum value were 0.60 and 0.68 µg/L, respectively, for the sites serving 

<10,000 persons and 0.66 and 1.3 µg/L, respectively, for the sites serving >10,000 persons.  1,2- and 

1,3-DCB were not detected above the quantitation limit (0.5 µg/L) in any of the random samples.  

1,4-DCB was detected above 0.5 µg/L in 4 out of 321 (1.2%) nonrandom sample sites serving 

<10,000 persons with a median positive concentration of 0.74 µg/L and a maximum value of 0.90 µg/L.  

This compound was not detected above 0.5 µg/L in 158 nonrandom sample sites serving >10,000 persons.  

1,2-DCB was detected above 0.5 µg/L in 1 out of 321 (0.3%) nonrandom sample sites serving 

<10,000 persons at a concentration of 2.2 µg/L and in 1 out of 158 (0.6%) nonrandom sample sites 

serving >10,000 persons at a concentration of 2.7 µg/L.  1,3-DCB was not detected above 0.5 µg/L in any 

of the nonrandom samples.  Stackelberg et al. (2001) detected 1,2-, 1,3-, and 1,4-DCB in approximately 8, 

4, and 8%, respectively, of samples collected from 30 public supply wells in southern New Jersey.  

Concentrations or limits of detection were not reported.  1,4-DCB had two detections at concentrations 

that were both below a laboratory reporting limit of 0.05 µg/L in samples from 178 active public supply 

wells in the Los Angeles physiographic basin (Shelton et al. 2000).  1,2- and 1,3-DCB were analyzed for, 

but were not detected in any of the samples from these wells.  The laboratory reporting limits used for 

1,2-DCB were 0.031 and 0.048 µg/L.  The laboratory reporting limits used for 1,3-DCB were 0.03 and 

0.054 µg/L. 

 

1,2-DCB was detected in 0.6% of 1,077 surface water samples recorded in the STORET database at a 

median concentration of <10 ppb (Staples et al. 1985).  1,3-DCB was detected in 0.3% of 986 surface 

water samples recorded in the STORET database at a median concentration of <10 ppb.  1,4-DCB was 

detected in 3% of 8,576 surface water samples recorded in the STORET database at a median 

concentration of <0.1 ppb. 1,4-DCB was detected in 100% of 91 surface water samples from the Great 

Lakes at mean concentrations ranging from 0.28 ppt in Lake Huron to 1.5 ppt in Lake Ontario (IJC 1989).  

Oliver and Nicol (1982a) also reported concentrations of DCBs in water samples collected from the Great 

Lakes region.  Mean 1,2-DCB concentrations were 5 ppt (range, 2–7 ppt) in samples from Lake Ontario 

and 6 ppt (range, ND–31 ppt) in samples from the Grand River.  1,2-DCB was not detected in samples 

from Lake Huron.  Mean 1,3-DCB concentrations were 1 ppt (range, ND–4 ppt) in samples from the 

Grand River.  1,3-DCB was not detected in samples from Lake Ontario or Lake Huron.  Mean 1,4-DCB 

concentrations were 45 ppt (range, 33–64 ppt) in samples from Lake Ontario, 4 ppt (range, 3–6 ppt) in 

samples from Lake Huron, and 10 ppt (range, ND–42 ppt) in samples from the Grand River.  During a 
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study of contaminants in 139 streams located in 30 states, 1,4-DCB was detected in 25.9% of samples in 

which it was searched for, with a median concentration of 0.09 µg/L and a maximum concentration of 

4.3 µg/L (Kolpin et al. 2002). 

 

Concentrations of 1,2-, 1,3- and 1,4-DCB from the Niagara River sampled in 1980 ranged from ND to 

56 ppt, from ND to 56 ppt, and from 1 to 94 ppt.  The highest concentration of 1,2- and 1,4-DCB 

occurred just below a chemical manufacturing plant’s effluent discharge, while the highest concentration 

of 1,3-DCB occurred just below a waste disposal dump (Oliver and Nicol 1982a).  1,2-, 1,3-, and 

1,4-DCB were also reported in waste water effluent samples collected from four plants on the Great 

Lakes at mean concentrations of 13 ppt (range, 6–22 ppt), 14 ppt (range, 7–13 ppt), and 660 ppt (range, 

484–920 ppt) (Oliver and Nicol 1982a).  In a New Jersey survey, 1,2-, 1,3- and 1,4-DCB were detected in 

3, 4, and 6%, respectively, of 463 surface water samples (Page 1981).  Maximum concentrations were 

8.2 ppb for 1,2-DCB, 242 ppb for 1,3-DCB, and 31 ppb for 1,4-DCB.  DCBs have been reported in 

surface waters in the vicinity of hazardous waste sites at unspecified concentrations (Elder et al. 1981) 

and at a concentrations of 9 ppt (1,2-DCB), 18 ppt (1,3-DCB), and 52 ppt (1,4-DCB) (Oliver and Nicol 

1982a). 

 

DCBs were monitored in wetland-treated leachate water at a municipal solid waste landfill site in central 

Florida from 1989 to 1990 and from 1992 to 1993 (Chen and Zoltek 1995).  During the first sampling 

period, surface water samples contained 1,2-DCB at concentrations ranging from 0.02 to 0.10 ppb, 

1,3-DCB at concentrations ranging from 0.02 to 0.10 ppb, and 1,4-DCB at concentrations ranging from 

0.04 to 0.13 ppb.  Groundwater samples contained 1,2-DCB at concentrations ranging from 0.09 to 

1.56 ppb, 1,3-DCB at concentrations ranging from 0.08–8.95 ppb, and 1,4-DCB at concentrations ranging 

from 0.08 to 10.71 ppb.  During the second sampling period (1992–1993), the three DCB isomers were 

not detected in surface water samples.  1,2- and 1,4-DCB were each detected in two groundwater samples 

at concentrations ranging from 0.75 to 0.84 ppb and from 0.45 to 3.74 ppb, respectively.  1,3-DCB was 

not detected in groundwater samples collected during the second sampling period.  No detection limits 

were given.  DCB (isomers unspecified) was detected in a study of three landfills in central Florida 

(Hallbourg et al. 1992).  These authors reported DCB concentration ranges in groundwater of 0.37–21.2, 

6–46.4, and <1–7.4 µg/L (ppb) at three different landfill sites.  Plumb (1991) reported that 1,2-, 1,3-, and 

1,4-DCB were detected in groundwater collected at 36, 16, and 34 of 479 hazardous waste sites, 

respectively.  This author reported that 1,2-DCB was detected in 240 samples collected from 36 sites in 

9 of the 10 EPA regions, 1,3-DCB was detected in 82 samples collected from 16 sites in 8 of the 10 EPA 

regions, and 1,4-DCB was detected in 191 samples collected from 34 sites in 9 of the 10 EPA regions.   
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Untreated, ambient groundwater samples from 406 urban wells and 2,542 rural wells from across the 

conterminous United States were collected between 1985 and 1995 as a part of the National Water-

Quality Assessment Program (NAWQA) of the U.S. Geological Survey (Squillace et al. 1999).  1,2-DCB 

was detected in 1.4% of the urban well samples with a median concentration of approximately 0.2 µg/L 

(range 0.2–100 µg/L).  This compound was detected in 0.2% of the rural well samples with a median 

concentration of approximately 1 µg/L (range 0.3-5 µg/L).  1,4-DCB was detected in 1.8% of the urban 

well samples with a median concentration of approximately 1 µg/L (range 0.3–50 µg/L).  It was detected 

in 0.2% of the rural well samples with a median concentration of approximately 1.5 µg/L (range 0.6–

8 µg/L).  1,3-DCB was not included in this study.  Similar results were reported by Moran et al. (2004) in 

a summary of 1985-1999 NAWQA monitoring data involving chemical concentrations measured in 

1,926 rural private wells.  1,2- and 1,3-DCB were not detected at all, while 1,4-DCB was detected in only 

1 out of 1,925 samples at a concentration of 1.2 µg/L.  1,2-, 1,3-, and 1,4-DCB were detected in 

approximately 25, 15, and 10%, respectively, of samples collected from 95 monitoring wells in southern 

New Jersey, respectively (Stackelberg et al. 2001).  Concentrations or limits of detection were not 

reported.  In a separate New Jersey survey, 1,2-, 1,3-, and 1,4-DCB were detected in 3, 2, and 3 of 

685 groundwater samples (Page 1981).  Maximum concentrations were 6,800 ppb for 1,2-DCB, 237 ppb 

for 1,3-DCB, and 995 ppb for 1,4-DCB.  1,4-DCB had a frequency of detection of approximately 10% 

and a maximum concentration of 1.7 µg/L in groundwater samples from 29 alluvial wells beneath the 

Denver, Colorado area (Bruce and McMahon 1996).  The authors also analyzed for 1,3-DCB, although it 

was not detected above the minimum detection level (0.2 µg/L) in any of the samples.  1,3-DCB was 

detected in two groundwater samples from five developing urban sites in the Upper Colorado River Basin 

with an estimated maximum concentration of 0.01 µg/L (Apodaca et al. 2002).  

 

6.4.3   Sediment and Soil  
 

Little information on soil concentrations of DCBs was located for the United States.  One study 

conducted in England, however, reported DCB concentrations in agricultural soils increased during the 

1960s, corresponding to a period of increased production of chlorobenzene compounds (Wang et al. 

1995).  The mean 1,4-DCB soil concentration reported for agricultural land was 2.17 ppb in 1942, 

0.75 ppb in 1951, 1.73 ppb in 1960, 9.82 ppb in 1967, 3.9 ppb in 1972, 3.06 ppb in 1980, 1.4 ppb in 1984, 

and 0.4 ppb in 1991.  The mean 1,3-DCB soil concentration was 0.20 ppb in 1960, 0.31 ppb in 1967, 

0.36 ppb in 1972, and 0.30 ppb in 1980.  1,3-DCB soil concentrations were below the detection limit 

(0.2 ppb) in 1942, 1951, 1984, and 1991.  1,2-DCB soil concentrations were below the detection limit 
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(0.2 ppb) during all 8 sampling years.  It should be noted that 1,4-DCB has been reported to occur in soils 

as a result of lindane degradation (EPA 1980a; IARC 1982), so the detection of 1,4-DCB may not be 

indicative of 1,4-DCB disposal per se. 

 

1,2-DCB was detected in 0.9% of 352 sediment samples, 1,3-DCB was detected in 0.3% of 357 sediment 

samples, and 1,4-DCB was detected in 2% of 357 sediment samples recorded on the STORET database 

(Staples et al. 1985).  DCBs have been detected in sediments near hazardous waste sites (Elder et al. 

1981; Hauser and Bromberg 1982).  During a study of semivolatile organic compounds in streambed 

sediment, 1,2-DCB was detected in 0.6% of samples collected at 516 sites from 20 major river basins in 

the United States during 1992–1995 with a maximum concentration of 86 µg/kg (95th percentile, 

<50 µg/kg) (Lopes and Furlong 2001).  1,4-DCB was detected in 1.2% of samples collected at 518 sites 

with a maximum concentration of 140 µg/kg (95th percentile, <50 µg/kg).  1,3-DCB was not detected in 

samples collected from 516 sites.  The concentrations of 1,2- and 1,4-DCB were both <100 µg/kg in 

streambed sediment samples from 9 out of 14 river sites in the New England Coastal Basin (USGS 2002).  

Both of these compounds were at concentrations below the minimum reporting level (50 µg/kg) in 

samples from the remaining five river sites.  Redmond et al. (1996) detected 1,2-, 1,3-, and 1,4-DCB at 

concentrations up to 4.4, 7.2, and 3.6 mg/kg, respectively, in the sediment of the Calcasieu River estuary, 

Louisiana. 

 

Oliver and Nicol (1982a) reported DCB concentrations in surficial sediments from 13 sites in Lake 

Superior, 42 sites in Lake Huron, 5 sites in Lake Erie, and 11 sites in Lake Ontario.  Mean 1,2-DCB 

concentrations detected were 1 ppb (range, ND–1 ppb), 8 ppb (range, ND–56 ppb), 2 ppb (range, 1–

4 ppb), and 11 ppb (range, 4–27 ppb) for Lakes Superior, Huron, Erie, and Ontario, respectively.  Mean 

1,3-DCB concentrations detected were 2 ppb (range, ND–7 ppb), 2 ppb (range, ND–14 ppb), 4 ppb 

(range, 1–9 ppb), and 74 ppb (range, 15–250 ppb) for Lakes Superior, Huron, Erie, and Ontario, 

respectively.  Mean 1,4-DCB concentrations detected were 5 ppb (range, ND–9 ppb), 16 ppb (range, 2–

100 ppb), 9 ppb (range, 3–20 ppb), and 94 ppb (range, 22–210 ppb) for Lakes Superior, Huron, Erie, and 

Ontario, respectively.  These authors also reported detecting DCB concentrations in deep sediment layers 

in Lake Ontario from core samples from the Niagara Basin.  Concentrations of 1,2-DCB in various depths 

of the sediment cores were as follows:  14 ppb (0–1 cm), 15 ppb (1–2 cm), 19 ppb (2–3 cm), 16 ppb (3–

4 cm), 26 ppb (4–5 cm), 13 ppb (5-6 cm), and 2 ppb (6–7 cm).  Concentrations of 1,3-DCB in various 

depths of the sediment cores were as follows:  240 ppb (0–1 cm), 330 ppb (1–2 cm), 190 ppb (2–3 cm), 

48 ppb (3–4 cm), 38 ppb (4–5 cm), 17 ppb (5–6 cm), and 4 ppb (6–7 cm).  Concentrations of 1,4-DCB in 

various depths of the sediment cores were as follows:  110 ppb (0–1 cm), 120 ppb (1–2 cm), 88 ppb (2–
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3 cm), 230 ppb (3–4 cm), 88 ppb (4–5 cm), 29 ppb (5-6 cm), and 17 ppb (6–7 cm).  None of the DCBs 

were detected in the 7–8 cm sediment core.  Chapman et al. (1996a, 1996b) also reported detecting 

1,4-DCB in sediments collected around the diffuser of a large marine municipal sewage discharge outfall 

at Macaulay Point in Victoria, Canada.  Sediment quality guidelines are set by the government to protect 

indigenous sediment-dwelling organisms.  1,4-DCB was detected at concentrations exceeding sediment 

quality guidelines (110 µg/kg [ppb] dry weight) and showed a distinctive concentration gradient, which 

peaked at the outfall at concentrations up to 1,710 ppb dry weight and decreased with increasing distance 

from the outfall.  The authors attributed the source of the 1,4-DCB in the relatively untreated municipal 

sewage effluent to the extensive use of toilet block deodorizers. 

 

In a recent study conducted in England, Wang and Jones (1994b) analyzed the chlorobenzene content of 

contemporary sewage sludge collected from 12 waste water treatment plants.  Most of the plants surveyed 

received waste water from urban and industrial effluent and all of the sewage-treatment plants used 

primary treatment.  1,2- and 1,4-DCB were detected in 100% of the samples tested.  1,3-DCB was 

detected in 75% of the samples tested.  Concentrations of 1,2-DCB ranged from 71.3 to 4,110 µg/kg (ppb) 

dry weight (3.57–152 ppb wet weight).  For 1,2-DCB, the mean and median concentrations for the 

12 plants were 877 and 237 ppb (dry weight), respectively.  The authors reported that except for the 

monochlorobenzenes, 1,2-DCB had the highest concentration in the industrial sludges.  This was believed 

to be the result of industrial uses of 1,2-DCB as a solvent, cleaner, degreaser, polish, and deodorant.  

Concentrations of 1,3-DCB ranged from below the detection limit to 467 µg/kg (ppb) dry weight (from 

below the detection limit to 13.5 ppb wet weight).  For 1,3-DCB, the mean and median concentrations for 

the 12 plants were 82.3 and 30 ppb (dry weight), respectively.  Concentrations of 1,4-DCB ranged from 

561 to 2,320 µg/kg (ppb) dry weight (21.9–187 ppb wet weight).  For 1,4-DCB, the mean and median 

concentrations for the 12 plants were 1,310 and 1,250 ppb (dry weight), respectively.  The authors also 

reported that 1,4-DCB was the most abundant compound detected (exclusive of the monochlorobenzenes) 

and was detected at higher concentrations in the urban sludges compared to the sludges dominated by 

industrial sources.  The authors believe that this was a result of the extensive use of the compound in 

moth repellent crystals, insecticides, germicides, and space deodorants.  Since 1,4-DCB also has industrial 

uses, the absolute content of this compound was not lower in the industrial sludges as compared to the 

urban sludges.  The authors also found that the 1,4-DCB content and that of other chlorobenzene 

compounds in sewage sludges from the same treatment plant were consistent over time.  Wang et al. 

(1995) further reported that at a site in Woburn, England, sewage sludge applied to agricultural land from 

1942 to 1961 contained 1,2-DCB concentrations of ND to 126 ppb (mean, 17.4 ppb; median, 6.60 ppb), 

1,3-DCB concentrations of ND to 101 ppb (mean, 17.4 ppb; median, 6.60 ppb), and 1,4-DCB 
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concentrations of 7.76–71.8 ppb (mean, 29.8 ppb; median, 25.5 ppb).  These authors found that while 

concentrations of the other chlorobenzenes remained stable during the 1960s after the sludge applications 

were halted in 1961, the concentrations of 1,4-DCB in both the sludge-amended and control soils actually 

increased.  The authors concluded that the 1,4-DCB could have increased in both soil plots as a result of 

pesticide applications since 1,4-DCB was often found as an impurity in many organochlorine pesticides 

or by atmospheric deposition of airborne emissions from industrial facilities or municipal waste 

incinerators. 

 

6.4.4   Other Environmental Media  
 

DCBs have been detected in meat, poultry, fish, and other types of foodstuffs.  Pork meat has reportedly 

been tainted with a disagreeable odor and taste as a result of the use of deodorant blocks in pig stalls 

(EPA 1980a; IARC 1982).  Eggs also have been similarly tainted after hens were exposed to 20–

30 mg/m3 (3.3–5.0 ppm) of 1,4-DCB (IARC 1982).  1,4-DCB was detected in 69 out of 234 table-ready 

food items from the FDA’s total diet study at concentrations ranging from 4.26 to 114 ppb 

(mean=10.7 ppb) (Heikes et al. 1995).  1,2-DCB was detected in 45 of the 234 food items at 

concentrations ranging from 7.80 to 24.4 ppb (mean=9.47 ppb).  1,3-DCB was detected in 6 of the food 

items at concentrations ranging from 5.31 to 9.76 ppb (mean=7.36).  The highest level food items were 

chocolate chip cookies (1,4-DCB), cake doughnuts (1,2-DCB), and sandwich cookies (1,3-DCB).  Page 

and Lacroix (1995) detected 1,4-DCB in both noncitrus based soft drinks and 10% butterfat cream at 

0.1 µg/kg during a study of contaminants in Canadian foods.  1,4-DCB concentrations in different brands 

of butter, margarine, and peanut butter were 1.3–2.7, 12.2–14.5, and 1.2–8.8 µg/kg, respectively.  Flour 

contained 1,2-DCB at 1.1 µg/kg and 1,4-DCB at 7.3 µg/kg, while pastry mix contained these isomers at 

concentrations of 1.0 and 22.0 µg/kg, respectively.  Fresh food composites grown in Ontario, Canada 

were tested for the presence of DCBs (detection limits=0.0001 µg/g) as well as other contaminants 

(Davies 1988).  Only 1,3-DCB was detected in fruit and root vegetables at concentrations of 0.0044 and 

0.0011 µg/kg, respectively, while 1,2-DCB was the only isomer detected in the eggs/meat food group at a 

concentration of 0.0018 µg/kg.  Both 1,3- and 1,4-DCB were detected in milk at concentrations of 

0.00014 and 0.00055 µg/kg, respectively.  None of the DCBs in this study were detected in leafy 

vegetables.  The concentrations of 1,4-DCB in retail vegetables from the United Kingdom were 

0.198 µg/kg (carrot cores), 0.416 µg/kg (carrot peels), 0.224 µg/kg (potato peels), 0.214 µg/kg 

(cauliflower stems), 0.529 µg/kg (cauliflower flowers), 0.237 µg/kg (inner lettuce leaves), and 

0.118 µg/kg (outer lettuce leaves) (Wang and Jones 1994d).  1,2- and 1,3-DCB were detected only in 

potato cores at 0.328 and 0.096 µg/kg, respectively. 
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All three DCB isomers were detected in lake and rainbow trout from the Great Lakes at concentrations 

ranging from 0.3 to 1 ppb for 1,2-DCB, from 0.3 to 3 ppb for 1,3-DCB, and from 1 to 4 ppb for 1,4-DCB, 

(Oliver and Nicol 1982a).  DCBs were detected in biota collected in the vicinity of an industrial outfall in 

the Calcasieu River estuary, Louisiana (Pereira et al. 1988).  The concentrations of 1,2-, 1,3-, and 

1,4-DCB in catfish ranged from not detected to 0.11 ppm, from 0.03 to 0.19 ppm, and from 0.17 to 

0.47 ppm, respectively.  The concentrations of DCBs in Atlantic croakers, blue crabs, spotted sea trout, 

and blue catfish collected from the Calcasien River estuary were 0.08, 0.26, 0.06, and 0.06 ppm, 

respectively for 1,2-DCB, 0.19, 0.356, 0.09, and 0.12 ppm, respectively, for 1,3-DCB, and 0.24, 0.60, 

0.90, and 2.5 ppm, respectively, for 1,4-DCB.  Chung (1999) detected 1,4-DCB in the leg meat, body 

meat, and carapace meat of Charybdis feriatus, a popularly consumed edible crab in Asia, at concen-

trations of 0.5, 0.6, and 5.1 ppm, respectively.  DCBs were detected in the edible tissue of various species 

of trout, nase, whiting, mullet, and pilichard fresh water fish from rivers in Slovenia and the Gulf of 

Triest, Yugoslavia (Jan and Movnersic 1980).  1,4-DCB concentrations in these fish ranged from trace to 

0.45 ppb, while 1,2-DCB concentrations ranged from trace to 1.14 ppb.  The mean upper limit of 

1,4,-DCB concentrations detected in livers of flatfish (Dover sole) collected off Los Angeles, California, 

was <77 ppb wet weight; the mean upper limit of concentrations found in muscle tissue was <7 ppb 

(Young and Heesen 1978).  1,2-DCB was also detected in these fish at mean liver concentrations at or 

below 4.0 ppb (Young et al. 1980).  Concentrations of 1,4-DCB reported in mackerel from Japanese 

coastal water ranged up to 0.05 ppm wet weight (50 ppb) (EPA 1980a; IARC 1982).  Jori et al. (1982) 

reported that 1,4-DCB has been detected in carp at 0.1 ppm and in farmed fish at 0.04 ppm. 

 

6.5   GENERAL POPULATION AND OCCUPATIONAL EXPOSURE  
 

Inhalation is the predominant route of exposure to DCBs for the general population.  According to data 

from the TEAM study, which includes exhaled breath measurements from about 800 individuals, 

1,4-DCB was found in 44–100% of air and breath samples from several U.S. locations, and indoor air 

levels were up to 25 times higher than ambient outdoor levels for DCB (1,3- and 1,4-DCB) (Wallace et al. 

1986b).  Mean concentrations of 1,3- and 1,4-DCB measured together in breath samples collected in New 

Jersey and California ranged from 2.9 to 8.1 µg/m3 (Wallace 1986b).  Median concentrations of these 

isomers in breath samples from New Jersey, California, North Dakota, and North Carolina ranged from 

0.3 to 1.3 µg/m3 (Wallace et al. 1987, 1996).  1,2-DCB was detected above quantifiable limits (0.2–

2 µg/m3) in only 2% of the breath samples collected in New Jersey (Wallace et al. 1986c).  Mean 

1,2-DCB concentrations ranged from 0.08 to 0.1 µg/m3 in breath samples collected in California (Wallace 
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et al. 1988).  The EPA has estimated that adult exposure to 1,4-DCB is about 35 µg/day, based on a mean 

ambient air concentration of 1.6 µg/m3 (0.27 ppb) (EPA 1985a).  In a separate study, average intake 

values for persons exposed to 1,2- and 1,3-DCB were estimated to be 1.8 and 0.8 µg/day, respectively, 

based on the concentrations of these substances in ambient outdoor air samples from seven large cities in 

the United States and a total air intake of 23 m3/day (Singh et al. 1981a, 1981b).  Inhalation exposure to 

1,4-DCB may be considerably higher indoors where space deodorants or moth repellents that contain this 

chemical are used.  Indoor inhalation exposure of the general population to 1,2- or 1,3-DCB is not 

expected to be important since these substances are not used in household and consumer products to the 

extent that 1,4-DCB is.  However, one study reported that 1,3-DCB was detected in the air from a 

university art building where there is heavy use of printmaking solvents.  Mean concentrations of 

1,3-DCB were 0.4 µg/m3 (median=0.8 µg/m3) on the studio floor and 0.8 µg/m3 (median below 

0.5-1.5 ppb) on a non-use floor (Ryan et al. 2002).  During this study, mean and median personal 

exposure concentrations for this compound were 2.0 and 2.3 µg/m3, respectively. 

 

Because water and food concentrations of DCBs are generally quite low, exposure from sources other 

than air is unlikely to be important.  For example, drinking water containing 0.1 ppb 1,4-DCB would 

provide an additional intake of only 0.2 µg per day for an adult drinking 2 L of water per day.  In the past, 

concentrations of all three DCB isomers have been detected in some freshwater fish from the Great Lakes 

region (Oliver and Nicol 1982a).  In addition, concentrations of 1,2- and 1,4-DCB have been found in 

marine fishes, especially in areas near effluent discharges (Young and Heesen 1978; Young et al. 1980).  

However, more recent information on concentrations in edible fish and shellfish tissues is lacking.  

 

Results of the National Human Adipose Tissue Survey (NHATS) conducted in 1982, which estimated the 

general population exposure to toxic organic chemicals, found that 1,4-DCB was detected in 100% of 

46 composite human adipose tissue specimens analyzed at levels ranging from 12 to 500 ppb while 

1,2-DCB was detected in 63% of the 46 specimens at levels ranging from <0.1–2 ppb (EPA 1986f, 

1989d).  These measurements indicate widespread exposure of the general population to DCBs.  Using 

the same data, ranks for each of the 9 census regions were assigned according to the composite sample 

concentrations for 1,2- and 1,4-DCB or the means of multiple composite sample concentrations (Phillips 

and Birchard 1991).  These authors reported that exposure to 1,4-DCB was highest for children (aged 0–

14 years) living in the west south central (Arkansas, Louisiana, Oklahoma, and Texas), east south central 

(Kentucky, Tennessee, Alabama, and Mississippi), and south Atlantic regions (Delaware, Maryland, the 

District of Columbia, Virginia, West Virginia, North Carolina, South Carolina, Georgia, and Florida); for 

15- to 44-year-olds, exposure was highest in the south Atlantic, middle Atlantic (New Jersey, New York, 
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and Pennsylvania), and east north central regions (Illinois, Indiana, Michigan, Ohio, and Wisconsin); and 

for adults 45 years and older, exposure was highest nationally in the east south central, west south central, 

and east north central regions.  Exposure to 1,2-DCB was highest for children (0–14 years) living in the 

New England (Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, and Connecticut), east 

north central, and west north central regions (Minnesota, Iowa, Missouri, Nebraska, Kansas, North 

Dakota, and South Dakota); for 15- to 44-year-olds, exposure was highest in the New England, mid 

Atlantic, and Pacific regions (California, Hawaii, Washington, Oregon, and Alaska); and for adults 

45 years and older, exposure was highest nationally in the mid Atlantic, west north central, and west south 

central regions. 

 

Table 6-10 summarizes concentrations of 1,4-DCB in blood samples from various studies.  Morita and 

Ohi (1975) found that 1,4-DCB was present in all 34 adipose tissue and 6 blood samples taken from 

residents of the Tokyo, Japan metropolitan area.  1,4-DCB concentrations in the adipose tissue samples 

ranged from 0.2 to 11.7 ppm in the adipose tissue samples with an average concentration of 2.3 ppm and 

from 4 to 16 ng/ml (ppb) in the blood samples with an average concentration of 9.5 ng/mL (ppb).  

1,2-DCB was detected in paired blood and biopsy fat samples obtained from 25 patients (7 male and 

18 female) from British Columbia, Canada (Mes 1992).  Median concentrations in whole blood, biopsy 

fatty tissue, blood lipids, and adipose tissue were <3.12, 28.1, <3, and 38 ppb, respectively.  Maximum 

concentrations of 1,2-DCB in these media were 14.29, 154.5, 20,005, and 194 ppb, respectively.   

 

Concentrations of 1,4-DCB in blood samples of 48 individuals in Alaska during February 1995 ranged 

from below the limit of detection (0.040 ppb) to 7.10 ppb with median values ranging from 0.02 to 

0.04 ppb (Backer et al. 1997).  During the Third National Health and Nutrition Evaluation Survey 

(NHANES III), 1,4-DCB was detected in 94.6% of 1,100 blood samples at a median concentration of 

0.33 µg/L and a 95th percentile value of 9.2 µg/L (Buckley et al. 1997).  Blood samples collected from 

July 1995 to May 1997 during the National Human Exposure Assessment Survey (NHEXAS) in EPA 

Region 5 (Minnesota, Wisconsin, Michigan, Illinois, Indiana, and Ohio) contained 1,4-DCB (Pellizzari et 

al. 2001).  It was detected in approximately 80 out of 145 samples with a median concentration of 

0.10 ppb, an arithmetic mean concentration of 0.38 ppb, and a maximum concentration of 45 ppb 

(Bonanno et al. 2001).  Ashley et al. (1994, 1996) reported a mean blood level of 1,4-DCB of 1.9 ppb 

(median 0.33 ppb) in 1,037 samples collected from a reference group of nonoccupationally exposed 

individuals.  Concentrations of VOCs in blood samples from a group of 126 nonsmokers and 42 smokers 

were also studied (Ashley et al. 1995).  These authors found that mean 1,4-DCB blood levels were 

3.2 ng/L (ppb) (median, 0.45 ppb; range ND–96 ppb) for nonsmokers and 2.2 ppb (median, 0.47 ppb;  
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Table 6-10.  Concentrations of 1,4-Dichlorobenzene in Blood Samples 
 

Test subjects Range (ppb) Median (ppb) Mean (ppb) Reference 
British Columbia, Canada 
(n=25) 

≤14.29 <3.12  Mes 1992 

Alaska, United States 
(n=48) 

<0.040a–7.10 0.02–0.04  Backer et al. 1997 

NHANES III (n=1,100)  0.33  Buckley et al. 1997 
EPA Region 5 (n=145) ≤45 0.10 0.38 Pellizzari et al. 2001 
Non-occupationally 
exposed individuals 
(n=1,037) 

 0.33 1.9 Ashley et al. 1994, 1996

Nonsmokers (n=126) ND–96 0.45 3.2 Ashley et al. 1995 
Smokers (n=42) ND–17  0.47 2.2 Ashley et al. 1995 
Residents of the Love 
Canal area, Niagara Falls, 
New York 

0.15–68    EPA 1985a 

World Trade Center 
firefighters present during 
the collapse (n=148) 

  0.274 Edelman et al. 2003 

World Trade Center 
firefighters arriving within 
2 days of the collapse 
(n=142) 

  0.289 Edelman et al. 2003 

World Trade Center 
special operations 
command individuals 
(n=95) 

  0.343 Edelman et al. 2003 

Other World Trade Center 
firefighters 

  0.231 Edelman et al. 2003 

SHIELD—children in 
Minneapolis, Minnesota 
(n=134) 

 0.21 4.22 Sexton et al. 2005 

Adults in the United States 
(n=1,000) 

≤49 0.33 2.1 Hill et al. 1995 

 
aBelow the limit of detection 
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range, ND–17 ppb) for smokers.  Blood levels of 1,4-DCB were not dependent on whether the subject 

was from the smoking or control group.  All three DCB isomers have been detected in blood samples 

from residents of the Love Canal area in Niagara Falls, New York (IARC 1999).  DCB concentrations in 

blood samples from nine Love Canal residents ranged from 0.15 to 68 ppb (EPA 1985a).  1,4-DCB 

concentrations (geometric mean) in blood samples collected from firefighters responding to the World 

Trade Center fire and collapse were 0.274 µg/L for 148 firefighters who were present during the collapse 

and 0.289 µg/L for 142 firefighters who arrived after the collapse (within 2 days) (Edelman et al. 2003).  

The mean concentrations in the blood of 95 special operations command individuals were 0.343 µg/L 

compared to 0.231 µg/L in the blood of other firefighters. 

 

Hill et al. (1995) analyzed both blood and urine samples of 1,000 adults in the United States.  These 

authors reported that 96% of the individuals in the study had detectable concentrations of 1,4-DCB in 

their blood and 98% had detectable concentrations of 2,5-dichlorophenol (the metabolite of 1,4-DCB) in 

their urine.  1,4-DCB levels in the blood ranged up to 49 µg/L (ppb), with median and mean 

concentrations of 0.33 ppb and 2.1 ppb, respectively.  Urinary 2,5-dichlorophenol concentrations ranged 

up to 8,700 µg/L (ppb), with median and mean concentrations of 30 ppb and 2,000 ppb, respectively.  

There was a highly significant correlation (p<0.0001) between 2,5-dichlorophenol in the urine and 

1,4-DCB in the blood.  The authors concluded that 1,4-DCB is a common, worldwide environmental 

contaminant.  Metabolites of 1,2-DCB (2,3- and 3,4-dichlorophenol and 3,4- and 4,5-dichlorocatechol) 

have been detected in the urine of chemical factory workers at unspecified concentrations (Kumagai and 

Matsunaga 1995, 1997).  These workers had been exposed to 1,2-DCB used as a solvent during the work 

shift prior to sample collection.  

 

DCB (all isomers) was identified in 100% of 42 samples of human breast milk collected in five urban 

areas of the United States at concentrations of 0.04–68 ppb (Erickson et al. 1980).  DCB (all isomers) was 

identified in human breast milk in 8 of 12 women who were residents of Bayonne, New Jersey 

(6 women), Jersey City, New Jersey (2 women), Bridgeville, Pennsylvania (2 women), and Baton Rouge, 

Louisiana (2 women); however, concentrations were not specified (Pellizzari et al. 1982).  DCB (all 

isomers) was identified in breast milk samples collected from five different regions across Canada in 

1982 (Mes et al. 1986).  1,2-DCB was identified in 97% of the 210 samples collected with mean and 

maximum milk concentrations of 3 and 29 ppb, respectively and mean and maximum concentrations in 

milkfat of 84 and 890 ppb, respectively.  1,3- and 1,4-DCB were identified together in 100% of the 

210 samples collected with mean and maximum milk concentrations of 6 and 75 ppb, respectively and 

mean and maximum concentrations in milkfat of 161 and 4,180 ppb, respectively.  Mean concentrations 
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of 1,2-, 1,3-, and 1,4-DCB in breast milk samples collected in Slovenia, Yugoslavia in 1981 were 9, <5, 

and 25 µg/kg, respectively (Jan 1983).  1,2- and 1,4-DCB concentrations in the milkfat of these samples 

were 230 and 640 µg/kg, respectively. 

 

Occupational exposure to DCBs may be important in several industries associated with the production of 

various chlorobenzene compounds.  Workers may be exposed to DCBs during production, processing, 

and industrial use of these compounds, including the production and handling of products that contain 

these compounds (IARC 1999).  Workplace air levels of 1,4-DCB ranging up to 4,350 mg/m3 (724 ppm) 

were measured at facilities producing or using the compound (IARC 1982).  A summary of the levels of 

1,4-DCB detected in various occupational settings is presented in Table 6-7.  Currently, workers in the 

industries identified in Table 6-7 are likely to have the highest potential for exposure to 1,4-DCB.  Levels 

of 1,2- and 1,3-DCB in workplace air were not found.  NIOSH estimated that about 34,000 workers were 

potentially exposed to 1,4-DCB, about 92,000 workers were potentially exposed to 1,2-DCB, and about 

400 workers were potentially exposed to 1,3-DCB in the early 1980s (NOES 1990). 

 

6.6   EXPOSURES OF CHILDREN  
 

This section focuses on exposures from conception to maturity at 18 years in humans.  Differences from 

adults in susceptibility to hazardous substances are discussed in Section 3.7, Children’s Susceptibility. 

 

Children are not small adults.  A child’s exposure may differ from an adult’s exposure in many ways.  

Children drink more fluids, eat more food, breathe more air per kilogram of body weight, and have a 

larger skin surface in proportion to their body volume.  A child’s diet often differs from that of adults.  

The developing human’s source of nutrition changes with age:  from placental nourishment to breast milk 

or formula to the diet of older children who eat more of certain types of foods than adults.  A child’s 

behavior and lifestyle also influence exposure.  Children crawl on the floor, put things in their mouths, 

sometimes eat inappropriate things (such as dirt or paint chips), and spend more time outdoors.  Children 

also are closer to the ground, and they do not use the judgment of adults to avoid hazards (NRC 1993). 

 

There have been no measurements of the levels of DCBs in amniotic fluid, meconium, cord blood, or 

neonatal blood to investigate prenatal exposure.  However, DCBs have been detected in full-term 

placentas collected from five regions of the Slovak Republic (Reichrtova et al. 1999, 2001).  Over 

40 placentas were sampled from each region.  DCB concentrations measured in these placentas are 

provided in Table 6-11.  DCBs were found most frequently in placentas from Bratislava, Slovakia  
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Table 6-11.  Dichlorobenzene Concentrations (µg/kg) in Human Placentas from 

Five Slovak Regions 
 

1,2-DCB 1,3- and 1,4-DCB 
Region % Detected Median Maximum % Detected Median Maximum 
1. Bratislava 82 0.8 46.9 81 1.4 218.0 
2. Nove Zamky 75 0.1 1.3 55 0.2 10.2 
3. Spisska Nova Ves 10 0.0 0.2 34 0.0 45.0 
4. Kosice 10 0.0 0.8 40 0.0 99.5 
5. Stara Lubovna 82 8.1 64.3 79 0.8 26.9 
 
Source:  Reichrtova et al. 1999, 2001 
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(industrial region–petrol, pesticide, and rubber industries), Nove Zamky, Slovakia (agricultural region 

with high use of fertilizers), and Stara Lubovna, Slovakia (partially agricultural rural region with 

increasing cross-county traffic).  DCBs were found less frequently in samples from Spisska Nova Ves and 

Kosice (industrial regions with heavy metal pollution). 

 

Consumption of human milk can potentially expose nursing infants to DCB.  DCB (all isomers) was 

detected in 100% of 42 samples of human milk collected in five urban areas of the United States at 

concentrations ranging from 0.04–68 ppb; however, concentrations of the individual isomers were not 

specified (Erickson et al. 1980).  DCB (all isomers) was also identified in human breast milk in 8 of 

12 women who were residents of Bayonne, New Jersey (6 women); Jersey City, New Jersey (2 women); 

Bridgeville, Pennsylvania (2 women); and Baton Rouge, Louisiana (2 women); however, concentrations 

of the individual isomers were not specified (Pellizzari et al. 1982).  DCB (all isomers) were identified in 

breast milk samples collected from five different regions across Canada in 1982 (Mes et al. 1986).  

1,2-DCB was identified in 97% of the 210 samples collected with mean and maximum milk concentration 

of 3 and 29 ppb, respectively, and mean and maximum concentrations in milkfat of 84 and 890 ppb, 

respectively.  1,3-and 1,4-DCB were identified together in 100% of the 210 samples collected with mean 

and maximum milk concentrations of 6 and 75 ppb, respectively, and mean and maximum concentrations 

in milkfat of 161 and 4,180 ppb, respectively.  Mean concentrations of 1,2-, 1,3-, and 1,4-DCB in breast 

milk samples collected in Slovenia, Yugoslavia in 1981 were 9, <5, and 25 µg/kg, respectively (Jan 

1983).  1,2- and 1,4-DCB concentrations in the milkfat of these samples were 230 and 640 µg/kg, 

respectively. 

 

Children are exposed to 1,4-DCB primarily by inhalation of vapors from toilet deodorants, moth proofing 

crystals, and moth balls used in the home or by consumption of moth balls.  Consumption of DCBs in 

foods (see Section 6.4.4) and drinking water (see Section 6.4.2) contaminated with DCBs is thought to be 

a minor exposure pathway.  There have been no body burden measurements made on children. 

 

The National Human Adipose Tissue Survey (NHATS) conducted in 1982, estimated general population 

exposure to a variety of toxic organic chemicals.  1,4-DCB was detected in 100% of 46 composite human 

adipose tissue specimens analyzed at levels ranging from 12 to 500 ppb, whereas 1,2-DCB was detected 

in 63% of the 46 specimens at levels ranging from <0.1 to 2 ppb (EPA 1986f, 1989d).  These measure-

ments indicate widespread exposure of the general population including children (aged 0–14 years) to 

DCBs.  Using this same data, ranks for each of the nine census regions were assigned according to the 

composite adipose tissue concentration of 1,4-DCB or the mean of multiple adipose composite samples 
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(Phillips and Birchard 1991).  These authors reported that exposure to 1,4-DCB based on adipose tissue 

levels was highest nationally for children (aged 0–14 years) in the west south central (Arkansas, 

Louisiana, Oklahoma, and Texas), east south central (Kentucky, Tennessee, Alabama, and Mississippi), 

and south Atlantic regions (Delaware, Maryland, the District of Columbia, Virginia, West Virginia, North 

Carolina, South Carolina, Georgia and Florida) as compared to other areas of the United States.  Exposure 

to 1,2-DCB was highest for children (0–14 years) living in the New England (Maine, New Hampshire, 

Vermont, Massachusetts, Rhode Island, and Connecticut), east north central (Illinois, Indiana, Michigan, 

Ohio, and Wisconsin), and west north central regions (Minnesota, Iowa, Missouri, Nebraska, Kansas, 

North Dakota, and South Dakota).  2,5-Dichlorophenol, a metabolite of 1,4-DCB, and 3,4-dichloro-

phenol, a metabolite of 1,2-dichlorophenol, were detected in urine samples from 197 Arkansas children 

(Hill et al. 1989).  2,5-Dichlorophenol was detectable in 96% of the samples with median and maximum 

concentrations of 9 and 1,200 ppb, respectively.  3,4-Dichlorophenol was detectable in 6% of the samples 

with median and maximum concentrations of <1 ppb (detection limit) and 9 ppb. 

 

Childhood exposures can be reduced by appropriate use of 1,4-DCB-containing compounds in the home 

and appropriate supervision of young children.  Small children, because of their hand-to-mouth activity, 

may receive significant exposure from ingestion of 1,4-DCB.  Moth balls look like candy; a young child 

may be tempted to eat them.  Accidental poisoning by consumption of this household chemical is likely to 

occur if the moth balls and/or crystals are placed in a location easily accessed by children and under 

conditions where children are not properly supervised.  It is also important that children not be allowed to 

play around toilet deodorants and air fresheners unsupervised.  Since some 1,4-DCB is applied as a 

crystalline form, children may be exposed dermally, orally (in hand-to-mouth activities), or by inhalation 

of dust particles or vapors while playing on floors or carpeting where 1,4-DCB-contaminated particles 

may have fallen after moth proofing activities in the home.  It is important that children not be allowed 

entry into 1,4-DCB-treated storage areas until the moth crystals have sublimated and the vapors have 

dissipated.  

 

Children living in homes of adults that are occupationally exposed to DCBs must not be exposed to the 

contaminated work clothes or shoes of adults (DHHS 1995).  While the vast majority of occupational 

exposures are likely to be by inhalation of DCB vapors by workers, a potential route of exposure to other 

members of the worker’s family including children may occur if DCB contaminated work clothes are 

brought home for laundering.  The chemical contamination on the clothing may then vaporize releasing 

DCBs into the indoor air of the workers’ home.  Occupational protection statements for the end use DCB 

products state that individuals occupationally exposed to these products should take off all wet or 
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contaminated work clothes and shoes and shower using soap and water, and then put on clean clothes 

(NIOSH 1997).  Although no studies were found that investigated this pathway of exposure, it is 

conceivable that poor hygiene practices among occupationally exposed adults could potentially result in 

domestic exposures of other family members to DCBs carried home on work clothes and subsequently to 

the vapors released. 

 

As discussed in Section 6.5 of this profile, inhalation of indoor air is the major exposure route for both 

adults and children in the general population; however, several other minor pathways may also result in 

exposure.  Like adults, children living in proximity to hazardous waste sites may be exposed to DCBs in 

contaminated groundwater.  If residential wells are the primary source of drinking water, this may pose a 

risk to human health by consumption of contaminated water and by increased inhalation of, and dermal 

contact with DCBs during showering and bathing.   

 

Little information on the levels of DCB concentrations in infant and toddler foods and in baby formula 

was located.  Page and Lacroix (1995) analyzed a variety of beverage and food samples for 32 different 

volatile contaminants, including 1,4-DCB, and found residue levels to be quite low (range, 0.1–22 ppb).  

Soft drink samples contained 0.1 µg/kg (ppb), while cream with 10% butterfat, butter, margarine, peanut 

butter, flour, and pastry mix contained concentrations of 0.1, 1.3–2.7, 12.2–14.5, 1.2–8.8, 7.3, and 22 ppb, 

respectively.  1,2-, 1,3-, and 1,4-DCB were detected in 45, 6, and 69 out of 234 table-ready food items 

from the FDA’s total diet study, respectively.  Positive detections of all three isomers had concentrations 

within a range of 4.26 to 114 ppb (Heikes et al. 1995).  No information was located to determine whether 

children differed in their weight-adjusted intake of 1,4-DCB. 

 

There are some parental exposures to DCBs that might result in potential exposures of children to this 

chemical.  DCBs are not genotoxic and, thus, there should be no concern about exposure to parental germ 

cells (see Table 3-3 and 3-4 for further information).  Additional information on the genotoxicity of these 

compounds can be found in Section 3.7, Children’s Susceptibility.  Because DCBs have been widely 

detected in samples of human adipose tissue, the potential exists for these compounds to be stored in 

maternal tissues from preconception exposures and mobilized during gestation or lactation so that the 

developing fetus or embryo or nursing infant is exposed even after external exposure to the mother has 

ceased.  Like all organochlorine compounds, DCBs are stored in fatty tissue.  1,4-DCB was detected in 

100% of adipose tissue samples of adults and children analyzed as part of the National Adipose Tissue 

study (EPA 1986f).  As previously mentioned, there have been measurements of all DCB isomers 
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(combined) in human breast milk (Erickson et al. 1980; Pellizzari et al. 1982).  For additional information 

on developmental effects of this compound, please see Section 3.7, Children’s Susceptibility. 

 

During the Minnesota Children’s Pesticide Exposure Study, 1,4-DCB was detected above 0.2 µg/m3 in 

70 of 73 personal air samples, 83 of 101 indoor air samples, and 42 of 100 outdoor air samples collected 

from households with children (Adgate et al. 2004).  The mean concentration of 1,4-DCB was 

1.4 µg/m3 in the personal air samples, 0.9 µg/m3 in the indoor air samples, and 0.3 µg/m3 in the outdoor 

air samples.  During the School Health Initiative:  Environment, Learning, Disease (SHIELD) study, the 

median concentrations of 1,4-DCB measured in the outdoor home air, indoor school air, indoor home air, 

and personal air of 113 children from two inner-city schools in Minneapolis, Minnesota were 0.1, 0.5, 0.7, 

and 1.0 µg/m3, respectively, during the winter and 0.2, 0.5, 0.9, and 1.3 µg/m3, respectively, during the 

summer (Adgate et al. 2004).  The mean, median, and 95th percentile concentrations of 1,4-DCB 

measured in the blood of 134 children during the SHIELD study were 4.22, 0.21, and 24.5 µg/m3, 

respectively (Sexton et al. 2005). 

 

6.7   POPULATIONS WITH POTENTIALLY HIGH EXPOSURES  
 

In addition to individuals who are occupationally exposed to DCBs (see Section 6.5), several groups 

within the general population have potentially higher exposures (higher than background levels) to DCBs 

than the general population.  These populations include individuals living near sites where DCB are 

produced or used in manufacturing and sites where DCBs are disposed.  

 

Those individuals living or working near industrial facilities or hazardous waste sites with higher than 

average levels of DCBs in the air would have the potential for above-average exposures.  In addition, 

individuals using space deodorants (air fresheners), toilet block deodorants, or moth repellents (moth balls 

or crystal) containing 1,4-DCB in their homes have the potential for high exposure to this compound 

(Scuderi 1986).  Indoor air concentrations resulting from the use of these products in bathrooms and 

closets have been measured at levels up to 1.3 mg/m3 (0.22 ppm) (Scuderi 1986). 

 

Individuals living in proximity to hazardous waste sites may also be exposed to DCB by contaminated 

groundwater.  If residential wells are the primary source of drinking water, this may pose a risk to human 

health by consumption of contaminated water and by increased inhalation of and dermal contact with 

DCBs during showering and bathing. 
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6.8   ADEQUACY OF THE DATABASE  
 

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the 

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 

adequate information on the health effects of dichlorobenzenes is available.  Where adequate information 

is not available, ATSDR, in conjunction with NTP, is required to assure the initiation of a program of 

research designed to determine the health effects (and techniques for developing methods to determine 

such health effects) of dichlorobenzenes.  

 

The following categories of possible data needs have been identified by a joint team of scientists from 

ATSDR, NTP, and EPA.  They are defined as substance-specific informational needs that if met would 

reduce the uncertainties of human health assessment.  This definition should not be interpreted to mean 

that all data needs discussed in this section must be filled.  In the future, the identified data needs will be 

evaluated and prioritized, and a substance-specific research agenda will be proposed.  

 

6.8.1   Identification of Data Needs  
 

Physical and Chemical Properties.    The physical and chemical properties of the DCBs are 

sufficiently well characterized to allow estimation of its environmental fate (Amoore and Hautala 1983; 

Chiou et al. 1983; Howard 1989; Lide and Frederikse 1994; Newsom 1985; NFPA 1994; Sax and Lewis 

1987; Schwartzenbach and Westall 1981; Verschueren 1983; Wilson et al. 1981).  On this basis, it does 

not appear that further research in this area is required. 

 

Production, Import/Export, Use, Release, and Disposal.    Data on the production and uses of 

DCBs in the United States are available (CMR 1990; HSDB 2005; IRPTC 1985; SRI 1996; TRI03 2005).  

Incineration is the recommended disposal method for DCBs (HSDB 2005; IRPTC 1985).  Disposal of this 

compound is controlled by federal regulations (HSDB 2005; IRPTC 1985).  Available information 

appears to be sufficient for assessing the potential for release of, and exposure to, DCBs. 

 

According to the Emergency Planning and Community Right-to-Know Act of 1986, 42 U.S.C. 

Section 11023, industries are required to submit substance release and off-site transfer information to the 

EPA.  The TRI, which contains this information for 2003, became available in May of 2005.  This 

database is updated yearly and should provide a list of industrial production facilities and emissions. 
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Environmental Fate.    The environmental fate of the DCBs has been well characterized.  Their 

volatilization into air from other media, reaction with hydroxyl radicals in the atmosphere, transport 

through soil, and biodegradation by water and soil microorganisms seem to be well understood (Bouwer 

and McCarty 1982, 1983, 1984; Chiou et al. 1983; Cuppitt 1980; EPA 1985d; Garrison and Hill 1972; 

Howard 1989; Ligocki et al. 1985; Newsom 1985; Schwartzenbach and Westall 1981; Singh et al. 1981a, 

1981b; Scuderi 1986; Spain and Nishino 1987; Tabak et al. 1981; Wakeham et al. 1983; Wang and Jones 

1994a, 1994b, 1994c; Wilson et al. 1981).  Volatilization, sorption, biodegradation, and bioaccumulation 

appear to be competing processes for the removal of DCBs from water (Spain and Nishino 1987).  

Additional data on the rates of these reactions under various environmental conditions would be useful, 

but do not appear to be essential to understand the behavior of DCBs in the environment. 

 

Bioavailability from Environmental Media.    DCBs have been shown to be well absorbed by 

laboratory animals via inhalation and oral exposure (Hawkins et al. 1980; Kimura et al. 1979).  No 

information has been located regarding absorption by the dermal route.  Although no information has 

been located on the absorption of this substance from breathing contaminated air or ingesting DCBs that 

are contained in soil or plant material are expected to be well absorbed from these media.  It would be 

useful to have information on whether, and to what extent, absorption of DCBs can occur as a result of 

dermal contact with soil or from swimming in surface water or bathing or showering in groundwater that 

contains DCBs. 

 

Food Chain Bioaccumulation.    Bioconcentration of DCBs has been documented for several aquatic 

species (ASTER 1995; Chiou 1985; Oliver and Nicol 1982a; Oliver and Niimi 1983).  Based on the 

relatively high Kow, it appears that bioaccumulation does occur (Leo et al. 1971).  Oliver and Nicol 

(1982a) measured concentrations of chlorobenzenes in sediments, water, and selected fish from the Great 

Lakes.  Their limited fish analyses indicate that chlorobenzenes, including DCBs, are bioconcentrated by 

fish, but to a much smaller extent than compounds such as DDT or PCBs.  DCBs have also been shown to 

be accumulated by terrestrial plants (Wang et al. 1996).  No data were located on biomagnification of 

DCBs through terrestrial or aquatic food chains.  Additional information on bioconcentration of DCBs by 

commercially important fish, shellfish, and plant species and biomagnification would be helpful in 

evaluating the potential importance of food chain bioaccumulation to human exposure. 

 

Exposure Levels in Environmental Media.    Several studies are available documenting levels of 

DCBs in indoor and ambient outdoor air, water, and soil and sediments in rural, suburban, and urban 

areas and in the environs of hazardous waste sites (Bozzelli and Kebbekus 1979; Coniglio et al. 1980; 
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Dressman et al. 1977; Elder et al. 1981; Fellin and Otson 1994; Harkov et al. 1984, 1985; Hauser and 

Bromberg 1982; IARC 1982; IJC 1989; Kostianen 1995; LaRegina et al. 1986; Oliver and Nicol 1982a; 

Page 1981; Scuderi 1986; Shah and Heyerdahl 1988; Staples et al. 1985; Wallace et al. 1986a, 1986b, 

1989).  It would be valuable to have more recent monitoring data to better estimate the potential for 

current human exposure levels from these media, especially in the vicinity of hazardous waste sites. 

 

Although there is little information on DCB levels in food (IARC 1982; Oliver and Niimi 1983; Page and 

Lacroix 1995), it does not appear that this is an important source of human exposure.  However, 

additional data on DCB levels in foodstuffs, especially commercially important fish, shellfish, and plants, 

would be useful to confirm this assumption. 

 

Reliable monitoring data for the levels of dichlorobenzenes in contaminated media at hazardous waste 

sites are needed so that the information obtained on levels of dichlorobenzenes in the environment can be 

used in combination with the known body burden of dichlorobenzenes to assess the potential risk of 

adverse health effects in populations living in the vicinity of hazardous waste sites. 

 

Exposure Levels in Humans.    Detection of DCBs in breath, adipose tissue, breast milk, and blood 

can be used as indicators of human exposure (Ashley et al. 1994, 1995; EPA 1986f, 1989d; Erickson et al. 

1980; Hill et al. 1995; Pellizzari et al. 1982; Wallace et al. 1986b).  Levels of DCBs in breath appear to 

provide rough estimates of recent preceding exposure (Wallace et al. 1986b), while levels in adipose 

tissue may be useful to indicate less recent past exposure (EPA 1986f, 1989d).  The level of 2,5-dichloro-

phenol (a metabolite of 1,4-DCB) has also been reported in urine of 1,000 individuals (Hill et al. 1995), 

and is highly correlated to 1,4-DCB in blood.  Additional data correlating levels in environmental media 

with human tissue levels, particularly for populations living in the vicinity of hazardous waste sites that 

contain DCBs, would be helpful in establishing levels of the chemical to which humans have been 

exposed.  Additional monitoring data on the occupational exposure of workers to DCBs would be helpful.  

Additional studies reporting inhalation exposure through the use of toilet air fresheners and mothballs that 

contain DCBs would be useful. 

 

This information is necessary for assessing the need to conduct health studies on these populations. 

 

Exposures of Children.    Children, like all members of the general population, are exposed to DCBs 

primarily by inhalation.  No exposure or body burden studies were specifically located related to children.  

Studies to quantify the amount of DCBs in amniotic fluid, meconium, cord blood, or neonatal blood 
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would be useful in assessing prenatal exposure.  Maternal-fetal exposure should be evaluated since there 

is some genotoxic potential.  Studies on the amount of the DCBs specifically in breast milk would be 

useful in assessing exposures in nursing infants.  Although inhalation of 1,4-DCB is the most important 

exposure pathway in humans, consumption of moth crystals or moth balls by young children also may 

result in additional exposure of concern.  It is not known whether children are different from adults in 

their weight-adjusted intake of 1,4-DCB.  Studies on this topic with respect to inhalation and dietary 

intake are needed.  Childhood exposure to this chemical can be decreased by the appropriate use of this 

compound particularly in the home and by appropriate supervision of young children.  Education 

programs for parents and young children may be appropriate to reduce poisoning incidents.  Studies on 

exposures of janitorial personnel and other occupationally exposed adults would also be helpful in 

determining the amount of 1,4-DCB that may accumulate on work clothes and whether crystalline 

particles of the toilet deodorants or moth crystal can be carried home on work clothing leading to 

additional domestic exposures from crystals and subsequently to vapors.   

 

Child health data needs relating to susceptibility are discussed in Section 3.12.2, Identification of Data 

Needs:  Children’s Susceptibility. 

 

Exposure Registries.    No exposure registries for dichlorobenzenes were located.  This substance is 

not currently one of the compounds for which a sub-registry has been established in the National 

Exposure Registry.  The substance will be considered in the future when chemical selection is made for 

sub-registries to be established.  The information that is amassed in the National Exposure Registry 

facilitates the epidemiological research needed to assess adverse health outcomes that may be related to 

exposure to this substance. 

 

6.8.2   Ongoing Studies  
 

A search of Federal Research in Progress (FEDRIP 2005) identified one ongoing study that is related to 

dichlorobenzenes.  James Heist of Ftc Acquisition Corporation is being funded by the Air Force to study 

material recycling and waste minimization using a freeze crystallization process.  Dichlorobenzenes are 

among the substances for which recycling via this method will be considered. 
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7.  ANALYTICAL METHODS 
 

The purpose of this chapter is to describe the analytical methods that are available for detecting, 

measuring, and/or monitoring dichlorobenzenes, its metabolites, and other biomarkers of exposure and 

effect to dichlorobenzenes.  The intent is not to provide an exhaustive list of analytical methods.  Rather, 

the intention is to identify well-established methods that are used as the standard methods of analysis.  

Many of the analytical methods used for environmental samples are the methods approved by federal 

agencies and organizations such as EPA and the National Institute for Occupational Safety and Health 

(NIOSH).  Other methods presented in this chapter are those that are approved by groups such as the 

Association of Official Analytical Chemists (AOAC) and the American Public Health Association 

(APHA).  Additionally, analytical methods are included that modify previously used methods to obtain 

lower detection limits and/or to improve accuracy and precision. 

 

7.1   BIOLOGICAL MATERIALS  
 

Methods are available for measuring levels of DCBs in blood, urine, tissue, and breath.  Representative 

methods are summarized in Table 7-1.  Methods include sample collection, preparation, cleanup, and 

determination.  Sample preparation techniques are usually required to separate the compound of interest 

from the complex biological sample medium.  Gas purge and solvent extraction are used most frequently 

to separate DCBs from blood, urine, and tissues.  The breath matrix is relatively simple and does not 

require preparation steps; however, special techniques such as use of a spirometer are required to provide 

pure air for inhalation and a mechanism for collection of exhaled air.  Gas chromatography (GC) is used 

most frequently to detect DCBs in biological materials.  Detectors used to identify DCBs in biological 

materials include the electron capture detector (ECD) (Bristol et al. 1982; Jan 1983), the photoionization 

detector (PID) (Langhorst and Nestrick 1979), and mass spectrometry (MS) (Ashley et al. 1992; Michael 

et al. 1980).  ECD and PID provide some selectivity, but confirmation using a different GC column or 

detector is often recommended.  MS provides identification as well as quantitation of analytes. 

 

Separation of DCBs from biological samples may be accomplished by extraction with hexane (Bristol 

et al. 1982; Jan 1983), or carbon tetrachloride (Langhorst and Nestrick 1979), or by purging with an inert 

gas and trapping on a sorbent material.  Solvent extraction permits concentration, thereby increasing 

sensitivity, but the extraction solvents can interfere with the analysis, and evaporative losses can result in 

low recovery.  Gas purge techniques may be static (headspace) or dynamic (purge-and-trap).  The static  
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Table 7-1.  Analytical Methods for Determining Dichlorobenzenes in  
Biological Materials 

 
Sample 
matrix 
(analyte) Sample preparation 

Analytical 
method 

Sample 
detection limit 

Percent 
recovery Reference 

Blood 
(1,3-DCB) 

Headspace purge; 
thermal desorption 

cap. GC/MS 3 ng/mL 86.3 IARC Method 
25; Pellizzari et 
al. 1985 

Blood 
(model 
compounds) 

Headspace purge; 
thermal desorption 

cap. GC/MS Low-ppb 86–
120 (model 
compounds) 

Michael et al. 
1980 

Blood 
(1,2-DCB) 

Solvent extraction; 
silica gel column 
clean-up 

GC/PID 3.6 ppb 85 Langhorst and 
Nestrick 1979 

Blood 
(1,3-DCB) 

Solvent extraction; 
silica gel column 
clean-up 

GC/PID 2.8 ppb 82 Langhorst and 
Nestrick 1979 

Blood 
(1,4-DCB) 

Solvent extraction; 
silica gel column 
clean-up 

GC/PID 3.0 ppb 89 Langhorst and 
Nestrick 1979 

Blood 
(1,2-DCB) 

Solvent extraction GC/ECD 1.4 ppb 76.6 Bristol et al. 
1982 

Blood 
(1,3-DCB) 

Solvent extraction GC/ECD 1.3 ppb 74.5 Bristol et al. 
1982 

Blood 
(1,4-DCB) 

Solvent extraction GC/ECD 2 ppb 81.6 Bristol et al. 
1982 

Blood 
(1,2-DCB) 

Purge and trap cap. GC/MS 0.05 ppb 77–122 Ashley et al. 
1992 

Blood 
(1,3-DCB) 

Purge and trap cap. GC/MS 0.04 ppb 130–162 Ashley et al. 
1992 

Blood 
(1,4-DCB) 

Purge and trap cap. GC/MS 0.04 ppb 93–98 Ashley et al. 
1992 

Blood, urine 
(unspecified 
DCBs) 

Purge-and-trap, 
thermal desorption 
cap 

GC/MS No data No data Barkley et al. 
1980 

Urine 
(1,2-DCB) 

Solvent extraction; 
silica gen column 
clean-up 

GC/PID 0.90 ppb 83 Langhorst and 
Nestrick 1979 

Urine 
(1,3-DCB) 

Solvent extraction; 
silica gen column 
clean-up 

GC/PID 0.70 ppb 78 Langhorst and 
Nestrick 1979 

Urine 
(1,4-DCB) 

Solvent extraction; 
silica gen column 
clean-up 

GC/PID 0.75 ppb 81 Langhorst and 
Nestrick 1979 

Urine 
(model 
compounds) 

Headspace purge; 
thermal desorption 

cap. GC/MS Low-ppb 48–
110 (model 
compounds) 

Michael et al. 
1980 
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Table 7-1.  Analytical Methods for Determining Dichlorobenzenes in  
Biological Materials 

 
Sample 
matrix 
(analyte) Sample preparation 

Analytical 
method 

Sample 
detection limit 

Percent 
recovery Reference 

Adipose 
tissue 
(model 
compounds) 

Maceration; 
headspace purge; 
thermal desorption 

cap. GC/MS Low-ppb 13–
80 (model 
compounds) 

Michael et al. 
1980 

Human milk 
(chloro-
benzene) 

Headspace purge; 
thermal desorption 

GC/MS 0.6 62.9 Erickson et al. 
1980 

Human milk 
(unspecified 
DCBs) 

Solvent extraction; 
cleanup with sulfuric 
acid, Florisil 

GC/ECD No data >80 Jan 1983 

Adipose 
tissue 
(unspecified 
DCBs) 

Solvent extraction; 
cleanup with sulfuric 
acid, Florisil 

GC/ECD No data >80 Jan 1983 

Tissue 
(1,3-DCB) 

Maceration; 
headspace purge; 
thermal desorption 

cap. GC/MS 6 ng/g 56.5 IARC Method 
25; Pellizzari et 
al. 1985 

Breath 
(unspecified 
DCBs) 

Collection using a 
spirometer; 
adsorption on Tenax 
traps; thermal 
desorption cap 

GC/MS No data No data Barkley et al. 
1980 

Breath 
(1,4-DCB) 

Collection into 
canisters using 
spirometer; 
cryofocussing; 
thermal desorption 

cap. GC/MS-SIM low-µg/m3 49–80 Thomas et al. 
1991 

 
cap. = capillary; ECD = electron capture device; GC = gas chromatography; MS = mass spectrometry; PID = photo-
ionization detector; SIM = selected ion monitoring 
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headspace technique is relatively simple, but may be less sensitive than the purge-and-trap method.  The 

purge-and-trap method, while providing increased sensitivity, requires more complex instrumentation and 

may result in artifact formation (Seto 1994).  

 

Although a variety of methods are available for determination of DCBs in blood, few are well 

characterized and validated.  A method has been developed which utilizes headspace purge followed by 

thermal desorption of the trapped, purged analytes.  DCBs are then determined by capillary GC/MS 

(Michael et al. 1980; Pellizzari et al. 1985).  Recovery is very good (>85%) and detection limits are in the 

low-ppb range for model compounds (Michael et al. 1980; Pellizzari et al. 1985).  A sensitive and reliable 

method for identification and quantitation of DCBs in samples of whole blood has been developed by 

Ashley and coworkers at the Centers for Disease Control and Prevention (CDC) (Ashley et al. 1992).  The 

method involves purge-and-trap of a 10 mL blood sample with analysis by capillary GC/high resolution 

MS.  Anti-foam procedures are utilized as well as special efforts to remove background levels of volatile 

organic compounds (VOCs) from reagents and equipment.  The method is sensitive enough (ppt levels) to 

determine background levels of VOCs in the population.  Percent recoveries were 77–122% for 1,2-DCB, 

130–162% for 1,3-DCB, and 93–98% for 1,4-DCB. 

 

Methods are available for monitoring DCBs in urine and tissues, particularly adipose tissue and mother's 

milk.  Solvent extraction, silica gel column clean-up, and GC/ECD or GC/PID analysis has been used for 

urine (Langhorst and Nestrick 1979), mother's milk (Jan 1983), and adipose tissue (Jan 1983).  Recovery 

is good (>80% recovery) and detection limits are in the low-ppb range (Jan 1983; Langhorst and Nestrick 

1979).  Headspace purge followed by capillary GC/MS analysis has been utilized for urine (Michael et al. 

1980), mother's milk (Erickson et al. 1980), and tissue (Pellizzari et al. 1985).  Recovery, where reported, 

is adequate (>60%) (Erickson et al. 1980), and detection limits are in the low-ppb range (Erickson et al. 

1980). 

 

Breath samples are usually collected through a spirometer onto a sorbent cartridge (Barkley et al. 1980) or 

into passivated canisters (Thomas et al. 1991).  Analytes are concentrated cryogenically from a portion of 

the canister contents or after thermal desorption from the sorbent, then analyzed by GC/MS.  Recovery of 

1,4-DCB using Tenax cartridges was 86–101% and the detection limit was about 1 µg/m3.  The method is 

sufficiently sensitive and reliable for monitoring exposure to DCBs.  Recovery for collection of 1,4-DCB 

in canisters was 49–80% and the detection limits were in the low-µg/m3 range (Thomas et al. 1991).  The 

spirometer system utilizing canisters is compact, and may be useful as a field screening method (Thomas 

et al. 1991). 
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7.2   ENVIRONMENTAL SAMPLES  
 

Methods are available for determining DCBs in a variety of environmental matrices.  A summary of 

representative methods is shown in Table 7-2.  Validated methods, approved by agencies and 

organizations such as EPA, ASTM, APHA, and NIOSH, are available for air, water, and solid waste 

matrices.  These methods for analysis of drinking water, waste water, and soil/sediment samples are 

included in Table 7-2.  Many of the methods published by APHA and ASTM for water are equivalent to 

the EPA methods.   

 

GC is the most widely used analytical technique for quantifying concentrations of DCBs in environmental 

matrices.  Various detection devices used for GC include the flame ionization detector (FID), ECD, Hall 

electroconductivity detector (HECD), and PID.  Confirmation using a second column is usually 

recommended.  MS provides identification as well quantitation for GC analysis.  Because of the 

complexity of the sample matrix and the usually low concentrations of VOCs in environmental media, 

sample concentration is generally required prior to GC analysis.  Methods suitable for determining trace 

amounts of DCBs in aqueous and other environmental media include three basic approaches to the 

pretreatment of the sample:  gas purge-and-trap technique, headspace-gas extraction, and extraction with 

solvent.  Care must be taken during sample collection and processing to avoid evaporative losses.  

Contamination is another potential analytical problem and monitoring is required.  1,4-DCB is a relatively 

common chemical compound and can contaminate reagents and glassware. 

 

Charcoal adsorbent is used for collection of DCBs in occupational air.  The compounds are desorbed with 

carbon disulfide and analyzed by GC/FID.  The method is sufficiently sensitive and reliable for 

determining occupational exposure to DCBs (NIOSH 1994).  

 

Ambient air samples are collected on adsorbents such as Tenax (Wallace 1987), or multisorbent (Heavner 

et al. 1992; Oliver et al. 1996), or in passivated canisters (EPA 1988a).  Tenax traps are thermally 

desorbed, concentrated cryogenically, and analyzed by capillary GC/MS (Wallace et al. 1987).  Recovery 

is good (81–110%), precision for side-by-side samples is acceptable (9–45% RSD), and the detection 

limit is ≈1 µg/m3 (Wallace 1987).  Multisorbent traps may be solvent desorbed and analyzed by capillary 

GC/MS.  Recovery and precision are good and detection limits as low as 0.019 ppb have been reported 

(Oliver et al. 1996).  Collection of air samples in passivated stainless steel canisters is also widely utilized  
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Table 7-2.  Analytical Methods for Determining Dichlorobenzenes in 
Environmental Samples 

 
Sample 
matrix 
(analyte) Sample preparation 

Analytical 
method 

Sample 
detection limit 

Percent 
recovery Reference 

Occupational 
air 
(1,2-DCB) 

Collection on charcoal 
tubes; desorption with 
CS2 

GC/FID 0.01 mg/ 
samplea 

±13.7 Method 1003 
NIOSH 1994 

Occupational 
air 
(1,4-DCB) 

Collection on charcoal 
tubes; desorption with 
CS2 

GC/FID 0.01 mg/ 
samplea 

±12.5 Method 1003 
NIOSH 1994 

Ambient air 
(VOCs 
including 
DCBs) 

Collection in 
canisters; 
cryofocussing; 
thermal desorption 

cap. GC with FID, 
ECD or MS 

No data No data Method TO-14 
EPA 1988a 

Air-emission 
sources 
(selected 
compounds) 

MM5 sampling train 
(condensate, filter, 
adsorbent); 
condensate, impinger 
and rinses, solvent 
extraction, 
evaporation; XAD-
2 adsorbent and 
filters, Soxhlet 
extraction, 
concentration 

cap. GC/MS No data -13 to -16 Method 0010 
EPA 1994f 

Air-emission 
sources 
(volatile 
organics) 

VOST sampling train 
(sorbent traps); 
thermal desorption 

GC/MS No data No data Method 0030 
EPA 1994h 

Drinking 
water 
(1,2- and 
1,3-DCB) 

Purge and trap GC/HECD; conf. 
on second col. or 
GC/MS 

<0.01 µg/L for 
most VOCs 

95 Method 502.1 
EPA 1991a 

Drinking 
water 
(1,4-DCB) 

Purge and trap GC/HECD; conf. 
on second col. or 
GC/MS 

<0.01 µg/L for 
most VOCs 

90 Method 502.1 
EPA 1991a 

Drinking 
water 
(1,2-DCB) 

Purge and trap GC/PID-HECD; 
conf. by GC/MS 

0.03–0.05 µg/L 
(PID); 0.02–
0.04 µg/L 
(HECD) 

97–102 (PID); 
98–
100 (HECD) 

Method 502.2 
EPA 1991b 

Drinking 
water 
(1,3-DCB) 

Purge and trap GC/PID-HECD; 
conf. by GC/MS 

0.02 µg/L (PID); 
0.02–0.07 µg/L 
(HECD) 

97–104 (PID); 
97–
106 (HECD) 

Method 502.2 
EPA 1991b 

Drinking 
water 
(1,4-DCB) 

Purge and trap GC/PID-HECD; 
conf. by GC/MS 

0.01–0.03 µg/L 
(PID); 0.01–
0.04 µg/L 
(HECD) 

97–103 (PID); 
97–
98 (HECD) 

Method 502.2 
EPA 1991b 

Drinking 
water 
(1,2-DCB) 

Purge and trap GC/PID; conf. on 
second col. or 
GC/MS 

0.02 µg/L 75–85 Method 503.1 
EPA 1991c 
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Table 7-2.  Analytical Methods for Determining Dichlorobenzenes in 
Environmental Samples 

 
Sample 
matrix 
(analyte) Sample preparation 

Analytical 
method 

Sample 
detection limit 

Percent 
recovery Reference 

Drinking 
water 
(1,3-DCB) 

Purge and trap GC/PID; conf. on 
second col. or 
GC/MS 

0.006 µg/L 91 Method 503.1 
EPA 1991c 

Drinking 
water 
(1,4-DCB) 

Purge and trap GC/PID; conf. on 
second col. or 
GC/MS 

0.006 µg/L 91–107 Method 503.1 
EPA 1991c 

Drinking 
water 

Purge and trap cap. GC/MS 0.03–0.05 µg/L 93–97 Method 524.2 
EPA 1992a 

Drinking 
water 

Purge and trap cap. GC/MS 0.05–0.12 µg/L 87–100 Method 524.2 
EPA 1992a 

Drinking 
water 

Purge and trap cap. GC/MS 0.03–0.04 µg/L 93–103 Method 524.2 
EPA 1992a 

Waste water Purge and trap GC/HECD; conf. 
on second col. or 
GC/MS 

0.15 µg/L ND–208 Method 601 
EPA 2002c 

Waste water Purge and trap GC/HECD; conf. 
on second col. or 
GC/MS 

0.32 µg/L 7–187 Method 601 
EPA 2002c 

Waste water Purge and trap GC/HECD; conf. 
on second col. or 
GC/MS 

0.24 µg/L 42–143 Method 601 
EPA 1984c; 
EPA 2002c 

Waste water Purge and trap GC/PID; conf. on 
second col. or 
GC/MS 

0.4 µg/L 37–154 Method 602 
EPA 2002d 

Waste water Purge and trap GC/PID; conf. on 
second col. or 
GC/MS 

0.3 µg/L 50–141 Method 602 
EPA 2002d 

Waste water Purge and trap GC/PID; conf. on 
second col. or 
GC/MS 

0.3 µg/L 42–143 Method 602 
EPA 1984f; 
EPA 2002d 

Waste water Solvent extraction; 
optional Florisil 
column clean-up 

GC/ECD 1.14 µg/L 9–160 Method 612 
EPA 2002b 

Waste water Solvent extraction; 
optional Florisil 
column clean-up 

GC/ECD 1.19 µg/L DL–150 Method 612 
EPA 2002b 

Waste water Solvent extraction; 
optional Florisil 
column clean-up 

GC/ECD 1.34 µg/L 13–137 Method 612 
EPA 1984c; 
EPA 2002b 

Waste water 
(1,2- and 
1,4-DCB) 

Purge and trap GC/MS No data 18–190 Method 624 
EPA 1984d; 
EPA 2002a 

Waste water 
(1,3-DCB) 

Purge and trap GC/MS No data 59–156 Method 624 
EPA 1984d; 
EPA 2002a 

Waste water Purge and trap cap. GC/MS 0.031 µg/L 106 Method 6200B 
APHA 1998 
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Table 7-2.  Analytical Methods for Determining Dichlorobenzenes in 
Environmental Samples 

 
Sample 
matrix 
(analyte) Sample preparation 

Analytical 
method 

Sample 
detection limit 

Percent 
recovery Reference 

Waste water Purge and trap cap. GC/MS 0.045 µg/L 108 Method 6200B 
APHA 1998 

Waste water Purge and trap cap. GC/MS 0.033 µg/L 106 Method 6200B 
APHA 1998 

Waste water/ 
Drinking 
water 
(1,2-DCB) 

Purge and trap cap GC/HECD, 
PID 

0.023 µg/L 
(HECD); 
0.031 µg/L (PID)

93 (HECD); 
67 (PID) 

Method 6200 
APHA 1998 

Waste water/ 
Drinking 
water 
(1,3-DCB) 

Purge and trap cap GC/HECD, 
PID 

0.017 µg/L 
(HECD); 
0.028 µg/L (PID)

95 (HECD); 
70 (PID) 

Method 6200 
APHA 1998 

Waste water/ 
Drinking 
water 
(1,4-DCB) 

Purge and trap cap GC/HECD, 
PID 

0.059 µg/L 
(HECD); 
0.061 µg/L (PID)

91 (HECD); 
70 (PID) 

Method 6200 
APHA 1998 

Drinking 
water 
(VOCs) 

Purge and trap GC low µg/L 99 Method D 3871
ASTM 1994 

Solid waste 
(VOCs) 

Closed system purge 
and trap and 
extraction 

GC/ECD, FID, 
MS 

Not reported Not reported Method 5035 
EPA 1996c 

Solid waste 
(1,2-DCB) 

Purge and trap, direct 
injection, headspace, 
or vacuum distillation 

GC/HECD, PID 0.02 µg/L 
(HECD); 
0.05 (PID) 

100 (HECD); 
102 (PID) 

Method 8021B 
EPA 1996d 

Solid waste 
(1,3-DCB) 

Purge and trap, direct 
injection, headspace, 
or vacuum distillation 

GC/HECD, PID 0.02 µg/L 
(HECD); 
0.02 (PID) 

106 (HECD); 
104 (PID) 

Method 8021B 
EPA 1996d 

Solid waste 
(1,4-DCB) 

Purge and trap, direct 
injection, headspace, 
or vacuum distillation 

GC/HECD, PID 0.01 µg/L 
(HECD); 
0.07 (PID) 

98 (HECD); 
103 (PID) 

Method 8021B 
EPA 1996d 

Solid waste 
(1,2-DCB) 

Solvent extraction Single or dual 
cap. GC/ECD 

270 ng/L 102 Method 8121 
EPA 1994l 

Solid waste 
(1,3-DCB) 

Solvent extraction Single or dual 
cap. GC/ECD 

250 ng/L 103 Method 8121 
EPA 1994l 

Solid waste 
(1,4-DCB) 

Solvent extraction Single or dual 
cap. GC/ECD 

890 ng/L 104 Method 8121 
EPA 1994l 

 
aEstimated limit of detection 
 
cap. = capillary; conf. = confirmation; col. = column; DL = detection limit; ECD = electron capture detector; 
FID = flame ionization detector; GC = gas chromatography; HECD = Hall electrolytic conductivity detector; 
MS = mass spectrometry; ND = not detected; PID = photoionization detector; VOC = volatile organic compound 
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(EPA 1988a), but performance data are unavailable.  Passive sampling devices are also widely used, due 

in part to their ease of use and small size (Lewis et al. 1985). 

 

For water, soil, or sediment samples, DCBs are purged from the sample with an inert gas such as helium 

or nitrogen, and then passed through the sorbent (EPA 1984a, 1984b, 1991a, 1991b, 1991c, 1992a, 1994a, 

1994f).  The analytes are thermally desorbed and analyzed by GC/HECD, GC/PID, GC/ECD, or GC/MS 

techniques.  Detection limits for waste waters and solid wastes are in the low-ppb range, which is 

probably well below levels of health concern.  Detection limits for drinking water samples are generally 

in the ppt range (0.006–0.05 µg/L) (EPA 1991a, 1991b, 1991c, 1992a). 

 

Several physical parameters may interfere with analytical accuracy.  High sampling flow rates and high 

temperature and humidity may cause decreased adsorption of DCB vapor on the solid sorbent (APHA 

1995a).  Interference by other VOCs with similar retention times may be resolved by using different GC 

column materials and temperatures or be using MS techniques. 

 

The use of capillary columns rather than packed column GC has improved resolution and sensitivity and 

shortened the analysis time (Washall and Wampler 1988).  However, more stringent sample clean-up 

procedures are required for capillary column GC (Oliver and Nicol 1982b).  The development of methods 

using whole column cryotrapping (Pankow and Rosen 1988; Pankow et al. 1988) and cryogenic 

refocusing (Washall and Wampler 1988) provide even greater sensitivity and resolution for GC analysis. 

 

7.3   ADEQUACY OF THE DATABASE  
 

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the 

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 

adequate information on the health effects of dichlorobenzenes is available.  Where adequate information 

is not available, ATSDR, in conjunction with NTP, is required to assure the initiation of a program of 

research designed to determine the health effects (and techniques for developing methods to determine 

such health effects) of dichlorobenzenes.  

 

The following categories of possible data needs have been identified by a joint team of scientists from 

ATSDR, NTP, and EPA.  They are defined as substance-specific informational needs that if met would 

reduce the uncertainties of human health assessment.  This definition should not be interpreted to mean 



DICHLOROBENZENES  336 
 

7.  ANALYTICAL METHODS 
 
 

 
 
 
 
 

that all data needs discussed in this section must be filled.  In the future, the identified data needs will be 

evaluated and prioritized, and a substance-specific research agenda will be proposed.  

 

7.3.1   Identification of Data Needs  
 

Methods for Determining Biomarkers of Exposure and Effect.     

 

Exposure.  Exposure to DCBs may be evaluated by measuring the levels of these compounds in blood, 

breath, milk, and adipose tissue, and by measuring the level of 2,5-dichlorophenol, a metabolite of 

1,4-DCB, or the levels of 2,3-dichlorophenol, 3,4-dichlorophenol, 3,4-dichlorocatechol, and 

4,5-dichlorocatechol, metabolites of 1,2-DCB, in urine (Bristol et al. 1982; Erickson et al. 1980; Jan 

1983; Kumagai and Matsunaga 1995, 1997; Langhorst and Nestrick 1979; Mage et al. 2004; Pellizzari 

et al. 1985).  Sensitive analytical methods are available for measurements in blood.  Development of 

methods with improved specificity and sensitivity for other tissues and breath would be valuable in 

identifying individuals with low-level exposure.  Development of standardized procedures would permit 

comparison of data and facilitate the study of correlations between exposure and measured levels 

biological samples.  Interlaboratory studies are also needed to provide better performance data for 

methods currently in use. 

 

Effect.  There are no known health effects such as elevated liver enzymes that are uniquely associated 

with exposure to DCBs.  Therefore, the identification of specific health effects and the development of 

analytical methods to determine biomarkers of effect for DCBs would be useful. 

 

Methods for Determining Parent Compounds and Degradation Products in Environmental 
Media.    Air is the environmental medium of most concern for human exposure to DCBs.  Exposure 

from drinking water may also be of concern in some areas, such as near hazardous waste sites.  Existing 

analytical methods can measure DCBs in these and other environmental media at background levels (EPA 

1988a, 1984a, 1984b, 1991a, 1991b, 1991c, 1992a, 1994a, 1994f; NIOSH 1994).  The accuracy and 

precision of the methods for water and wastes are well documented and MS provides adequate specificity.  

Performance data for measurements in ambient and indoor air would be helpful.  Development of 

techniques to improve the accuracy and ease of sample preparation and transfer for these methods would 

also be helpful. 

 



DICHLOROBENZENES  337 
 

7.  ANALYTICAL METHODS 
 
 

 
 
 
 
 

7.3.2   Ongoing Studies  
 

No ongoing studies involving analytical techniques for DCBs were found in a search of the Federal 

Research in Progress database (FEDRIP 2005). 
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8.  REGULATIONS AND ADVISORIES 
 

The international, national, and state regulations and guidelines pertaining to dichlorobenzenes in air, 

water, and other media are summarized in Table 8-1. 

 

ATSDR has derived an MRL of 2 ppm for acute-duration inhalation exposure to 1,4-DCB.  The acute 

inhalation MRL is based on a NOAEL of 15 ppm for irritant effects in humans exposed to 1,4-DCB in the 

workplace (Hollingsworth et al. 1956).  An uncertainty factor of 10 for human variability was applied. 

 

ATSDR has derived an MRL of 0.2 ppm for intermediate-duration inhalation exposure to 1,4-DCB.  The 

intermediate inhalation MRL is based on benchmark dose analysis of liver weight increases in male rats 

exposed to 1,4-DCB vapors for 6 hours/day for 15 weeks (Tyl and Neeper-Bradley 1989).  The resulting 

BMCL1sd of 92.45 ppm was duration-adjusted from intermittent to continuous exposure, converted to a 

human equivalent concentration (23 ppm), and divided by an uncertainty factor of 100 (10 for 

extrapolating from animals to humans and 10 for human variability). 

 

ATSDR has derived an MRL of 0.01 ppm for chronic-duration inhalation exposure to 1,4-DCB.  The 

chronic inhalation MRL is based on benchmark dose analysis of incidences of nasal lesions in female rats 

exposed to 1,4-DCB vapors for 6 hours/day, 5 days/week for 104 weeks (Aiso et al. 2005b).  The 

resulting BMCL10 of 9.51 ppm was duration-adjusted from intermittent to continuous exposure, converted 

to a human equivalent concentration (0.27 ppm), and divided by an uncertainty factor of 30 (3 for 

extrapolating from animals to humans and 10 for human variability).   

 

ATSDR has derived an MRL of 0.7 mg/kg/day for acute-duration oral exposure to 1,2-DCB.  The acute 

oral MRL is based on benchmark dose analysis of liver weight increases in female rats administered 

1,2-DCB by daily oral gavage for 10 days (Robinson et al. 1991).  The resulting BMDL1sd of 

67.73 mg/kg/day was divided by an uncertainty factor of 100 (10 for extrapolating from animals to 

humans and 10 for human variability). 

 

ATSDR has derived an MRL of 0.6 mg/kg/day for intermediate-duration oral exposure to 1,2-DCB.  The 

intermediate oral MRL is based on benchmark dose analysis of liver weight increases in female rats 

administered 1,2-DCB by oral gavage on 5 days/week for 13 weeks (NTP 1985).  The resulting BMDL1sd 

of 89.27 mg/kg/day was duration-adjusted from intermittent to daily exposure (63.76 mg/kg/day) and 
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divided by an uncertainty factor of 100 (10 for extrapolating from animals to humans and 10 for human 

variability).   

 

ATSDR has derived an MRL of 0.3 mg/kg/day for chronic-duration oral exposure to 1,2-DCB.  The 

chronic oral MRL is based on benchmark dose analysis of incidences of kidney lesions in male mice 

administered 1,2-DCB by oral gavage on 5 days/week for 103 weeks (NTP 1985).  The resulting 

BMDL10 of 43.04 mg/kg/day was duration-adjusted from intermittent to daily exposure 

(30.74 mg/kg/day) and divided by an uncertainty factor of 100 (10 for extrapolating from animals to 

humans and 10 for human variability). 

 

ATSDR has derived an MRL of 0.4 mg/kg/day for acute-duration oral exposure to 1,3-DCB.  The acute 

oral MRL is based on benchmark dose analysis of liver weight increases in female rats administered 

1,3-DCB by oral gavage for 10 days (McCauley et al. 1995).  The resulting BMDL1sd of 36.32 mg/kg/day 

was divided by an uncertainty factor of 100 (10 for extrapolating from animals to humans and 10 for 

human variability). 

 

ATSDR has derived an MRL of 0.02 mg/kg/day for intermediate-duration oral exposure to 1,3-DCB.  

The intermediate oral MRL is based on benchmark dose analysis of incidences of pituitary lesions in male 

rats administered 1,3-DCB by daily oral gavage for 90 days (McCauley et al. 1995).  The resulting 

BMDL10 of 2.1 mg/kg/day was divided by an uncertainty factor of 100 (10 for extrapolating from animals 

to humans and 10 for human variability). 

 

ATSDR has derived an MRL of 0.07 mg/kg/day for intermediate-duration oral exposure to 1,4-DCB.  

The intermediate oral MRL is based on benchmark dose analysis of serum alkaline phosphatase levels in 

female dogs administered 1,4-DCB by capsule on a presumed 5 days/week for 6 months (Naylor and 

Stout 1996).  The resulting BMDL1sd of 9.97 mg/kg/day was duration-adjusted from intermittent to daily 

exposure (7 mg/kg/day) and divided by an uncertainty factor of 100 (10 for extrapolating from animals to 

humans and 10 for human variability). 

 

ATSDR has derived an MRL of 0.07 mg/kg/day for chronic-duration oral exposure to 1,4-DCB.  The 

chronic oral MRL is based on benchmark dose analysis of serum alkaline phosphatase levels in female 

dogs administered 1,4-DCB by capsule on a presumed 5 days/week for 1 year (Naylor and Stout 1996).  

The resulting BMDL1sd of 10 mg/kg/day was duration-adjusted from intermittent to daily exposure 
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(7 mg/kg/day) and divided by an uncertainty factor of 100 (10 for extrapolating from animals to humans 

and 10 for human variability). 

 

EPA has verified an oral reference dose (RfD) of 0.09 mg/kg/day for 1,2-DCB based on a NOAEL of 

85.7 mg/kg/day for kidney effects in rats and an uncertainty factor of 1,000 (IRIS 2005).  EPA also 

verified an inhalation reference concentration (RfC) of 0.8 mg/m3 (0.1 ppm) for 1,4-DCB based on a 

NOAEL of 75 mg/m3 for liver effects in rats and an uncertainty factor of 100 (IRIS 2005). 

 

EPA has determined that 1,2-DCB and 1,3-DCB are not classifiable as to human carcinogenicity and 

assigned them cancer weight-of-evidence classification Group D (IRIS 2005).  IARC similarly 

determined that 1,2-DCB and 1,3-DCB are not classifiable as to carcinogenicity to humans (Group 3) 

(IARC 1999).  IARC additionally determined that 1,4-DCB is possibly carcinogenic to humans 

(Group 2B) (IARC 1999).  The Department of Health and Human Services (DHHS) concluded that 

1,4-DCB is reasonably anticipated to be a human carcinogen (NTP 2005). 
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Table 8-1.  Regulations and Guidelines Applicable to Dichlorobenzenes 
 
Agency Description Information Reference 
INTERNATIONAL 
Guidelines: 
 IARC Carcinogenicity classification  
   1,2-Dichlorobenzene Group 3a 
   1,3-Dichlorobenzene Group 3a 
   1,4-Dichlorobenzene Group 2Bb 

IARC 1999 

 WHO Air quality guideline No data WHO 2000 
  Drinking water guideline  
   1,2-Dichlorobenzene 1 mg/Lc 

   1,3-Dichlorobenzene 

Toxicological data are 
insufficient to permit 
derivation of health-based 
guideline value 

   1,4-Dichlorobenzene 0.3 mg/Lc 

WHO 2004 

NATIONAL 
Regulations and Guidelines: 
a.  Air 
 ACGIH TLV (8-hour TWA)  
   1,2-Dichlorobenzene 25 ppm 
    STEL 50 ppm 
    Carcinogenicity classification A4d 
   1,4-Dichlorobenzene 10 ppm 
    Carcinogenicity classification A3e 

ACGIH 2003 

 EPA Hazardous air pollutant  
   1,4-Dichlorobenzene Yes 

EPA 2004h 
42USC7412 

 NIOSH REL (10-hour TWA)  
   1,2-Dichlorobenzene (ceiling limit) 50 ppm 
   1,4-Dichlorobenzene Carcinogen 
  IDLH  
   1,2-Dichlorobenzene 200 ppm 
   1,4-Dichlorobenzene 150 ppm 

NIOSH 2004 

 OSHA PEL (8-hour TWA) for general 
industry  

   1,2-Dichlorobenzene (ceiling limit) 50 ppm 
   1,4-Dichlorobenzene 75 ppm 

OSHA 2004c 
29CFR1910.1000, 
Table Z-1 

  PEL (8-hour TWA) for construction 
industry  

   1,2-Dichlorobenzene (ceiling limit) 50 ppm 
   1,4-Dichlorobenzene 75 ppm 

OSHA 2004b 
29CFR1926.55, 
Appendix A 
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Table 8-1.  Regulations and Guidelines Applicable to Dichlorobenzenes 
 
Agency Description Information Reference 
NATIONAL (cont.)   
  PEL (8-hour TWA) for shipyard industry  
   1,2-Dichlorobenzene (ceiling limit) 50 ppm 
   1,4-Dichlorobenzene 75 ppm 

OSHA 2004a 
29CFR1915.1000, 
Table Z 

b.  Water 

 EPA 
Designated as a hazardous substances 
pursuant to Section 311(b) of the Clean 
Water Act 

 

   1,2-Dichlorobenzene Yes 
   1,4-Dichlorobenzene Yes 

EPA 2004m 
40CFR116.4 

  Drinking water standard  
   1,2-Dichlorobenzene 0.6 mg/L 
   1,4-Dichlorobenzene 0.075 mg/L 

EPA 2004g 
40CFR141.32 

  Drinking water standards and health 
advisories  

   1,2-Dichlorobenzene and 1,3-dichloro-
benzene  

    

1-Day HA for a 10-kg child 
10-Day HA for a 10-kg child 
DWEL 
Lifetime HA (70-kg adult) 

9 mg/L 
9 mg/L 
3 mg/L 
0.6 mg/L 

   1,4-Dichlorobenzene  

    

1-Day HA for a 10-kg child 
10-Day HA for a 10-kg child  
DWEL 
Lifetime HA (70-kg adult) 

11 mg/L 
11 mg/L 
4 mg/L 
0.075 mg/L 

EPA 2004a 

  MCL  
   1,2-Dichlorobenzene 0.6 mg/L 
   1,4-Dichlorobenzene 0.075 mg/L 

EPA 2004f 
40CFR141.61 

  MCLG  
   1,2-Dichlorobenzene 0.6 mg/L 
   1,4-Dichlorobenzene 0.075 mg/L 

EPA 2004d 
40CFR141.50 

 FDA Bottled water  
   1,2-Dichlorobenzene 0.6 mg/L 
   1,4-Dichlorobenzene 0.075 mg/L 

FDA 2003 
21CFR165.110 

c.  Food 
  No data   
d.  Other 
 EPA Carcinogenicity classification  
   1,2-Dichlorobenzene Group Df 
   1,3-Dichlorobenzene Group Df 
   1,4-Dichlorobenzene No data 
  RfC  

IRIS 2004 
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Table 8-1.  Regulations and Guidelines Applicable to Dichlorobenzenes 
 
Agency Description Information Reference 
   1,2-Dichlorobenzene No data 
NATIONAL (cont.)   
   1,3-Dichlorobenzene No data 
   1,4-Dichlorobenzene 8x10-1 mg/m3 

 

 EPA RfD  
   1,2-Dichlorobenzene 9x10-2 mg/kg/day 
   1,3-Dichlorobenzene No data 
   1,4-Dichlorobenzene No data 

IRIS 2004 

  Community right-to-know; toxic chemical 
release reporting; effective date  EPA 2004j 

40CFR372.65 
   1,2-Dichlorobenzene 01/01/1987  
   1,3-Dichlorobenzene 01/01/1987  
   1,4-Dichlorobenzene 01/01/1987  
  Hazardous waste identification  
   1,2-Dichlorobenzene U070 
   1,3-Dichlorobenzene U071 
   1,4-Dichlorobenzene U072 

EPA 2004c 
40CFR261, 
Appendix VIII 

  

Chemical information rules; 
manufacturers reporting period for 
1,2-dichlorobenzene and 1,4-dichloro-
benzene 

 

   Effective date 
Sunset date 

08/04/1995 
10/03/1995 

EPA 2004k 
40CFR712.30 

  Superfund; reportable quantity  
   1,2-Dichlorobenzeneg 100 pounds 
   1,3-Dichlorobenzeneh 100 pounds 
   1,4-Dichlorobenzenei 100 pounds 

EPA 2004b 
40CFR302.4 

 NTP Carcinogenicity classification  
   1,2-Dichlorobenzene No data 
   1,3-Dichlorobenzene No data 

   1,4-Dichlorobenzene 
Reasonably anticipated 
to be a human 
carcinogen 

NTP 2005 

STATE 
a.  Air 
   No data   
b.  Water 
  Drinking water standards and guidelines  HSDB 2005 
 Arizona  1,2-Dichlorobenzene 620 µg/L  
   1,3-Dichlorobenzene 620 µg/L  
   1,4-Dichlorobenzene 75 µg/L  
 California  1,3-Dichlorobenzene 130 µg/L  
   1,4-Dichlorobenzene 5 µg/L  
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Table 8-1.  Regulations and Guidelines Applicable to Dichlorobenzenes 
 
Agency Description Information Reference 
 Florida  1,3-Dichlorobenzene 10 µg/L  
STATE (cont.)   
 Maine  1,2-Dichlorobenzene 63 µg/L  
   1,4-Dichlorobenzene 21 µg/L  
 Massachusetts  1,4-Dichlorobenzene 5 µg/L  
 Minnesota  1,2-Dichlorobenzene 600 µg/L  
   1,4-Dichlorobenzene 10 µg/L  
 New Jersey  1,2-Dichlorobenzene 600 µg/L  
   1,3-Dichlorobenzene 600 µg/L  
 Wisconsin  1,3-Dichlorobenzene 1,250 µg/L  
c.  Food 
   No data   
d.  Other 
   No data   
 
aGroup 3:  Not classifiable as to its carcinogenicity to humans. 
bGroup 2B:  Possibly carcinogenic to humans. 
cConcentrations of the substance at or below the health-based guideline value may affect the appearance, taste or 
odor of the water, leading to consumer complaints. 
dGroup A4:  Not classifiable as a human carcinogen. 
eGroup A3:  Confirmed animal carcinogen with unknown relevance to humans. 
fGroup D:  Not classifiable as to human carcinogenicity. 
gDesignated as a hazardous substance pursuant to Section 311(b)(2) of the Clean Water Act, Section 307(a) of the 
Clean Water Act, and Section 3001 of RCRA. 
hDesignated as a hazardous substance pursuant to Section 307(a) of the Clean Water Act and Section 3001 of 
RCRA. 
iDesignated as a hazardous substance pursuant to Section 311(b)(2) of the Clean Water Act, Section 307(a) of the 
Clean Water Act, Section 112 of the Clean Air Act, and Section 3001 of RCRA. 
 
ACGIH = American Conference of Governmental Industrial Hygienists; CFR = Code of Federal Regulations; 
DWEL = drinking water equivalent level; EPA = Environmental Protection Agency; FDA = Food and Drug 
Administration; HA = health advisory; HSDB = Hazardous Substances Data Bank; IARC = International Agency for 
Research on Cancer; IDLH = immediately dangerous to life or health; IRIS = Integrated Risk Information System; 
MCL = maximum contaminant level; MCLG = maximum contaminant level goal; NIOSH = National Institute for 
Occupational Safety and Health; NTP = National Toxicology Program; OSHA = Occupational Safety and Health 
Administration; PEL = permissible exposure limit; RCRA = Resource Conservation and Recovery Act; 
REL = recommended exposure limit; RfC = reference concentration; RfD = reference dose; STEL = short-term 
exposure limit; TLV = threshold limit values; TWA = time-weighted average; USC = United States Codes; 
WHO = World Health Organization 
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10.  GLOSSARY 
 
Absorption—The taking up of liquids by solids, or of gases by solids or liquids. 
 
Acute Exposure—Exposure to a chemical for a duration of 14 days or less, as specified in the 
Toxicological Profiles. 
 
Adsorption—The adhesion in an extremely thin layer of molecules (as of gases, solutes, or liquids) to the 
surfaces of solid bodies or liquids with which they are in contact. 
 
Adsorption Coefficient (Koc)—The ratio of the amount of a chemical adsorbed per unit weight of 
organic carbon in the soil or sediment to the concentration of the chemical in solution at equilibrium. 
 
Adsorption Ratio (Kd)—The amount of a chemical adsorbed by sediment or soil (i.e., the solid phase) 
divided by the amount of chemical in the solution phase, which is in equilibrium with the solid phase, at a 
fixed solid/solution ratio.  It is generally expressed in micrograms of chemical sorbed per gram of soil or 
sediment. 
 
Benchmark Dose (BMD)—Usually defined as the lower confidence limit on the dose that produces a 
specified magnitude of changes in a specified adverse response.  For example, a BMD10 would be the 
dose at the 95% lower confidence limit on a 10% response, and the benchmark response (BMR) would be 
10%.  The BMD is determined by modeling the dose response curve in the region of the dose response 
relationship where biologically observable data are feasible.    
 
Benchmark Dose Model—A statistical dose-response model applied to either experimental toxicological 
or epidemiological data to calculate a BMD. 
 
Bioconcentration Factor (BCF)—The quotient of the concentration of a chemical in aquatic organisms 
at a specific time or during a discrete time period of exposure divided by the concentration in the 
surrounding water at the same time or during the same period. 
 
Biomarkers—Broadly defined as indicators signaling events in biologic systems or samples.  They have 
been classified as markers of exposure, markers of effect, and markers of susceptibility. 
 
Cancer Effect Level (CEL)—The lowest dose of chemical in a study, or group of studies, that produces 
significant increases in the incidence of cancer (or tumors) between the exposed population and its 
appropriate control. 
 
Carcinogen—A chemical capable of inducing cancer. 
 
Case-Control Study—A type of epidemiological study that examines the relationship between a 
particular outcome (disease or condition) and a variety of potential causative agents (such as toxic 
chemicals).  In a case-controlled study, a group of people with a specified and well-defined outcome is 
identified and compared to a similar group of people without outcome. 
 
Case Report—Describes a single individual with a particular disease or exposure.  These may suggest 
some potential topics for scientific research, but are not actual research studies. 
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Case Series—Describes the experience of a small number of individuals with the same disease or 
exposure.  These may suggest potential topics for scientific research, but are not actual research studies. 
 
Ceiling Value—A concentration of a substance that should not be exceeded, even instantaneously. 
 
Chronic Exposure—Exposure to a chemical for 365 days or more, as specified in the Toxicological 
Profiles. 
 
Cohort Study—A type of epidemiological study of a specific group or groups of people who have had a 
common insult (e.g., exposure to an agent suspected of causing disease or a common disease) and are 
followed forward from exposure to outcome.  At least one exposed group is compared to one unexposed 
group. 
 
Cross-sectional Study—A type of epidemiological study of a group or groups of people that examines 
the relationship between exposure and outcome to a chemical or to chemicals at one point in time. 
 
Data Needs—Substance-specific informational needs that if met would reduce the uncertainties of human 
health assessment. 
 
Developmental Toxicity—The occurrence of adverse effects on the developing organism that may result 
from exposure to a chemical prior to conception (either parent), during prenatal development, or 
postnatally to the time of sexual maturation.  Adverse developmental effects may be detected at any point 
in the life span of the organism. 
 
Dose-Response Relationship—The quantitative relationship between the amount of exposure to a 
toxicant and the incidence of the adverse effects. 
 
Embryotoxicity and Fetotoxicity—Any toxic effect on the conceptus as a result of prenatal exposure to 
a chemical; the distinguishing feature between the two terms is the stage of development during which the 
insult occurs.  The terms, as used here, include malformations and variations, altered growth, and in utero 
death. 
 
Environmental Protection Agency (EPA) Health Advisory—An estimate of acceptable drinking water 
levels for a chemical substance based on health effects information.  A health advisory is not a legally 
enforceable federal standard, but serves as technical guidance to assist federal, state, and local officials. 
 
Epidemiology—Refers to the investigation of factors that determine the frequency and distribution of 
disease or other health-related conditions within a defined human population during a specified period.   
 
Genotoxicity—A specific adverse effect on the genome of living cells that, upon the duplication of 
affected cells, can be expressed as a mutagenic, clastogenic, or carcinogenic event because of specific 
alteration of the molecular structure of the genome. 
 
Half-life—A measure of rate for the time required to eliminate one half of a quantity of a chemical from 
the body or environmental media. 
 
Immediately Dangerous to Life or Health (IDLH)—The maximum environmental concentration of a 
contaminant from which one could escape within 30 minutes without any escape-impairing symptoms or 
irreversible health effects. 
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Immunologic Toxicity—The occurrence of adverse effects on the immune system that may result from 
exposure to environmental agents such as chemicals. 
 
Immunological Effects—Functional changes in the immune response. 
 
Incidence—The ratio of individuals in a population who develop a specified condition to the total 
number of individuals in that population who could have developed that condition in a specified time 
period.  
 
Intermediate Exposure—Exposure to a chemical for a duration of 15–364 days, as specified in the 
Toxicological Profiles. 
 
In Vitro—Isolated from the living organism and artificially maintained, as in a test tube. 
 
In Vivo—Occurring within the living organism. 
 
Lethal Concentration(LO) (LCLO)—The lowest concentration of a chemical in air that has been reported 
to have caused death in humans or animals. 
 
Lethal Concentration(50) (LC50)—A calculated concentration of a chemical in air to which exposure for 
a specific length of time is expected to cause death in 50% of a defined experimental animal population. 
 
Lethal Dose(LO) (LDLo)—The lowest dose of a chemical introduced by a route other than inhalation that 
has been reported to have caused death in humans or animals. 
 
Lethal Dose(50) (LD50)—The dose of a chemical that has been calculated to cause death in 50% of a 
defined experimental animal population. 
 
Lethal Time(50) (LT50)—A calculated period of time within which a specific concentration of a chemical 
is expected to cause death in 50% of a defined experimental animal population. 
 
Lowest-Observed-Adverse-Effect Level (LOAEL)—The lowest exposure level of chemical in a study, 
or group of studies, that produces statistically or biologically significant increases in frequency or severity 
of adverse effects between the exposed population and its appropriate control. 
 
Lymphoreticular Effects—Represent morphological effects involving lymphatic tissues such as the 
lymph nodes, spleen, and thymus. 
 
Malformations—Permanent structural changes that may adversely affect survival, development, or 
function. 
 
Minimal Risk Level (MRL)—An estimate of daily human exposure to a hazardous substance that is 
likely to be without an appreciable risk of adverse noncancer health effects over a specified route and 
duration of exposure. 
 
Modifying Factor (MF)—A value (greater than zero) that is applied to the derivation of a Minimal Risk 
Level (MRL) to reflect additional concerns about the database that are not covered by the uncertainty 
factors.  The default value for a MF is 1. 
 
Morbidity—State of being diseased; morbidity rate is the incidence or prevalence of disease in a specific 
population. 
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Mortality—Death; mortality rate is a measure of the number of deaths in a population during a specified 
interval of time. 
 
Mutagen—A substance that causes mutations.  A mutation is a change in the DNA sequence of a cell’s 
DNA.  Mutations can lead to birth defects, miscarriages, or cancer. 
 
Necropsy—The gross examination of the organs and tissues of a dead body to determine the cause of 
death or pathological conditions. 
 
Neurotoxicity—The occurrence of adverse effects on the nervous system following exposure to a 
chemical. 
 
No-Observed-Adverse-Effect Level (NOAEL)—The dose of a chemical at which there were no 
statistically or biologically significant increases in frequency or severity of adverse effects seen between 
the exposed population and its appropriate control.  Effects may be produced at this dose, but they are not 
considered to be adverse. 
 
Octanol-Water Partition Coefficient (Kow)—The equilibrium ratio of the concentrations of a chemical 
in n-octanol and water, in dilute solution. 
 
Odds Ratio (OR)—A means of measuring the association between an exposure (such as toxic substances 
and a disease or condition) that represents the best estimate of relative risk (risk as a ratio of the incidence 
among subjects exposed to a particular risk factor divided by the incidence among subjects who were not 
exposed to the risk factor).  An OR of greater than 1 is considered to indicate greater risk of disease in the 
exposed group compared to the unexposed group. 
 
Organophosphate or Organophosphorus Compound—A phosphorus-containing organic compound 
and especially a pesticide that acts by inhibiting cholinesterase. 
 
Permissible Exposure Limit (PEL)—An Occupational Safety and Health Administration (OSHA) 
allowable exposure level in workplace air averaged over an 8-hour shift of a 40-hour workweek. 
 
Pesticide—General classification of chemicals specifically developed and produced for use in the control 
of agricultural and public health pests. 
 
Pharmacokinetics—The dynamic behavior of a material in the body, used to predict the fate 
(disposition) of an exogenous substance in an organism.  Utilizing computational techniques, it provides 
the means of studying the absorption, distribution, metabolism, and excretion of chemicals by the body. 
 
Pharmacokinetic Model—A set of equations that can be used to describe the time course of a parent 
chemical or metabolite in an animal system.  There are two types of pharmacokinetic models:  data-based 
and physiologically-based.  A data-based model divides the animal system into a series of compartments, 
which, in general, do not represent real, identifiable anatomic regions of the body, whereas the 
physiologically-based model compartments represent real anatomic regions of the body. 
 
Physiologically Based Pharmacodynamic (PBPD) Model—A type of physiologically based dose-
response model that quantitatively describes the relationship between target tissue dose and toxic end 
points.  These models advance the importance of physiologically based models in that they clearly 
describe the biological effect (response) produced by the system following exposure to an exogenous 
substance.  
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Physiologically Based Pharmacokinetic (PBPK) Model—Comprised of a series of compartments 
representing organs or tissue groups with realistic weights and blood flows.  These models require a 
variety of physiological information:  tissue volumes, blood flow rates to tissues, cardiac output, alveolar 
ventilation rates, and possibly membrane permeabilities.  The models also utilize biochemical 
information, such as air/blood partition coefficients, and metabolic parameters.  PBPK models are also 
called biologically based tissue dosimetry models. 
 
Prevalence—The number of cases of a disease or condition in a population at one point in time.  
 
Prospective Study—A type of cohort study in which the pertinent observations are made on events 
occurring after the start of the study.  A group is followed over time. 
 
q1*—The upper-bound estimate of the low-dose slope of the dose-response curve as determined by the 
multistage procedure.  The q1* can be used to calculate an estimate of carcinogenic potency, the 
incremental excess cancer risk per unit of exposure (usually µg/L for water, mg/kg/day for food, and 
µg/m3 for air). 
 
Recommended Exposure Limit (REL)—A National Institute for Occupational Safety and Health 
(NIOSH) time-weighted average (TWA) concentration for up to a 10-hour workday during a 40-hour 
workweek. 
 
Reference Concentration (RfC)—An estimate (with uncertainty spanning perhaps an order of 
magnitude) of a continuous inhalation exposure to the human population (including sensitive subgroups) 
that is likely to be without an appreciable risk of deleterious noncancer health effects during a lifetime.  
The inhalation reference concentration is for continuous inhalation exposures and is appropriately 
expressed in units of mg/m3 or ppm. 
 
Reference Dose (RfD)—An estimate (with uncertainty spanning perhaps an order of magnitude) of the 
daily exposure of the human population to a potential hazard that is likely to be without risk of deleterious 
effects during a lifetime.  The RfD is operationally derived from the no-observed-adverse-effect level 
(NOAEL, from animal and human studies) by a consistent application of uncertainty factors that reflect 
various types of data used to estimate RfDs and an additional modifying factor, which is based on a 
professional judgment of the entire database on the chemical.  The RfDs are not applicable to 
nonthreshold effects such as cancer. 
 
Reportable Quantity (RQ)—The quantity of a hazardous substance that is considered reportable under 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).  Reportable 
quantities are (1) 1 pound or greater or (2) for selected substances, an amount established by regulation 
either under CERCLA or under Section 311 of the Clean Water Act.  Quantities are measured over a 
24-hour period. 
 
Reproductive Toxicity—The occurrence of adverse effects on the reproductive system that may result 
from exposure to a chemical.  The toxicity may be directed to the reproductive organs and/or the related 
endocrine system.  The manifestation of such toxicity may be noted as alterations in sexual behavior, 
fertility, pregnancy outcomes, or modifications in other functions that are dependent on the integrity of 
this system. 
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Retrospective Study—A type of cohort study based on a group of persons known to have been exposed 
at some time in the past.  Data are collected from routinely recorded events, up to the time the study is 
undertaken.  Retrospective studies are limited to causal factors that can be ascertained from existing 
records and/or examining survivors of the cohort. 
 
Risk—The possibility or chance that some adverse effect will result from a given exposure to a chemical. 
 
Risk Factor—An aspect of personal behavior or lifestyle, an environmental exposure, or an inborn or 
inherited characteristic that is associated with an increased occurrence of disease or other health-related 
event or condition. 
 
Risk Ratio—The ratio of the risk among persons with specific risk factors compared to the risk among 
persons without risk factors.  A risk ratio greater than 1 indicates greater risk of disease in the exposed 
group compared to the unexposed group. 
 
Short-Term Exposure Limit (STEL)—The American Conference of Governmental Industrial 
Hygienists (ACGIH) maximum concentration to which workers can be exposed for up to 15 minutes 
continually.  No more than four excursions are allowed per day, and there must be at least 60 minutes 
between exposure periods.  The daily Threshold Limit Value-Time Weighted Average (TLV-TWA) may 
not be exceeded. 
 
Standardized Mortality Ratio (SMR)—A ratio of the observed number of deaths and the expected 
number of deaths in a specific standard population. 
 
Target Organ Toxicity—This term covers a broad range of adverse effects on target organs or 
physiological systems (e.g., renal, cardiovascular) extending from those arising through a single limited 
exposure to those assumed over a lifetime of exposure to a chemical. 
 
Teratogen—A chemical that causes structural defects that affect the development of an organism. 
 
Threshold Limit Value (TLV)—An American Conference of Governmental Industrial Hygienists 
(ACGIH) concentration of a substance to which most workers can be exposed without adverse effect.  
The TLV may be expressed as a Time Weighted Average (TWA), as a Short-Term Exposure Limit 
(STEL), or as a ceiling limit (CL). 
 
Time-Weighted Average (TWA)—An allowable exposure concentration averaged over a normal 8-hour 
workday or 40-hour workweek. 
 
Toxic Dose(50) (TD50)—A calculated dose of a chemical, introduced by a route other than inhalation, 
which is expected to cause a specific toxic effect in 50% of a defined experimental animal population. 
 
Toxicokinetic—The absorption, distribution, and elimination of toxic compounds in the living organism. 
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Uncertainty Factor (UF)—A factor used in operationally deriving the Minimal Risk Level (MRL) or 
Reference Dose (RfD) or Reference Concentration (RfC) from experimental data.  UFs are intended to 
account for (1) the variation in sensitivity among the members of the human population, (2) the 
uncertainty in extrapolating animal data to the case of human, (3) the uncertainty in extrapolating from 
data obtained in a study that is of less than lifetime exposure, and (4) the uncertainty in using lowest-
observed-adverse-effect level (LOAEL) data rather than no-observed-adverse-effect level (NOAEL) data.  
A default for each individual UF is 10; if complete certainty in data exists, a value of 1 can be used; 
however, a reduced UF of 3 may be used on a case-by-case basis, 3 being the approximate logarithmic 
average of 10 and 1. 
 
Xenobiotic—Any chemical that is foreign to the biological system. 
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APPENDIX A.  ATSDR MINIMAL RISK LEVELS AND WORKSHEETS 
 

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) [42 U.S.C. 

9601 et seq.], as amended by the Superfund Amendments and Reauthorization Act (SARA) [Pub. L. 99–

499], requires that the Agency for Toxic Substances and Disease Registry (ATSDR) develop jointly with 

the U.S. Environmental Protection Agency (EPA), in order of priority, a list of hazardous substances most 

commonly found at facilities on the CERCLA National Priorities List (NPL); prepare toxicological 

profiles for each substance included on the priority list of hazardous substances; and assure the initiation 

of a research program to fill identified data needs associated with the substances. 

 

The toxicological profiles include an examination, summary, and interpretation of available toxicological 

information and epidemiologic evaluations of a hazardous substance.  During the development of 

toxicological profiles, Minimal Risk Levels (MRLs) are derived when reliable and sufficient data exist to 

identify the target organ(s) of effect or the most sensitive health effect(s) for a specific duration for a 

given route of exposure.  An MRL is an estimate of the daily human exposure to a hazardous substance 

that is likely to be without appreciable risk of adverse noncancer health effects over a specified duration 

of exposure.  MRLs are based on noncancer health effects only and are not based on a consideration of 

cancer effects.  These substance-specific estimates, which are intended to serve as screening levels, are 

used by ATSDR health assessors to identify contaminants and potential health effects that may be of 

concern at hazardous waste sites.  It is important to note that MRLs are not intended to define clean-up or 

action levels. 

 

MRLs are derived for hazardous substances using the no-observed-adverse-effect level/uncertainty factor 

approach.  They are below levels that might cause adverse health effects in the people most sensitive to 

such chemical-induced effects.  MRLs are derived for acute (1–14 days), intermediate (15–364 days), and 

chronic (365 days and longer) durations and for the oral and inhalation routes of exposure.  Currently, 

MRLs for the dermal route of exposure are not derived because ATSDR has not yet identified a method 

suitable for this route of exposure.  MRLs are generally based on the most sensitive chemical-induced end 

point considered to be of relevance to humans.  Serious health effects (such as irreparable damage to the 

liver or kidneys, or birth defects) are not used as a basis for establishing MRLs.  Exposure to a level 

above the MRL does not mean that adverse health effects will occur. 
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MRLs are intended only to serve as a screening tool to help public health professionals decide where to 

look more closely.  They may also be viewed as a mechanism to identify those hazardous waste sites that 

are not expected to cause adverse health effects.  Most MRLs contain a degree of uncertainty because of 

the lack of precise toxicological information on the people who might be most sensitive (e.g., infants, 

elderly, nutritionally or immunologically compromised) to the effects of hazardous substances.  ATSDR 

uses a conservative (i.e., protective) approach to address this uncertainty consistent with the public health 

principle of prevention.  Although human data are preferred, MRLs often must be based on animal studies 

because relevant human studies are lacking.  In the absence of evidence to the contrary, ATSDR assumes 

that humans are more sensitive to the effects of hazardous substance than animals and that certain persons 

may be particularly sensitive.  Thus, the resulting MRL may be as much as 100-fold below levels that 

have been shown to be nontoxic in laboratory animals. 

 

Proposed MRLs undergo a rigorous review process:  Health Effects/MRL Workgroup reviews within the 

Division of Toxicology and Environmental Medicine, expert panel peer reviews, and agency-wide MRL 

Workgroup reviews, with participation from other federal agencies and comments from the public.  They 

are subject to change as new information becomes available concomitant with updating the toxicological 

profiles.  Thus, MRLs in the most recent toxicological profiles supersede previously published levels.  

For additional information regarding MRLs, please contact the Division of Toxicology and 

Environmental Medicine, Agency for Toxic Substances and Disease Registry, 1600 Clifton Road NE, 

Mailstop F-32, Atlanta, Georgia 30333. 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: 1,4-Dichlorobenzene (1,4-DCB) 
CAS Numbers:  106-46-7 
Date:   August 2006 
Profile Status:  Post-Public, Final 
Route:   [X] Inhalation   [ ] Oral 
Duration:  [X] Acute   [ ] Intermediate   [ ] Chronic 
Graph Key:  1 
Species:  Human 
 
Minimal Risk Level:   [ ] mg/kg/day   [2] ppm 
 
Reference:  Hollingsworth RL, Rowe VK, Oyen F, et al.  1956.  Toxicity of paradichlorobenzene:  
Determinations on experimental animals and human subjects.  AMA Arch Ind Health 14:138-147. 
 
Experimental design:  Periodic occupational health examinations were conducted on 58 men who had 
worked in unspecified industrial operations involving the handling of 1,4-DCB, generally for 8 hours/day 
and 5 days/week, continually or intermittently for periods of 8 months to 25 years (average 4.75 years).  
Effects of different workplace exposure levels on eye and nose irritation were summarized.  The medical 
evaluations included careful examination of the eyes, blood cell counts (RBC, WBC, and differential), 
hemoglobin, hematocrit, mean corpuscular volume, blood urea nitrogen, sedimentation rate, and 
urinalysis. 
 
Effects noted in study and corresponding doses:  Observations in the workers provide information 
relevant to acute exposures.  The odor was found to be faint at 15–30 ppm and strong at 30–60 ppm.  
Painful irritation of the eyes and nose was usually experienced at 50–80 ppm, although the irritation 
threshold was higher (80–160 ppm) in workers acclimated to exposure.  Concentrations above 160 ppm 
caused severe irritation and were considered intolerable to people not adapted to it.  The odor and 
irritation properties were considered to be fairly good acute warning properties and were expected to 
prevent excessive exposures, although the industrial experience indicated that it is possible for people to 
become sufficiently acclimated to tolerate high concentrations of the vapor.  No cataracts or any other 
lens changes in the eyes, or effects on the clinical indices were attributable to exposure. 
 
Dose and end point used for MRL derivation:   
 
[15] NOAEL  [] LOAEL 
 
As discussed above, eye and nose irritation are critical effects of acute inhalation exposure to 1,4-DCB in 
humans.  Because odor detection is a warning property expected to prevent irritation caused by 1,4-DCB, 
the highest level at which an odor was detected that was simultaneously without irritant effects, 30 ppm, 
was designated a minimal LOAEL for irritation for the purposes of derivation of the MRL; the 15 ppm 
level was therefore designated a NOAEL for irritant effects. 
 
Uncertainty Factors used in MRL derivation: 
 
 [X]  10 for human variability 
  
Was a conversion factor used from ppm in food or water to a mg/body weight dose?  Not applicable. 
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If an inhalation study in animals, list conversion factors used in determining human equivalent dose:  Not 
applicable. 
 
Was a conversion used from intermittent to continuous exposure?  No. 
 
Other additional studies or pertinent information that lend support to this MRL:  A limited amount of 
information is available on the toxicity of inhaled 1,4-DCB in humans.  Case reports of people who 
inhaled 1,4-DCB provide indications that the liver and nervous system are systemic targets of inhalation 
toxicity in humans, but are limited by lack of adequate quantitative exposure information and/or 
verification that 1,4-DCB was the only factor associated with the effects (Cotter 1953; Miyai et al. 1988; 
Reygagne et al. 1992). 
 
Information on effects of acute-duration inhalation exposure to 1,4-DCB in animals is available from 
short-term systemic toxicity studies in rats and guinea pigs (Hollingsworth et al. 1956), a male 
reproduction study rats (Anderson and Hodge 1976), and developmental toxicity studies in rats and 
rabbits (Hayes et al. 1985; Hodge et al. 1977).  In the systemic toxicity study, five rats of each sex and 
five guinea pigs of each sex were exposed to 175 ppm of 1,4-DCB for 7 hours/day, 5 days/week for 
16 days (Hollingsworth et al. 1956).  Mild histological effects of interstitial edema, congestion, and 
alveolar hemorrhage were observed in the lungs of male rats and female guinea pigs.  The experimental 
design and report of this study have a number of deficiencies, such that reported observations provide 
only qualitative evidence of exposure-related respiratory effects.  In the reproduction study (a dominant 
lethal test), a NOAEL of 450 ppm was identified for reproductive performance in male mice that were 
exposed for 6 hours/day for 5 days prior to weekly mating with unexposed females for 8 weeks 
(Anderson and Hodge 1976).  No maternal or developmental toxicity occurred in rats that were exposed 
to 75–500 ppm for 6 hours/day on days 6–15 of gestation (Hodge et al. 1977), indicating that the highest 
NOAEL for reproductive effects in rats is 500 ppm.  A developmental study in which rabbits were 
exposed to 100–800 ppm for 6 hours/day on gestation days 6–18 found evidence of fetotoxicity (a minor 
variation of the circulatory system) only at 800 ppm, which was also maternally toxic as shown by body 
weight loss early in gestation (Hayes et al. 1985), indicating that 800 ppm is a LOAEL for maternal and 
developmental effects in rabbits. 
 
The lung appears to be a target of concern for inhaled 1,4-DCB in rats and guinea pigs exposed to 
173 ppm (Hollingsworth et al. 1956), because the only effects observed in the reproductive and 
developmental studies were indications of maternal and fetotoxicity in rabbits at a much higher levels of 
800 ppm (Hayes et al. 1985).  Support for the respiratory tract as a sensitive target for 1,4-DCB inhalation 
in animals is provided by the induction of nasal lesions in rats intermittently exposed to levels as low as 
75 ppm for 104 weeks in the study used to derive the chronic inhalation MRL for 1,4-DCB (Japan 
Bioassay Research Center 1995).  Additionally, the animal data are consistent with the human experience, 
indicating that occupational exposure to 1,4-DCB causes painful nose and eye irritation in the range of 
50–160 ppm (Hollingsworth et al. 1956).   
 
Agency Contact (Chemical Manager):  Malcolm Williams, DVM, Ph.D. 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: 1,4-Dichlorobenzene (1,4-DCB) 
CAS Numbers:  106-46-7 
Date:   August 2006 
Profile Status:  Post-Public, Final 
Route:   [X] Inhalation   [ ] Oral 
Duration:  [ ] Acute   [X] Intermediate   [ ] Chronic 
Graph Key:  14 
Species:  Rat 
 
Minimal Risk Level:  [ ] mg/kg/day   [0.2] ppm 
 
References:  Aiso A, Arito H, Nishizawa T, et al.  2005a.  Thirteen-week inhalation toxicity of 
p-dichlorobenzene in mice and rats.  J Occup Health 47:249-260. 
 
Tyl RW, Neeper-Bradley TL.  1989.  Paradichlorobenzene:  Two generation reproductive study of 
inhaled paradichlorobenzene in Sprague-Dawley (CD) rats.  Laboratory Project 86-81-90605.  
Washington, DC:  Chemical Manufacturers Association, Chlorobenzene Producers Association. 
 
Experimental design and effects noted (Aiso et al. 2005a):  This is a systemic toxicity study in which 
groups of 10 male and 10 female F344 rats and 10 male and 10 female BDF1 mice were chamber-exposed 
to 1,4-DCB vapor (>99.9% pure) at target concentrations of 0, 25, 55, 120, 270, or 600 ppm for 
6 hours/day, 5 days/week for 13 weeks.  Deviations in mean observed concentrations from the target 
concentrations were <9.6%.  End points evaluated during the study included clinical signs (daily) and 
body weight and food consumption (weekly).  End points evaluated at the end of the 13-week exposure 
period included hematology (RBC, Hb, Hct, MCV, MCH), blood biochemistry (total protein, albumin, 
total cholesterol, triglyceride, phospholipid, AST, ALT, AP, BUN, creatine), organ weights, and 
histopathology.  The histological examinations were comprehensive and included the nasal cavity, in 
accordance with OECD test guidelines for a 90-day inhalation study (Aiso 2005a; OECD 1981).  
 
There were no exposure-related effects on survival, clinical signs, or body weight gain in the rats.  
Hematological changes suggestive of microcytic anemia occurred in male rats, including significantly 
decreased RBC count and hemoglobin concentration at ≥120 ppm, hematocrit at ≥270 ppm, and MCV 
and MCH at 600 ppm.  Serum biochemical changes included significant increases in total protein in both 
sexes at 600 ppm, albumin in females at ≥270 ppm and males at 600 ppm, and total cholesterol and 
phospholipid in males at ≥270 ppm and females at 600 ppm, and significant decreases in triglycerides in 
males at 600 ppm, AST in both sexes at 600 ppm, and ALT and AP in males at ≥270 ppm.  Organ weight 
changes included >10% increases in absolute and relative weights of liver in males at ≥270 ppm and 
females at 600 ppm, kidneys in males at ≥270 ppm, and spleen in males at 600 ppm.  Histological effects 
included significantly increased incidences of liver centrilobular hepatocellular hypertrophy in male rats 
at 600 ppm (incidences in the control to high dose groups were 0/10, 0/10, 0/10, 0/10, 3/10, and 10/10), 
and kidney lesions indicative of α2µ-globulin nephropathy (hyaline droplets, granular casts, tubular cell 
necrosis, cytoplasmic basophila, and papillary mineralization) in male rats at ≥270 ppm.  There were no 
histopathological changes in hematopoietic tissues (e.g., increased extramedullary hematopoiesis or 
hemosiderosis in the spleen), leading the investigators to suggest the possibility that the anemia in the 
male rats was secondary to α2µ-globulin nephropathy-related effects on erythropoietin synthesis in the 
renal tubules. 
 
There were no exposure-related effects on survival, clinical signs, or body weight gain in the mice.  Organ 
weight changes in the mice included >10% increases in liver weight in males at ≥270 ppm (relative) and 
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600 ppm (absolute) and females at 600 ppm (absolute and relative); relative liver weights were 9.7, 9.7, 
10.1, 23.9, and 62.6% higher than controls in the low- to high-dose males.  There were no significant 
hematological changes in either sex.  Serum ALT levels were significantly increased in males at 
≥270 ppm (18.2, 9.1, 18.2, 54.5, and 164% higher than controls in the low- to high-dose groups).  Other 
serum biochemical changes included significant increases in ALT in females at 600 ppm, AST in males at 
600 ppm, and total cholesterol and total protein in both sexes at 600 ppm.  Histological examinations 
showed significantly (p≤0.01) increased incidences of centrilobular hepatocellular hypertrophy at in male 
mice at ≥270 ppm and female mice at 600 ppm; incidences in the control to high dose groups were 0/10, 
0/10, 0/10, 0/10, 10/10, and 10/10 in the males and 0/10, 0/10, 0/10, 0/10, 0/10, and 10/10 in the females.  
Affected hepatocytes were characterized by cell enlargement, varying nuclear size and shape, and coarse 
chromatin and inclusion bodies in the nucleus; the severity of these lesions was rated as slight at 270 ppm 
(males) and moderate at 600 ppm (both sexes).  The moderate hepatocellular hypertrophy in the 600 ppm 
male mice was accompanied by single cell necrosis (1/10) and focal liver necrosis (2/10).   
 
The lowest effect level is 270 ppm based on the kidney and hematological effects in male rats and liver 
effects in rats and mice.  The kidney and hematological effects are consistent with α2µ-globulin 
nephropathy, which is specific to male rats and not relevant to humans.  The mice were more sensitive to 
the liver effects of 1,4-DCB than the rats because the only hepatic change in the 270 ppm rats was 
increased liver weight, whereas hepatocellular hypertrophy and increased serum ALT occurred in 
addition to increased liver weight in the 270 ppm mice.  Additionally, at the next highest tested level of 
600 ppm, the mice had nuclear changes and evidence of necrosis in the hypertrophic hepatocytes, and 
increased serum AST as well as ALT, whereas none of these indicators of hepatocellular damage 
occurred in the rats.  Based on increased relative liver weight (>10%) in both species and histological and 
serum ALT changes in the mice, this study identified a NOAEL of 120 ppm and a LOAEL of 270 ppm 
for hepatic effects.  The identification of the liver as a critical target of 1,4-DCB is supported by findings 
of increased liver weight and serum liver enzymes, as well as histopathologic liver lesions in dogs 
administered 1,4-DCB orally for up to 1 year (Naylor and Stout 1996). 
 
Experimental design and effects noted (Tyl and Neeper-Bradley 1989):  This is a two-generation study in 
which groups of 28 Sprague-Dawley rats of each sex were exposed to actual mean 1,4-DCB 
concentrations of 0, 66, 211, and 538 ppm for 6 hours/day, 7 days/week.  Additional groups of 10 females 
were similarly exposed for 10 weeks in a satellite study.  The animals in the main study were paired 
within groups for a 3-week mating period to produce the F1 generation.  Main study males that did not 
successfully mate in the first 10 days of the mating period were paired with the satellite females for 
10 days.  Main study females that did not successfully mate during the first 10 days of the mating period 
were paired with proven males for the remaining 11 days of the mating period.  Exposures of the main 
study F0 females were continued throughout the mating period and the first 19 days of gestation, 
discontinued from gestation day 20 through postnatal day 4, and then resumed until sacrifice at weaning 
on postnatal day 28.  Exposures of the satellite F0 females were continued through mating until sacrifice 
on gestation day 15.  Exposures of the F0 males continued until sacrificed at the end of the study and 
satellite mating periods (F0 males were exposed for a total of 15 weeks).  Groups of 28 F1 weanlings/sex 
and satellite groups of 10 F1 female weanlings were exposed for 11 weeks and mated as described above 
to produce the F2 generation.  Additionally, 20 F1 weanlings/sex from the control and high exposure 
groups served as recovery animals that were observed without exposure for 5 weeks prior to sacrifice.  
Complete necropsies were performed on all F0 and F1 adult (parental) animals, F1 recovery animals, 
F1 weanlings not used in the rest of the study, and F2 weanlings, and histology was evaluated in the F0 and 
F1 parental animals.  Histological examinations were conducted on the liver and kidneys in all groups and 
on selected other tissues (pituitary, vagina, uterus, ovaries, testes, epididymides, seminal vesicles, 
prostate, and tissues with gross lesions) in the control and high exposure groups.  The kidney evaluation 
included examination for the presence of α2µ droplets.  Additional end points evaluated in the parental 
generations included clinical observations, mortality, body weight, and food consumption.  Mating and 
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fertility indices were determined for F0 and F1 males and females, and gestational, live birth, postnatal 
survival (4-, 7-, 14-, 21-, and 28-day), and lactation indices were determined for the F1 and F2 litters. 
 
There were no effects on reproductive parameters in either generation, although systemic toxicity 
occurred at all dose levels in F0 and F1 adult rats.  Hyaline droplet nephropathy was found in F0 and 
F1 adult males at ≥66 ppm.  Manifestations of this male rat-specific renal syndrome included α2µ-globulin 
accumulation and increased kidney weights at ≥66 ppm, and other characteristic histological changes at 
538 ppm.  Body weights and weight gain were significantly reduced in F0 and F1 adult males and F1 adult 
females during the pre-breed exposure periods at 538 ppm.  Absolute liver weights were increased in 
F0 males by 6, 16, and 38% in the 66, 211, and 538 ppm groups, respectively; the differences were 
statistically significantly different from control in the 211 and 538 ppm groups.  In F0 females, absolute 
liver weights were increased by 9 and 31% at 211 and 538 ppm, respectively, but statistical significance 
was achieved only at 538 ppm.  Similar changes were seen in relative liver weights of the F0 generation, 
with respective increases of 5, 14, and 52% in the 66, 211, and 538 ppm males and 4, 9, and 31% in the 
66, 211, and 538 ppm females; all groups of treated males, and the 211 and 538 ppm female groups, were 
statistically significantly different from controls.  Relative liver weights were also significantly increased 
in F1 adult males at ≥211 ppm and F1 adult females at 538 ppm.  Hepatocellular hypertrophy was 
observed in the livers of F0 and F1 males and females at 538 ppm; no hepatic histological changes were 
induced at the lower exposure concentrations.  Other effects also occurred in the F0 and F1 males and 
females at 538 ppm, indicating that there was a consistent pattern of adult toxicity at the high exposure 
level, including reduced food consumption and increased incidences of clinical signs (e.g., tremors, 
unkempt appearance, urine stains, salivation, and nasal and ocular discharges); these effects only 
sporadically occurred at 211 ppm.  Other effects at 538 ppm included reduced gestational and lactational 
body weight gain, and postnatal toxicity, as evidenced by increased number of stillborn pups, reduced pup 
body weights, and reduced postnatal survival in F1 and/or F2 litters.  This study identified a (1) a NOAEL 
of 66 ppm and LOAEL of 211 ppm for increased (>10% above controls) relative liver weight in adult 
rats, and (2) a serious LOAEL of 538 ppm for systemic toxicity (central nervous system and other clinical 
signs) in adult rats and developmental toxicity (increased stillbirths and perinatal mortality) in their 
offspring.  The identification of increased liver weight as a critical effect of 1,4-DCB toxicity is supported 
by findings of increased liver weight and serum liver enzyme levels and histopathologic liver lesions 
following repeated oral exposure (Naylor and Stout 1996). 
 
Dose and end point used for MRL derivation:   
 
[ ] NOAEL   [ ] LOAEL   [X] BMCL 
 
As discussed below, a BMCL1sd of 92.45 ppm for increased liver weight in rats was used as the point of 
departure for the MRL. 
 
Benchmark dose (BMD) analysis was conducted using the Tyl and Neeper-Bradley (1989) data for 
relative liver weight in adult male rats (Table A-1) and the Aiso et al. (2005a) serum ALT data in male 
rats (Table A-2).  A benchmark response (BMR) of 1 standard deviation change from the control mean 
was selected in the absence of a biological rationale for using an alternative BMR.  BMD analysis of the 
relative liver weight data from the Aiso et al. (2005a) study is precluded by insufficient information 
(standard deviations were not reported).  Incidences of hepatocellular hypertrophy in the male mice of the 
Aiso et al. (2005a) study were not subjected to BMD analysis because the response was observed in 0% 
of control, 25, 55, and 120 ppm animals and in 100% of the 270 and 600 ppm animals.  The F1 and 
F2 postnatal survival data (Tyl and Neeper-Bradley 1989) were not subjected to BMD analysis because 
the 211 ppm exposure level represents a NOAEL and the next higher exposure level (538 ppm) represents 
a frank effect level (FEL) for 4-day survival (12.6 and 28.1% reductions in 4-day survival of F1 and 
F2 pups, respectively) and clinical signs in F0 males and females. 
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Table A-1.  Relative Liver Weight Data for F0 Male Rats Exposed to 

1,4-Dichlorobenzene Vapors 6 Hours/Day for 15 Weeks  
 

Mean measured exposure concentration (ppm) 
 0 66 211 538 
Group size 27 28 28 28 
Relative liver weight 
(%) 

3.465±0.2328a 3.631±0.2080b 3.945±0.2592c 5.271±0.2474c 

 

aMean ± standard deviation 
bSignificantly different (p<0.05) from control group 
cSignificantly different (p<0.01) from control group 
 
Source:  Tyl and Neeper-Bradley 1989 
 

Table A-2.  Serum ALT Data for Male Rats Exposed to1,4-Dichlorobenzene 
Vapors 6 Hours/Day, 5 Days/Week for 13 Weeks  

 
Mean measured exposure concentration (ppm) 

 0 25 55 120 270 600 
Group size 10 10 10 10 10 10 
Serum ALT (IU/L)a 11±2 13±8 12±4 13±4 17±3b 29±6c 

 

aMean ± standard deviation 
bSignificantly different (p<0.05) from control group 
cSignificantly different (p<0.01) from control group 
 
Source:  Aiso et al. 2005a 
 
All appropriate continuous-variable (linear, polynomial, power) models in the EPA Benchmark Dose 
Software (Version 1.3.2) were fit to the serum ALT data from the male rats of the Aiso et al. (2005a) 
study (the Hill model was excluded due to an insufficient number of exposure groups).  An assumption of 
constant variance resulted in a p-value <0.0005 for the test of constant variance and a non-homogeneous 
variance assumption was suggested.  However, the assumption of non-homogeneous variance resulted in 
inadequately modeled variance (p-value <0.0005) and BMD analysis of the serum ALT data from the 
male rats of the Aiso et al. (2005a) study was considered an inadequate method for selecting a point of 
departure for deriving an intermediate-duration inhalation MRL for 1,4-DCB. 
 
Available continuous-variable models were also fit to the Tyl and Neeper-Bradley (1989) data for 
changes in liver weight.  A BMR of 1 standard deviation change from the control mean was selected in 
the absence of a biological rationale for using an alternative BMR.  The simplest model (linear) for 
continuous data was initially fit to the data; constant variance was selected (Table A-3).  The model 
output indicated that constant variance was appropriate, but inadequate model mean fit was obtained 
(p-value <0.01).  The more complex (polynomial, power, Hill) models were also fit to the liver weight 
data.  The Hill model provided inadequate mean fit due to an insufficient number of dose groups (4, 
including controls), which resulted in insufficient (0) degrees of freedom.  The 2-degree polynomial 
provided adequate mean fit and the power model provided marginally adequate mean fit as indicated by 
the p-values for mean fit (Table A-3).  The 2-degree polynomial model was the best fitting model (the 
adequate model with the lowest Akaike’s Information Criteria [AIC]), predicting a BMC1sd and BMCL1sd 
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(lower 95% confidence limit on the BMC1sd) of 119.91 and 92.45 ppm, respectively (Table A-3).  A plot 
of observed and predicted relative liver weight from the 2-degree polynomial model is shown in 
Figure A-1. 
 

Table A-3.  Model Predictions for Relative Liver Weight in F0 Male Rats Exposed 
to 1,4-Dichlorobenzene Vapors 6 Hours/Day for 15 Weeks 

 

Model 
Variance 
p-valuea 

Mean fit 
p-valuea AIC 

BMC1sd 
(ppm) 

BMCL1sd 
(ppm) 

Linearb, c 0.6877 0.00026 NA NA NA 
2-Degree polynomialb,c 0.6877 0.3926 -205.3345 119.907 92.4533 
Powerb 0.9241 0.09954 -202.3525 129.587 100.477 
 

aValues <0.1 fail to meet conventional goodness-of-fit criteria. 
bConstant variance assumed 
cRestriction = non-negative 
 
BMC1sd = benchmark dose based on a benchmark response of 1 standard deviation from the control mean; 
BMCL1sd = lower confidence limit (95%) on the BMC1sd; NA = not applicable because model failed a goodness-of-fit 
test 
 

Figure A-1.  Observed Liver Weights in Adult Male Rats Exposed  
to 1,4-Dichlorobenzene for 15 Weeks and Predicted Relative  

Liver Weights by the 2-Degree Polynomial Model* 
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*BMD = BMC; BMDL=BMCL; BMC and BMCL (in ppm) are associated with a 1 standard deviation from the control 
mean. 
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The BMCL1sd of 92.45 ppm was duration-adjusted to 23 ppm, converted to a human equivalent 
concentration (HEC) of 23 ppm, and divided by an uncertainty factor of 100 to derive an MRL of 
0.2 ppm. 
 
Uncertainty Factors used in MRL derivation: 
 
 [X]  10 for extrapolation from animals to humans 
 [X]  10 for human variability 
  
Although the rat BMCL was adjusted to a HEC (see below), an uncertainty factor of 10 for extrapolation 
from animals to humans was still applied, because the HEC calculation was based on an assumption of 
equivalent blood-gas partition coefficients, and not on actual data. 
 
Was a conversion factor used from ppm in food or water to a mg/body weight dose?  Not applicable. 
 
If an inhalation study in animals, list conversion factors used in determining human equivalent dose:  
1,4-DCB exhibited the effects outside of the respiratory tract and consequently is treated as a 
category 3 gas for purposes of calculating the MRL.  The HEC for extrarespiratory effects produced by a 
category 3 gas is calculated by multiplying the duration-adjusted BMCL1sd (BMCL1sd ADJ, see below) by 
the ratio of blood:gas partition coefficients (Hb/g) in animals and humans (EPA 1994k).  Hb/g values were 
not available for 1,4-DCB in rats and humans.  Using a default value of 1 for the ratio of partition 
coefficients, the BMCL1sd HEC becomes 23 ppm: 
 
 BMCL1sd HEC = (BMCL1sd ADJ) x [(Hb/g)RAT / (Hb/g)HUMAN],  
   = 23 ppm x [1] = 23 ppm 
 
Was a conversion used from intermittent to continuous exposure?  The BMCL1sd of 92 ppm was duration-
adjusted for intermittent exposure, as follows (EPA 1994k): 
 
 BMCL1sd ADJ = (BMCL1sd) (hours/24 hours) (days/7 days) 
   = (92.45 ppm) (6 hours/24 hours) (7 days/7 days) 
   = 23 ppm 
 
Other additional studies or pertinent information that lend support to this MRL:  Supporting information 
on hepatic effects of intermediate-duration inhalation exposure to 1,4-DCB are available from a 
multispecies subchronic toxicity study in which rats, mice, guinea pigs, rabbits, and monkeys were 
exposed to 96 or 158 ppm for 7 hours/day, 5 days/week for 5–7 months (Hollingsworth et al. 1956).  
Some of these animals were also similarly exposed to 341 ppm for 6 months (rats and guinea pigs) or 
798 ppm for 23–69 exposures (rats, guinea pigs, and rabbits).  The experiments with rabbits and monkeys 
exposed to levels of 96 or 158 ppm are limited by small numbers of animals (1–2/group).  Hepatic effects 
included increased relative liver weight and slight histological alterations in rats at 158 ppm (not observed 
at 96 ppm), and more severe histopathology (e.g., cloudy swelling and necrosis) in guinea pigs at 
341 ppm, and in rats, guinea pigs, and rabbits at 798 ppm.  Other findings in the animals exposed to 
798 ppm included eye irritation and frank signs of neurotoxicity (e.g., marked tremors).  The hepatic 
histological changes observed in rats at 158 ppm (cloudy swelling, congestion, or granular degeneration) 
were considered of questionable significance and were not reported at 358 ppm, indicating that neither 
158 nor 358 ppm is a reliable LOAEL for liver pathology in rats in this study.  The hepatic histological 
effects observed in the guinea pigs at 341 ppm appear have been more severe (fatty degeneration, focal 
necrosis, slight cirrhosis) than in rats, but only occurred in some of the animals (number not reported).  
Although this information suggests that 341 ppm is a LOAEL for liver histopathology in guinea pigs, 
confidence in this effect level is low due to imprecise and brief qualitative reporting of the results (a 
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general limitation of the study).  The 798 ppm exposure concentration is a reliable LOAEL because this 
level clearly caused both liver histopathology (e.g., cloudy swelling and central necrosis) and overt signs 
of toxicity (e.g., marked tremors, eye irritation, and unconsciousness) in all three species. 
 
A chronic inhalation study was conducted in which rats and mice were exposed to 1,4-DCB in target 
concentrations of 0, 20, 75, or 300 ppm for 6 hours/day, 5 days/week for 104 weeks (Aiso et al. 2005b).  
Effects in the rats included nasal lesions at ≥75 ppm and increased liver weight at 300 ppm, and effects in 
the mice included increased liver weight and hepatocellular hypertrophy at 300 ppm.  The 75 ppm 
NOAEL and 300 ppm LOAEL for liver effects in the chronic study are consistent with the 120 ppm 
NOAEL and 211 ppm LOAEL for liver effects in the intermediate-duration studies (Aiso et al. 2005a; Tyl 
and Neeper-Bradley 1989).  The 75 ppm LOAEL for nasal lesions in rats indicates that these tissues are 
more sensitive than the liver following chronic exposure, and the nasal lesions were used as the basis for 
the chronic inhalation MRL for 1,4-DCB.  Because nasal lesions were not found in the 13-week study, it 
appears that the lesions are late-developing effects of chronic exposure.  The lack of nasal lesions in the 
13-week study therefore indicates that these are not critical effects of intermediate-duration exposure. 
 
The NOAEL/LOAEL approach to MRL derivation results in the same MRL as the 0.2 ppm value derived 
using the BMD approach.  The 13-week study (Aiso et al. 2005a) and two-generation study (Tyl and 
Neeper-Bradley 1989) are consistent in identifying the liver as the most sensitive target of intermediate 
duration inhalation of 1,4-DCB and showing that hepatic effects increased in severity with increasing 
level of exposure.  The 13-week study (Aiso et al. 2005a) identified a hepatic NOAEL of 120 ppm and a 
LOAEL of 270 ppm in rats (increased liver weight) and mice (increased liver weight, hepatocellular 
hypertrophy, and serum ALT).  The two-generation study identified a hepatic NOAEL of 66 ppm and a 
LOAEL of 211 ppm in rats (increased liver weight).  The 120 ppm NOAEL is the highest hepatic 
NOAEL below the lowest hepatic LOAEL of 211 ppm, indicating that it is an appropriate basis for MRL 
derivation using the NOAEL/LOAEL approach.  Using the NOAEL of 120 ppm for liver effects in male 
mice (the more sensitive species and sex), the NOAEL was duration-adjusted for the intermittent 
experimental exposure, as follows: 
 
 NOAELADJ = (NOAEL) (hours/24 hours) (days/7 days) 
   = (120 ppm) (6/24) (5/7) 
   = 21.4 ppm 
 
1,4-DCB exhibited the effects outside of the respiratory tract and consequently is treated as a 
category 3 gas for purposes of calculating the human equivalent concentration (HEC).  The HEC for extra 
respiratory effects produced by a category 3 gas is calculated by multiplying the NOAELADJ by the ratio 
of blood:gas partition coefficients (Hb/g) in animals and humans (EPA 1994k).  Hb/g values were not 
available for 1,4-DCB in rats, mice and humans.  Using a default value of 1 for the ratio of partition 
coefficients, the NOAELHEC is 21.4 ppm, calculated as follows: 
 
 NOAELHEC = (NOAELADJ) x [(Hb/g)MOUSE / (Hb/g)HUMAN],  
   = 21.4. ppm x [1] = 21.4 ppm 
 
The NOAELHEC was divided by the uncertainty factor of 100 to derive an MRL of 0.2 ppm.   
 
Agency Contact (Chemical Manager):  Malcolm Williams, DVM, Ph.D. 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: 1,4-Dichlorobenzene (1,4-DCB) 
CAS Numbers:  106-46-7 
Date:   August 2006 
Profile Status:  Post-Public, Final 
Route:   [X] Inhalation   [ ] Oral 
Duration:  [ ] Acute   [ ] Intermediate   [X] Chronic 
Graph Key:  32 
Species:  Rat 
 
Minimal Risk Level:  [ ] mg/kg/day   [0.01] ppm 
 
References:  Aiso S, Takeuchi T, Arito H, et al.  2005b.  Carcinogenicity and chronic toxicity in mice and 
rats exposed by inhalation to para-dichlorobenzene for two years.  J Vet Med Sci 67(10):1019-1029. 
 
Japan Bioassay Research Center.  1995.  Toxicology and carcinogenesis studies of p-dichlorobenzene in 
344/DuCrj rats and Crj:BDF1 mice.  Two-year inhalation studies.  Japan Industrial Safety and Health 
Association.  Study carried under contract with the Ministry of Labour of Japan. 
 
Experimental design:  Groups of 50 male and female F344/DuCrj rats and 50 male and female 
Crj:BDF1 mice were exposed to 1,4-DCB in target concentrations of 0, 20, 75, or 300 ppm for 
6 hours/day, 5 days/week for 104 weeks.  Study end points included clinical signs and mortality, body 
weight (weekly for the first 13 weeks, and subsequently every 4 weeks), and hematology, blood 
biochemistry, and urinalysis indices (evaluated at end of study).  Selected organ weight measurements 
(liver, kidneys, heart, lungs, spleen, adrenal, brain, testis, ovary) and comprehensive gross pathology and 
histology evaluations were performed on all animals at the end of the study or at time of unscheduled 
death.  No interim pathology examinations were performed. 
 
Effects noted in study and corresponding doses:  For the rats, the actual mean chamber concentrations 
were 0, 19.8, 74.8, or 298.4 ppm over the duration of the study.  The number of rats surviving to 
scheduled termination was significantly (p<0.05) reduced at 300 ppm in males.  Survival in the male rats 
was noticeably lower than controls beginning at approximately study week 80, and overall survival at 0, 
20, 75, and 300 ppm was 66% (33/50), 68% (34/50), 58% (29/50), and 36% (18/50), respectively.  There 
were no exposure-related decreases in survival in the female rats, or effects on growth or food 
consumption in either sex.  Changes in various hematological and blood biochemical indices (mean cell 
volume, total cholesterol, phospholipids, blood urea nitrogen, creatinine, and calcium in males; total 
protein, total bilirubin, blood urea nitrogen, and potassium in females) occurred at 300 ppm (Japan 
Bioassay Research Center 1995), but a lack of both numerical data and statistical analysis precludes 
interpretations of significance for these end points.  Absolute and relative liver weights in both sexes and 
kidney weights in males were significantly increased at 300 ppm.  Additional findings included 
histopathological changes in the nasal epithelia and kidneys.  The nasal lesions mainly included increased 
incidences of eosinophilic changes (globules) in the olfactory epithelium (moderate or greater severity) in 
males at 300 ppm and females at ≥75 ppm.  Incidences of this lesion at 0, 20, 75, and 300 ppm were 1/50, 
2/50, 2/50, and 7/50 in males, and 27/50, 29/50, 39/50, and 47/50 in females.  The increases were 
statistically significant (p≤0.05, Fisher's Exact Test performed by ATSDR) at ≥75 ppm in females and 
300 ppm in males, and there was a trend of increasing response with increasing dose in both sexes 
(Cochran-Armitage test, performed by ATSDR).  Other nasal lesions that were significantly increased at 
300 ppm were eosinophilic globules in the respiratory epithelium (11/50, 10/50, 14/50, 38/50) and 
respiratory metaplasia in the nasal gland (5/50, 4/50, 4/50, 33/50) in females at 300 ppm.  Kidney lesions 
were increased only in male rats at 300 ppm and included significantly increased incidences of 
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mineralization of the renal papilla (0/50, 1/50, 0/50, 41/50) and in hyperplasia of the urothelium (7/50, 
8/50, 13/50, 32/50).   
 
For the mice, the actual mean chamber concentrations were 0, 19.9, 74.8, or 298.3 ppm over the duration 
of the study.  Survival was significantly reduced in male mice at 300 ppm (due to an increase in liver 
tumor deaths), but comparable to controls in the females.  Terminal body weight was significantly 
reduced at 300 ppm in males (11.5% less than controls, beginning at study week 80).  Changes in various 
hematological and blood biochemical indices (total cholesterol, SGOT, SGPT, LDH, and AP in both 
sexes; platelet numbers, total protein, albumin, total cholesterol, blood urea nitrogen, and calcium in 
females) occurred at 300 ppm (Japan Bioassay Research Center 1995), but a lack of reported numerical 
data and results of statistical analysis precludes interpretation of these end points.  Absolute and relative 
liver and kidney weights in both sexes were significantly increased at 300 ppm.  Additional findings 
included histopathological changes in the nasal cavity, liver, and testes.  The nasal lesions included 
significantly increased incidences of respiratory metaplasia in the nasal gland (moderate severity) in 
males at 75 ppm (9/49, 12/49, 18/50, 11/49) and olfactory epithelium (slight severity) in males at 75 ppm 
(23/49, 30/49, 37/50, 22/49) and females at 300 ppm (7/50, 6/50, 2/49, 20/50); the effects in the males 
were not dose-related (i.e., incidences were increased at 75 ppm but not at 300 ppm).  The incidence of 
centrilobular hepatocellular hypertrophy was significantly increased in male mice at 300 ppm (0/49, 0/49, 
0/50, 34/49).  Incidences of liver tumors were also increased at 300 ppm; these included hepatocellular 
carcinoma in males (12/49, 17/49, 16/50, 38/49) and females (2/50, 4/50, 2/49, 41/50), hepatocellular 
adenoma in females (2/50, 10/50, 6/49, 20/50), hepatoblastoma in males (0/49, 2/49, 0/50, 8/49) and 
females (0/50, 0/50, 0/49, 6/50), and histiocytic sarcoma in males (0/49, 3/49, 1/50, 6/49).  Testicular 
mineralization was significantly increased in males at ≥75 ppm (27/49, 35/49, 42/50, 41/49) (Japan 
Bioassay Research Center 1995).  The testicular mineralization was not considered to be a toxicologically 
significant effect (Aiso 2006) because (1) no signs of testicular toxicity were observed in mice exposed 
for 13 weeks (Aiso et al. 2005a), and (2) it was confined to the testicular capsules and testicular blood 
vessels and not observed in the testicular parenchyma, indicating that it is a finding commonly observed 
in aged mice independent of exposure to 1,4-DCB (Aiso 2006).   
 
The results of this study indicate that moderate or severe eosinophilic changes in the nasal olfactory 
epithelium in female rats is the most sensitive toxic effect in the most sensitive species and sex.  The 
NOAEL and LOAEL for these nasal lesions are 19.8 and 74.8 ppm, respectively.  
 
Dose and end point used for MRL derivation:   
 
[ ] NOAEL   [ ] LOAEL   [X] BMCL 
 
As discussed below, a BMCL10 of 9.51 ppm for increased incidences of nasal lesions in female rats is 
used as the point of departure for the MRL. 
 
BMD analysis was conducted using the incidences for eosinophilic changes of moderate or greater 
severity in the nasal olfactory epithelium in female rats and the actual exposure concentrations.  The data 
that were modeled are shown in Table A-4.  Data for other end points were not modeled because the 
effects occurred at higher concentrations (nasal lesions and hepatocellular hypertrophy in mice, kidney 
lesions in rats) or were not toxicologically significant (testicular mineralization in mice).  All 
dichotomous models in the Benchmark Dose Software (version 1.3.2) were fit to the female rat nasal 
lesion incidence data.  A 10% extra risk above the control incidence was selected as the BMR in the 
absence of a biological rationale for using an alternative BMR.  As assessed by the chi-square goodness-
of-fit statistic, all models provided adequate fits to the data (the quantal quadratic model was marginally 
adequate based on a chi-square p-value of 0.09 rather than the conventionally acceptable p-value of ≥0.1).  
The gamma, multistage, quantal linear, and Weibull models provided identical fit and were judged the 
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best-fitting models based on the lowest AIC value (Table A-5).  These models each provided a 
benchmark concentration (BMC10) of 14.08 ppm and lower 95% confidence limit (BMCL10) of 9.51 ppm.  
A representative plot of the observed and predicted incidences of nasal lesions from the quantal linear 
model output is shown in Figure A-2.  The BMCL10 of 9.51 ppm was duration-adjusted to 1.70 ppm, 
converted to a HEC of 0.27 ppm, and divided by an uncertainty factor of 30 to derive an MRL of 
0.01 ppm. 
 

Table A-4.  Incidences of Nasal Lesions in Female Rats Exposed to 
1,4-Dichlorobenzene by Inhalation for 104 Weeks 

 
Exposure concentration (ppm) 0 19.8 74.8 298.4  
Nasal olfactory epithelial lesions (incidence)a 27/50b 29/50 39/50c 47/50c 

 
aLesions of moderate or greater severity. 
bSignificant trend of increasing response with increasing dose (Cochran-Armitage Test, performed by ATSDR). 
cSignificantly (p≤0.05) different from control value (Fisher’s Exact Test performed by ATSDR). 
 
Source:  Aiso et al. 2005b 
 

Table A-5.  Modeling Results for Incidences of Nasal Lesions in Female Rats 
Exposed to 1,4-Dichlorobenzene by Inhalation for 104 Weeks 

 

Model 
Chi-square 
p-valuea AIC BMC10 (ppm) BMCL10 (ppm) 

Gammab 0.70 217.13 14.08 9.51 
Logistic 0.51 217.79 19.43 13.90 
Log-logisticc 0.74 218.52 15.45 4.12 
Multi-staged 0.70 217.13 14.08 9.51 
Probit  0.42 218.21 22.17 16.70 
Log-probitc 0.74 218.52 16.09 3.20 
Quantal linear  0.70 217.13 14.08 9.51 
Quantal quadratic 0.09 221.36 67.38 53.07 
Weibullb 0.70 217.13 14.08 9.51 
 
aValues <0.1 fail to meet conventional goodness-of-fit criteria 
bRestrict power >=1 
cSlope restricted to >1 
dRestrict betas ≥0; Degree of polynomial=2 
 
AIC = Akaike’s Information Criteria; BMC10 = benchmark dose associated with a 10% extra risk; BMCL10 = lower 
confidence limit (95%) on the benchmark dose 
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Figure A-2.  Observed and Predicted Incidences of Nasal Lesions in Female Rats 
Exposed to 1,4-Dichlorobenzene for 104 Weeks* 
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*BMD = BMC; BMDL = BMCL; BMC and BMCL (in ppm) are associated with a 10% extra risk.  The quantal linear 
model plot in this figure is identical to the plots produced by the gamma, multistage, and Weibull models. 
 
Uncertainty Factors used in MRL derivation: 
 
 [X]  3 for extrapolation from animals to humans 
 [X]  10 for human variability 
  
A 3-fold uncertainty factor was used instead of a default 10-fold factor to extrapolate from rats to humans 
because the dosimetry adjustment (i.e., calculation of the human equivalent exposure for time and 
concentration [HEC]) addresses one of the two areas of uncertainty encompassed in an interspecies 
extrapolation factor.  The dosimetric adjustment addresses the pharmacokinetic component of the 
extrapolation factor, but the pharmacodynamic area of uncertainty remains as a partial factor for 
interspecies uncertainty. 
 
If an inhalation study in animals, list conversion factors used in determining human equivalent dose:  For 
the nasal olfactory epithelium changes in female rats, 1,4-DCB was treated as a category 1 gas with 
effects in the extrathoracic region for purposes of calculating the HEC.  Using EPA (1988, 1994b) 
reference values, the regional gas deposition ratio was calculated as follows (EPA 1994a): 
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  RGDRET  =  [(VE/SAET)A/(VE/SAET)H] 
      =  (0.24 m3/day/15cm2)/(20 m3/day/200cm2) 
      =  0.16 
 where: RGDRET  =  regional gas deposition ratio in the extrathoracic region 
  VE    =  minute volume in rats (VE)A or humans (VE)H 
  SAET    =  extrathoracic surface area in rats (SAET)A or humans (SAET)H 
 
The HEC was calculated by multiplying the rat BMCL10 ADJ by the RGDRET to yield a BMCL10 HEC of 
0.27 ppm, as follows: 
 
  BMCL10 HEC = BMCL10 ADJ x RGDRET 
    = 1.70 ppm x 0.16   
    = 0.27 ppm 
 
Was a conversion used from intermittent to continuous exposure?  The animal BMCL10 value of 
15.34 ppm was duration-adjusted for intermittent experimental exposure, as follows: 
 
  BMCL10 ADJ = (BMCL10) (hours/24 hours) (days/7 days) 
    = (9.51 ppm) (6 hours/24 hours) (5 days/7 days) 
    = 1.70 ppm 
 
Other additional studies or pertinent information that lend support to this MRL:  The only other 
information on the chronic inhalation toxicity of 1,4-DCB in animals is available from another study in 
rats and mice (Riley et al. 1980a, 1980b).  In this study, rats of both sexes and female mice were exposed 
to 75 or 500 ppm of 1,4-DCB for 5 hours/day, 5 days/week for up to 76 weeks (rats) or 57 weeks (mice), 
followed by 32 weeks (rats) or 18–19 weeks (mice) without exposure.  There were no exposure-related 
histopathological changes in the nasal cavity or other tissues in either species.  Liver and kidney weights 
were increased in rats of both sexes at 500 ppm, but the toxicological significance is questionable due to 
the negative histopathology findings and the lack of related clinical chemistry effects.  Evaluation of the 
mouse data is limited by reporting insufficiencies in the available summary of the study. 
 
A limited amount of information is available on the long-term toxicity of inhaled 1,4-DCB in humans.  
Periodic occupational health examinations of workers who were exposed to 1,4-DCB for an average of 
4.75 years (range 8 months to 25 years) showed no changes in standard blood and urine indices 
(Hollingsworth et al. 1956).  The odor was found to be faint at 15–30 ppm and strong at 30–60 ppm.  
Painful irritation of the eyes and nose was usually experienced at 50–80 ppm, although the irritation 
threshold was higher (80–160 ppm) in workers acclimated to exposure.  Concentrations above 160 ppm 
caused severe irritation and were considered intolerable to people not adapted to it.  Occasional 
examination of the eyes showed no cataracts or any other lens changes.  The odor and irritation properties 
were considered to be fairly good warning properties that should prevent excessive exposures, although 
the industrial experience indicated that it is possible for people to become sufficiently acclimated to 
tolerate high concentrations of the vapor.  The data from this study are inadequate for chronic MRL 
derivation due to poor characterization of long-term exposure levels, insufficient investigation of systemic 
health end points, reporting and other study deficiencies.  Although the available human information is 
insufficient for chronic MRL derivation, the human eye and nose irritation data are consistent with the 
nasal effects observed in the chronically exposed animals. 

 
The NOAEL/LOAEL approach to MRL derivation results in an MRL of 0.02 ppm, similar to the 
0.01 ppm value based on BMD analysis.  Using the NOAEL of 19.8 ppm for moderate or severe changes  
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in the nasal olfactory epithelium in rats (Aiso et al. 2005b), the NOAEL was duration-adjusted for 
intermittent experimental exposure, as follows: 
 
  NOAELADJ = (NOAEL) (hours/24 hours) (days/7 days) 
    = (19.8 ppm) (6 hours/24 hours) (5 days/7 days) 
    = 3.54 ppm 
 
A HEC was calculated using EPA (1994a) inhalation dosimetric adjustment methodology.  For the 
olfactory epithelium changes in rats, 1,4-DCB was treated as a category 1 gas with effects in the 
extrathoracic region.  Using EPA (1988, 1994b) reference values, the regional gas deposition ratio was 
calculated as follows: 
 
  RGDRET  = [(VE/SAET)A/(VE/SAET)H] 
    = (0.24 m3/day/15cm2)/(20 m3/day/200cm2) 
    = 0.16 
 where: RGDRET  = regional gas deposition ratio in the extrathoracic region 
  VE  = minute volume in rats (VE)A or humans (VE)H 
  SAET  = extrathoracic surface area in rats (SAET)A or humans (SAET)H 
 
The rat NOAELADJ was multiplied by the RGDRET to yield a NOAELHEC of 0.57 ppm (3.54 ppm x 0.16), 
and the NOAELHEC was divided by the uncertainty factor of 30 to derive an MRL of 0.02 ppm.  
 
Agency Contact (Chemical Manager):  Malcolm Williams, DVM, Ph.D. 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: 1,2-Dichlorobenzene (1,2-DCB) 
CAS Numbers:  95-50-1 
Date:   August 2006 
Profile Status:  Post-Public, Final 
Route:   [ ] Inhalation   [X] Oral 
Duration:  [X] Acute   [ ] Intermediate   [ ] Chronic 
Graph Key:  11 
Species:  Rat 
 
Minimal Risk Level:  [0.7] mg/kg/day   [ ] ppm 
 
Reference:  Robinson M, Bercz JP, Ringhand HP, et al.  1991.  Ten and ninety-day toxicity studies of 
1,2-dichlorobenzene administered by oral gavage to Sprague-Dawley rats.  Drug Chem Toxicol 
14(1&2):83-112. 
 
Experimental design:  Groups of 10 male and 10 female Sprague-Dawley rats were administered 
1,2-DCB in corn oil by gavage in doses of 0, 37.5, 75, 150, or 300 mg/kg/day for 10 consecutive days.  
The doses were selected on the basis of a reported rat oral LD50 of 500 mg/kg.  End points evaluated 
during the study included clinical signs, body weight, and food and water consumption.  Evaluations at 
the end of the exposure period included hematology (five indices), serum chemistry (nine indices 
including AST, ALT, LDH, cholesterol, BUN, and creatinine), and selected organ weights (brain, liver, 
spleen, lungs, thymus, kidneys, adrenal glands, heart, and testes or ovaries).  Histological examinations 
were performed on various tissues including liver, kidneys, urinary bladder, heart, skin, muscle, bone, 
respiratory tract (nasal cavity with turbinates, lungs), nervous system (brain, sciatic nerve), 
immunological (spleen, thymus, lymph nodes), gastrointestinal (duodenum, ileum, jejunum, salivary 
gland, colon, cecum, rectum), endocrine (adrenal glands, pancreas), and reproductive (testes, seminal 
vesicles, prostate, ovaries) in the high-dose and control groups.  Target organs identified in the high-dose 
groups were also histologically evaluated at the lower dose levels. 
 
Effects noted in study and corresponding doses:  No clinical signs or effects on survival were observed.  
Body weight gain was significantly reduced in the male rats at 300 mg/kg/day (final body weights were 
10.9% lower than controls), but not in females, and there were no exposure-related changes in food 
consumption in either sex.  Statistically significant changes in organ weights predominantly occurred at 
300 mg/kg/day, including significantly decreased absolute spleen weight in both sexes, and decreased 
absolute heart, kidney, thymus, and testes weights in males.  Liver weight (relative and absolute) was 
significantly increased in females at ≥150 mg/kg/day and in males at 300 mg/kg/day; compared to 
controls in the low- to high-dose females, absolute liver weights were 1.8, 9.0, 20.5, and 29.0% increased 
and relative liver weights were 6.8, 7.6, 21.7, and 34.5% increased.  Clinical chemistry findings included 
significantly increased serum ALT in both sexes at 300 mg/kg/day and serum phosphorus in females at 
≥150 mg/kg/day.  Serum cholesterol was significantly increased in females at ≥37.5 mg/kg/day, but the 
toxicological significance is unclear because values were similar at all dose levels and showed no dose-
response.  Histopathological findings were limited to the liver and included necrosis that was slight in 
severity and significantly (p=0.04) increased in males at 300 mg/kg/day (4/10 compared to 0/10 in 
controls; incidences in the other dose groups were not reported, although the study authors indicated that 
target organs in the high-dose groups were histologically evaluated at the lower dose levels.  Incidences 
of other hepatic lesions were not significantly increased, but included inflammation (characterized by 
lymphocyte and macrophage infiltrates) and degeneration of hepatocytes (characterized by varying 
degrees of fibrillar or vacuolated cytoplasm and swelling with intact cell membranes).  Because 
incidences of histopathologic liver lesions were not reported for females, it is presumed that incidences in 
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the control and high-dose females were 0/10 and that the lower female dose groups were not assessed for 
liver lesions.  This study identified a NOAEL of 75 mg/kg/day and LOAEL of 150 mg/kg/day for 
increased liver weight in female rats, as well as a LOAEL of 300 mg/kg/day for liver necrosis in male 
rats. 
 
Dose and end point used for MRL derivation:   
 
[ ] NOAEL   [ ] LOAEL   [X] BMDL 
 
As discussed below, a BMDL1sd of 67.73 mg/kg/day for increased liver weight in female rats is used as 
the point of departure for the MRL. 
 
BMD analysis was conducted using the rat absolute liver weight data (Robinson et al. 1991) shown in 
Table A-6.  The liver lesion data were not subjected to BMD analysis because incidences of liver necrosis 
were only reported for control and high-dose rats.  Serum liver enzyme (ALT, AST, LDH) data were not 
subjected to BMD analysis because a statistically significant increase was noted only for serum ALT in 
the high-dose group of male rats and the magnitude of the increase (50% higher than the control serum 
ALT level) is not considered to be adverse. 
 

Table A-6.  Absolute Liver Weights in Rats Orally Exposed to 
1,2-Dichlorobenzene for 10 Days 

 
Dose (mg/kg/day) 

Effect Sex 0 37.5 75 150 300 
M 9.8±0.70a 

n=10 
10.30±0.94 
n=10 

9.90±0.62 
n=10 

10.21±1.29 
n=10 

11.00±0.83b 
n=10 

Absolute liver 
weight (g) 

F 
 

6.00±0.45 
n=10 

6.11±0.33 
n=10 

6.54±0.70 
n=10 

7.23±0.62b 
n=10 

7.74±0.41b 
n=10 

 
aMean ± standard deviation 
bSignificantly (p≤0.05) different from control value 
 
Source:  Robinson et al. 1991 
 
All continuous variable models in the EPA Benchmark Dose Software (Version 1.3.2) were fit to the 
absolute liver weight data from male and female rats.  One standard deviation increase from the control 
mean value was selected as the BMR in the absence of a biological rationale for using an alternative 
BMR.  The modeling results are shown in Table A-7.  Constant variance was assumed; the assumption 
was considered appropriate based on p-values >0.1 for the test of homogeneous variance.  The linear, 
2-degree polynomial, power, and Hill models provided adequate mean fit to the male rat liver weight 
data, as determined by p-values >0.1 for the test of mean fit.  The linear model was determined to the 
best-fitting model (lowest AIC among all adequate model outputs) for the male rat liver weight data and 
provided a BMD1sd of 249.04 mg/kg/day and a BMDL1sd of 158.55 mg/kg/day.  For the female liver 
weight data, the linear and Hill models provided adequate mean fit (p-values >0.1).  The linear model was 
the best-fitting model (lowest AIC) for the female rat liver weight data and provided a BMD1sd of 
84.67 mg/kg/day and a BMDL1sd of 67.73 mg/kg/day.  Among the best-fitting model results for absolute 
liver weight in the male and female rats, the lowest (linear model-generated) BMDL1sd of 
67.73 mg/kg/day for increased absolute liver weight in female rats is selected as the point of departure for 
deriving the MRL.  The BMDL1sd of 67.73 mg/kg/day was divided by an uncertainty factor of 100 to 
derive an MRL of 0.7 mg/kg/day. 
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Table A-7.  Model Predictions for Increased Absolute Liver Weight in Rats Orally 

Exposed to 1,2-Dichlorobenzene for 10 Days 
 

Model 
Variance 
p-valuea 

Mean fit 
p-valuea AIC 

BMD1sd 
(mg/kg/day) 

BMDL1sd 
(mg/kg/day) 

Males 
 Linearb 0.15 0.48 41.40 249.04 158.55 
 Polynomialb,c,d 0.15 0.38 42.87 274.93 164.78 
 Powerb,e 0.15 0.38 44.86 281.79 164.87 
 Hillb,f 0.15 0.17 46.80 180.01 No value 

Females 
 Linearb 0.12 0.19 -11.85 84.67 67.73 
 Polynomialb,c,d,  0.12 0.09 -11.85 84.67 67.73 
 Powerb,e 0.12 0.09 -7.85 84.67 67.73 
 Hillb,f 0.12 0.84 -10.55 71.51 43.18 

 
aValues <0.1 fail to meet conventional goodness-of-fit criteria 
bConstant variance assumed 
cRestriction = non-negative 
d2-degree polynomial 
eRestrict power >=1 
fRestrict n>1 
gNon-homogeneous variance assumed 
 
AIC = Akaike’s Information Criteria; BMD1sd = benchmark dose associated with one standard deviation increase 
above control mean; BMDL = lower confidence limit (95%) on the benchmark dose 
 
Figure A-3.  Observed and Predicted Mean Absolute Liver Weight in Female Rats 

Orally Exposed to 1,2-Dichlorobenzene for 10 Days* 
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*The BMD and BMDL (in mg/kg/day) represent a 1 standard deviation increase in mean absolute liver weight from 
the control mean. 
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Uncertainty Factors used in MRL derivation: 
 
 [X]  10 for extrapolation from animals to humans 
 [X]  10 for human variability 
  
Was a conversion factor used from ppm in food or water to a mg/body weight dose?  Not applicable. 
(gavage study) 
 
If an inhalation study in animals, list conversion factors used in determining human equivalent dose:  Not 
applicable. 
 
Was a conversion used from intermittent to continuous exposure?  Not applicable. 
 
Other additional studies or pertinent information that lend support to this MRL:  Information on effects of 
acute oral exposure to sublethal doses of 1,2-DCB essentially consists of findings in three systemic 
toxicity studies in rats and mice and one developmental toxicity study in rats (NTP 1985; Rimington and 
Ziegler 1963; Robinson et al. 1991; Ruddick et al. 1983).  These studies administered the compound by 
gavage and collectively identify the liver as the most sensitive target.  Severe liver damage, characterized 
by intense necrosis and fatty changes as well as porphyria, occurred in rats administered 455 mg/kg/day 
for 15 consecutive days (Rimington and Ziegler 1963).  Rats that were exposed to 300 mg/kg/day for 
10 consecutive days had hepatic effects that included necrosis and increased serum ALT (Robinson et al. 
1991).  Hepatocellular degeneration and necrosis occurred in mice that were exposed to 250 or 
500 mg/kg/day for 14 consecutive days (NTP 1985).  The 15-day rat and 14-day mouse studies are 
limited by small numbers of animals (3–5 per dose) and lack of a NOAEL due a single dose level 
(Rimington and Ziegler 1963) or lack of histopathology evaluations at doses lower than the LOAEL (NTP 
1985).  The 10-day study (Robinson et al. 1991) is the most appropriate basis for MRL derivation because 
it is well designed, included four dose levels, and provides dose-response data for several hepatic end 
points. 
 
The NOAEL/LOAEL approach to MRL derivation results in an MRL similar to the 0.7 mg/kg/day value 
based on BMD analysis.  Using the 75 mg/kg/day NOAEL for increased liver weight (Robinson et al. 
1991) and the uncertainty factor of 100, the NOAEL/LOAEL approach yields an MRL of 0.8 mg/kg/day. 
 
Agency Contact (Chemical Manager):  Malcolm Williams, DVM, Ph.D. 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: 1,2-Dichlorobenzenes (1,2-DCB) 
CAS Numbers:  95-50-1 
Date:   August 2006 
Profile Status:  Post-Public, Final 
Route:   [ ] Inhalation   [X] Oral 
Duration:  [ ] Acute   [X] Intermediate   [ ] Chronic 
Graph Key:  17 
Species:  Rat 
 
Minimal Risk Level:  [0.6] mg/kg/day   [ ] ppm 
 
Reference:  NTP.  1985.  Toxicology and carcinogenesis studies of 1,2-dichlorobenzene 
(o-dichlorobenzene) (CAS No.  95-50-1) in F344/N rats and B6C3F1 mice (gavage studies).  Research 
Triangle Park, NC:  National Toxicology Program.  NTP TR 255.  NIH Publication No.  86-2511. 
 
Experimental design:  Groups of 10 male and 10 female F344/N rats and 10 male and 10 female 
B6C3F1 mice were administered 1,2-DCB (>99% pure) in corn oil by gavage in doses of 0, 30, 60, 125, 
250, or 500 mg/kg on 5 days/week for 13 weeks.  Evaluations included clinical signs, body weight, food 
consumption, hematology, clinical chemistry, urine volume, urine uroporphyrins and coproporphyrins, 
liver porphyrins, organ weights, and necropsies in all groups of animals.  Complete histological 
examinations were performed on all control and high-dose animals; histology exams in lower dose groups 
were limited to liver, kidneys and thymus at 125 and 250 mg/kg/day. 
 
Effects noted in study and corresponding doses:  Effects in the rats included necrosis of individual 
hepatocytes at ≥250 mg/kg/day and centrilobular degeneration at 500 mg/kg/day; total incidences of these 
lesions at 0, 125, 250, and 500 mg/kg/day were 0/10, 1/10, 4/9, and 8/10 in males, and 0/10, 3/10, 5/10, 
and 7/8 in females.  Relative liver weights were significantly increased at 125, 250, and 500 mg/kg/day in 
the males (8, 17, and 45% higher than controls) and females (8, 15, and 30%); increased relative liver 
weights were not seen at lower doses in either sex.  There were no increases in serum levels of liver 
enzymes [ALT, AP, or GGPT] at any dose in either sex.  Serum cholesterol was significantly increased in 
males at ≥30 mg/kg/day (50.0, 17.6, 26.5, 70.6, and 109% higher than controls in the low- to high-dose 
groups, not significant at 60 mg/kg/day) and females at ≥125 mg/kg/day (12.2, 12.2, 32.6, 26.5, and 
51.0%).  Although increases in serum cholesterol were observed at levels as low as 30 mg/kg/day, the 
toxicological significance is unclear because there was no clear dose-response unless the increase at 
30 mg/kg/day is considered to be outlying.  Urinary concentrations of uroporphyrin and coproporphyrin 
were 3–5 times higher than controls in the 500 mg/kg/day males and females, but this increase was not 
considered indicative of porphyria because total porphyrin concentration in the liver was not altered at 
any dose level and no pigmentation indicative of porphyria was observed by ultraviolet light at necropsy.  
The increases in relative liver weight and liver lesions seen in both sexes at 125 mg/kg/day are believed to 
represent the beginning of adverse hepatic effects, and are thus designated a minimal LOAEL for this 
study.  The NOAEL is therefore 60 mg/kg/day. 
 
In the mice, no compound-related histopathological changes were observed in either sex at 0 and 
125 mg/kg/day, or in females at 250 mg/kg/day.  Lesions that were significantly increased included 
necrosis of individual hepatocytes, hepatocellular degeneration and/or pigment deposition in 4/10 males 
at 250 mg/kg/day, and centrilobular necrosis, necrosis of individual hepatocytes, and/or hepatocellular 
degeneration in 9/10 males and 9/10 females at 500 mg/kg/day.  Relative liver weights were significantly 
increased at 500 mg/kg/day in both sexes, but there were no exposure-related changes in serum levels of 
ALT, AP, or GGPT in either sex at any dose (no other clinical chemistry indices were examined in the 
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mice).  Based on the liver lesion data, the NOAEL and LOAEL in mice are 125 and 250 mg/kg/day, 
respectively.  
 
Dose and end point used for MRL derivation:   
 
[ ] NOAEL   [ ] LOAEL   [X] BMDL 
 
As discussed below, a BMDL1sd of 89.27 mg/kg/day for increased relative liver weight in female rats is 
used as the point of departure for the MRL. 
 
Benchmark dose analysis was conducted using the male and female rat and male mouse liver lesion 
incidence data summarized in Table A-8.  Dichotomous models available in the EPA Benchmark Dose 
Software were fit to data for incidences of liver lesions (single cell necrosis, centrilobular necrosis, and/or 
hepatocellular degeneration) in male and female rats (combined) and male mice.  Because there were no 
apparent differences in sensitivity to 1,2-DCB among the male and female rats, the liver lesion data were 
combined to increase the statistical power for BMD analysis.  For each data set (combined incidences in 
male and female rats and incidences in male mice), the Chi-square p-value and AIC were used to select 
the best fitting model from which BMDs and their lower 95% confidence limits (BMDLs) were 
calculated, using a BMR of 10% extra risk. 
 

Table A-8.  Incidences of Liver Lesions in Rats and Mice Orally Exposed to 
1,2-Dichlorobenzene for 13 Weeks 

 
Dose (mg/kg/day) Lesions:  Individual cell or focal necrosis; 

centrilobular degeneration in high-dose group  0 30 60 125 250 500 
Male rat 0/10 ND ND 1/10 4/9a 8/10a 
Female rat 0/10 ND ND 3/10 5/10a 7/8a 
Combined (male and female) 0/20 ND ND 4/20a 9/19b 15/18b 

Male mouse 0/10 ND ND 0/10 4/10a 9/10a 
 
aSignificantly (p<0.05) different from control; Fisher Exact Test performed by ATSDR 
bSignificantly (p<0.01) different from control; Fisher Exact Test performed by ATSDR 
 
ND = no histological examinations conducted in this group 
 
Source:  NTP 1985 
 
All models provided adequate fit to liver lesion data for male and female rats combined (Table A-9).  The 
best-fitting model (lowest AIC) was the quantal quadratic model, which provided a BMD10 of 
108.71 mg/kg/day and a BMDL10 of 92.08 mg/kg/day.  The log-probit model was determined to be the 
best-fitting model for the male mouse data and provided a BMD10 of 176.05 mg/kg/day and BMDL10 of 
114.58 mg/kg/day. 
 



DICHLOROBENZENES  A-24 
 

APPENDIX A 
 
 

 
 
 
 
 

Table A-9.  BMD Model Results of Incidence Data for Liver Lesions in Male and 
Female Rats (Combined) and Male Mice Exposed to 1,2-Dichlorobenzene 

for 13 Weeks 
 

Model 
Chi-square 
p-valuea AIC 

BMD10 
(mg/kg/day) 

BMDL10 
(mg/kg/day) 

Male and female rats combined 
 Gammab 0.99 66.53 81.08 31.38 
 Logistic 0.34 69.78 112.08 81.57 
 Log Logisticc 0.94 66.64 89.36 39.14 
 Multi-staged 0.99 66.55 66.22 31.31 
 Probit 0.38 69.33 106.79 78.36 
 Log-probitc 0.94 66.64 92.42 54.15 
 Quantal-linear 0.67 66.20 38.18 27.93 
 Quantal-quadratic 0.64 66.02 108.71 92.08 
 Weibull 0.99 66.52 75.28 31.39 
Male mice 
 Gammab 0.75 24.78 172.36 102.08 
 Logistic 0.44 26.24 168.53 106.72 
 Log-logisticc 0.81 24.62 175.35 110.25 
 Multi-staged 0.48 24.57 116.66 63.82 
 Probit 0.48 25.93 167.39 102.39 
 Log-probitc 0.86 24.42 176.05 114.58 
 Quantal-linear 0.14 30.41 44.73 28.59 
 Quantal-quadratic 0.69 24.57 116.66 91.67 

 Weibull 0.61 25.46 158.84 86.28 
 
aValues <0.1 fail to meet conventional goodness-of-fit criteria 
bRestrict power >=1 
cSlope restricted to >1 
dRestrict betas >=0; lowest degree polynomial (2-degree) with an adequate fit 
 
AIC = Akaike’s Information Criteria; BMD10 = benchmark dose based on a benchmark response of 10%; BMDL10 = 
lower confidence limit (95%) on the BMD10 
 
 
BMD analysis was also conducted using the relative liver weight data for male and female rats shown in 
Table A-10).  Continuous variable models in the EPA Benchmark Dose Software were fit to the liver 
weight data, and one standard deviation from the control mean was selected as the BMR in the absence of 
a biological rationale for using a different BMR.  For the male rat relative liver weight data, results of 
model runs using constant variance indicated that non-homogeneous variance was more appropriate.  
However, selection of non-homogeneous variance resulted in inadequate mean fits (p-value <0.04) from 
the linear, polynomial, and power models, and the Hill model would not generate an output.  For the 
relative liver weight data of the female rats, constant variance was appropriate (p-value >0.1) and 
adequate mean fits were obtained from the linear, polynomial, and power models (Table A-11).  The Hill 
model would not generate an output for the female relative liver weight data.  Among the adequate mean 
fits, the linear model provided the lowest AIC and was therefore selected as the best-fitting model for the 
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female rat relative liver weight data (Table A-11, Figure A-4), which resulted in a BMD1sd of 
108.15 mg/kg/day and a BMDL1sd of 89.27 mg/kg/day. 
 
Table A-10.  Relative Liver Weight Data for Male and Female Rats Orally Exposed 

to 1,2-Dichlorobenzene for 13 Weeks 
 

Mean measured exposure concentration (ppm) 
 0 30 60 125 250 500 
Males 
 Group size 9 9 10 9 9 10 
 Relative liver weighta 3.18 3.28 3.10 3.43b 3.72b 4.61b 
 Standard deviation 0.20 0.22 0.15 0.22 0.29 0.47 
Females 
 Group size 10 10 10 10 10 8 
 Relative liver weighta 2.90 2.98 2.92 3.13b 3.33b 3.78b 
 Standard deviation 0.20 0.15 0.16 0.20 0.18 0.30 
 
aMean value 
bSignificantly different (p<0.05) from control group 
 
Source:  NTP 1985 
 

Table A-11.  Model Predictions for Relative Liver Weight in Female Rats Orally 
Exposed to 1,2-Dichlorobenzene for 13 Weeks 

 

Model 
Variance 
p-valuea 

Mean fit 
p-valuea AIC BMD1sd (ppm) BMDL1sd (ppm)

Linearb 0.338 0.719 -129.0910 108.15 89.27 
2-Degree polynomialb,c 0.338 0.559 -127.1169 112.34 89.34 
Powerb,d 0.338 0.5679 -125.1600 116.96 89.47 
 
aValues <0.1 fail to meet conventional goodness-of-fit criteria. 
bConstant variance assumed 
cRestriction = non-negative 
dPower restricted to >=1 
 
AIC = Akaike’s Information Criteria; BMD1sd = benchmark dose based on a benchmark response of 1 standard 
deviation from the control mean; BMDL1sd = lower confidence limit (95%) on the BMD1sd 
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Figure A-4.  Observed and Predicted Mean Relative Liver Weights in Female Rats 
Orally Exposed to 1,2-Dichlorobenzene for 13 Weeks* 
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*BMD and BMDL (in mg/kg/day) are associated with a benchmark response of 1 standard deviation increase above 
the control mean 
 
 
The BMDL1sd of 89.27 mg/kg/day from the best-fitting modeling results of the female rat relative liver 
weight data is lower than the BMDL10 of 92.08 mg/kg/day from the best-fitting modeling results of liver 
lesion incidences in the male and female rats combined and the BMDL10 of 114.58 mg/kg/day from the 
best-fitting model results of liver lesion incidences in the male mice.  Therefore, the BMDL1sd of 
89.27 mg/kg/day for increased relative liver weight in the female rats is selected as the point of departure 
for the MRL.  The BMDL1sd of 89.27 mg/kg/day was duration-adjusted to 63.76 mg/kg/day and divided 
by an uncertainty factor of 100 to yield an MRL of 0.6 mg/kg/day. 
 
Uncertainty Factors used in MRL derivation: 
 
 [X]  10 for extrapolation from animals to humans 
 [X]  10 for human variability 
  
Was a conversion factor used from ppm in food or water to a mg/body weight dose?  Not applicable 
(gavage study). 
 
If an inhalation study in animals, list conversion factors used in determining human equivalent dose:  Not 
applicable. 
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Was a conversion used from intermittent to continuous exposure?  The BMDL1sd of 89.27 mg/kg/day was 
duration-adjusted for intermittent exposure, as follows (EPA 1994k): 
 
 BMDL1sd ADJ = (BMDL1sd) (days/7 days) 
   = (89.27 mg/kg/day) (5 days/7 days) 
   = 63.76 mg/kg/day 
 
Other additional studies or pertinent information that lend support to this MRL:  Information on effects of 
intermediate-duration oral exposure to 1,2-DCB are available from three intermediate studies in rats and 
mice identifying the liver as the most sensitive target of toxicity (Hollingsworth et al. 1958; NTP 1985; 
Robinson et al. 1991).  Incidences of degenerative liver lesions were significantly increased in rats and 
mice exposed to ≥250 mg/kg/day, 5 days/week for 13 weeks (NTP 1985), 376 mg/kg/day, 5 days/week 
for 192 days (Hollingsworth et al. 1958; NTP 1985), and 400 mg/kg/day for 90 consecutive days 
(Robinson et al. 1991).  Necrotic lesions also occurred in several rats at 125 mg/kg/day (1/10 males, 
3/10 females) in the NTP (1985) study, but the increase was not statistically significant.  Other hepatic 
findings in rats exposed to lower doses (125–188 mg/kg/day for >13 weeks) in these studies included 
small increases in relative liver weight and serum levels of ALT, cholesterol, and serum protein, and 
decreases in serum triglycerides.  Increased serum ALT is an inconsistent finding because it was induced 
in rats exposed to >100 mg/kg/day for 90 days (Robinson et al. 1991), but not in rats exposed to 
≥125 mg/kg/day for 13 weeks (NTP 1985).  Additionally, the increase in serum ALT was not dose-
related, and serum levels of other liver-associated enzymes were not increased in either the Robinson et 
al. (1991) study (AST, LDH, and AP) or the NTP (1985) study (AP and gamma-glutamyltranspeptidase 
[GGTP]).  The lowest LOAEL is 125 mg/kg/day, which is a minimal LOAEL for increased liver weight 
in rats in the NTP (1985) study; the corresponding NOAEL is 60 mg/kg/day.   
 
The NOAEL/LOAEL approach to MRL derivation results in a lower MRL than the 0.6 mg/kg/day value 
based on benchmark dose analysis.  Using the 60 mg/kg/day NOAEL for increased liver weight in rats 
(NTP 1985), the NOAEL is duration-adjusted to 42.9 mg/kg/day (60 mg/kg/day x 5 days/7 days) and 
divided by the uncertainty factor of 100 to yield an MRL of 0.4 mg/kg/day. 
 
Agency Contact (Chemical Manager):  Malcolm Williams, DVM, Ph.D. 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: 1,2-Dichlorobenzene (1,2-DCB) 
CAS Numbers:  95-50-1 
Date:   August 2006 
Profile Status:  Post-Public, Final 
Route:   [ ] Inhalation   [X] Oral 
Duration:  [ ] Acute   [ ] Intermediate   [X] Chronic 
Graph Key:  31 
Species:  Mouse 
 
Minimal Risk Level:  [0.3] mg/kg/day   [ ] ppm 
 
Reference:  NTP.  1985.  Toxicology and carcinogenesis studies of 1,2-dichlorobenzene 
(o-dichlorobenzene) (CAS No.  95-50-1) in F344/N rats and B6C3F1 mice (gavage studies).  Research 
Triangle Park, NC:  National Toxicology Program.  NTP TR 255.  NIH Publication No.  86-2511. 
 
Experimental design:  Groups of 50 male and 50 female F344/N rats and 50 male and 50 female 
B6C3F1 mice were administered 1,2-DCB (>99% pure) in corn oil by gavage in doses of 0, 60, or 
120 mg/kg on 5 days/week for 103 weeks.  Evaluations included clinical signs, body weight, and gross 
observations in all groups of animals.  Complete histological examinations were performed on all 
animals, and included evaluations of at least 30 tissues. 
 
Effects noted in study and corresponding doses:  Survival was significantly reduced in high-dose male 
rats, relative to control male rats, but not in the low-dose group or in any group of female rats.  Mean 
body weights of high-dose male rats were slightly, but not statistically significantly, lower than those of 
controls throughout the study; the mean body weights of low-dose males were comparable to those of 
controls, and exposed female rats had higher body weights than controls.  No changes in clinical signs 
were reported for either sex of rats.  No increases in gross observations were reported on necropsy, and no 
changes in nonneoplastic lesions were seen in the liver, kidney, bone marrow, spleen, thymus, or other 
organs or tissues in exposed rats. 
 
In the mice, no statistically significant differences in survival were seen in either sex at any dose level.  
Mean body weights were similar to controls for all treated groups of male and female mice.  In male 
mice, there was a dose-related increase in the incidence of renal tubular regeneration (controls:  8/48; low 
dose:  12/50; high dose:  17/49); the increase was statistically significant (Fisher’s Exact Test, performed 
by ATSDR) in the high-dose group.  No other increases were observed in nonneoplastic lesions of the 
liver, bone marrow, spleen, or any other evaluated organ or tissue. 
 
Dose and end point used for MRL derivation:   
 
[ ] NOAEL   [ ] LOAEL   [X] BMDL 
 
As discussed below, a BMDL10 of 43.04 mg/kg/day for increased incidences of renal tubular regeneration 
in male mice is used as the point of departure for the MRL. 
 
BMD analysis was conducted using the kidney lesion incidence data summarized in Table A-12.  All 
dichotomous models in the Benchmark Dose Software (version 1.3.2) were fit to the male mouse 
incidence data for renal tubule regeneration.  A 10% extra risk above the control incidence was selected 
as the BMR in the absence of a biological rationale for using an alternative BMR.  The modeling results 
are shown in Table A-13.  The gamma, log-logistic, and Weibull models outputs failed to provide Chi-
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square p-values for goodness of fit statistic (Chi-square = 0; degrees of freedom = 0) and were therefore 
not considered for selection of a point of departure.  The other models (logistic, multistage, probit, log-
probit, quantal-linear, and quantal-quadratic) provided adequate fits to the data (Chi-square p-values 
≥0.1).  The logistic model was the best-fitting model for the renal tubule regeneration incidence data, 
based on the lowest AIC, and provided a BMD10 of 62.96 mg/kg/day and a BMDL10 of 43.04 mg/kg/day 
(Table A-13, Figure A-5).  The BMDL10 of 43.04 mg/kg/day was duration-adjusted to 30.74 mg/kg/day 
and divided by an uncertainty factor of 100 to yield an MRL of 0.3 mg/kg/day. 
 

Table A-12.  Incidences of Kidney Lesions in Male Mice Orally Exposed to  
1,2-Dichlorobenzene for 103 Weeks 

 
Dose (mg/kg/day) 

Lesion:  Regeneration of kidney tubule cells  0 60 120 
Incidence/group size 8/48 12/50 17/49a 
 
aSignificantly (p<0.05) different from control; Fisher Exact Test performed by ATSDR 
 
Source:  NTP 1985 
 

Table A-13.  BMD Modeling of Incidence Data for Kidney Lesions in Male Mice 
Exposed to 1,2-Dichlorobenzene for 103 Weeks 

 

Model 
Chi-square 
p-value AIC 

BMD10 
(mg/kg/day) 

BMDL10 
(mg/kg/day) 

Gammaa 
Logistic 
Log-logisticb 
Multi-stagec 
Probit 
Log-probitb 
Quantal-linear 
Quantal-quadratic 
Weibull 

NA 
0.94 
NA 
0.77 
0.91 
0.84 
0.77 
0.74 
NA 

167.62 
165.63 
167.62 
165.71 
165.64 
165.67 
165.71 
165.73 
167.62 

65.92 
62.96 
65.85 
53.90 
61.60 
72.33 
53.90 
79.20 
66.03 

29.80 
43.04 
26.33 
29.58 
41.20 
46.85 
29.58 
57.20 
29.80 

 
aRestrict power >=1 
bSlope restricted to >1 
cRestrict betas >=0; lowest degree polynomial (1-degree) providing adequate fit 
 
AIC = Akaike’s Information Criteria; BMD10 = benchmark dose associated with 10% extra risk; BMDL10 = lower 
confidence limit (95%) on the benchmark dose; NA = Chi-square p-value not applicable (Chi-square = 0; degrees of 
freedom = 0) 
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Figure A-5.  Observed and Predicted Incidences of Kidney Lesions in Male Mice 
Exposed to 1,2-Dichlorobenzene for 103 Weeks* 
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*BMD and BMDL (in mg/kg/day) are associated with a 10% extra risk. 
 
Source:  NTP 1985 
 
Uncertainty Factors used in MRL derivation: 
 
 [X]  10 for extrapolation from animals to humans 
 [X]  10 for human variability 
 
Was a conversion factor used from ppm in food or water to a mg/body weight dose?  Not applicable 
(gavage study). 
 
If an inhalation study in animals, list conversion factors used in determining human equivalent dose:  Not 
applicable. 
 
Was a conversion used from intermittent to continuous exposure?  The BMDL10 of 43.04 mg/kg/day was 
duration-adjusted for intermittent exposure, as follows (EPA 1994k): 
 
 BMDL10 ADJ = (BMDL10) (days/7 days) 
   = (43.04 mg/kg/day) (5 days/7 days) 
   = 30.74 mg/kg/day 
 
Other additional studies or pertinent information that lend support to this MRL:  No other studies were 
located that evaluated effects on renal tissues following chronic oral exposure to 1,2-DCB. 
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The NOAEL/LOAEL approach to MRL derivation results in a similar chronic-duration oral MRL value 
as the benchmark dose approach.  Using the NOAEL of 60 mg/kg/day for increased incidence of renal 
tubular regeneration, the NOAEL is duration-adjusted to 43 mg/kg/day (60 mg/kg/day x 5 days/7 days) 
and divided by the uncertainty factor of 100 to yield an MRL of 0.4 mg/kg/day. 
 
Agency Contact (Chemical Manager):  Malcolm Williams, DVM, Ph.D. 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: 1,3-Dichlorobenzene (1,3-DCB) 
CAS Numbers:  541-73-1 
Date:   August 2006 
Profile Status:  Post-Public, Final 
Route:   [ ] Inhalation   [X] Oral 
Duration:  [X] Acute   [ ] Intermediate   [ ] Chronic 
Graph Key:  2 
Species:  Rat 
 
Minimal Risk Level:  [0.4] mg/kg/day   [ ] ppm 
 
Reference:  McCauley PT, Robinson M, Daniel FB, et al.  1995.  Toxicity studies of 1,3-dichlorobenzene 
in Sprague-Dawley rats.  Drug Chem Toxicol 18(2 & 3):201-221. 
 
Experimental design:  Groups of 10 male and 10 female Sprague-Dawley rats were administered 
1,3-DCB in gavage doses of 0, 37, 147, 368, or 735 mg/kg/day in corn oil for 10 consecutive days.  End 
points evaluated during the study included clinical signs, survival, body weight, and food and water 
consumption.  At the end of the study, blood was collected for hematology and serum chemistry analyses 
(erythrocytes, leukocytes, hemoglobin, hematocrit, mean corpuscular volume, glucose, BUN, creatinine, 
AP, AST, ALT, cholesterol, LDH, and calcium levels), and selected organs were weighed (brain, liver, 
spleen, lungs with lower half of trachea, thymus, kidneys, adrenal glands, heart, and gonads).  Gross 
pathology was evaluated in all animals, and comprehensive histological examinations were performed in 
the high dose and control groups; histology in the lower dose groups was limited to the liver.  
Inflammatory and degenerative lesions were graded on a relative scale from one to four depending on the 
severity (minimal, mild, moderate, or marked). 
 
Effects noted in study and corresponding doses:  No compound-related deaths or overt clinical signs were 
observed.  Body weight was significantly reduced in both sexes at 735 mg/kg/day (20 and 13% lower 
than controls in males and females, respectively).  Food consumption was significantly decreased at 
735 mg/kg/day in males (12%, normalized by body weight), and water consumption was significantly 
increased (8–13%) in females at ≥735 mg/kg/day.  The hematological evaluation showed 8% decreased 
MCV in females at 735 mg/kg/day.  The clinical chemistry analyses showed statistically significant 
changes in several indices, but serum cholesterol was the only end point that had values that exceeded the 
reference range.  Serum cholesterol was significantly increased in females at 368 and 735 mg/kg/day 
(94 and 63% higher than controls, respectively), as well as in males at 368 and 735 mg/kg/day (79 and 
84% higher than controls, respectively).  Relative liver weight was significantly increased in males at 
≥147 mg/kg/day and females at ≥368 mg/kg/day; increases in the males were 9.1, 31.3, 50.63, and 32.5% 
higher than controls in the low- to high-dose groups.  Other significant changes in relative organ weight 
included decreased spleen weight in females at ≥368 mg/kg/day and in males at 735 mg/kg/day, 
decreased thymus weight in both sexes at 735 mg/kg/day, and decreased testes weight in males at 
735 mg/kg/day.  Absolute organ weights were not reported.  Histological changes primarily occurred in 
the liver, particularly centrilobular hepatocellular degeneration at ≥368 mg/kg/day.  This lesion was 
characterized by varying degrees of cytoplasmic vacuolization and swelling with intact membranes, and 
occurred in the 368 and 735 mg/kg/day groups in 2/10 and 9/10 males, respectively, and in 6/10 and 
10/10 females, respectively; incidences in the other groups were not reported, but are presumed to be 
0/10.  Other hepatic alterations included hepatocellular necrosis that was sporadically noted in the 147, 
368, and 735 mg/kg/day groups.  This change was usually minimal to mild, and tended to increase in 
incidence and severity in the males in a dose-related manner; however, incidences were not reported.  The 
only other reported histological change was atrophy of the thymus, characterized by loss of normal 
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differentiation between medulla and cortex.  The thymic atrophy was observed in 2/10 males (both 
marked in severity) and 2/9 females (both mild in severity) at 735 mg/kg/day; this change was not 
observed in controls, and the other dosed groups were not examined.  The 147 mg/kg/day dose is a 
LOAEL based on the >30% increase in relative liver weight in male rats.  The NOAEL for increased liver 
weight is 37 mg/kg/day. 
 
Dose and end point used for MRL derivation:   
 
[ ] NOAEL   [ ] LOAEL   [X]   BMDL 
 
As discussed below, a BMDL1sd of 36.32 mg/kg/day for increased liver weight in female rats is used as 
the point of departure for the MRL. 
 
BMD analysis was conducted on hepatic effects data in the male and female rats of the McCauley et al. 
(1995) study.  The liver effects data modeled included the incidences of hepatocellular degeneration, 
absolute liver weights, and mean serum cholesterol levels shown in Table A-14. 
 

Table A-14.  Liver Effects Observed in Rats Orally Exposed to 
1,3-Dichlorobenzene for 10 Days 

 
Dose (mg/kg/day) 

Effects Sex 0 37 147 368 735 
M 0/10a 0/10a 0/10a 2/10 9/10b Centrilobular 

hepatocellular 
degeneration 

F 0/10a 0/10a 0/10a 6/10b 10/10b 

M 11.04±1.00 
n=10 

12.06±1.56 
n=10 

14.5±2.30b 
n=9 

16.63±1.62b 
n=10 

14.63±2.26b 
n=9 

Absolute liver 
weight (g) 

F 7.68±0.75 
n=10 

8.12±0.77 
n=10 

9.18±0.99 
n=9 

11.90±1.19b 
n=10 

12.66±2.55b 
n=9 

M 63.0±10.2 
n=10 

63.6±3.7 
n=10 

92.4±20.9 
n=10 

112.5±16.3b 
n=9 

116.0±49.6b 
n=10 

Mean serum 
cholesterol 
(mg/dL) F 64.8±12.2 

n=8 
73.3±10.8 
n=10 

87.9±13.8 
n=9 

125.4±27.0b 
n=10 

105.7±16.6b 
n=9 

 
aIncidences of centrilobular hepatocellular degeneration were not reported for the 0, 37, and 147 mg/kg/day dose 
groups, but are assumed to be 0/10 each because the lesion was only reported present in the two highest dose 
groups. 
bSignificantly (p≤0.05) different from control value. 
 
Source:  McCauley et al. 1995 
 
All dichotomous variable models available in the EPA Benchmark Dose Software (Version 1.3.2) were fit 
to the incidence data for hepatocellular degeneration in male and female rats.  A BMR of 10% extra risk 
was selected in the absence of a biological rationale for selecting an alternative BMR.  The modeling 
results are shown in Table A-15.  All dichotomous models provided adequate fit to the male and female 
hepatocellular degeneration incidence data, as determined by Chi-square p-values >0.1 (Table A-15).  
The log-probit model was determined to be the best-fitting (lowest AIC) model for the male data and 
provided a BMD10 of 319.18 mg/kg/day and a BMDL10 of 207.86 mg/kg/day.  The log-logistic model was 
determined to be the best-fitting (lowest AIC) model for the female data and provided a BMD10 of 
318.46 mg/kg/day and a BMDL10 of 159.37 mg/kg/day. 
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Table A-15.  Modeling Results for Incidences of Centrilobular  
Degeneration in Male and Female Rats Orally Exposed to  

1,3-Dichlorobenzene for 10 Days 
 

Model 
Chi-square 
p-valuea AIC BMD10 (mg/kg/day) BMDL10 (mg/kg/day) 

Males 
 Gammab 0.9997 20.53 314.37 196.42 
 Logistic 0.9386 21.15 322.99 215.61 
 Log-logisticc 0.9992 20.55 317.16 206.86 
 Multi-staged 0.9895 20.72 305.72 156.48 
 Probit  0.9787 20.81 316.14 205.06 
 Log-probitc 1.0000 20.51 319.18 207.86 
 Quantal linear 0.1153 28.95 82.93 51.49 
 Quantal quadratic 0.7150 21.46 190.83 148.00 
 Weibullb 0.9918 20.69 306.04 182.80 
Females 
 Gammab 1.00 15.48 251.73 145.75 
 Logistic 1.00 17.46 338.16 167.41 
 Log-logisticc 1.00 15.46 318.46 159.37 
 Multi-staged 0.97 15.92 216.50 124.71 
 Probit  1.00 17.46 310.54 153.36 
 Log-probitc 1.00 17.46 303.18 153.81 
 Quantal linear 0.13 28.04 45.74 29.88 
 Quantal quadratic 0.75 19.06 128.58 99.32 
 Weibullb 1.00 17.46 313.61 138.53 
 

aValues <0.1 fail to meet conventional goodness-of-fit criteria 
bRestrict power >=1 
cSlope restricted to >1 
dRestrict betas ≥0; Degree of polynomial=2 
 
AIC = Akaike’s Information Criteria; BMD10 = benchmark dose associated with a 10% extra risk; BMDL10 = lower 
confidence limit (95%) on the benchmark dose 
 
All continuous variable models in the EPA Benchmark Dose Software (Version 1.3.2) were fit to the 
mean absolute liver weight data and mean serum cholesterol level data from the male and female rats.  A 
BMR of 1 standard deviation increase above the control mean was selected in the absence of a biological 
rationale for using an alternative BMR.  None of the available models provided adequate mean fit to the 
male rat absolute liver weight data or the female rat serum cholesterol data, based on p-values <0.01 for 
mean fit.  Modeling of the male rat serum cholesterol data resulted in failed tests for both constant and 
non-homogeneous variance. 
 
For the female rat absolute liver weight data, results of testing for constant and non-homogeneous 
variance indicated that a non-homogeneous variance assumption was appropriate.  The modeling results 
are shown in Table A-16.  Based on this assumption, the linear, 2-degree polynomial, and Hill models 
provided adequate mean fit to the female rat absolute liver weight data.  The power model provided a 
p-value of 0.093, which was considered adequate, although a p-value >0.1 is the conventional goodness-
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of-fit standard.  Although the Hill model provided adequate mean fit, it failed to determine a BMDL and 
was rejected from further consideration for selection of a point of departure for deriving an acute-duration 
oral MRL.  The best-fitting model for the female rat absolute liver weight data was the 2-degree 
polynomial model (lowest AIC), which provided a BMD1sd of 51.83 mg/kg/day and a BMDL1sd of 
36.32 mg/kg/day. 
 
In summary, BMD analysis of liver effects in the male and female rats of the principal study (McCauley 
et al. 1995) resulted in a BMDL10 of 207.86 mg/kg/day for hepatocellular degeneration in male rats (best-
fitting [log-probit] model), a BMDL10 of 159.37 mg/kg/day for hepatocellular degeneration in female rats 
(best-fitting [log-probit] model), and a BMDL1sd of 36.32 mg/kg/day for absolute liver weight changes in 
female rats (best-fitting [2-degree polynomial] model).  Using a conservative approach, the BMDL1sd of 
36.32 mg/kg/day for absolute liver weight changes in female rats (Table A-16, Figure A-6) is selected as 
the point of departure for deriving an MRL.  The BMDL1sd of 36.32 mg/kg/day was divided by an 
uncertainty factor of 100 to derive an MRL of 0.4 mg/kg/day. 
 

Table A-16.  Modeling Results for Absolute Liver Weight Data in Female Rats 
Orally Exposed to 1,3-Dichlorobenzene for 10 Days 

 

Model 
Variance 
p-valuea 

Mean fit 
p-valuea AIC 

BMD1sd 
(mg/kg/day) 

BMDL1sd 
(mg/kg/day) 

Linearb,c 0.0002 NA NA NA NA 
Linearc,d 0.36 0.15 68.39 76.09 55.09 
Polynomialc,e 0.36 0.62 66.046 51.83 36.32 
Powerd,f 0.29 0.093 70.39 76.08 55.09 
Hilld,g 0.36 0.37 67.87 78.40 No value 
 
aValues <0.1 fail to meet conventional goodness-of-fit criteria. 
bConstant variance assumed 
cRestriction = non-negative 
dNon-homogeneous variance assumed 
eLowest degree polynomial (2-degree) providing adequate fit 
fRestrict power >=1 
gRestrict n>1 
 
AIC = Akaike’s Information Criteria; BMD1sd = benchmark dose associated with one standard deviation increase 
above control mean; BMDL1sd = lower confidence limit (95%) on the BMD1sd; F= BMDL computation failed due to 
bad completion code in Optimization routine; NA = not applicable, as model does not provide adequate fit 
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Figure A-6.  Observed and Predicted Liver Weights in Female Rats Exposed to  
1,3-Dichlorobenzene for 10 Days* 
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*BMD and BMDL (in mg/kg/day) are for a 1 standard deviation increase above the control mean. 
 
Uncertainty Factors used in MRL derivation: 
 
 [X]  10 for extrapolation from animals to humans 
 [X]  10 for human variability 
 
Was a conversion factor used from ppm in food or water to a mg/body weight dose?  Not applicable 
(gavage study). 
 
If an inhalation study in animals, list conversion factors used in determining human equivalent dose:  Not 
applicable. 
 
Was a conversion used from intermittent to continuous exposure?  Not applicable. 
 
Other additional studies or pertinent information that lend support to this MRL:  No additional acute-
duration studies of 1,3-DCB were located. 
 
The NOAEL/LOAEL approach to MRL derivation results in same MRL as the 0.4 mg/kg/day value 
derived using the benchmark dose approach.  Using the 37 mg/kg/day NOAEL for increased liver weight 
and the uncertainty factor of 100, the NOAEL/LOAEL approach yields an MRL of 0.4 mg/kg/day.   
 
Agency Contact (Chemical Manager):  Malcolm Williams, DVM, Ph.D. 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: 1,3-Dichlorobenzene (1,3-DCB) 
CAS Numbers:  541-73-1 
Date:   August 2006 
Profile Status:  Post-Public, Final 
Route:   [ ] Inhalation   [X] Oral 
Duration:  [ ] Acute   [X] Intermediate   [ ] Chronic 
Graph Key:  7 
Species:  Rat 
 
Minimal Risk Level:  [0.02] mg/kg/day   [ ] ppm 
 
Reference:  McCauley PT, Robinson M, Daniel FB, et al.  1995.  Toxicity studies of 1,3-dichlorobenzene 
in Sprague-Dawley rats.  Drug Chem Toxicol 18(2 & 3):201-221.  
 
Experimental design:  Groups of 10 male and 10 female Sprague-Dawley rats were administered 
1,3-DCB in gavage doses of 0, 9, 37, 147, or 588 mg/kg/day in corn oil for 90 consecutive days 
(McCauley et al. 1995).  End points evaluated during the study included clinical signs and mortality, body 
weight, and food and water consumption.  At end of the exposure period, blood was collected for 
hematology and serum chemistry analyses (erythrocytes, leukocytes, hemoglobin, hematocrit, mean 
corpuscular volume, glucose, BUN, creatinine, AP, AST, ALT, cholesterol, LDH, and calcium levels), 
selected organs were weighed (brain, liver, spleen, lungs with lower half of trachea, thymus, kidneys, 
adrenal glands, heart, and gonads), and gross pathology was assessed.  Histological examinations were 
performed on all tissues that were examined grossly in all high-dose rats and in one-half of control rats, as 
well as in the liver, thyroid, and pituitary glands from all animals in the 9, 37, and 147 mg/kg/day dose 
groups.  Inflammatory and degenerative lesions were graded on a relative scale from one to four 
depending on the severity (minimal, mild, moderate, or marked).   
 
Effects noted in study and corresponding doses:  No compound-related deaths or overt clinical signs were 
observed.  Body weight was reduced in both sexes at 588 mg/kg/day (24 and 10% lower than controls in 
males and females, respectively).  The decreased weight gain was progressive throughout the exposure 
period and occurred despite increased food and water consumption in the same groups.  Other effects 
included increased relative kidney weight in males at ≥147 mg/kg/day and in females at 588 mg/kg/day, 
but there were no renal histopathological changes in any of the exposed animals.  Hematological 
alterations consisted of significant increases in leukocyte levels in males at 147 mg/kg/day and in females 
at 588 mg/kg/day, and erythrocyte levels in males at 588 mg/kg/day.  Histopathology and serum 
chemistry findings indicated that the thyroid, pituitary, and liver were the most sensitive targets of 
toxicity, as discussed below.  The lowest LOAEL is 9 mg/kg/day, which is the lowest tested dose and a 
minimal LOAEL for thyroid and liver effects. 
 
Thyroid effects included significantly (p≤0.05) increased incidences of reduced colloidal density in 
follicles that exceeded normal variability in male rats at ≥9 mg/kg/day and in female rats at 
≥37 mg/kg/day (control to high dose group incidences of 2/10, 8/10, 10/10, 8/9, and 8/8 in males, and 
1/10, 5/10, 8/10, 8/10, and 8/9 in females).  Depletion of colloid density in the thyroid was characterized 
by decreased follicular size with scant colloid and follicles lined by cells that were cuboidal to columnar.  
The severity of the colloid density depletion generally ranged from mild to moderate, increased with dose 
level, and was greater in males than females.  Incidences of male rats with thyroid colloidal density 
depletion of moderate or marked severity were significantly increased at ≥147 mg/kg/day (0/10, 0/10, 
2/10, 5/9, and 6/8).  The 9 mg/kg/day dose is considered to be a minimal LOAEL for thyroid effects 
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because the morphological alterations (reduced colloidal density in follicles) are unlikely to be associated 
with functional changes in the thyroid. 
 
Pituitary effects included significantly (p≤0.05) increased incidences of cytoplasmic vacuolization in the 
pars distalis in male rats at ≥147 mg/kg/day (2/10, 6/10, 6/10, 10/10, 7/7).  The vacuoles were variably 
sized, irregularly shaped, and often poorly defined, and the severity of the lesions (i.e., number of cells 
containing vacuoles) ranged from minimal to mild and generally increased with increasing dose level.  
Incidences of male rats with pituitary cytoplasmic vacuolization of moderate or marked severity were 
significantly increased at 588 mg/kg/day (1/10, 0/10, 2/10, 3/9, and 7/7).  The pituitary lesion was 
reported to be similar to "castration cells" found in gonadectomized rats and considered to be an indicator 
of gonadal deficiency.  No compound-related pituitary lesions were observed in female rats.  Serum 
cholesterol was significantly increased in males at ≥9 mg/kg/day and in females at ≥37 mg/kg/day in a 
dose-related manner, and serum calcium was significantly increased in both sexes at ≥37 mg/kg/day.  The 
investigators suggested that these serum chemistry changes might reflect a disruption of hormonal 
feedback mechanisms, or target organ effects on the pituitary, hypothalamus, and/or other endocrine 
organs.  Based on the increased incidences of cytoplasmic vacuolation, the LOAEL for pituitary effects is 
147 mg/kg/day. 
 
Hepatic effects occurred in both sexes at 147 and 588 mg/kg/day, including significantly increased 
relative liver weight and incidences of liver lesions.  Absolute organ weights were not reported.  Liver 
lesions were characterized by inflammation, hepatocellular alterations (eosinophilic homogeneous 
inclusions), and hepatocellular necrosis.  Liver lesions that were significantly (p≤0.05) increased included 
hepatocellular cytoplasmic alterations of minimal to mild severity in males at ≥147 mg/kg/day (1/10, 
2/10, 1/10, 6/10, 7/9) and in females at 588 mg/kg/day (0/10, 2/10, 0/10, 1/10, 7/9), and necrotic 
hepatocyte foci of minimal severity at 588 mg/kg/day in both males (1/10, 2/10, 1/10, 2/10, 5/9) and 
females (0/10, 0/10, 0/10, 3/10, 5/9).  Other statistically significant liver-associated effects included 
significantly increased serum AST levels (90–100% higher than controls) in males at ≥9 mg/kg/day and 
in females at ≥37 mg/kg/day.  Serum cholesterol levels were significantly increased in males at 
≥9 mg/kg/day and in females at ≥37 mg/kg/day, but might be pituitary-related, as indicated above.  Serum 
LDH levels were reduced in males at ≥9 mg/kg/day and BUN levels were reduced in both sexes at 
588 mg/kg/day, but the biological significance of decreases in these indices is unclear.  The 9 mg/kg/day 
dose is considered to be a minimal LOAEL for liver effects because the main effect, increased serum 
AST, showed no clear dose-response and was only accompanied by necrotic liver lesions at a much 
higher dose (588 mg/kg/day). 
 
Dose and end point used for MRL derivation:   
 
[ ] NOAEL   [ ] LOAEL   [X] BMDL 
 
As discussed below, a BMDL10 of 2.1 mg/kg/day for increased incidences of pituitary lesions is used as 
the basis for the MRL. 
 
Benchmark dose analysis was conducted using the thyroid and pituitary lesion incidence data and serum 
AST and cholesterol levels summarized in Table A-17. 
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Table A-17.  Thyroid, Pituitary and Liver Effects in Rats Orally Exposed to 
1,3-Dichlorobenzene for 90 Days 

 
Dose (mg/kg/day) 

Effect Sex 0 9 37 147 588 
Thyroid, reduced follicular 
colloidal density 

M 2/10 8/10a  10/10a  8/9a 8/8a 

Pituitary, cytoplasmic 
vacuolation in pars distalis 

M 2/10 6/10 6/10 10/10a  7/7a  

Serum AST (U/L) 
(mean ± SD) 

M 43.7 ± 37.7
(n=10) 

87.6 ± 24.7a 

(n=10) 
109.8 ± 9.5 
(n=10) 

88.0 ± 23.3a 

(n=10) 
82.8 ± 13.8a 

(n=8) 
Serum cholesterol (mg/dL) 
(mean ± SD) 

M 73.5 ± 1.4 
(n=10) 

96.6 ± 1.7a 

(n=10) 
111.1 ± 1.6a 

(n=10) 
157.9 ± 2.5a 

(n=10) 
89.5 ± 1.5a 

(n=8) 
Serum cholesterol (mg/dL) 
(mean ± SD) 

F 68.2 ± 1.7 
(n=10) 

85.0 ± 3.0 
(n=10) 

108.4 ± 2.2a 

(n=10) 
158.9 ± 1.8a 

(n=10) 
152.6 ± 2.6a 

(n=9) 
 
aSignificantly (p≤0.05) different from control 
 
Source:  McCauley et al. 1995 
 
Continuous variable models (linear, polynomial, power, and Hill) in the EPA Benchmark Dose Software 
(Version 1.3.2) were fit to the serum AST levels in the male rats and the serum cholesterol levels in the 
male and female rats.  One standard deviation change from the control mean was selected as the BMR for 
each data set in the absence of a biological rationale for an alternative BMR.  Initial modeling results 
using constant variance indicated that modeling should be performed using non-homogeneous variance.  
However, modeling results using non-homogeneous variance for each of the continuous variable models 
resulted in inadequate mean fit to the serum AST and cholesterol data, as indicated by p-values 
<0.0001 for mean fit. 
 
Dichotomous variable models available in the EPA Benchmark Dose Software were fit to the male rat 
incidence data for: (1) reduced follicular colloidal density in the thyroid, and (2) cytoplasmic vacuolation 
in the pars distalis of the pituitary.  For each variable, AIC was used to select the best-fitting model from 
which BMDs and BMDLs were calculated, using a BMR of 10% extra risk.  For the thyroid incidence 
data, none of the available dichotomous variable models provided adequate fit as indicated by chi-square 
goodness of fit p-values ≤0.002.  For the pituitary cytoplasmic vacuolation incidence data, all of the 
models provided adequate fit as indicated by chi-square goodness of fit p-values >0.1 (Table A-18).  The 
probit model provided the lowest AIC (43.442).  However, a nearly identical AIC value (43.467) was 
provided by each of three other models (gamma, quantal-linear, and Weibull).  Because the BMD10 of 
4.08 mg/kg/day and associated BMDL10 of 2.10 mg/kg/day from the gamma, quantal-linear, and Weibull 
models are lower than those from the probit model (BMD10 = 7.79 mg/kg/day; BMDL10 = 
4.46 mg/kg/day), a conservative health protective approach was taken and the lower BMDL10 of 
2.10 mg/kg/day was selected as the point of departure for deriving the MRL (Table A-18, Figure A-7).  
The BMDL10 of 2.1 mg/kg/day was divided by an uncertainty factor of 100 (10 for extrapolation from 
animals to humans, and 10 for human variability) to derive an MRL of 0.02 mg/kg/day. 
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Table A-18.  BMD Modeling Results of Incidence Data for Pituitary Lesions in 
Male Rats Exposed to 1,3-Dichlorobenzene for 90 Days 

 

Model 
Chi-square 
p-valuea AIC 

BMD10 
(mg/kg/day) 

BMDL10 
(mg/kg/day) 

Probit 
Gammab 

Quantal-linear 
Weibullb 

Logistic 
Quantal-quadratic 
Log-probitc 

Multi-staged 
Log-logisticc 

0.4823 
0.4887 
0.4887 
0.4887 
0.4639 
0.376 
0.3154 
0.3061 
0.2190 

43.442 
43.467 
43.467 
43.467 
43.58 
44.122 
44.674 
45.350 
46.518 

7.79 
4.08 
4.08 
4.08 
7.49 
17.11 
7.33 
5.21 
2.34 

4.46 
2.1 
2.1 
2.1 
4.29 
10.10 
3.29 
2.28 
0.66 

 
aValues <0.1 fail to meet conventional goodness-of-fit criteria 
bRestrict power >=1 
cSlope restricted to >1 
dRestrict betas ≥0; Degree of polynomial=2 
 

Figure A-7.  Observed Incidences for Pituitary Lesions in Male Rats and 
Incidences Predicted by the Gamma Model* 

 

 
*BMD and BMDL (in mg/kg/day) are associated with a benchmark response of 10% extra risk.  The gamma model 
plot in this figure is identical to plots produced by the quantal-linear and Weibull models. 
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 [X]  10 for extrapolation from animals to humans 
 [X]  10 for human variability 
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Was a conversion factor used from ppm in food or water to a mg/body weight dose?  Not applicable. 
(gavage study) 
 
If an inhalation study in animals, list conversion factors used in determining human equivalent dose:  Not 
applicable. 
 
Was a conversion used from intermittent to continuous exposure?  Not applicable. 
 
Other additional studies or pertinent information that lend support to this MRL:  No additional 
intermediate-duration studies of 1,3-DCB were located. 
 
The NOAEL/LOAEL approach to MRL derivation provides support to the MRL of 0.02 mg/kg/day based 
on the BMD analysis of pituitary lesions.  The lowest tested dose of 9 mg/kg/day is considered a minimal 
LOAEL for thyroid lesions and increases in serum AST.  Using the minimal LOAEL of 9 mg/kg/day and 
an uncertainty factor of 300 (3 for use of a minimal LOAEL, 10 for extrapolation from animals to 
humans, and 10 for human variability), the NOAEL/LOAEL approach yields an MRL of 0.03 mg/kg/day. 
 
Agency Contact (Chemical Manager):  Malcolm Williams, DVM, Ph.D. 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: 1,4-Dichlorobenzene (1,4-DCB) 
CAS Numbers:  106-46-7 
Date:   August 2006 
Profile Status:  Post-Public, Final 
Route:   [ ] Inhalation   [X] Oral 
Duration:  [ ] Acute   [X] Intermediate   [ ] Chronic 
Graph Key:  44 
Species:  Dog 
 
Minimal Risk Level:  [0.07] mg/kg/day   [ ] ppm 
 
References:  Naylor MW, Stout LD.  1996.  One year study of p-dichlorobenzene administered orally via 
capsule to beagle dogs.  Environmental Health Laboratory, Monsanto Company, St. Louis, MO.  Study 
No. ML-94-210, March 25, 1996.  MRID# 43988802.  Unpublished. 
 
EPA.  1996b.  Data Evaluation Record (DER) for p-dichlorobenzene – chronic oral toxicity in dogs 
(MRID# 439888-01 and -02) for Section 6 (a) (2) and reregistration need.  U.S. Environmental Protection 
Agency, Office of Prevention, Pesticides and Toxic Substances. 
 
Experimental design:  Groups of five male and five female beagle dogs were orally administered 
1,4-DCB by capsule in dose levels of 0, 10, 50, or 75 mg/kg/day for 1 year.  Based on the summarized 
design of a 4-week dose range-finding study, it is presumed that dosing was 5 days/week.  The 
75 mg/kg/day dose is a time-weighted average level reflecting dose decreases at the beginning of the 
study in response to unexpected severe toxicity.  An initial high dose of 150 mg/kg/day was adjusted to 
100 mg/kg/day for males during week 3, and a further decrease to 75 mg/kg/day was made for both sexes 
at the beginning of week 6.  Both high dose males and females were untreated during weeks 4 and 5 to 
allow for recovery.  End points evaluated throughout the study included clinical observations (daily), 
body weight (weekly), and food consumption (weekly).  Ophthalmoscopic examinations were performed 
prior to study start and just prior to study completion.  Hematology (11 indices, including activated partial 
thromboplastin time), clinical chemistry (18 indices, including ALT, AST, GGTP, AP, and creatinine 
phosphokinase), and urinalysis (10 indices) were performed at month 6 and study completion.  Organ 
weights, gross pathology, and histology were evaluated at study completion. 
 
Effects noted in study and corresponding doses:  Mortality occurred the first 25 days of the study before 
dose reduction; exposure to 150 mg/kg/day caused one male dog to be sacrificed in extremis on day 12, 
one male death on day 25, and one female death on day 24.  A control male died on day 83, but all other 
dogs survived to the end of the study.  Treatment-related clinical signs were primarily limited to severely 
affected high-dose dogs and the control male that died; these included hypoactivity, dehydration, 
decreased defecation, blood-like fecal color, emesis, emaciation, and/or pale oral mucosa.  There were no 
significant group differences in mean body weight at the end of the study.  Body weight gain was 
significantly reduced during the first month of the study, but recovered following dose reduction and 
adjustment of food availability.  A mild anemia was observed at month 6 (significantly reduced red blood 
cells in females and HCT in males) at 75 mg/kg/day, but resolved by the end of the study.  The mild 
anemia correlated with histologic findings of bone marrow erythroid hyperplasia in females, and splenic 
excessive hematopoiesis and megakaryocyte proliferation in both sexes, indicating a compensatory 
response to the earlier anemia.  Hepatic effects occurred after 6 and 12 months at ≥50 mg/kg/day in both 
sexes as shown by changes in liver enzymes, increased liver weight, and/or histopathology.  Effects on 
serum enzyme levels included significantly increased AP in males at 50 mg/kg/day at months 6 and 
12 (731 and 620% higher than controls, respectively), females at 50 mg/kg/day at months 6 and 
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12 (525 and 330% higher), and females at 75 mg/kg/day at months 6 and 12 months (761 and 680% 
higher).  Serum AP levels were not statistically significantly increased in the 75 mg/kg/day males at 
months 6 or 12, but only 3 animals were evaluated in this dose group.  Other clinical chemistry findings 
included significantly increased ALT in females at 75 mg/kg/day at month 12 (253% higher than 
controls), increased GGTP in females at 75 mg/kg/day at months 6 and 12 (131 and 161% higher), and 
decreased albumin in males at 50 and 75 mg/kg/day at month 6 (16 and 18% lower than controls) and 
females at 75 mg/kg/day at month 6 (19% lower).  Absolute and relative liver weights were significantly 
increased (40–70% higher than controls) in both sexes at 50 and 75 mg/kg/day (except absolute liver 
weight in 50 mg/kg/day males).  Hepatic lesions included hepatocellular hypertrophy (diffuse or 
multifocal in all males and females at 50 and 75 mg/kg/day and one female at 10 mg/kg/day), 
hepatocellular pigment deposition (two males and one female each at 50 and 75 mg/kg/day), bile 
duct/ductule hyperplasia (one male and one female at 75 mg/kg/day), and hepatic portal inflammation 
(periportal accumulation of neutrophils in one male at 50 mg/kg/day and two males at 75 mg/kg/day).  
Kidney effects included collecting duct epithelial vacuolation in one male at 75 mg/kg/day and at all dose 
levels in females (one each at 10 and 50 mg/kg/day and two at 75 mg/kg/day).  The renal lesion was 
considered to be a possible effect of treatment at ≥50 mg/kg/day, because it was accompanied by 
increased relative kidney weight in females at ≥50 mg/kg/day and grossly observed renal discoloration in 
two females at 75 mg/kg/day.    
 
The highest NOAEL and lowest LOAEL are 10 and 50 mg/kg/day, respectively, based on the increases in 
serum AP at 6 months.  This serum enzyme change is a sufficient indication of intermediate-duration 
hepatotoxicity because the increases were similar in magnitude to those that were observed after 1 year 
and associated with increased liver weight and liver lesions; the latter effects likely developed earlier in 
the study but could not be detected due to the lack of organ weight and histology examinations at 
6 months. 
 
Dose and end point used for MRL derivation: 
 
[  ] NOAEL   [  ] LOAEL   [X] BMDL 
 
As discussed below, a BMDL1sd of 10 mg/kg/day for increased serum AP is used as the basis for the 
MRL.  
 
BMD analysis was conducted using the Naylor and Stout (1996) data for changes in serum AP in female 
dogs administered 1,4-DCB orally for 6 months, as shown in Table A-19.  A BMR of 1 standard 
deviation change from the control mean was selected in the absence of a biological rationale for using an 
alternative BMR.  Mean serum AP levels in the female dogs exhibited a dose-response relationship and 
were significantly higher in the 50 and 75 mg/kg/day groups, relative to controls.  Although significantly 
increased mean serum AP levels were noted in the 50 mg/kg/day male dogs, the increase was not 
significant in the 75 mg/kg/day males; only three males in this dose group were available for the 
assessment of serum AP levels.  Therefore, the male serum AP data were not modeled.  The simplest 
model (linear) for continuous data from the EPA Benchmark Dose Software (Version 1.3.2) was initially 
fit to the female serum AP data; constant variance was selected.  As shown in Table A-20, the linear 
model output indicated inadequate fit for constant variance (as indicated by a p-value <0.01 for the test of 
constant variance) and a model run using nonhomogeneous variance was suggested.  However, using 
nonhomogeneous variance, inadequate model mean fit was obtained (p-value <0.01 for model mean fit) 
(see Table A-20).  The more complex (polynomial, power, Hill) models were also fit to the serum AP 
data.  The Hill model provided inadequate mean fit due to an insufficient number of dose groups (4, 
including controls), which resulted in insufficient (0) degrees of freedom.  Both the polynomial and 
power models provided adequate mean fit (Table A-20).  Following conventional protocol for selection of 
the point of departure (the adequate model with the lowest AIC [Akaike’s Information Criteria]), the 
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BMDL1sd of 9.97 mg/kg/day (lower 95% confidence limit on the BMD1sd of 12.48 mg/kg/day) was 
selected as the point of departure for deriving an intermediate-duration oral MRL for 1,4-DCB (see 
Table A-20, Figure A-8).  The BMDL1sd of 9.97 mg/kg/day was duration-adjusted to 7 mg/kg/day and 
divided by an uncertainty factor of 100 to derive an MRL of 0.07 mg/kg/day. 
 
Table A-19.  Serum Alkaline Phosphatase Levels in Female Dogs Orally Exposed 

to 1,4-Dichlorobenzene for 6 Months 
 

 
Dose (mg/kg/day) 

 
Group size 

Mean serum AP level in IU/L 
(percent of control mean) 

0 5 175.80 ± 50.05a 

-- 
10 5 176.00 ± 64.50 

(100) 
50 5 1098.20b ± 425.85 

(625) 
75 4 1513.50c ± 855.31 

(861) 
 
aStandard deviation 
bSignificantly different (p<0.01) from control group 
cSignificantly different (p<0.05) from control group 
 
Source:  Naylor and Stout 1996 
 

Table A-20.  Model Predictions for Changes in Serum Alkaline  
Phosphatase Levels in Female Dogs Orally Exposed  

to 1,4-Dichlorobenzene for 6 Months 
 

Model 
Variance 
p-valuea 

Mean fit 
p-valuea AIC 

BMD1sd 
(mg/kg/day) 

BMDL1sd 
(mg/kg/day) 

Linearb,c <0.01 NA NA NA NA 
Linearc,d NA <0.01 NA NA NA 
2-Degree 
polynomialc,d 

0.776 0.13 220.61 12.48 9.97 

Power d 0.774 0.14 222.59 12.00 6.62 
 
aValues <0.1 fail to meet conventional goodness-of-fit criteria. 
bConstant variance assumed 
cRestriction = non-negative 
dNonhomogeneous variance assumed 
 
BMD1sd = benchmark dose based on a benchmark response of 1 standard deviation above the control mean; 
BMDL1sd = lower confidence limit (95%) on the BMD1sd; NA = not applicable because model failed a goodness-of-
fit test 
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Figure A-8.  Changes in Serum Alkaline Phosphatase Levels in Female Dogs 
Orally Exposed to 1,4-Dichlorobenzene for 6 Months* 
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*BMD and BMDL (in mg/kg/day) are associated with a benchmark response of 1 standard deviation above the control 
mean. 
 
Uncertainty Factors used in MRL derivation: 
 
 [X]  10 for extrapolation from animals to humans 
 [X]  10 for human variability 
  
Was a conversion factor used from ppm in food or water to a mg/body weight dose?  Not applicable 
(capsule study). 
 
If an inhalation study in animals, list conversion factors used in determining human equivalent dose:  Not 
applicable. 
 
Was a conversion used from intermittent to continuous exposure?  The BMDL1sd of 10 mg/kg/day was 
adjusted to a continuous exposure scenario as follows: 
 
  BMDL1sd ADJ = (BMDL1sd) (5days/7 days) 
    = (10 mg/kg/day) (5 days/7 days) 
    = 7 mg/kg/day 
 
Other additional studies or pertinent information that lend support to this MRL:  The NOAEL/LOAEL 
approach to MRL derivation results in the same intermediate-duration oral MRL value as the benchmark 
dose approach.  Using the NOAEL of 10 mg/kg/day for increased serum AP in dogs (Naylor and Stout 
1996), the NOAEL is duration-adjusted to 7 mg/kg/day (10 mg/kg/day x 5 days/7 days) and divided by 
the uncertainty factor of 100 to yield an MRL of 0.07 mg/kg/day. 
 
Information on the systemic toxicity of intermediate-duration oral exposure to 1,4-DCB is available from 
a number of studies conducted in rodents, mainly rats and mice, as well as the MRL study in dogs.  Liver 
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and kidney effects are the most consistently observed, best characterized, and most sensitive findings in 
these studies.  The lowest observed adverse effect level is for liver toxicity in dogs, although reproductive 
and developmental studies in rats indicate that offspring are particularly sensitive to 1,4-DCB toxicity 
during the postnatal pre-weaning period. 
 
Hepatic effects induced by intermediate-duration oral exposures to 1,4-DCB ranged from increased liver 
weight and hepatocyte enlargement to hepatocellular degeneration, lesions, necrosis, and tumors in rats, 
mice, rabbits, and dogs.  Increases in serum levels of enzymes and alterations in other end points (e.g., 
serum cholesterol and triglycerides) indicative of hepatocellular damage or liver dysfunction have also 
been induced.  Increased liver weight is the most sensitive hepatic end point in subchronic studies in rats, 
observed at doses as low as 150 mg/kg/day for 4–13 weeks and 188 mg/kg/day for 192 days 
(Hollingsworth et al. 1956; Lake et al. 1997; Umemura et al. 1998).  There was no indication of early 
liver damage in rats exposed to 150 mg/kg/day for 4 weeks using an immunohistochemical marker of 
centrilobular hepatocyte injury (Umemura et al. 1998), and increases in liver porphyrins in rats exposed to 
50–200 mg/kg/day for 120 days were not considered to be toxicologically significant (Carlson 1977).  
Hepatocellular hypertrophy and decreased serum triglycerides occurred in rats exposed to 
≥300 mg/kg/day for 13 weeks (NTP 1987; Lake et al. 1997).  Higher dose levels of 1,4-DCB induced 
degenerative liver lesions in rats exposed to 376 mg/kg/day for 192 days (slight cirrhosis and focal 
necrosis) (Hollingsworth et al. 1956) or 1,200 mg/kg/day for 13 weeks (hepatocyte degeneration and 
necrosis) (NTP 1987).  In mice, hepatocellular degeneration was induced at doses ≥600 mg/kg/day for 
13 weeks (NTP 1987), and rabbits had cloudy swelling and minimal focal necrosis in the liver after 
exposure to 500 mg/kg/day for 367 days (Hollingsworth et al. 1956).  Dogs are more sensitive to hepatic 
effects of 1,4-DCB than the other species based on increases in serum enzymes following exposure to 
doses as low as 50 mg/kg/day for 6 months in the MRL study (Naylor and Stout 1996). 
 
Kidney effects, including collecting duct epithelial vacuolation, are additional effects of 1,4-DCB in the 
dogs exposed to ≥50 mg/kg/day for 1 year in the MRL study (Naylor and Stout 1996).  Renal changes, 
including hyaline droplet accumulation, increased kidney weights, and tubular lesions, are 
characteristically observed effects of subchronic and chronic oral exposure to 1,4-DCB in male rats at 
doses >75 mg/kg/day (Bomhard et al. 1988; Lake et al. 1997; NTP 1987).  These findings were not 
considered for MRL derivation because there is a scientific consensus that they are related to the 
α2µ-globulin nephropathy syndrome, which is specific to male rats and not relevant to humans.  
Subchronic studies in female rats found increased kidney weight, but no indications of nephrotoxic action 
(i.e., no histopathology or effects on urinary indices of renal function), following exposure to 
>188 mg/kg/day for 192 days or 600 mg/kg/day for 13 weeks (Bomhard et al. 1988; Hollingsworth et al. 
1956). 
 
Developmental toxicity studies provide no indications that 1,4-DCB is teratogenic in rats at oral doses as 
high as 1,000 mg/kg/day during gestation, although fetotoxicity occurred at maternally toxic levels 
>500 mg/kg/day (Giavini et al. 1986; Ruddick et al. 1983).  Decreased maternal weight gain and 
increased incidences of extra ribs, a skeletal variation attributable to the maternal toxicity, occurred in rats 
at gestational dose levels >500 mg/kg/day, but not at 250 mg/kg/day (Giavini et al. 1986).  In a 
2-generation study, reproductive and developmental toxicity were evaluated in male and female rats that 
were orally exposed to 30, 90, or 270 mg/kg/day of 1,4-DCB (Bornatowicz et al. 1994).  No effects on 
mating and fertility indices were observed at any level, although toxicity occurred in the offspring at 
doses >90 mg/kg/day.  Effects at >90 mg/kg/day included reduced birth weight in F1 pups and increased 
total number of deaths from birth to postnatal day 4 in F1 and F2 pups, clinical manifestations of dry and 
scaly skin (until approximately postnatal day 7) and tail constriction with occasional partial tail loss 
(during postnatal days 4–21) in F1 and F2 pups, reduced neurobehavioral performance (draw-up reflex 
evaluated at weaning) in F2 pups, and increased relative liver weight in adult F1 males.  No exposure-
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related changes were found at 30 mg/kg/day, indicating that this is the NOAEL for reproductive and 
developmental toxicity in rats. 
 
As indicated above, liver, kidney, and perinatal developmental toxicity are main effects of concern for 
intermediate-duration oral exposure to 1,4-DCB in animals.  The dog is the most sensitive tested species, 
as liver effects were induced by exposure to doses as low as 50 mg/kg/day for 6 months (Naylor and Stout 
1996), which are below subchronic LOAELs of approximately 150–200 mg/kg/day for liver and kidney 
effects in rats and mice.  The two-generation study in rats demonstrates that oral exposure to 1,4-DCB can 
cause perinatal developmental toxicity, including reduced birth weight and neonatal survival in F1 and 
F2 pups, at doses >90 mg/kg/day (Bornatowicz et al. 1994).  Although this finding indicates that perinatal 
developmental toxicity is an additional sensitive end point for 1,4-DCB exposure, the hepatotoxicity 
induced in dogs at the 50 mg/kg/day dose level (Naylor and Stout 1996) is a more appropriate basis for 
MRL derivation. 
 
Agency Contact (Chemical Manager):  Malcolm Williams, DVM, Ph.D. 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: 1,4-Dichlorobenzene (1,4-DCB) 
CAS Numbers:  106-46-7 
Date:   August 2006 
Profile Status:  Post-Public, Final 
Route:   [ ] Inhalation   [X] Oral 
Duration:  [ ] Acute   [ ] Intermediate   [X] Chronic 
Graph Key:  61 
Species:  Dog 
 
Minimal Risk Level:  [0.07] mg/kg/day   [ ] ppm 
 
References:  Naylor MW, Stout LD.  1996.  One year study of p-dichlorobenzene administered orally via 
capsule to beagle dogs.  Environmental Health Laboratory, Monsanto Company, St. Louis, MO.  Study 
No. ML-94-210, March 25, 1996.  MRID# 43988802.  Unpublished. 
 
EPA.  1996b.  Data Evaluation Record (DER) for p-dichlorobenzene – chronic oral toxicity in dogs 
(MRID# 439888-01 and -02) for Section 6 (a) (2) and reregistration need.  U.S. Environmental Protection 
Agency, Office of Prevention, Pesticides and Toxic Substances. 
 
Experimental design:  Groups of five male and five female beagle dogs were orally administered 
1,4-DCB by capsule in dose levels of 0, 10, 50, or 75 mg/kg/day for 1 year.  Based on the summarized 
design of a 4-week dose range-finding study, it is presumed that dosing was 5 days/week.  The 
75 mg/kg/day dose is a time-weighted average level reflecting dose decreases at the beginning of the 
study in response to unexpected severe toxicity.  An initial high dose of 150 mg/kg/day was adjusted to 
100 mg/kg/day for males during week 3, and a further decrease to 75 mg/kg/day was made for both sexes 
at the beginning of week 6.  Both high-dose males and females were untreated during weeks 4 and 5 to 
allow for recovery.  End points evaluated throughout the study included clinical observations (daily), 
body weight (weekly), and food consumption (weekly).  Ophthalmoscopic examinations were performed 
prior to study start and just prior to study completion.  Hematology (11 indices, including activated partial 
thromboplastin time), clinical chemistry (18 indices, including ALT, AST, GGTP, AP, and creatinine 
phosphokinase), and urinalysis (10 indices) were performed at month 6 and study completion (month 12).  
Organ weights, gross pathology, and histology were evaluated at month 12. 
 
Effects noted in study and corresponding doses:  Mortality occurred the first 25 days of the study before 
dose reduction; exposure to 150 mg/kg/day caused one male dog to be sacrificed in extremis on day 12, 
one male death on day 25, and one female death on day 24.  A control male died on day 83, but all other 
dogs survived to the end of the study.  Treatment-related clinical signs were primarily limited to severely 
affected high-dose dogs and the control male that died; these included hypoactivity, dehydration, 
decreased defecation, blood-like fecal color, emesis, emaciation, and/or pale oral mucosa.  There were no 
significant group differences in mean body weight at the end of the study.  Body weight gain was 
significantly reduced during the first month of the study, but recovered following dose reduction and 
adjustment of food availability.  A mild anemia was observed at month 6 (significantly reduced red blood 
cells in females and HCT in males) at 75 mg/kg/day, but resolved by the end of the study.  The mild 
anemia correlated with histologic findings of bone marrow erythroid hyperplasia in females, and splenic 
excessive hematopoiesis and megakaryocyte proliferation in both sexes, indicating a compensatory 
response to the earlier anemia.  Hepatic effects occurred at ≥50 mg/kg/day in both sexes as shown by 
changes in liver enzymes, increased liver weight, and histopathology.  Effects on serum enzyme levels 
included significantly increased AP in males at 50 mg/kg/day at months 6 and 12 (731 and 620% higher 
than controls, respectively), females at 50 mg/kg/day at months 6 and 12 (525 and 330% higher), and 
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females at 75 mg/kg/day at months 6 and 12 months (761 and 680% higher).  Serum AP was also 
increased in males at 75 mg/kg/day after 6 and 12 months, but the changes were not statistically 
significant, possibly due to a reduced group size of 3 males at 75 mg/kg/day.  Other clinical chemistry 
findings included significantly increased ALT in females at 75 mg/kg/day at month 12 (253% higher than 
controls), increased GGTP in females at 75 mg/kg/day at months 6 and 12 (131 and 161% higher), and 
decreased albumin in males at 50 and 75 mg/kg/day at month 6 (16 and 18% lower than controls) and 
females at 75 mg/kg/day at month 6 (19% lower).  Absolute and relative liver weights were significantly 
increased (40-70% higher than controls) in both sexes at 50 and 75 mg/kg/day (except absolute liver 
weight in 50 mg/kg/day males).  Hepatocellular hypertrophy (diffuse or multifocal) occurred in all males 
and females at 50 and 75 mg/kg/day and in one female at 10 mg/kg/day.  The study authors (Naylor and 
Stout 1996) considered the hepatocellular hypertrophy (multifocal) in the single 10 mg/kg/day female dog 
to be an adaptive response to a xenobiotic agent rather than a direct treatment-related effect.  Other liver 
lesions considered to be treatment-related included hepatocellular pigment deposition (two males and one 
female each at 50 and 75 mg/kg/day), bile duct/ductule hyperplasia (one male and one female at 
75 mg/kg/day), and hepatic portal inflammation (periportal accumulation of neutrophils in one male at 
50 mg/kg/day and two males at 75 mg/kg/day).  Kidney effects included collecting duct epithelial 
vacuolation in one male at 75 mg/kg/day and at all dose levels in females (one each at 10 and 
50 mg/kg/day and two at 75 mg/kg/day).  The renal lesion was considered to be a possible effect of 
treatment at ≥50 mg/kg/day, because it was accompanied by increased relative kidney weight in females 
at ≥50 mg/kg/day and grossly observed renal discoloration in two females at 75 mg/kg/day.  The highest 
NOAEL and lowest LOAEL are 10 and 50 mg/kg/day, respectively, based on the hepatic effects 
(increased liver weight, changes in liver enzymes, and histopathology). 
 
Dose and end point used for MRL derivation:   
 
[  ] NOAEL   [  ] LOAEL   [X] BMDL 
 
As discussed below, a BMDL1sd of 10 mg/kg/day for increased serum AP is used as the basis for the 
MRL. 
 
BMD analysis was performed on serum AP level and relative liver weight data for the female dogs 
exposed to 1,4-DCB for 1 year.  The incidences of hepatocellular hypertrophy in the females (0/5, 1/5, 
5/5, and 5/5 at 0, 10, 50, and 75 mg/kg/day) and males (0/5, 0/5, 5/5, and 5/5) are inappropriate for BMD 
modeling due to actual or effective responses of 0% in the control and low dose groups and 100% in the 
higher dose groups.  The response in the low-dose female dog is effectively 0% because the authors 
implied that the hypertrophy in this single animal was not a hepatotoxic response.  The incidences of the 
other liver lesions were not subjected to BMD analysis due to the low numbers of responders and group 
sizes.  The data that were modeled are shown in Table A-21; the modeling results are shown in 
Table A-22. 
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Table A-21.  Selected Liver Effects in Female Dogs Orally Exposed to 
1,4-Dichlorobenzene for 12 Months 

 
Dose 
(mg/kg/day) 

Group 
size 

Mean serum AP in IU/L 
(percent of control mean) 

Mean relative liver weight in percent 
(percent of control mean) 

0 5 173.40±55.09a 

-- 
2.71±0.17a 

-- 
10 5 181.80±69.22 

(105) 
3.05±0.83 
(113) 

50 5 745.80c±329.53 
(430) 

4.20c±0.47 
(155) 

75 4 1351.75b±652.46 
(780) 

4.61c±0.70 
(170) 

 
aStandard deviation 
bSignificantly different (p<0.05) from control group 
cSignificantly different (p<0.01) from control group 
 
Source:  Naylor and Stout 1996 
 

Table A-22.  Model Predictions for Changes in Serum Alkaline 
Phosphatase Levels in Female Dogs Orally Exposed to 

1,4-Dichlorobenzene for 12 Months 
 

Model 
Variance 
p-valuea 

Mean fit 
p-valuea AIC 

BMDlsd 
(mg/kg/day) 

BMDLlsd 
(mg/kg/day) 

Linearb, c <0.01 0.42 NA NA NA 
Linearc, d 0.94 <0.01 NA NA NA 
2-Degree 
polynomialc, d 

0.94 0.65 215.12 15.40 12.32 

Powerd 0.94 0.65 217.11 14.85 7.42 
 
aValues <0.1 fail to meet conventional goodness-of-fit criteria 
bConstant variance assumed 
cRestriction = non-negative 
dNonhomogeneous variance assumed 
 
AIC = Akaike’s Information Criteria; BMD1sd = benchmark dose based on a benchmark response of 1 standard 
deviation above the control mean; BMDL1sd = lower confidence limit (95%) on the BMD1sd; NA = not applicable 
because model failed a goodness-of-fit test 
 
For the relative liver weight data, the simplest continuous variable model (linear) from the EPA 
Benchmark Dose Software (Version 1.3.2) was initially fit; constant variance was assumed.  A BMR of 
1 standard deviation above the control mean was selected in the absence of a biological rationale for using 
an alternative BMR.  The model output indicated that a non-homogeneous variance was more appropriate 
for the data set (as indicated by a p-value <0.01 for the test for constant variance).  However, using non-
homogeneous variance, inadequately modeled variance resulted (p-value <0.01).  Similar inadequate 
results were obtained using the more complex polynomial and power models.  The Hill model provided 
inadequate mean fit due to insufficient (0) degrees of freedom.  Therefore, the relative liver weight data 
were judged to be unsuitable for benchmark dose analysis due to inadequate modeling of variance. 



DICHLOROBENZENES  A-51 
 

APPENDIX A 
 
 

 
 
 
 
 

 
For the serum AP data, the simplest continuous variable model (linear) was initially fit; constant variance 
was assumed.  A BMR of 1 standard deviation above the control mean was selected in the absence of a 
biological rationale for an alternative BMR.  The model output indicated that a non-homogeneous 
variance was more appropriate for the data set (as indicated by a p-value <0.01 for the test for constant 
variance).  However, using non-homogeneous variance, inadequate model mean fit was obtained (p-value 
<0.01).  The more complex (polynomial, power, and Hill) models for continuous data were also fit to the 
serum AP data.  The Hill model provided inadequate mean fit due to insufficient degrees (0) of freedom.  
Adequate mean fit was obtained with both the 2-degree polynomial and power models.  Following 
conventional protocol for selection of the point of departure (the adequate model with the lowest AIC, the 
BMDL1sd of 12.32 mg/kg/day (lower 95% confidence limit on the BMD1sd of 15.40 mg/kg/day) was 
selected as the point of departure for deriving the chronic-duration oral MRL (see Table A-22, 
Figure A-9).  The BMDL1sd of 12.32 mg/kg/day was rounded to one significant figure (10 mg/kg/day), 
duration adjusted to 7 mg/kg/day, and divided by an uncertainty factor of 100 to derive an MRL of 
0.07 mg/kg/day. 
 

Figure A-9.  Changes in Serum Alkaline Phosphatase Levels in Female Dogs 
Orally Exposed to 1,4-Dichlorobenzene for 12 Months* 
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*BMD and BMDL (in mg/kg/day) are associated with 1 standard deviation above the control mean. 
 
 
Uncertainty Factors used in MRL derivation: 
 
 [X]  10 for extrapolation from animals to humans 
 [X]  10 for human variability 
  
Was a conversion factor used from ppm in food or water to a mg/body weight dose?  Not applicable 
(capsule study). 
 
If an inhalation study in animals, list conversion factors used in determining human equivalent dose:  Not 
applicable. 
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Was a conversion used from intermittent to continuous exposure?  The BMDL1sd of 10 mg/kg/day was 
adjusted to a continuous exposure scenario as follows: 
 
  BMDL1sd ADJ = (BMDL1sd) (5days/7 days) 
    = (10 mg/kg/day) (5/7) 
    = 7 mg/kg/day 
 
Other additional studies or pertinent information that lend support to this MRL:  The NOAEL/LOAEL 
approach to MRL derivation results in the same chronic-duration oral MRL value as the benchmark dose 
approach.  Using the NOAEL of 10 mg/kg/day for increased serum AP and other liver effects in dogs 
(Naylor and Stout 1996), the NOAEL is duration-adjusted to 7 mg/kg/day (10 mg/kg/day x 5 days/7 days) 
and divided by the uncertainty factor of 100 to yield an MRL of 0.07 mg/kg/day. 
 
Additional information on the chronic oral effects of 1,4-DCB is available from one study each in rats, 
mice, and rabbits.  Observed effects included nephropathy in rats (including tubular degeneration and 
atrophy in females) exposed to ≥150 mg/kg/day on 5 days/week for 103 weeks (NTP 1987), 
hepatocellular degeneration and nephropathy in mice exposed to ≥300 mg/kg/day on 5 days/week for 
103 weeks (NTP 1987), and cloudy swelling and minimal focal necrosis in rabbits exposed to 
500 mg/kg/day in 263 doses in 367 days (Hollingsworth et al. 1956).  The lowest chronic LOAEL in 
these studies was 150 mg/kg/day for kidney effects in female rats (NTP 1987).  Liver and kidney effects 
were induced in dogs in the principal study (Naylor and Stout 1996) at doses below the LOAELs in the 
other species.   
 
Agency Contact (Chemical Manager):  Malcolm Williams, DVM, Ph.D. 
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APPENDIX B.  USER'S GUIDE 
 
Chapter 1 
 
Public Health Statement 
 
This chapter of the profile is a health effects summary written in non-technical language.  Its intended 
audience is the general public, especially people living in the vicinity of a hazardous waste site or 
chemical release.  If the Public Health Statement were removed from the rest of the document, it would 
still communicate to the lay public essential information about the chemical. 
 
The major headings in the Public Health Statement are useful to find specific topics of concern.  The 
topics are written in a question and answer format.  The answer to each question includes a sentence that 
will direct the reader to chapters in the profile that will provide more information on the given topic. 
 
Chapter 2 
 
Relevance to Public Health 
 
This chapter provides a health effects summary based on evaluations of existing toxicologic, 
epidemiologic, and toxicokinetic information.  This summary is designed to present interpretive, weight-
of-evidence discussions for human health end points by addressing the following questions: 
 
 1. What effects are known to occur in humans? 
 
 2. What effects observed in animals are likely to be of concern to humans? 
 
 3. What exposure conditions are likely to be of concern to humans, especially around hazardous 

waste sites? 
 
The chapter covers end points in the same order that they appear within the Discussion of Health Effects 
by Route of Exposure section, by route (inhalation, oral, and dermal) and within route by effect.  Human 
data are presented first, then animal data.  Both are organized by duration (acute, intermediate, chronic).  
In vitro data and data from parenteral routes (intramuscular, intravenous, subcutaneous, etc.) are also 
considered in this chapter.   
 
The carcinogenic potential of the profiled substance is qualitatively evaluated, when appropriate, using 
existing toxicokinetic, genotoxic, and carcinogenic data.  ATSDR does not currently assess cancer 
potency or perform cancer risk assessments.  Minimal Risk Levels (MRLs) for noncancer end points (if 
derived) and the end points from which they were derived are indicated and discussed. 
 
Limitations to existing scientific literature that prevent a satisfactory evaluation of the relevance to public 
health are identified in the Chapter 3 Data Needs section. 
 
Interpretation of Minimal Risk Levels 
 
Where sufficient toxicologic information is available, ATSDR has derived MRLs for inhalation and oral 
routes of entry at each duration of exposure (acute, intermediate, and chronic).  These MRLs are not 
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meant to support regulatory action, but to acquaint health professionals with exposure levels at which 
adverse health effects are not expected to occur in humans. 
 
MRLs should help physicians and public health officials determine the safety of a community living near 
a chemical emission, given the concentration of a contaminant in air or the estimated daily dose in water.  
MRLs are based largely on toxicological studies in animals and on reports of human occupational 
exposure. 
 
MRL users should be familiar with the toxicologic information on which the number is based.  Chapter 2, 
"Relevance to Public Health," contains basic information known about the substance.  Other sections such 
as Chapter 3 Section 3.9, "Interactions with Other Substances,” and Section 3.10, "Populations that are 
Unusually Susceptible" provide important supplemental information. 
 
MRL users should also understand the MRL derivation methodology.  MRLs are derived using a 
modified version of the risk assessment methodology that the Environmental Protection Agency (EPA) 
provides (Barnes and Dourson 1988) to determine reference doses (RfDs) for lifetime exposure.   
 
To derive an MRL, ATSDR generally selects the most sensitive end point which, in its best judgement, 
represents the most sensitive human health effect for a given exposure route and duration.  ATSDR 
cannot make this judgement or derive an MRL unless information (quantitative or qualitative) is available 
for all potential systemic, neurological, and developmental effects.  If this information and reliable 
quantitative data on the chosen end point are available, ATSDR derives an MRL using the most sensitive 
species (when information from multiple species is available) with the highest no-observed-adverse-effect 
level (NOAEL) that does not exceed any adverse effect levels.  When a NOAEL is not available, a 
lowest-observed-adverse-effect level (LOAEL) can be used to derive an MRL, and an uncertainty factor 
(UF) of 10 must be employed.  Additional uncertainty factors of 10 must be used both for human 
variability to protect sensitive subpopulations (people who are most susceptible to the health effects 
caused by the substance) and for interspecies variability (extrapolation from animals to humans).  In 
deriving an MRL, these individual uncertainty factors are multiplied together.  The product is then 
divided into the inhalation concentration or oral dosage selected from the study.  Uncertainty factors used 
in developing a substance-specific MRL are provided in the footnotes of the levels of significant exposure 
(LSE) tables. 
 
Chapter 3 
 
Health Effects 
 
Tables and Figures for Levels of Significant Exposure (LSE) 
 
Tables and figures are used to summarize health effects and illustrate graphically levels of exposure 
associated with those effects.  These levels cover health effects observed at increasing dose 
concentrations and durations, differences in response by species, MRLs to humans for noncancer end 
points, and EPA's estimated range associated with an upper- bound individual lifetime cancer risk of 1 in 
10,000 to 1 in 10,000,000.  Use the LSE tables and figures for a quick review of the health effects and to 
locate data for a specific exposure scenario.  The LSE tables and figures should always be used in 
conjunction with the text.  All entries in these tables and figures represent studies that provide reliable, 
quantitative estimates of NOAELs, LOAELs, or Cancer Effect Levels (CELs). 
 
The legends presented below demonstrate the application of these tables and figures.  Representative 
examples of LSE Table 3-1 and Figure 3-1 are shown.  The numbers in the left column of the legends 
correspond to the numbers in the example table and figure. 
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LEGEND 

See Sample LSE Table 3-1 (page B-6) 
 
(1) Route of Exposure.  One of the first considerations when reviewing the toxicity of a substance 

using these tables and figures should be the relevant and appropriate route of exposure.  Typically 
when sufficient data exist, three LSE tables and two LSE figures are presented in the document.  
The three LSE tables present data on the three principal routes of exposure, i.e., inhalation, oral, 
and dermal (LSE Tables 3-1, 3-2, and 3-3, respectively).  LSE figures are limited to the inhalation 
(LSE Figure 3-1) and oral (LSE Figure 3-2) routes.  Not all substances will have data on each 
route of exposure and will not, therefore, have all five of the tables and figures. 

 
(2) Exposure Period.  Three exposure periods—acute (less than 15 days), intermediate (15–

364 days), and chronic (365 days or more)—are presented within each relevant route of exposure.  
In this example, an inhalation study of intermediate exposure duration is reported.  For quick 
reference to health effects occurring from a known length of exposure, locate the applicable 
exposure period within the LSE table and figure. 

 
(3) Health Effect.  The major categories of health effects included in LSE tables and figures are 

death, systemic, immunological, neurological, developmental, reproductive, and cancer.  
NOAELs and LOAELs can be reported in the tables and figures for all effects but cancer.  
Systemic effects are further defined in the "System" column of the LSE table (see key number 
18). 

 
(4) Key to Figure.  Each key number in the LSE table links study information to one or more data 

points using the same key number in the corresponding LSE figure.  In this example, the study 
represented by key number 18 has been used to derive a NOAEL and a Less Serious LOAEL 
(also see the two "18r" data points in sample Figure 3-1). 

 
(5) Species.  The test species, whether animal or human, are identified in this column.  Chapter 2, 

"Relevance to Public Health," covers the relevance of animal data to human toxicity and 
Section 3.4, "Toxicokinetics," contains any available information on comparative toxicokinetics.  
Although NOAELs and LOAELs are species specific, the levels are extrapolated to equivalent 
human doses to derive an MRL. 

 
(6) Exposure Frequency/Duration.  The duration of the study and the weekly and daily exposure 

regimens are provided in this column.  This permits comparison of NOAELs and LOAELs from 
different studies.  In this case (key number 18), rats were exposed to “Chemical x” via inhalation 
for 6 hours/day, 5 days/week, for 13 weeks.  For a more complete review of the dosing regimen, 
refer to the appropriate sections of the text or the original reference paper (i.e., Nitschke et al. 
1981). 

 
(7) System.  This column further defines the systemic effects.  These systems include respiratory, 

cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal, and 
dermal/ocular.  "Other" refers to any systemic effect (e.g., a decrease in body weight) not covered 
in these systems.  In the example of key number 18, one systemic effect (respiratory) was 
investigated. 

 
(8) NOAEL.  A NOAEL is the highest exposure level at which no harmful effects were seen in the 

organ system studied.  Key number 18 reports a NOAEL of 3 ppm for the respiratory system, 
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which was used to derive an intermediate exposure, inhalation MRL of 0.005 ppm (see 
footnote "b"). 

 
(9) LOAEL.  A LOAEL is the lowest dose used in the study that caused a harmful health effect.  

LOAELs have been classified into "Less Serious" and "Serious" effects.  These distinctions help 
readers identify the levels of exposure at which adverse health effects first appear and the 
gradation of effects with increasing dose.  A brief description of the specific end point used to 
quantify the adverse effect accompanies the LOAEL.  The respiratory effect reported in key 
number 18 (hyperplasia) is a Less Serious LOAEL of 10 ppm.  MRLs are not derived from 
Serious LOAELs. 

 
(10) Reference.  The complete reference citation is given in Chapter 9 of the profile. 
 
(11) CEL.  A CEL is the lowest exposure level associated with the onset of carcinogenesis in 

experimental or epidemiologic studies.  CELs are always considered serious effects.  The LSE 
tables and figures do not contain NOAELs for cancer, but the text may report doses not causing 
measurable cancer increases. 

 
(12) Footnotes.  Explanations of abbreviations or reference notes for data in the LSE tables are found 

in the footnotes.  Footnote "b" indicates that the NOAEL of 3 ppm in key number 18 was used to 
derive an MRL of 0.005 ppm. 

 
 
LEGEND 

See Sample Figure 3-1 (page B-7) 
 
LSE figures graphically illustrate the data presented in the corresponding LSE tables.  Figures help the 
reader quickly compare health effects according to exposure concentrations for particular exposure 
periods. 
 
(13) Exposure Period.  The same exposure periods appear as in the LSE table.  In this example, health 

effects observed within the acute and intermediate exposure periods are illustrated. 
 
(14) Health Effect.  These are the categories of health effects for which reliable quantitative data 

exists.  The same health effects appear in the LSE table. 
 
(15) Levels of Exposure.  Concentrations or doses for each health effect in the LSE tables are 

graphically displayed in the LSE figures.  Exposure concentration or dose is measured on the log 
scale "y" axis.  Inhalation exposure is reported in mg/m3 or ppm and oral exposure is reported in 
mg/kg/day. 

 
(16) NOAEL.  In this example, the open circle designated 18r identifies a NOAEL critical end point in 

the rat upon which an intermediate inhalation exposure MRL is based.  The key number 
18 corresponds to the entry in the LSE table.  The dashed descending arrow indicates the 
extrapolation from the exposure level of 3 ppm (see entry 18 in the table) to the MRL of 
0.005 ppm (see footnote "b" in the LSE table). 

 
(17) CEL.  Key number 38m is one of three studies for which CELs were derived.  The diamond 

symbol refers to a CEL for the test species-mouse.  The number 38 corresponds to the entry in the 
LSE table. 
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(18) Estimated Upper-Bound Human Cancer Risk Levels.  This is the range associated with the upper-
bound for lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000.  These risk levels are derived 
from the EPA's Human Health Assessment Group's upper-bound estimates of the slope of the 
cancer dose response curve at low dose levels (q1*). 

 
(19) Key to LSE Figure.  The Key explains the abbreviations and symbols used in the figure. 
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APPENDIX C.  ACRONYMS, ABBREVIATIONS, AND SYMBOLS 
 
ACGIH American Conference of Governmental Industrial Hygienists 
ACOEM American College of Occupational and Environmental Medicine 
ADI acceptable daily intake 
ADME absorption, distribution, metabolism, and excretion 
AED atomic emission detection 
AFID alkali flame ionization detector 
AFOSH Air Force Office of Safety and Health 
ALT alanine aminotransferase 
AML acute myeloid leukemia 
AOAC Association of Official Analytical Chemists 
AOEC Association of Occupational and Environmental Clinics 
AP alkaline phosphatase 
APHA American Public Health Association 
AST aspartate aminotransferase 
atm atmosphere 
ATSDR Agency for Toxic Substances and Disease Registry 
AWQC Ambient Water Quality Criteria 
BAT best available technology 
BCF bioconcentration factor 
BEI Biological Exposure Index 
BMD benchmark dose 
BMR benchmark response 
BSC Board of Scientific Counselors 
C centigrade 
CAA Clean Air Act 
CAG Cancer Assessment Group of the U.S. Environmental Protection Agency 
CAS Chemical Abstract Services 
CDC Centers for Disease Control and Prevention 
CEL cancer effect level 
CELDS Computer-Environmental Legislative Data System 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
CFR Code of Federal Regulations 
Ci curie 
CI confidence interval 
CL ceiling limit value 
CLP Contract Laboratory Program 
cm centimeter 
CML chronic myeloid leukemia 
CPSC Consumer Products Safety Commission 
CWA Clean Water Act 
DHEW Department of Health, Education, and Welfare 
DHHS Department of Health and Human Services 
DNA deoxyribonucleic acid 
DOD Department of Defense 
DOE Department of Energy 
DOL Department of Labor 
DOT Department of Transportation 
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DOT/UN/ Department of Transportation/United Nations/ 
    NA/IMCO     North America/Intergovernmental Maritime Dangerous Goods Code 
DWEL drinking water exposure level 
ECD electron capture detection 
ECG/EKG electrocardiogram 
EEG electroencephalogram 
EEGL Emergency Exposure Guidance Level 
EPA Environmental Protection Agency 
F Fahrenheit 
F1 first-filial generation 
FAO Food and Agricultural Organization of the United Nations 
FDA Food and Drug Administration 
FEMA Federal Emergency Management Agency 
FIFRA Federal Insecticide, Fungicide, and Rodenticide Act 
FPD flame photometric detection 
fpm feet per minute 
FR Federal Register 
FSH follicle stimulating hormone 
g gram 
GC gas chromatography 
gd gestational day 
GLC gas liquid chromatography 
GPC gel permeation chromatography 
HPLC high-performance liquid chromatography 
HRGC high resolution gas chromatography 
HSDB Hazardous Substance Data Bank  
IARC International Agency for Research on Cancer 
IDLH immediately dangerous to life and health 
ILO International Labor Organization 
IRIS Integrated Risk Information System   
Kd adsorption ratio 
kg kilogram 
kkg metric ton 
Koc organic carbon partition coefficient 
Kow octanol-water partition coefficient 
L liter 
LC liquid chromatography 
LC50 lethal concentration, 50% kill 
LCLo lethal concentration, low 
LD50 lethal dose, 50% kill 
LDLo lethal dose, low 
LDH lactic dehydrogenase 
LH luteinizing hormone 
LOAEL lowest-observed-adverse-effect level 
LSE Levels of Significant Exposure 
LT50 lethal time, 50% kill 
m meter 
MA trans,trans-muconic acid 
MAL maximum allowable level 
mCi millicurie 
MCL maximum contaminant level 



DICHLOROBENZENES  C-3 
 

APPENDIX C 
 
 

 
 
 
 
 

MCLG maximum contaminant level goal 
MF modifying factor 
MFO mixed function oxidase 
mg milligram 
mL milliliter 
mm millimeter 
mmHg millimeters of mercury 
mmol millimole 
mppcf millions of particles per cubic foot 
MRL Minimal Risk Level 
MS mass spectrometry 
NAAQS National Ambient Air Quality Standard 
NAS National Academy of Science 
NATICH National Air Toxics Information Clearinghouse 
NATO North Atlantic Treaty Organization 
NCE normochromatic erythrocytes 
NCEH National Center for Environmental Health 
NCI National Cancer Institute 
ND not detected 
NFPA National Fire Protection Association 
ng nanogram 
NHANES National Health and Nutrition Examination Survey 
NIEHS National Institute of Environmental Health Sciences 
NIOSH National Institute for Occupational Safety and Health 
NIOSHTIC NIOSH's Computerized Information Retrieval System 
NLM National Library of Medicine 
nm nanometer 
nmol nanomole 
NOAEL no-observed-adverse-effect level 
NOES National Occupational Exposure Survey 
NOHS National Occupational Hazard Survey 
NPD nitrogen phosphorus detection 
NPDES National Pollutant Discharge Elimination System 
NPL National Priorities List 
NR not reported 
NRC National Research Council 
NS not specified 
NSPS New Source Performance Standards 
NTIS National Technical Information Service 
NTP National Toxicology Program 
ODW Office of Drinking Water, EPA 
OERR Office of Emergency and Remedial Response, EPA 
OHM/TADS Oil and Hazardous Materials/Technical Assistance Data System 
OPP Office of Pesticide Programs, EPA 
OPPT Office of Pollution Prevention and Toxics, EPA 
OPPTS Office of Prevention, Pesticides and Toxic Substances, EPA 
OR odds ratio 
OSHA Occupational Safety and Health Administration 
OSW Office of Solid Waste, EPA 
OTS Office of Toxic Substances 
OW Office of Water 
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OWRS Office of Water Regulations and Standards, EPA 
PAH polycyclic aromatic hydrocarbon 
PBPD physiologically based pharmacodynamic  
PBPK physiologically based pharmacokinetic  
PCE polychromatic erythrocytes 
PEL permissible exposure limit 
pg picogram 
PHS Public Health Service 
PID photo ionization detector 
pmol picomole 
PMR proportionate mortality ratio 
ppb parts per billion 
ppm parts per million 
ppt parts per trillion 
PSNS pretreatment standards for new sources 
RBC red blood cell 
REL recommended exposure level/limit 
RfC reference concentration 
RfD reference dose 
RNA ribonucleic acid 
RQ reportable quantity 
RTECS Registry of Toxic Effects of Chemical Substances 
SARA Superfund Amendments and Reauthorization Act 
SCE sister chromatid exchange 
SGOT serum glutamic oxaloacetic transaminase 
SGPT serum glutamic pyruvic transaminase 
SIC standard industrial classification 
SIM selected ion monitoring 
SMCL secondary maximum contaminant level 
SMR standardized mortality ratio 
SNARL suggested no adverse response level 
SPEGL Short-Term Public Emergency Guidance Level 
STEL short term exposure limit 
STORET Storage and Retrieval 
TD50 toxic dose, 50% specific toxic effect 
TLV threshold limit value 
TOC total organic carbon 
TPQ threshold planning quantity 
TRI Toxics Release Inventory 
TSCA Toxic Substances Control Act 
TWA time-weighted average 
UF uncertainty factor 
U.S. United States 
USDA United States Department of Agriculture 
USGS United States Geological Survey 
VOC volatile organic compound 
WBC white blood cell 
WHO World Health Organization 
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> greater than 
≥ greater than or equal to 
= equal to 
< less than 
≤ less than or equal to 
% percent 
α alpha 
β beta 
γ gamma 
δ delta 
µm micrometer 
µg microgram 
q1

* cancer slope factor 
– negative 
+ positive 
(+) weakly positive result 
(–) weakly negative result 
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absorbed dose............................................................................................................................ 232, 237, 253 
adenocarcinomas........................................................................................................................... 18, 20, 192 
adipose tissue ...............12, 203, 204, 205, 207, 209, 222, 231, 233, 252, 312, 313, 318, 320, 324, 330, 336 
adrenal gland..................................................................................................... 17, 35, 40, 42, 176, 190, 192 
adrenals ..................................................................................................................................................... 175 
adsorption.................................................................................................................................. 284, 329, 335 
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DISCLAIMER

The use of company or product name(s) is for identification only and does not imply endorsement
by the Agency for Toxic Substances and Disease Registry.
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UPDATE STATEMENT

A Toxicological Profile for 3,3’-Dichlorobenzidine was released in September 1997. This edition
supersedes any previously released draft or final profile.

Toxicological profiles are revised and republished as necessary, but no less than once every three
years.  For information regarding the update status of previously released profiles, contact
ATSDR at:

Agency for Toxic Substances and Disease Registry
Division of Toxicology/Toxicology Information Branch

1600 Clifton Road NE, E-29
Atlanta, Georgia 30333







*Legislative Background vi

The toxicological profiles are developed in response to the Superfund Amendments and
Reauthorization Act (SARA) of 1986 (Public Law 99-499) which amended the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund).
This public law directed ATSDR to prepare toxicological profiles for hazardous substances most
commonly found at facilities on the CERCLA National Priorities List and that pose the most
significant potential threat to human health, as determined by ATSDR and the EPA. The
availability of the revised priority list of 275 hazardous substances was announced in the Federal
Register on November 17, 1997 (62 FR 61332). For prior versions of the list of substances, see
Federal Register notices dated April 29, 1996 (61 FR 18744); April 17, 1987 (52 FR 12866);
October 20, 1988 (53 FR 41280); October 26, 1989 (54 FR 43619); October 17,199O (55 FR
42067); October 17, 1991 (56 FR 52166); October 28, 1992 (57 FR 48801); and February 28,
1994 (59 FR 9486). Section 104(i)(3) of CERCLA, as amended, directs the Administrator of
ATSDR to prepare a toxicological profile for each substance on the list.
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QUICK REFERENCE FOR HEALTH CARE PROVIDERS

Toxicological Profiles are a unique compilation of toxicological information on a given
hazardous substance.  Each profile reflects a comprehensive and extensive evaluation, summary,
and interpretation of available toxicologic and epidemiologic information on a substance. Health
care providers treating patients potentially exposed to hazardous substances will find the
following information helpful for fast answers to often-asked questions.
___________________________________________________________________________

Primary Chapters/Sections of Interest

Chapter 1: Public Health Statement:
The Public Health Statement can be a useful tool for educating patients about possible
exposure to a hazardous substance. It explains a substance’s relevant toxicologic
properties in a nontechnical, question-and-answer format, and it includes a review of the
general health effects observed following exposure.

Chapter 2: Health Effects:
Specific health effects of a given hazardous compound are reported by route of exposure,
by type of health effect (death, systemic, immunologic, reproductive), and by length of
exposure (acute, intermediate, and chronic). In addition, both human and animal studies
are reported in this section.

NOTE: Not all health effects reported in this section are necessarily observed in
the clinical setting. Please refer to the Public Health Statement to identify general
health effects observed following exposure.

Pediatrics: Four new sections have been added to each Toxicological Profile to address child
health issues:

Section 1.6 How Can (Chemical X) Affect Children?
Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)?
Section 2.6 Children’s Susceptibility
Section 5.6 Exposures of Children

Other Sections of Interest:
Section 2.7 Biomarkers of Exposure and Effect
Section 2.10 Methods for Reducing Toxic Effects

___________________________________________________________________________

ATSDR Information Center
Phone: l-800-447-1544 (to be replaced by 1-888-42-ATSDR in 1999)

or 404-639-6357 Fax: 404-639-6359
E-mail: atsdric@,cdc.nov Internet: http://atsdrl.atsdr.cdc.nov:8080

The following additional material can be ordered through the ATSDR Information Center:

Case Studies in Environmental Medicine: Taking an Exposure History-The importance of taking
an exposure history and how to conduct one are described, and an example of a thorough
exposure history is provided. Other case studies of interest include Reproductive and
Developmental Hazards; Skin Lesions and Environmental Exposures; Cholinesterase-Inhibiting
Pesticide Toxicity; and numerous chemical-specific case studies.
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Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene
(prehospital) and hospital medical management of patients exposed during a hazardous materials
incident.  Volumes I and II are planning guides to assist first responders and hospital emergency
department personnel in planning for incidents that involve hazardous materials. Volume III-
MedicalManagement Guidelines for Acute Chemical Exposures-is a guide for health care
professionals treating patients exposed to hazardous materials.

Fact Sheets (‘ToxFAQs) provide answers to frequently asked questions about toxic substances.
________________________________________________________________________

Other Agencies and Organizations

The National Centerfor Environmental Health (NCEH)
focuses on preventing or controlling disease, injury, and disability related to the
interactions between people and their environment outside the workplace.
Contact: NCEH, Mailstop F-29,4770 Buford Highway, NE, Atlanta, GA 30341-3724 •
Phone: 770-488-7000 •  FAX: 770-488-7015.

The National Institute for Occupational Safety and Health (NIOSH)
conducts research on occupational diseases and injuries, responds to requests for
assistance by investigating problems of health and safety in the workplace, recommends
standards to the Occupational Safety and Health Administration (OSHA) and the Mine
Safety and Health Administration (MSHA), and trains professionals in occupational
safety and health. Contact: NIOSH, 200 Independence Avenue, SW, Washington, DC
2020 1 • Phone: 800-356-4674 or NIOSH Technical Information Branch, Robert A. Taft
Laboratory, Mailstop C-19,4676 Columbia Parkway, Cincinnati, OH 45226-1998 •
Phone: 800-35-NIOSH.

The National Institute of Environmental Health Sciences (NIEHS)
is the principal federal agency for biomedical research on the effects of chemical,
physical, and biologic environmental agents on human health and well-being. Contact:
NIEHS, PO Box 12233, 104 T.W. Alexander Drive, Research Triangle Park, NC 27709 •
Phone: 919-541-3212.
________________________________________________________________________

Referrals

The Association of Occupational and Environmental Clinics (AOEC)
has developed a network of clinics in the United States to provide expertise in
occupational and environmental issues. Contact: AOEC, 10 10 Vermont Avenue, NW, #5
13, Washington, DC 20005 l Phone: 202-347-4976 l FAX: 202- 347-4950 •
e-mail: aoec@,dgs.dnsys.com • AOEC Clinic Director: http://occ-envmed.
mc.duke.edu/oem/aoec.htm.

The American College of Occupational and Environmental Medicine (ACOEM)
 is an association of physicians and other health care providers specializing in the field of
occupational and environmental medicine. Contact: ACOEM, 55 West Seegers Road,
Arlington Heights, IL 60005 • Phone: 847-228-6850 • FAX: 847-228-1856.
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CONTRIBUTORS

CHEMICAL MANAGER(S)/AUTHORS(S):

Lori L. Miller, M.P.H.
ATSDR Division of Toxicology, Atlanta, GA

Cassandra Smith-Simon, M.S.
ATSDR, Division of Toxicology, Atlanta, GA

Fernando Llados, Ph.D.
Research Triangle Institute, Research Triangle Park, NC

Steve Kueberuwa, M.S.
Research Triangle Institute, Research Triangle Park, NC

THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS:

1. Health Effects Review. The Health Effects Review Committee examines the health effects
chapter of each profile for consistency and accuracy in interpreting health effects and
classifying end points.

2 . Minimal Risk Level Review. The Minimal Risk Level Workgroup considers issues relevant to
substance-specific minimal risk levels (MRLs), reviews the health effects database of each
profile: and makes recommendations for derivation of MRLs.

3 . Data Needs Review. The Research Implementation Branch reviews data needs sections to
     assure consistency across profiles and adherence to instructions in the Guidance.
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PEER REVIEW

A peer review panel was assembled for 3,3’-dichlorobenzidine. The panel consisted of the
following members :

1. Dr. Herbert Cornish, Private Consultant, 830 W. Clark Rd., Ypsilanti, MI 48 198;

2. Dr. Arthur Gregory, Private Consultant, 1 Gregory Lane, Luray, VA 22835;

3. Dr. Philip Leber, Private Consultant, 1344 Jefferson Ave., Akron, OH 443 13; and

4. Dr. Robert Rubin, Johns Hopkins School of Public Health, Environmental Health Sciences,
    Baltimore, MD 21205.

These experts collectively have knowledge of 3,3’-dichlorobenzidine’s physical and chemical
properties, toxicokinetics, key health end points, mechanisms of action, human and animal
exposure, and quantification of risk to humans. All reviewers were selected in conformity with
the conditions for peer review specified in Section 104(1)( 13) of the Comprehensive
Environmental Response, Compensation, and Liability Act, as amended.

Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed
the peer reviewers’ comments and determined which comments will be included in the profile. A
listing of the peer reviewers’ comments not incorporated in the profile, with a brief explanation of
the rationale for their exclusion, exists as part of the administrative record for this compound. A
list of databases reviewed and a list of unpublished documents cited are also included in the
administrative record.

The citation of the peer review panel should not be understood to imply its approval of the
profile’s final content. The responsibility for the content of this profile lies with the ATSDR.
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1. PUBLIC HEALTH STATEMENT

This public health statement tells you about 3,3’-dichlorobenzidine and the effects of exposure.

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in

the nation. These sites make up the National Priorities List (NPL) and are the sites targeted for

long-term federal cleanup activities. 3,3’-Dichlorobenzidine has been found in at least 32 of the

1,467 current or former NPL sites. However, the total number of NPL sites evaluated for this

substance is not known. As more sites are evaluated, the sites at which 3,3’-dichlorobenzidine is

found may increase. This information is important because exposure to this substance may harm

you and because these sites may be sources of exposure.

When a substance is released from a large area, such as an industrial plant, or from a container,

such as a drum or bottle, it enters the environment. This release does not always lead to

exposure. You are exposed to a substance only when you come in contact with it. You may be

exposed by breathing, eating, or drinking the substance or by skin contact.

If you are exposed to 3,3’-dichlorobenzidine, many factors determine whether you’ll be harmed.

These factors include the dose (how much), the duration (how long), and how you come in

contact with it. You must also consider the other chemicals you’re exposed to and your age, sex,

diet, family traits, lifestyle, and state of health.

1 .l WHAT IS 3,3’-DICHLOROBENZIDINE?

3,3’-Dichlorobenzidine is a gray-to-purple colored crystalline solid. It changes from a solid to a

gas very slowly. 3,3’-Dichlorobenzidine salt, the major form in actual use, is a stable, off-white

colored crystalline solid that does not evaporate. Neither 3,3’-dichlorobenzidine nor its salt occur

naturally in the environment. They are manufactured for use in the production of pigments for

printing inks, textiles, plastics and enamels, paint, leather, and rubber. Whether 3,3’-

dichlorobenzidine or the salt is present as such depends on the acidity of the soil or water as well

as other
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factors. In most environmental samples, such as water and soils, 3,3’-dichlorobenzidine would be

expected to exist in the free amino form, not as the salt. For more information, see Chapters 3

and 4.

1.2 WHAT HAPPENS TO 3,3’-DICHLOROBENZIDINE WHEN IT ENTERS THE
ENVIRONMENT?

3,3’-Dichlorobenzidine breaks down rapidly when exposed to natural sunlight. In air and

sunshine, it is estimated that half of the chemical breaks down within 9.7 hours. In water exposed

to natural sunlight, 3,3’-dichlorobenzidine is expected to break down rapidly, with half being

removed in approximately 90 seconds. In soil, where no sunlight is present, the compound may

last for several months. Under certain conditions, 3,3’-dichlorobenzidine can break down in soil

to form another compound, benzidine, which is toxic. For more information, see Chapter 5.

1.3 HOW MIGHT I BE EXPOSED TO 3,3’-DICHLOROBENZIDINE?

3,3’-Dichlorobenzidine is used to make pigments (substances used to give color to something, for

example, paint). You are most likely to be exposed to 3,3’-dichlorobenzidine if you work inside

plants where the chemical is manufactured or used. However, employers have limited workers’

exposure to the chemical by using closed systems for processing as well as other methods for

reducing its concentration in the air to very low levels and by requiring workers to wear

protective clothing and use special equipment. If you were exposed in such a workplace, it would

probably be by breathing in the dust or by getting the chemical on your skin. Careless handling or

accidental spillage of the chemical could result in exposure to potentially hazardous levels of

3,3’-dichlorobenzidine. People may be exposed to the chemical if they live or work near land

where plant wastes have been stored or buried, or close to lakes, streams, or rivers near where

plants discharge process water or store wastes. Most people do not live near a source of the

chemical. The Canadian government has published calculations that show that exposure of the

Canadian general population to 3,3’-dichlorobenzidine in air, soil, or water is extremely low. If

you do live in areas near a source of the chemical (such as a hazardous waste site that contains
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dye or pigment manufacturing wastes), some exposure could occur if you or a child accidentally

or purposely ingested small amounts of contaminated soil, drank contaminated water, or ate fish

caught in waters near the source. However, studies of water and fish taken from locations near

dye-manufacturing plants did not find the chemical.

3,3’-Dichlorobenzidine has no agricultural or food chemical uses, so exposure to it by eating

contaminated food is not likely. More information about the presence of 3,3’-dichlorobenzidine in

our environment and how it disappears by being broken down by other chemicals and processes

can be found in Chapter 5.

1.4 HOW CAN 3,3’-DICHLOROBENZIDINE ENTER AND LEAVE MY BODY?

In the workplace, 3,3’-dichlorobenzidine may enter the body when workers breathe dust

contaminated by 3,3’-dichlorobenzidine and through skin contact. You are not likely to be

exposed to 3,3’-dichlorobenzidine unless you drink water or eat dirt contaminated with

3,3’-dichlorobenzidine in the vicinity of a hazardous waste site where 3,3’dichlorobenzidine has

been stored and leakage has occurred. When 3,3’-dichlorobenzidine does enter the body, very

little of it leaves the body unchanged. Most of it (over 90%) is changed to related chemical

substances called metabolites, which leave the body, mainly in urine and to a lesser extent in

feces, within 72 hours after exposure. More information can be found in Chapter 2.

1.5 HOW CAN 3,3’-DICHLOROBENZIDINE AFFECT MY HEALTH?

Some workers exposed to the salt form of 3,3’-dichlorobenzidine complained of sore throat,

respiratory infections, stomach upset, headache, dizziness, caustic burns, and dermatitis (an

inflammation of the skin). However, with the exception of dermatitis, it is not certain that

3,3’-dichlorobenzidine causes these health effects because the workers were also exposed to other

chemicals at the same time. There is no evidence that 3,3’-dichlorobenzidine affects the nervous

system, the ability to fight disease, or the ability of people to have children.
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To protect the public from the harmful effects of toxic chemicals and to find ways to treat people

who have been harmed, scientists use many tests.

One way to see if a chemical will hurt people is to learn how the chemical is absorbed, used, and

released by the body; for some chemicals, animal testing may be necessary. Animal testing may

also be used to identify health effects such as cancer or birth defects. Without laboratory animals,

scientists would lose a basic method to get information needed to make wise decisions to protect

public health. Scientists have the responsibility to treat research animals with care and

compassion. Laws today protect the welfare of research animals, and scientists must comply with

strict animal care guidelines.

Death has occurred in laboratory animals that ate very high levels of 3,3’-dichlorobenzidine

mixed in their food for short periods of time. Laboratory animals exposed to moderate levels of

3,3’-dichlorobenzidine mixed with food for a long time suffered mild injury to the liver.

Studies show that 3,3’-dichlorobenzidine caused cancer of the liver, skin, breast, bladder, and

tissues that form blood (leukemia), and other sites in laboratory animals that ate 3,3’-

dichlorobenzidine in their food. There is no evidence that 3,3’-dichlorobenzidine has caused

cancer in people who worked with it or who were exposed to it unknowingly or by accident for a

short or long time. However, because of the many types of cancer that 3,3’-dichlorobenzidine has

caused in different tissues of many types of laboratory animals, 3,3’-dichlorobenzidine should be

thought of as probably capable of causing human cancer if exposure to the chemical is

sufficiently high.

The Environmental Protection Agency (EPA) has determined that 3,3’-dichlorobenzidine is a

“probable human carcinogen.” The U.S. Department of Health and Human Services (DHHS) has

determined that 3,3’-dichlorobenzidine and its salt may reasonably be expected to be

cancercausing substances (carcinogens). The International Agency for Research on Cancer

(IARC) has determined that 3,3’-dichlorobenzidine is possibly carcinogenic to humans. More

information can be found in Chapter 2.
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1.6 HOW CAN 3,3’-DICHLOROBENZIDINE AFFECT CHILDREN?

This section discusses potential health effects from exposures during the period from conception

to maturity at 18 years of age in humans. Potential effects on children resulting from exposures of

the parents are also considered.

Children might be exposed to 3,3’-dichlorobenzidine if they eat small amounts of soil

contaminated with 3,3’-dichlorobenzidine. However, studies suggest that it is very difficult to

release 3,3’-dichlorobenzidine once it becomes attached to soil. Exposure via contaminated soil

may occur if they live in an area near a source of the chemical (such as a hazardous waste site that

contains 3,3’-dichlorobenzidine). Children can also be exposed if the parents work at chemical

facilities where 3,3’-dichlorobenzidine is handled and bring home contaminated clothing or tools

or if they do not shower before coming home. There are no known unique exposure pathways for

children.

There have been no studies of health effects in children exposed to 3,3’-dichlorobenzidine. We

have no information on whether 3,3’-dichlorobenzidine causes birth defects in children. It is

unknown whether birth defects would occur in the offspring of pregnant animals that breathed or

eaten 3,3’-dichlorobenzidine, or had it on their skin. In studies in which pregnant mice were

injected with high amounts of 3,3’-dichlorobenzidine under the skin, the kidneys of their babies

did not develop properly and some babies developed renal tumors. However, it is highly unlikely

that humans will encounter such exposure conditions.

There is no information to determine whether children are different in their sensitivity to the

health effects of 3,3’-dichlorobenzidine from adults. There is indirect evidence that 3,3’-

dichlorobenzidine or its breakdown products can cross the placenta, but we do not know for

certain whether it can be transferred to the young via the mother’s breast milk. Sometimes when

children have been exposed to chemicals before they are born, the chemical or its breakdown

products can be found in amniotic fluid, meconium, cord blood, or neonatal blood; however, no

information
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about such measurements was found for 3,3’-dichlorobenzidine. More information regarding

children’s health and 3,3’-dichlorobenzidine can be found in Section 2.6.

1.7  HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO
       3,3’-DICHLOROBENZIDINE?

If your doctor finds that you have been exposed to significant amounts of 3,3’-dichlorobenzidine,

ask your doctor if children may also be exposed. When necessary your doctor may need to ask

your state Department of Public Health to investigate.

3,3’-Dichlorobenzidine has no agricultural or food chemical uses, so exposure to it by eating

contaminated food is not likely. It is sometimes possible to carry 3,3’-dichlorobenzidine from

work on your clothing, skin, hair, tools, or other objects removed from the workplace. This has

happened in factories that produce 3,3’-dichlorobenzidine. In this way, you may contaminate

your car, home, or other locations outside work where children might be exposed to 3,3’-

dichlorobenzidine.  You should know about this possibility if you work with 3,3’-

dichlorobenzidine.

Your occupational health and safety officer at work can and should tell you whether chemicals

you work with are dangerous and likely to be carried home’on your clothes, body, or tools. Ask

if you should shower and change clothes before you leave work, store your street clothes in a

separate area of the workplace, or launder your work clothes at home separately from other

clothes. The Occupational Safety and Health Administration (OSHA) requires Material Safety

Data Sheets (MSDSs) for many chemicals used at your place of work. MSDS information should

include chemical names and hazardous ingredients, and important information such as fire and

explosion data, potential health effects, how you get the chemical(s) in your body, how to

properly handle the materials, and what to do in the case of emergencies. Your employer is

legally responsible for providing a safe workplace and should freely answer your questions about

hazardous chemicals. U.S. OSHA or your state OSHA-approved occupational safety and health

program can answer any further questions and help your employer identify and correct problems

with hazardous substances. OSHA or your state OSHA-approved occupational safety and health

program will listen to your formal complaints about workplace health hazards and inspect your



3,3’-DICHLOROBENZIDINE 7

1. PUBLIC HEALTH STATEMENT

workplace when necessary. Employees have a right to seek safety and health on the job without

fear of punishment. More information regarding exposure to 3,3’-dichlorobenzidine can be found

in Sections 5.5, 5.6, and 5.7.

1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN
      EXPOSED TO 3,3’-DICHLOROBENZIDINE?

Exposure to 3,3’-dichlorobenzidine can be determined by finding the chemical or its metabolites

in urine. The test is not commonly available to the general population, but it is available to

workers who may be exposed to potentially hazardous levels of the chemical in the workplace

(for example, by careless handling or accidental spills). The test is accurate and provides evidence

that exposure has occurred. However, since 3,3’-dichlorobenzidine does not remain long in the

body, the test must be performed very soon after the possible exposure. Also, measured urine

levels of 3,3’-dichlorobenzidine or its metabolites do not tell you whether it will affect your

health. More information can be found in Chapter 6.

1.9 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
       PROTECT HUMAN HEALTH?

Federal agencies that develop regulations for toxic substances include the Environmental

Protection Agency (EPA), the Occupational Safety and Health Administration (OSHA), and the

Food and Drug Administration (FDA). Recommendations provide valuable guidelines to protect

public health but cannot be enforced by law. Federal organizations that develop recommendations

for toxic substances include the Agency for Toxic Substances and Disease Registry (ATSDR) and

the National Institute for Occupational Safety and Health (NIOSH).

Regulations and recommendations can be expressed in not-to-exceed levels in air, water, soil, or

food that are usually based on levels that affect animals; then they are adjusted to help protect

people. Sometimes these not-to-exceed levels differ among federal organizations because of

different exposure times (an 8-hour workday or a 24-hour day), the use of different animal

studies, or other factors.
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Recommendations and regulations are also periodically updated as more information becomes

available. For the most current information, check with the federal agency or organization that

provides it. Some regulations and recommendations for 3,3’-dichlorobenzidine include the

following:

EPA has determined that 3,3’-dichlorobenzidine is a “probable human carcinogen” and has

placed several limits on the chemical in the environment to protect human health. Under the

Clean Water Act of 1977, EPA controls discharges of 3,3’-dichlorobenzidine to industrial waste

waters. The agency has listed 3,3’-dichlorobenzidine as a hazardous waste and requires that any

spill of one pound or more be reported to the National Response Center.

Although the FDA has classified 3,3’-dichlorobenzidine as a carcinogen, no regulatory guidelines

have been enacted. The FDA has concluded that the food supply is not in danger from

3,3’-dichlorobenzidine.

3,3’-Dichlorobenzidine is one of a number of compounds regulated by OSHA. To control

exposures to 3,3’-dichlorobenzidine in workplace air and to protect the health of workers,

OSHA’s regulatory standards provide strict guidelines for handling, using, and storing the

compound. They also include the requirements for personal protective equipment, training,

labeling, and posting and engineering controls. OSHA also requires that initial medical screening

and regular medical examinations be made available to any employee who is exposed to 3,3’-

dichlorobenzidine at potentially hazardous levels.

NIOSH considers 3,3’-dichlorobenzidine a “potential occupational carcinogen” and recommends

workplace practices and controls to reduce exposures to the lowest possible level. NIOSH

defines potential occupational carcinogens as substances which may cause an increased incidence

of benign and/or malignant neoplasm, or a substantial decrease in the latency period between

exposure and onset of neoplasms in humans.
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1.10 WHERE CAN I GET MORE INFORMATION?

If you have any more questions or concerns, please contact your community or state health or

environmental quality department or:

Agency for Toxic Substances and Disease Registry
Division of Toxicology
1600 Clifton Road NE, Mailstop E-29
Atlanta, GA 30333

* Information line and technical assistance

Phone: l-800-447- 1544
Fax: (404) 639-6359

ATSDR can also tell you the location of occupational and environmental health clinics. These

clinics specialize in recognizing, evaluating, and treating illnesses resulting from exposure to

hazardous substances.

* To order toxicological profiles, contact:

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22 16 1
Phone: (800) 553-6847 or (703) 487-4650
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2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists,

and other interested individuals and groups with an overall perspective of the toxicology of 3,3’-

dichlorobenzidine.  It contains descriptions and evaluations of toxicological studies and

epidemiological investigations and provides conclusions, where possible, on the relevance of

toxicity and toxicokinetic data to public health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this

profile.

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working

near hazardous waste sites, the information in this section is organized first by route of exposure-

inhalation, oral, and dermal; and then by health effect--death, systemic, immunological,

neurological, reproductive, developmental, genotoxic, and carcinogenic effects. These data are

discussed in terms of three exposure periods-acute (14 days or less), intermediate (15-364 days),

and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated

in figures.  The points in the figures showing no-observed-adverse-effect levels (NOAELs) or

lowest-observedadverse-effect levels (LOAELs) reflect the actual doses (levels of exposure) used

in the studies. LOAELS have been classified into “less serious” or “serious” effects. “Serious”

effects are those that evoke failure in a biological system and can lead to morbidity or mortality

(e.g., acute respiratory distress or death). “Less serious” effects are those that are not expected to

cause significant dysfunction or death, or those whose significance to the organism is not entirely

clear. ATSDR acknowledges that a considerable amount of judgment may be required in

establishing whether an end point should be classified as a NOAEL, “less serious” LOAEL, or

“serious” LOAEL, and that in some cases, there will be insufficient data to decide whether the

effect is indicative of significant dysfunction. However, the Agency has established guidelines

and policies that are used to classify these end points. ATSDR believes that there is sufficient

merit in this approach to warrant an attempt at distinguishing between “less serious” and

“serious” effects. The
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distinction between “less serious” effects and “serious” effects is considered to be important

because it helps the users of the profiles to identify levels of exposure at which major health

effects start to appear.  LOAELs or NOAELs should also help in determining whether or not the

effects vary with dose and/or duration, and place into perspective the possible significance of

these effects to human health.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables

and figures may differ depending on the user’s perspective. Public health officials and others

concerned with appropriate actions to take at hazardous waste sites may want information on

levels of exposure associated with more subtle effects in humans or animals (LOAEL) or

exposure levels below which no adverse effects (NOAELs) have been observed. Estimates of

levels posing minimal risk to humans (Minimal Risk Levels or MRLs) may be of interest to

health professionals and citizens alike.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of 3,3’-

dichlorobenzidine are indicated in Table 2- 1 and Figure 2- 1. Because cancer effects could occur

at lower exposure levels, Figure 2-1 also shows a range for the upper bound of estimated excess

risks, ranging from a risk of 1 in 10,000 to 1 in 10,000,000 (10-4 to 10-7), as developed by EPA.

A User’s Guide has been provided at the end of this profile (see Appendix B). This guide should

aid in the interpretation of the tables and figures for Levels of Significant Exposure.

2.2.1 Inhalation Exposure

3,3’-Dichlorobenzidine is not a volatile chemical. In the air, it may exist as dust particles or

bound to particulate matter. The absorption of 3,3’-dichlorobenzidine from such respirable

particles into the body depends, in part, on the size of the particle. Large particles tend to deposit

in the upper airways and are subsequently cleared by ciliary action with little absorption across

lung tissues. However, the ciliary action transports the particles to the epiglottis where they are

often swallowed, leading to gastrointestinal absorption. Smaller particles can penetrate more

deeply into the respiratory tree, where 3,3’-dichlorobenzidine absorption may be significant.
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2.2.1.1 Death

No studies were located regarding lethal effects in humans or animals after inhalation exposure to

3,3’-dichlorobenzidine. No fatalities were observed in rats observed for 14 days following a

l-hour exposure to an unspecified concentration of 3,3’-dichlorobenzidine dihydrochloride dust

(Gerarde and Gerarde 1974). No deaths were reported in male rats exposed to 23,700 mg/m3

3,3’-dichlorobenzidine base (dust) for 2 hours per day for 7 days (Gerarde and Gerarde 1974).

2.2.1.2 Systemic Effects

No studies were located regarding cardiovascular, hematological, musculoskeletal, hepatic, renal,

endocrine, dermal, ocular, body weight, or metabolic effects in humans or animals after

inhalation exposure to 3.3’-dichlorobenzidine.

Respiratory Effects. Upper respiratory infection and sore throat were listed among several

principal reasons for visits to a company’s medical clinic by workers handling

3,3’-dichlorobenzidine dihydrochloride (Gerarde and Gerarde 1974). However, there is no

conclusive evidence that these effects were due to inhalation of 3,3’-dichlorobenzidine

dihydrochloride.

No adverse health effects were observed in male rats exposed by inhalation to

3,3’- dichlorobenzidine free base (23,700 mg/m3) 2 hours per day for 7 days (Gerarde and

Gerarde 1974). In another study, 10 rats were exposed to an unspecified concentration of

3,3’-dichlorobenzidine dihydrochloride dust particles for 1 hour and then observed for 14 days.

Slight-to-moderate pulmonary congestion and one pulmonary abscess were observed upon

necropsy (Gerarde and Gerarde 1974). The effects observed in the study using the ionized

(hydrochloride) form of 3,3’-dichlorobenzidine may have been due to the irritative properties of

hydrochloric acid released from the salt in combination with particulate toxicity.

Gastrointestinal Effects. Gastrointestinal upset was one of the symptoms reported by employees

who worked with 3,3’-dichlorobenzidine dihydrochloride (dihydro salt of 3,3’-dichlorobenzidine)

(Gerarde and Gerarde 1974). However, there is no conclusive evidence that the gastrointestinal

effects, or other symptoms reported by employees, resulted specifically from inhalation of

3,3’-dichlorobenzidine dihydrochloride.
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No studies were located regarding gastrointestinal effects in animals following inhalation

exposure to 3,3’-dichlorobenzidine.

2.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological effects in humans or animals after inhalation

exposure to 3,3’-dichlorobenzidine.

2.2.1.4 Neurological Effects

The only relevant information regarding neurological effects in humans exposed to

3,3’-dichlorobenzidine was found in an early study which reported that headache and dizziness

were among several principal reasons why employees working with 3,3’-dichlorobenzidine in a

chemical manufacturing plant visited the company medical clinic (Gerarde and Gerarde 1974).

However, there is no conclusive evidence that these symptoms were caused specifically by

3,3’-dichlorobenzidine since there was exposure to other chemicals as well. No further

information was provided.

No studies were located regarding neurological effects in animals after inhalation exposure to

3,3’-dichlorobenzidine.

No studies were located regarding the following effects in humans or animals after inhalation

exposure to 3,3’-dichlorobenzidine:

2.2.1.5 Reproductive Effects

2.2.1.6 Developmental Effects

2.2.1.7 Genotoxic Effects

Genotoxicity studies are discussed in Section 2.5.
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2.2.1.8 Cancer

Several epidemiological studies have investigated cancer incidences among workers

occupationally exposed to 3,3’-dichlorobenzidine (Gadian 1975; Gerarde and Gerarde 1974;

MacIntyre 1975; Myslak et al. 1991).  Exposure may have been by both inhalation and dermal

routes.

Due, in part, to structure-activity considerations, epidemiological studies of potential cancer

effects of occupational exposure to 3,3’-dichlorobenzidine have been particularly concerned with

bladder tumors, since 3,3’-dichlorobenzidine is structurally similar to benzidine, a chemical

which is known to be a human bladder carcinogen. The possible role of benzidine-based azodyes

as a carcinogenic risk factor for painters in a major industrial area of Germany was investigated

by Myslak et al. (1991). The cohort consisted of 403 male patients (case group) treated in the

period 1984-1987 for urological tumors: 290 had a diagnosis of bladder carcinoma and 113 had a

diagnosis of bladder papilloma. The mean duration of employment was 29 years (range 2-48

years). A comparison group (reference group) of 426 patients with benign prostate disease was

also included in the study. Cases and controls responded to questionnaires regarding employment

history. Questionnaires were analyzed for occupational categories. A painter was defined as a

person employed in this occupation for at least 6 months at any time of his working history and

who had never been employed in another occupation known to be causally associated with

bladder cancer. Of the bladder tumor patients, 21 were painters; among referents, 8 were painters.

This difference among the groups was statistically significant; the relative risk of painters to be

associated with bladder tumor was 2.76 (p<0.01). Occupation as painter (primarily house painter)

was far more frequent among bladder tumor patients than would be expected from census data.

The relative risk of bladder tumors for current smokers and ex-smokers was 1.13, which led

Myslak et al. (1991) to suggest that the risk of smoking for bladder tumors was less than the

occupational risk for the painters. The authors noted that a large number of benzidine-based

azodyes were manufactured in Germany in the past. During that time it was usual for painters to

prepare the paints themselves, allowing for possible exposure to dyes and pigments derived from

benzidine, 3,3’-dichlorobenzidine, 3,3’-dimethylbenzidine (o-tolidine), 3,3’-dimethoxybenzidine

(o-dianisidine), and 2-naphthylamine (Myslak et al. 1991). While the results of this study suggest

that occupational exposure to benzidine-like chemicals is associated with an increased incidence

in bladder tumors, the specific role of 3,3’-dichlorobenzidine, if any, is unknown.
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No other epidemiological studies have found either bladder tumors or excess tumors at other sites

that were associated with 3,3’-dichlorobenzidine (Gadian 1975; Gerarde and Gerarde 1974;

MacIntyre 1975).  However, these studies were conducted with workers who were exposed to

3,3’-dichlorobenzidine for less than 20 years. Since a period of 5 to 50 years may follow the

exposure to bladder carcinogens and the diagnosis of bladder cancer by a physician (Badalament

1998), an adequate latency period for 3,3’-dichlorobenzidine-induced tumors may not have

elapsed for some individuals. Also, the number of workers examined in these studies was

relatively small, thus limiting the statistical power to detect a significant increase in bladder

cancer mortality (incidence). Finally, the possibility that 3,3’-dichlorobenzidine is a human

carcinogen under certain undefined exposure conditions cannot be totally ruled out.

In one of these reports, no bladder tumors were found in a group of 35 workers who handled only

3,3’-dichlorobenzidine; in the same dyestuff plant, bladder tumors occurred in 3 out of 14

workers exposed to both benzidine and 3,3’-dichlorobenzidine. The investigator reported a total

exposure time of 68,505 hours, equivalent to nearly 140 full-time working years (Gadian 1975).

No cases of bladder tumors were found in an epidemiology study of 259 workers exposed to dry

and sernidry 3,3’-dichlorobenzidine base and hydrochloride. Cytological analyses of the urine

(Papanicolaou tests) were negative. Workers were exposed to an average of less than 16 years

each to 3,3’-dichlorobenzidine, which means that an adequate exposure duration and/or the latent

period following exposure may not have been reached for tumor expression (MacIntyre 1975).

In a retrospective epidemiological study of workers employed in a dye and pigment

manufacturing plant that used 3,3’-dichlorobenzidine as chemical precursor, no bladder tumors

were observed in a cohort of 207 workers, most of whom had been exposed for up to 15 years

(Gerarde and Gerarde 1974). However, in this study there was no evidence that any valid system

of medical surveillance of workers ever existed during the years that 3,3’-dichlorobenzidine was

used at the plant. A number of employees had not been followed up for 15 years or more

(Gerarde and Gerarde 1974). Other limitations of this study included using data from a very small

and incomplete sample of workers; focusing solely on the occurrence of bladder tumors; and

using data that may have been misleading and, at times, apparently inaccurate.
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No studies were located regarding cancer effects in animals after inhalation exposure to

3,3’-dichlorobenzidine.  However, cancer effects have been observed in animal studies where

3,3’-dichlorobenzidine was administered orally or by other routes. See Sections 2.2.2.8 and 2.5

for further information.

2.2.2 Oral Exposure

Indirect gastrointestinal tract exposure may occur from breathing contaminated airborne dust in

the workplace. The respiratory deposition pattern of inhaled 3,3’-dichlorobenzidine depends

primarily on the mass median aerodynamic diameter (MMAD) of the particles. The mucociliary

clearance mechanism moves most particulates with a MMAD of l-5 µm out of the lower

respiratory tract, thus allowing their passage into the gastrointestinal tract. Larger particles

(>5 µm) impacting in the nasopharyngeal region would also be eventually ingested. Oral

exposure may potentially occur in the general environment by drinking contaminated

groundwater. Occupational exposure by the oral route is not expected to be significant. Exposure

through eating food is unlikely since 3,3’-dichlorobenzidine has never had an application as an

agricultural or food chemical. Children may be exposed to 3,3’-dichlorobenzidine if they

consume contaminated soil; however, the bioavailability of 3,3’-dichlorobenzidine from soil is

quite low.  All of the available data on the effects of 3,3’-dichlorobenzidine following oral

exposure are derived from studies in experimental animals. Table 2- 1 and Figure 2- 1 summarize

available data.

2.2.2.1 Death

No studies were located regarding lethal effects in humans after oral exposure to

3,3’-dichlorobenzidine.

In rats, the acute-duration oral LD50 (lethal dose, 50% kill) for 3,3’-dichlorobenzidine free base

administered in pure olive oil was estimated to be 7,070 mg/kg, whereas the LD50 for a 20%

suspension of the dihydrochloride salt in corn oil was 3,820 mg/kg (Gerarde and Gerarde 1974).

The cause of death was not discussed. Given this high LD50 acute lethality in humans following

oral exposure is unlikely. Both oral LD50 values for 3,3’-dichlorobenzidine are shown in Table

2-1 and plotted in Figure 2-l.



Table 2-1. Levels of Significant Exposure to 3,3'Dichlorobenzidine - Oral 

ACUTE EXPOSURE 

Exposure/ LOAEL 
duration/ Key toa Species frequency NOAEL Less serious Serious Reference 

figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

Death 

1 Rat once 

(albino) (GO) 

2 Rat once 

(Sprague- (GO) 
Dawley) 

Systemic 

(Wistar) (GO) 

3 Rat once Hemato 

INTERMEDIATE EXPOSURE 
Cancer 

(ICR) (F) 

4 Mouse 6 or 12 mo 

5 Mouse 10 mo 

(Strain D) (F) 

127 F (hemoglobin adduction) 

7070 (LD50) 

3820 (LD50) 

Gerarde and 
Gerarde 1974 

3,3-dichloro- 
benzidine base 

Gerarde and 
Gerarde 1974 

3,3-dichloro- 
benzidine 
dihydrochloride 

Birner et al. 1990 

3,3-dichloro- 
benzidine 
dihydrochloride 

170 M (hepatomas in 8/8 at 6 mo Osanai 1976 
and in 18/18 at 12 mo) 

1 1.2- (hepatic tumors in 4/18) Pliss 1959 

11.9 

3,3-D
IC

H
LO

R
O

B
E

N
Z

ID
IN

E
	

	
	

	
	

 
                                                                   18

                                                                                     2   . H
E

A
LT

H
 E

F
F

E
C

T
S



Table 2-1. Levels of Significant Exposure to 3,3’-Dichlorobenzidine - Oral (continued) 

LOAEL Exposure/ 
duration/ 

Less serious Serious Reference NOAEL Key toa Species frequency 
figure (Strain) (Specific route) System (mg/kg/day) Chemical Form (mg/kg/day) (mg/kg/day) 

CHRONIC EXPOSURE 
Systemic 

(Beagle) 6 wk + 
5 x/wk 
7.1 yr 

6 Dog 3 x/wk Resp 

Hemato 10.4 F 

Hepatic 

Renal 10.4 F 

Body Wt 10.4 F 

Neurological 

7 Dog 3 x/wk 

(Beagle) 6 wk + 
5 x/wk 
7.1 yr 

(C) 

10.4 F (dyspnea in 1/6) 

10.4 F (increased plasma GPT 
levels; fatty changes in 
liver in 1/6) 

Stula et al. 1978 

10.4 F (convulsions and slight Stula et al. 1978 
neuronal degeneration in 116 

dogs) 

(C)  
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Table 2-1. Levels of Significant Exposure to 3,3’-Dichlorobenzidine - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
(mg/kg/day) (mg/kg/day) Chemical Form figure (Strain) (Specific route) System (mg/kg/day) 

Cancer 

8 Rat 12 mo 
(Rappolovskii) 6 d/wk 

(F) 

10 Hamster NS 

(Golden (F) 

120 (tumors in Zymbal gland, Pliss 1959 
skin, mammary gland, ileum, 
bladder, hemopoetic, 
connective tissue, salivary 
gland, liver, thyroid) 

70 M (CEL: malignant mammary 
gland adeno- carcinomas in 
7/44; Zymbal gland 
squamous cell carcinomas in 
8/44; granulocytic leukemia in 
9/44) 

Stula et al. 1975 

80 F (CEL: malignant mammary 
gland adenocarcinomas in 
26/44 females) 

300 (transitional cell bladder Seliakumar et al. 
carcinomas, liver -cell and 1969 
cholangiomatous tumors) 

9 Rat 16 mo 

(Sprague-
Dawley) 

ad lib
(F)
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Table 2-1. Levels of Significant Exposure to 3,3’-Dichlorobenzidine - Oral (continued) 

(mg/kg/day) (mg/kg/day) Chemical Form 

11 Dog 3x/wk 10.4 F (CEL: hepatocellular Stula et al. 1978 

LOAEL Exposure/ 
duration/ 

Reference Key toa Species frequency NOAEL Less serious Serious 
figure (Strain) (Specific route) System (mg/kg/day) 

transitional cell carcinomas of 

urinary bladder in 5/6) 

(Beagle) 6 wks + carcinomas in 4/6, papillary 
5x/wk 
7.1 yrs 

(C) 

aThe number corresponds to entries in Figure 2-1. 

ad lib = ad libitum; Body Wt = body weight; (C) = capsule; CEL = cancer effect level; F = female; (F) = feed; (G) = gavage; (GO) = gavage in oil; GPT = glutamic t- 

pyruvic transaminase; Hemato = hematological; LD50 = lethal dose, 50% kill; LOAEL = lowest-observable -adverse -effect level; M = male; mo = month(s); NOAEL = 
no-observable -adverse -effect level; NS = not specified; wk = week(s); x = times; yrs = years 
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2.2.2.2 Systemic Effects

No studies were located regarding respiratory, hematological, hepatic, renal, or body weight

effects in humans after oral exposure to 3,3’-dichlorobenzidine. No studies were located

regarding cardiovascular, gastrointestinal, musculoskeletal, endocrine, dermal, ocular, or

metabolic effects in humans or animals after oral exposure to 3,3’-dichlorobenzidine.

The highest NOAEL values and all LOAEL values for oral exposure from each reliable study for

systemic effects in each species and duration category for 3,3’-dichlorobenzidine are shown in

Table 2-1 and plotted in Figure 2- 1.

Respiratory Effects. Dyspnea was observed in 1 of 6 female dogs exposed to 10.4 mg/kg/day

3,3’-dichlorobenzidine for 6.6 years, which probably resulted as a secondary effect of liver

disease, that this dog was experiencing. No respiratory effects were observed in any other dogs,

including controls (Stula et al. 1978).

Hematological Effects. Although hematological effects may not be sensitive indicators for

3,3’-dichlorobenzidine toxicity, hemoglobin adducts have been detected in female Wistar rats

orally administered single 127 or 253 mg/kg doses of 3,3’-dichlorobenzidine (Birner et al. 1990)

or with repeated doses between 0.3 and 5.8 mg/kg/day (Joppich-Kuhn et al. 1997). It was

suggested that metabolically formed nitroso derivatives and the formation of a sulfinic acid amide

with cysteine residues in hemoglobin may be the mechanism of adduct formation (Birner et al.

1990). Hydrolysis yielded mainly 3,3’-dichlorobenzidine; N-acetylated 3,3’-dichlorobenzidine

was also detected. The more recent study found that adduct formation was dose-related (Joppich-

Kuhn et al. 1997). It was further observed that at low doses of 3,3’-dichlorobenzidine, N-acetyl-

3,3’-dichlorobenzidine adducts and 3,3’-dichlorobenzidine adducts were formed at similar levels,

but at the highest dose level tested (5.8 mg/kg/day) the dichlorobenzidine adduct was

predominant, suggesting saturation of the acetylation pathway at high dose (Joppich-Kuhn et al.

1997).  While hemoglobin adduct formation does not imply altered or abnormal hemoglobin

function, adduct formation may be a suitable biomarker of human exposure to

3,3’-dichlorobenzidine (see Section 2.7).  Hematological variables (erythrocyte count,

hemoglobin concentration, hematocrit, and leucocyte count) were found to be normal in dogs

exposed to 10.4 mg/kg/day 3,3’-dichlorobenzidine for 7 years (Stula et al. 1978).



3,3’-DICHLOROBENZIDINE 25

2. HEALTH EFFECTS

Hepatic Effects. Limited animal evidence suggests that chronic-duration oral exposure to

3,3’-dichlorobenzidine results in mild-to-moderate liver injury. Six female dogs exposed to

3,3’-dichlorobenzidine (10.4 mg/kg/day) all had modestly elevated plasma glutamic-pyruvic

transaminase (GPT) during the first 3 years of a 7-year treatment period (Stula et al. 1978).

Thereafter, GPT levels returned to normal in three of the experimental animals, two remained

elevated for the duration of the study. Elevated GPT levels may have been due to the test

chemical that caused chronic hepatic injury to these dogs that ultimately led to development of

liver tumors. One of the six dogs, sacrificed after 42 months of the test, showed a marked

fatty change in the liver. It should be noted that the study is limited by use of one dose level,

precluding dose-response evaluations. It should be mentioned, however, that none of the six

control dogs exhibited adverse liver effects.

Renal Effects. Urinary parameters (blood urea nitrogen, pH, osmolality, volume, protein, sugar,

and sediment) were normal in female dogs exposed to 3,3’-dichlorobenzidine (10.4 mg/kg/day)

throughout a 7-year study in which female dogs were exposed to 10.4 mg/kg/day

3,3’-dichlorobenzidine. At necropsy, no histological effects to the kidneys were reported in any of

the dogs (Stula et al. 1978).

Body Weight Effects. In a study in which female dogs were exposed to 10.4 mg/kg/day

3,3’-dichlorobenzidine for 7 years, there were no significant differences in body weight between

treated and control dogs during the study period (Stula et al. 1978).

2.2.2.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological and/or lymphoreticular effects in humans or

animals after oral exposure to 3,3’-dichlorobenzidine.

2.2.2.4 Neurological Effects

No studies were located regarding neurological effects in humans after oral exposure to 3,3’-

dichlorobenzidine.

In a 3,3’-dichlorobenzidine carcinogenicity study, 1 of 6 dogs exhibited convulsions after 21, 28,

or 42 months of oral treatment with 10.4 mg/kg/day over a period of 3.5 years (Stula et al. 1978).

Necropsy
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at 42 months revealed slight neuronal degeneration; although the specific location was not

indicated, histological examination was performed on the brain and spinal cord. No neurological

effects were observed in any other dogs, including controls. This LOAEL value for neurological

effect for oral exposure to 3,3’-dichlorobenzidine is shown in Table 2- 1 and plotted in

Figure 2- 1.

2.2.2.5 Reproductive Effects

No studies were located regarding reproductive effects in humans or animals after oral exposure

to 3,3’-dichlorobenzidine.

2.2.2.6 Developmental Effects

No studies were located regarding developmental effects in humans or animals after oral

exposure to 3,3’-dichlorobenzidine.

2.2.2.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans after oral exposure to

3,3’-dichlorobenzidine.

Genotoxic effects have been reported in animals treated with 3,3’-dichlorobenzidine. A single

dose of 3,3’-dichlorobenzidine (1,000 mg/kg) administered to male and pregnant female mice

induced micronuclei in polychromatic erythrocytes in the bone marrow of the males and in the

liver of the fetuses, but not in bone marrow of the dams (Cihak and Vontorkova 1987). A

micronucleus test is performed to detect a chemical’s ability to induce chromosomal aberrations.

However, the relevance of micronuclei formation to human health is not known. The reason for

the lack of effect of 3,3’-dichlorobenzidine on bone marrow micronuclei formation in the mothers

is unclear, but it may be related to deficiencies in the metabolic activation of

3,3’-dichlorobenzidine in female mice. The relative importance of pregnancy is unknown since

the study did not evaluate nonpregnant females. In another study, an increase in unscheduled

deoxyribonucleic acid synthesis (UDS) was observed in cultured liver cells from male mice

previously pretreated orally with single doses of ≥ 500 mg/kg 3,3’-dichlorobenzidine; no

response was observed at a dose of ≤200 mg/kg (Ashby and Mohammed 1988).
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3,3’-Dichlorobenzidine was also shown to bind extensively to tissue deoxyribonucleic acid

(DNA) in rats and mice. Single oral administration of 20 or 100 mg/kg radiolabeled

3,3’-dichlorobenzidine to male Sprague-Dawley rats and Swiss-Webster mice resulted in

extensive binding of the compound to tissue (liver, bladder, and intestine) DNA at 12, 24, or 96

hours, and 9 or 14 days after treatment (Ghosal and Iba 1990).

The UDS assay is used to measure the repair that follows DNA damage. However, the relevance

of UDS to human health is not known. While results were positive in two assay in animals,

sufficient data are not available from more predictive indicator assays to adequately characterize

the genotoxic potential for 3,3’-dichlorobenzidine in humans. Other genotoxicity studies are

discussed in Section 2.5.

2.2.2.8 Cancer

There are no epidemiological studies linking cancer in humans to oral exposure to

3,3’-dichlorobenzidine.  However, based on the findings of oral studies in animals,

3,3’-dichlorobenzidine may be regarded as a chemical that would probably induce cancer in

humans given sufficient exposure to the agent. An IARC review of the existing cancer toxicity

data for 3,3’-dichlorobenzidine concluded that, although no case report on exposure to

3,3’-dichlorobenzidine was available, because 3,3’-dichlorobenzidine and benzidine may be made

in the same plant, it is not possible to exclude 3,3’-dichlorobenzidine’s contribution to the

incidence of bladder cancer attributed to benzidine (IARC 1982a). Studies in animals

demonstrated that 3,3’-dichlorobenzidine is carcinogenic in rats, hamsters, mice and dogs (see

below).

A statistically significant increased incidence of hepatomas was observed in male ICR/JCL mice

exposed to 0.1% 3,3’-dichlorobenzidine in the diet (170 mg/kg/day) at 6 months (8 of 8 treated as

opposed to 0 of 5 controls) and 12 months (18 of 18 treated as opposed to 2 of 2 1 controls)

(Osanai 1976). Hepatic tumors were observed in 4/l 8 strain D mice exposed to 11.2-l 1.9 mg

3,3’-dichlorobenzidine/kg/day in the diet for 10 months (Pliss 1959).

No bladder carcinomas were observed in rats exposed to 0.03% 3,3’-dichlorobenzidine in the diet

(27 mg/kg/day) for 4 or 40 weeks (Ito et al. 1983), nor were any mammary tumors observed in

rats administered approximately 49 mg 3,3’-dichlorobenzidine dihydrochloride/kg/day by gavage

once every 3 days over a 30-day period and sacrificed 8 months later (Griswold et al. 1968).
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In a study in which rats were exposed to 10-20 mg 3,3’-dichlorobenzidine per day (120

mg/kg/day) in feed 6 days per week for 12 months, tumors were observed at a variety of sites,

including the Zymbal gland (7 of 29 animals), mammary gland (7/29), bladder (3/29),

hematopoietic system (3/29), skin (3/29), ileum (2/29), connective tissue (2/29), salivary gland

(2/29), liver (l/29), and thyroid (l/29) (Pliss 1959). No tumors were reported in 130 control

animals. In a later study, the same investigator reported that oral administration of an unspecified

dose (in the range of 125-500 mg/kg) of 3,3’-dichlorobenzidine by gavage to rats for 10-13

months resulted in the development of tumors of the skin, sebaceous and mammary glands, and

papillomas of the urinary bladder (Pliss 1963). Because the frequency of administration of the

compound was not provided, a daily dose could not be estimated.

In another rat study, 3,3’-dichlorobenzidine was administered to 50 male (70 mg/kg/day) and 50

female (80 mg/kg/day) Sprague-Dawley rats, in a standard diet for up to 16 months (Stula et al.

1975). In rats fed 3,3’-dichlorobenzidine in the diet for a total of 349 days (females) and 353 days

(males), histopathological evaluations revealed mammary adenocarcinoma (16% incidence),

malignant lymphoma (14%) granulocytic leukemia (20%), carcinoma of the Zymbal gland (18%)

in males, and mammary adenocarcinoma (59%) in females. These tumors were either totally

absent or occurred statistically less frequently in untreated controls. The authors noted that most

of these tumors appeared to arise in the bone marrow and hematopoietic foci in the spleen and

liver with subsequent metastasis to other organs. Only one dose level was used in the study,

however, and information on the purity of the test substance was not provided.

In a subsequent study by this investigator, hepatocellular carcinomas (67% incidence) and

papillary transitional cell carcinomas of the urinary bladder (83%) were observed in female dogs

fed approximately 10.4 mg/kg/day orally in gelatin capsules over a period of 6.6-7.1 years (Stula

et al. 1978). These tumors were absent in untreated controls. Although a small number of dogs (6)

were evaluated, and only one sex and one dose were used, the significant increase in tumor rate in

this group of dogs demonstrates unequivocally the carcinogenicity of this chemical in this

species.

Transitional cell bladder carcinomas and liver cell and cholangiomatous tumors were observed in

hamsters fed a diet containing 0.3% 3,3’-dichlorobenzidine (300 mg/kg/day) (Sellakumar et al.

1969). This level was determined to be the maximum tolerated dose. In an earlier study, a diet

containing 0.1% 3,3’-dichloro-
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benzidine (59-64 mg/kg/day) fed to Syrian golden hamsters for their lifetimes did not cause

significant carcinogenic effects or changes in bladder pathology (Saffiotti et al. 1967).

A synergistic role for 3,3’-dichlorobenzidine in the development of bladder cancer has been

suggested. This was proposed in a study in which no carcinomas were found in any rats

administered one of the following: 0.03% 3,3’-dichlorobenzidine in the diet, 0.001% BBN

(N-butyl-N-(hydroxybutyl)nitrosamine) in drinking water, 0.0005% 2-acetylaminofluorene

(2-AAF) in the diet, or 0.04% N-[4-(5nitro-2-furyl)-2-thiazolyllformamide (FANFT) in the diet

for a period of 40 weeks (Ito et al. 1983). However, when BBN plus 3,3’-dichlorobenzidine were

fed together at the same dose levels as above, there was a marked increase in the presence of

papillary or nodular hyperplasia in the rat bladder, and the appearance of one papilloma.

Based on these findings, the authors suggested that 3,3’-dichlorobenzidine had a synergistic effect

on the carcinogenicity of BBN. In rats sequentially administered BBN (0.0l%), FANFT (0.15%),

2-AAF (0.025%), and 3,3’-dichlorobenzidine (0.03%) for 4 weeks each, the incidence of bladder

cancer after administration of the 4 chemicals was no different than after administration of the

first 3, suggesting no interactive effect of any type for 3,3’-dichlorobenzidine (Ito et al. 1983).

The Cancer Effect Level (CEL), (i.e., lowest dose that produced a tumorigenic response for each

species) and the duration category of exposure to 3,3’-dichlorobenzidine are shown in Table 2-l

and plotted in Figure 2-l. Based on the increased incidence in mammary adenocarcinomas in rats

reported in the Stula et al. (1975) study, EPA calculated a q1* of 0.45 (mg/kg/day)-1. Doses

corresponding to risk levels ranging from 10-4 to 10-7 are 2.2x10-4 to 2.2x10-7 mg/kg/day,

respectively, as indicated in Figure 2-l.

2.2.3 Dermal Exposure

Because of large particle size and increased usage of closed systems and protective clothing,

dermal absorption is expected to be minimal in occupational environments. Conditions of high

humidity and high temperature are known to enhance dermal absorption of chemicals following

skin contact.

2.2.3.1 Death

No studies were located regarding lethal effects in humans after dermal exposure to 3,3’-

dichlorobenzidine.  The minimum dermal lethal dose for 3,3’-dichlorobenzidine (free base) for

male and female New Zealand
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albino rabbits with skin intact was reported to be greater than 8,000 mg/kg (Gerarde and Gerarde

1974).  The cause of death was not discussed. No discernible skin irritation was observed when

3,3’-dichlorobenzidine dihydrochloride was applied to the intact or abraded skin of rabbits; the

dose was not provided (Gerarde and Gerarde 1974). This minimum dermal lethal dose in female

New Zealand albino rabbits is shown in Table 2-2. Dermal exposure is not likely to cause death in

humans.

2.2.3.2 Systemic Effects

No information was located regarding cardiovascular, gastrointestinal, hematological,

musculoskeletal, hepatic, renal, endocrine, body weight, or metabolic effects in animals or

humans following dermal exposure to 3,3’-dichlorobenzidine.

Very limited data were found regarding the effects of dermal exposure to 3,3’-dichlorobenzidine.

The highest NOAEL value and all LOAEL values for dermal exposure for this study are shown in

Table 2-2.

Respiratory Effects. Although no respiratory effects have been reported in humans following

dermal exposure exclusively to 3,3’-dichlorobenzidine, upper respiratory infection and sore throat

were among the principal reasons for visits to a company’s medical clinic by workers who

handled 3,3’-dichlorobenzidine (Gerarde and Gerarde 1974). However, there is no conclusive

evidence that these effects were due specifically to 3,3’-dichlorobenzidine exposure. Workers

may have been exposed to this and/or other agents by both inhalation and dermal routes.

No studies were located regarding respiratory effects in animals after dermal exposure to

3,3’-dichlorobenzidine.

Dermal Effects. Dermatitis was cited as the only verified health problem encountered by workers

in contact with the free base of 3,3’-dichlorobenzidine in a dichlorobenzidine manufacturing plant

(Gerarde and Gerarde 1974).

There was no discernable skin irritation when 3,3’-dichlorobenzidine dihydrochloride (at an

unstipulated dose) was applied to the intact and abraded skin of rabbits (Gerarde and Gerarde

1974). Similarly, an
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aqueous suspension of 3,3’-dichlorobenzidine instilled intradermally into rats at a dose of 700

mg/kg did not produce adverse effects (Gerarde and Gerarde 1974).

Ocular Effects. No studies were located regarding the ocular effects of 3,3’-dichlorobenzidine in

humans.

No effects were reported in rabbits when 100 mg of dichlorobenzidine (free base) was placed in

the conjunctival sac of the eye (Gerarde and Gerarde 1974). It should be noted that the authors

did not report the duration of exposure or the vehicle used. However, 0.1 mL of

3,3’-dichlorobenzidine dihydrochloride in a 20% corn oil suspension produced erythema, pus,

and cornea1 opacity, giving a 76% score in the Draize test within an hour when placed in the

conjunctival sac of the eye of the rabbit (Gerarde and Gerarde 1974). This response is very likely

associated with the release of hydrochloric acid following the salt’s contact with the moist surface

of the eye.

No studies were located regarding the following effects in humans or animals after dermal

exposure to 3.3’-dichlorobenzidine:

2.2.3.3 Immunological and Lymphoreticular Effects

2.2.3.4 Neurological Effects

2.2.3.5 Reproductive Effects

2.2.3.6 Developmental Effects

2.2.3.7 Genotoxic Effects

Genotoxicity studies are discussed in Section 2.5.

2.2.3.8 Cancer

Several epidemiological studies have investigated cancer incidences among workers

occupationally exposed to 3,3’-dichlorobenzidine and other arylamines (Gadian 1975; Gerarde

and Gerarde 1974; MacIntyre 1975; Myslak et al. 1991). Exposure may have been by both

inhalation and dermal routes. These studies are discussed in greater detail under Section 2.2.1.8

(inhalation cancer effects).
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Due, in part, to structure-activity considerations, epidemiological studies of potential cancer

effects of occupational exposure to 3,3’-dichlorobenzidine have been particularly concerned with

bladder tumors since benzidine is a known human carcinogen in which the bladder is the primary

target. While one studyfound an excess incidence of bladder tumors among German painters who

may have been exposed to 3,3’-dichlorobenzidine (Myslak et al. 1991), the causality is equivocal

largely because it had been common for painters to prepare the paints themselves, allowing for

possible exposure to other carcinogenic dyes and pigments derived from benzidine,

3,3’-dichlorobenzidine, 3,3’-dimethylbenzidine (o-toluidine), 3,3’-dimethoxybenzidine

(o-dianisidine), and 2-naphthylamine (Myslak et al. 1991).

A more recent study found an association between bladder cancer and exposure to arylamines

(Ouellet-Hellstrom and Rench 1996). This study examined the cancer incidence in a cohort of

704 workers employed at a Connecticut chemical plant between 1965 and 1989. The plant

produced a variety of chemicals including arylamines such as 3,3’-dichlorobenzidine, o-tolidine,

and o-dianisidine, but not benzidine; benzidine production ceased prior to mid-1965. Skin contact

was found to be the main route of exposure. Only workers never exposed to benzidine were

selected to participate and only confirmed cancer cases were considered in the analysis. As a

result of a worker survey, the information on follow-up yielded 8,624 person-years of observation

for a follow-up rate of 97% for male employees and 1,660 person-years for a follow-up rate of

97% for female employees. There were a total of 27 cancer cases, 23 in males and 4 in females.

Three of the 23 male cases were non-melanoma skin cancers and were not included in the

analysis. There were 7 cases of bladder cancer, all in males; two were diagnosed in workers first

employed after 1972, four in workers first employed at the age of 40 or older, and five in

workers who worked at least 5 years or more. All bladder cancers had a follow-up period of 8

years or more. The standardized incidence ratio (observed/expected, SIR) for bladder cancer was

8.3 (C.I. 3.3-17.0). In addition, the association between bladder cancer cases and exposure to

arylamines increased with cumulative exposure. One bladder cancer case was a current smoker

and the other six were former smokers. The authors (Ouellet-Hellstrom and Rench 1996)

recognized that the study could not evaluate cancer risks for specific arylamines, but as indicated

above, the results supported an association between bladder cancer and arylamine exposure. They

also indicated that although smoking is known to increase the risk of bladder cancer by a factor of

two, it is unlikely that smoking alone explains the eight-fold increase in bladder cancer risk

observed in the study.
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No studies were located regarding carcinogenicity in animals following dermal exposure to

3,3’-dichlorobenzidine.

2.3 TOXICOKINETICS

Very limited studies exist on the toxicokinetics of 3,3’-dichlorobenzidine in humans. Most of the

available information is on urinary elimination of the compound following occupational

exposure. Evidence from animal studies suggest that 3,3’-dichlorobenzidine is rapidly absorbed

from the gastrointestinal tract.  Animals administered a single oral dose of

[14C]-3,3’-dichlorobenzidine showed highest concentrations of radioactivity in the liver, kidney,

lung, spleen, heart, pancreas, and testes. In rats, a major step in the elimination of

3,3’-dichlorobenzidine is metabolic transformation. N-Acetyl metabolites (N-acetyl-

3,3’-dichlorobenzidine and N,N-diacetyl-3,3’-dichlorobenzidine) have been detected in urine of

rats.  N-acetyl metabolites are formed in vivo by hepatic N-acetyltransferase(s). In humans, some

isozyme(s) of N-acetyltransferase show marked polymorphic differences; it is thus possible that

the proportion of the dose of 3,3’-dichlorobenzidine converted to its N-acetyl metabolites in

humans may vary widely between individuals. The metabolites undergo rapid excretion primarily

in urine and to a lesser extent in feces.  Unchanged 3,3’-dichlorobenzidine occurs as a minor

urinary excretion product.

2.3.1 Absorption

There is no information regarding absorption of 3,3’-dichlorobenzidine in children by any route

of exposure.

2.3.1.1 Inhalation Exposure

3,3’-Dichlorobenzidine has been detected in the urine of workers in 3,3’-dichlorobenzidine-

handling plants under conditions which favored inhalation of 3,3’-dichlorobenzidine-bound

particulate matter (Handke et al. 1986; London and Boiano 1986; Meigs et al. 1954). Under these

conditions, it is reasonable to expect that some of the 3,3’-dichlorobenzidine found in the urine

could have come from inhalation exposure. However, conditions in the plants were also

conducive to dermal exposure. Therefore, some of the 3,3’-dichlorobenzidine dose found in the

urine could have come from dermal exposure. In addition, since the mucocilliary clearance

mechanism moves most of the larger particulates (5-10 µm) out of the lungs into
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the gastrointestinal tract, it is reasonable to expect that some gastrointestinal dose was received as

well. No information was located on absorption in animals following inhalation exposure.

2.3.1.2 Oral Exposure

No quantitative data were located on the absorption of 3,3’-dichlorobenzidine following oral

exposure in humans. However, a study in volunteers found acetylated metabolites in the urine 24

hours after a single 250 mg oral dose of 3,3’-dichlorobenzidine, which suggested that the

compound is absorbed (Belman et al. 1968).

In animals, absorption of 3,3’-dichlorobenzidine from the gastrointestinal tract is rapid. Following

a dose of 40 mg/kg, the plasma level of unchanged 3,3’-dichlorobenzidine attained a peak

concentration of 1.25 µg/mL at 4 hours in Sprague Dawley rats. Further, about 90% of the

administered radioactivity was excreted in feces (via bile) and urine within 72 hours largely as

metabolites, indicating a high bioavailability, typical of primary arylamines. The elimination is

biphasic, with half-lives of 6 hours and 14 hours in plasma for the rapid and slow phases,

respectively (Hsu and Sikka 1982).

2.3.1.3 Dermal Exposure

No studies were located regarding absorption of 3,3’-dichlorobenzidine following dermal

exposure in humans. Because of large particle size and increased usage of closed systems and

protective clothing, dermal absorption is minimized. In animals, dermally applied

3,3’-dichlorobenzidine (in acetone) is moderately absorbed. Based on the amount of radioactivity

remaining at the site of application, the extent of dermal absorption of applied

[14C]-3,3’-dichlorobenzidine to the shaved skin of rats at 1, 8, and 24 hours following the

application was estimated to be 6, 23, and 49%, respectively (Shah and Guthrie 1983).

2.3.2 Distribution

There is no information regarding distribution of 3,3’-dichlorobenzidine or metabolites in

children after exposure by any route.
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2.3.2.1 Inhalation Exposure

No studies were located regarding distribution in humans or animals after inhalation exposure to

3,3’-dichlorobenzidine.

2.3.2.2 Oral Exposure

No studies were located regarding distribution of 3,3’-dichlorobenzidine in humans after oral

exposure.

In animals, orally absorbed 3,3’-dichlorobenzidine is widely distributed. In a study in which

3,3’-dichlorobenzidine was orally administered to female Wistar rats in single doses of 0.25 mL

3,3’-dichlorobenzidine in propylene glycol at 0.5 or 1 mmol/kg (127 or 253 mg/kg) by gavage,

hemoglobin adducts of 3,3’-dichlorobenzidine were isolated from the blood of the animals

(Birner et al. 1990). Similar results were obtained in rats dosed with 0.3-5.8 mg

3,3’-dichlorobenzidine/kg/day for 4 weeks (Joppich-Kuhn et al. 1997). The distribution of

radioactivity in rat tissues after the oral administration of [14C]-3,3’-dichlorobenzidine

has been studied (Hsu and Sikka 1982). Twenty-four hours after a single oral dose, the highest

levels of radioactivity were found in the liver, followed by the kidney, lung, spleen, heart,

pancreas, and testes, in that order. This pattern did not depend on dose. After 96 hours, tissues

that retained 0.02% or more of the administered radioactivity were liver (1.48%), muscle

(0.37%), kidney (0.19%), and lung (0.02%). Erythrocytes retained more of the radioactivity than

lung, but attention was not paid to the hematopoietic system in this study (Hsu and Sikka 1982).

The effect of repetitive 3,3’-dichlorobenzidine administration on tissue levels of radioactivity was

also studied by Hsu and Sikka (1982). Radioactivity in tissues of animals that received six daily

doses of 3,3’-dichlorobenzidine was generally three to four times as high as the radioactivity in

tissues of animals that received a single dose. Similarly, the rate of decline of radioactivity in

tissues was generally higher in animals that received a single dose than in those treated with

multiple doses of the compound. The authors concluded that repeated dosing with

3,3’-dichlorobenzidine did not result in a substantial retention of 14C, and the compound may be

considered to have a fairly low tendency to accumulate in tissues following repetitive dosing

(Hsu and Sikka 1982). Overall, bioaccumulation of this chemical in rats is considered to be
minimal following oral exposure of any duration.
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There is indirect evidence that 3,3’-dichlorobenzidine or metabolites can cross the placenta. A

study that examined the potential genotoxic effects of 3,3’-dichlorobenzidine found that oral

administration of 3,3’-dichlorobenzidine to pregnant rats induced micronuclei in the liver of

fetuses (Cihak and Vontorkova 1967). There is no information regarding accumulation of

3,3’-dichlorobenzidine or metabolites in breast milk or its potential transfer to offspring via breast

milk.

2.3.2.3 Dermal Exposure

No studies were located regarding distribution of 3,3’-dichlorobenzidine in humans following

dermal exposure. The distribution of [14C]-3,3’-dichlorobenzidine in rat tissues following dermal

application was studied by Shah and Guthrie (1983). Tissues retaining >0.1% of the administered

radioactivity 24 hours after application were liver (4.09%), blood (0.75%) and lung (0.45%). The

level in the lung was the same at the 8- and 24-hour time points. Differences in the tissue

distribution pattern of total radioactivity between the oral and dermal routes of

3,3’-dichlorobenzidine administration may be presumed to reflect differences in the rates of

absorption from these sites. These differences suggest that the target organ in which

3,3’-dichlorobenzidine exerts an adverse effect may depend on the route of exposure to the

compound. Organ toxicity can be better evaluated in comparative studies designed to test tissue

distribution and persistence exposure.

2.3.3 Metabolism

No studies were located regarding metabolism in humans or animals after inhalation exposure to

3,3’-dichlorobenzidine.

Information from a study in which 4 volunteers ingested a single 250 mg dose of

3,3’-dichlorobenzidine suggests that this chemical undergoes N-acetylation and that metabolites

may be excreted in the urine either free or as glucuronides (Belman et al. 1968). N-Acetylation

appears to be the major path for the metabolism of 3,3’-dichlorobenzidine in mammals (Lazear et

al. 1979; Reid et al. 1984; Tanaka 1981).  Studies in animals also indicate that

3,3’-dichlorobenzidine is extensively metabolized. Bile and urine of rats given single oral doses

of [14C]-3,3’-dichlorobenzidine (40 mg/kg/day) contained 5 metabolites of 3,3’-dichlorobenzidine

in addition to the parent compound. None of the metabolites were identified, but a majority were

reported to be conjugates (Hsu and Sikka 1982). A 24-hour urine sample of rats given a
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single oral dose of 3,3’-dichlorobenzidine (50 mg/kg/day) contained unchanged

3,3’-dichlorobenzidine, N,N’-diacetyl 3,3’-dichlorobenzidine, and N-acetyl 3,3’-dichlorobenzidine in

a ratio of 1:3:10 (Tanaka 1981). Indirect evidence for the formation of nitroso derivatives was found

in a study in which 3,3’-dichlorobenzidine was administered to female Wistar rats by gavage (Bimer

et al. 1990). Hemoglobin adducts were detected by the release of  3,3’-dichlorobenzidine after alkaline

hydrolysis. The authors stated that the most likely process by which the adducts were formed was a

reaction between a nitroso derivative of  3,3’-dichlorobenzidine and sulfhydryls in cysteine residues of

hemoglobin.

No studies were located regarding the metabolism of 3,3’-dichlorobenzidine in humans following

dermal exposure. In a 24-hour urine sample of rats given a single dermal application of

3,3’-dichlorobenzidine (50 mg/kg/day), N,N ‘-diacetyl 3,3’-dichlorobenzidine (but not N-acetyl 3,3’-

dichlorobenzidine or the unchanged chemical) was detected (Tanaka 1981). Since the utagenicity of

diacetylated product is much less than either the monoacetylated or parent compound (Lazear et al.

1979; Reid et al. 1984; Tanaka 198l), diacetylation may be a detoxification reaction for 3,3’-

dichlorobenzidine (see also Sections 2.4.1 and 2.4.2).

There is no information regarding the metabolism of 3,3’-dichlorobenzidine in children. However, N-

acetylation (as discussed above) in humans is likely done by one of two families of N-

acetyltransferases.  One of these families, NAT2, is developmentally regulated (Leeder and Keams

1997). Some enzyme activity can be detected in the fetus by the end of the first trimester. Almost all

infants exhibit the slow acetylator phenotype between birth and 2 months of age. The adult phenotype

distribution is reached by the age of 4-6 months, whereas adult activity is found by approximately l-3

years of age. Also, UDPglucuronosyltransferase, responsible for the formation of glucuronide

conjugates, seems to achieve adult activity by 6-18 months of age (Leeder and Kearns 1997). These

data suggest that metabolism of 3,3’-dichlorobenzidine by infants will differ from that in adults in

extent, rate, or both.

The metabolism of several 3,3’-dichlorobenzidine-based pigments has been studied in animal

experiments to determine if they are metabolized to 3,3’-dichlorobenzidine. In a study where rats were

exposed by inhalation to Pigment Yellow 17 (230 mg/m3 air) for 4 hours, 3,3’-dichlorobenzidine was

not detected in either urine or blood during the following 14 days (Hofmann and Schmidt 1993). No

detectable residues of 3,3’-dichlorobenzidine were found in urine samples of hamsters administered a

single dose of 100 mg/kg purified Yellow 12 (NCTR 1979; Nony et al. 1980). Similarly,

3,3’-dichlorobenzidine was not detected in
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urine samples of rats fed 3,3’-dichlorobenzidine-derived pigments (C.I. Pigment Yellow 12, 16,

and 83) in the diet at concentrations of 0.1% (1,000 ppm), 0.3% (3,000 ppm), and 0.9% (9,000

ppm) for 104 weeks (Leuschner 1978). Based on the results of these studies, there is no evidence

for the metabolic cleavage of tested pigments to 3,3’-dichlorobenzidine in test animals (Hoffman

and Schmidt 1993; Leuschner 1978; NCTR 1979; Nony et al. 1980).

2.3.4 Elimination and Excretion

There is no information regarding the elimination and excretion of 3,3’-dichlorobenzidine or

metabolites in children following any route of exposure.

2.3.4.1 Inhalation Exposure

Less than 0.2 ppb 3,3’-dichlorobenzidine was detected in urine samples of 36 workers exposed to

3,3’-dichlorobenzidine-derived pigments (Hatfield et al. 1982). However, the authors did not

clearly identify specific pigments. While the authors did not report exposure route, it was

presumed to have been by inhalation. Dermal exposure may have also occurred.

No studies were located regarding excretion in animals after inhalation exposure to

3,3’-dichlorobenzidine.

2.3.4.2 Oral Exposure

Very limited information was located regarding excretion of 3,3’-dichlorobenzidine and/or

metabolites in humans after oral exposure. In 4 volunteers who ingested a single 250 mg dose of

3,3’-dichlorobenzidine, the percentage of N-hydroxyacetyl compound excreted free in the urine

in 24 hours ranged from 0.32 to 1.55%, whereas the percentage of  N-hydroxyacetyl compound

excreted as glucuronide in 24 hours ranged from 0.11 to 0.45% (Belman et al. 1968). Studies on

the fate of 3,3’-dichlorobenzidinederived pigments fail to provide conclusive evidence that these

pigments are broken down to release free 3,3’-dichlorobenzidine in humans.

Results from animal studies show that 3,3’-dichlorobenzidine administered by gavage is excreted

primarily in feces and to a lesser extent in urine. In rats administered a single oral dose of

[14C]-3,3’-dichloro-
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benzidine (40 mg/kg), the elimination from plasma appeared to be biphasic, with half-lives of

about 6 and 14 hours for the rapid and slow phases, respectively (Hsu and Sikka 1982).

Elimination of 3,3’-dichlorobenzidine-derived radioactivity from liver, kidneys, and lungs also

exhibited rapid and slow phases, with half-lives of 5.8 and 77 hours for the liver, 7.1 and 139

hours for the kidneys, and 3.8 and 43.3 hours for the lungs. Approximately 58-72% of the

administered dose was recovered in bile and feces and 23-33% in urine (Hsu and Sikka 1982).

Most of the material found in bile and feces consisted of conjugated metabolites, while most of

the material in urine consisted of unconjugated metabolites. No detectable residues of

3,3’-dichlorobenzidine were found in urine samples of hamsters administered a single dose of 100

mg/kg purified Yellow 12 (NCTR 1979; Nony et al. 1980). Similarly, 3,3’-dichlorobenzidine was

not detected in urine samples of rats fed 3,3’-dichlorobenzidine-derived pigments (C.I. Pigment

Yellow 12, 16, and 83) in the diet at concentrations of 0.1% (1,000 ppm), 0.3% (3,000 ppm), and

0.9% (9,000 ppm) for 104 weeks (Leuschner 1978).

2.3.4.3 Dermal Exposure

No studies were located regarding the excretion of 3,3’-dichlorobenzidine in humans following

dermal exposure. Fecal excretion in rats at 24 hours following 3,3’-dichlorobenzidine exposure

was 19% of the administered dose, while urinary excretion accounted for 8% (Shah and Guthrie

1983). Fifty-one percent of the administered dose was unabsorbed from the site of application at

24 hours. The remaining 49% was distributed throughout the body, feces and urine.

2.3.5 Physiologically Based Pharmacokinetic (PBPK)/Pharmacodynamic (PD) Models

Physiologically based pharmacokinetic (PBPK) models use mathematical descriptions of the

uptake and disposition of chemical substances to quantitatively describe the relationships among

critical biological processes (Krishnan et al. 1994). PBPK models are also called biologically

based tissue dosimetry models.  PBPK models are increasingly used in risk assessments,

primarily to predict the concentration of potentially toxic moieties of a chemical substance that

will be delivered to any given target tissue following various combinations of route, dose level,

and test species (Clewell and Andersen 1985). Physiologically based pharmacodynamic (PBPD)

models use mathematical descriptions of the dose-response function to quantitatively describe the

relationship between target tissue dose and toxic end points.
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PBPK/PD models refine our understanding of complex quantitative dose behaviors by helping to

delineate and characterize the relationships between: (1) the external/exposure concentration and

target tissue dose of the toxic moiety, and (2) the target tissue dose and observed responses

(Andersen and Krishnan 1994; Andersen et al. 1987). These models are biologically and

mechanistically based and can be used to extrapolate the pharmacokinetic behavior of chemical

substances from high to low dose, from route to route, between species, and between

subpopulations within a species. The biological basis of PBPK models results in more meaningful

extrapolations than those generated with the more conventional use of uncertainty factors.

The PBPK model for a chemical substance is developed in four interconnected steps: (1) model

representation, (2) model parametrization, (3) model simulation, and (4) model validation

(Krishnan and Andersen 1994). In the early 1990s validated PBPK models were developed for a

number of toxicologically important chemical substances, both volatile and nonvolatile (Krishnan

and Andersen 1994; Leung 1993). PBPK models for a particular substance require estimates of

the chemical substance-specific physicochemical parameters, and species-specific physiological

and biological parameters. The numerical estimates of these model parameters are incorporated

within a set of differential and algebraic equations that describe the pharmacokinetic processes.

Solving these differential and algebraic equations provides the predictions of tissue dose.

Computers then provide process simulations based on these solutions.

The structure and mathematical expressions used in PBPK models significantly simplify the true

complexities of biological systems. If the uptake and disposition of the chemical substance(s) is

adequately described, however, this simplification is desirable because data are often unavailable

for many biological processes. A simplified scheme reduces the magnitude of cumulative

uncertainty. The adequacy of the model is, therefore, of great importance, and model validation is

essential to the use of PBPK models in risk assessment.

PBPK models improve the pharmacokinetic extrapolations used in risk assessments that identify

the maximal (i.e., the safe) levels for human exposure to chemical substances (Andersen and

Krishnan 1994).  PBPK models provide a scientifically sound means to predict the target tissue

dose of chemicals in humans who are exposed to environmental levels (for example, levels that

might occur at hazardous waste sites) based on the results of studies where doses were higher or

were administered in different species.  Figure 2-2 shows a conceptualized representation of a

PBPK model. If PBPK models for 3,3’-dichloro
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benzidine exist, the overall results and individual models are discussed in this section in terms of

their use in risk assessment, tissue dosimetry, and dose, route, and species extrapolations.

No PBPK modeling studies were located for 3,3’-dichlorobenzidine.

2.4 MECHANISMS OF ACTION

2.4.1 Pharmacokinetic Mechanisms

No information was located for the mechanism of inhalation, oral, or dermal absorption of

3,3’-dichlorobenzidine in humans or animals. Also, no information was located for the

mechanism by which 3,3’-dichlorobenzidine is transported in the blood. However, a studies in

rats have shown that 3,3’-dichlorobenzidine forms adducts with hemoglobin (Birner et al. 1990;

Joppich-Kuhn et al. 1997), indicating that at least a small amount of the chemical is associated

with red blood cells.

3,3’-Dichlorobenzidine induces liver microsomal enzymes in a pattern similar to

3-methylcholanthrene.  Liver microsomes from male Sprague-Dawley rats pretreated

intraperitoneally with 3,3’-dichlorobenzidine yielded information to suggest that the induction

pattern of P-450 isozymes by 3,3’-dichlorobenzidine resembles that of 3-methylcholanthrene.

3,3’-Dichlorobenzidine significantly induced ethoxy-coumarin O-deethylase, p-nitrophenetole

O-deethylase, and arylhydrocarbon hydrolase by 5-, 6-, and 5-fold, respectively (Iba et al. 1983).

Another study also found that 3,3’-dichlorobenzidine induces P-450 isozymes in a pattern similar

to 3-methylcholanthrene (i.e., induces P-450c) (CYP2B l), and P-450d (CYPlA2) but mainly

P-450c (CYP2Bl) (Iba and Thomas 1988). The same authors also conducted studies to identify

the isozymes involved in NADPH-dependent activation of 3,3’-dichlorobenzidine by rat hepatic

microsomes to mutagens in the Ames test. 3,3’-Dichlorobenzidine activation was unaffected by

monoclonal antibodies to P-450b (CYPIAI) or P-450c (CYP2Bl) but was inhibited by 69% by

polyclonal antibodies to P-450d (CYPlA2). 3,3’-Dichlorobenzidine activation was also inhibited

46% by antibody specific to NADPH-cytochrome P-450 reductase. Also, addition of

methimazole, a high affinity substrate for the flavin-containing monooxygenase, reduced the

residual mutagenicity in the systems containing antibody to P-450b (CYPlA2) and cytochrome

P-450 reductase to 9% and 19%, respectively, of the appropriate control values. Based on these

results, Iba and Thomas (1983) concluded that P-450d
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(CYPlA2) contributes to the majority of the P-450-dependent activation of 3,3’-dichlorobenzidine in

hepatic microsomes.

If 3,3’-dichlorobenzidine is activated to a mutagenic intermediate by CYPlA2, this would have

relevance to exposure in utero and in neonates. Human fetal liver does not contain appreciable

amounts of CYPlA2 (Leeder and Kearns 1997). Adult levels of CYPlA2 are reached at about

4 months of age and may be exceeded in 1-2-year-old children. CYPlA2 levels subsequently decline

and reach adult levels at the end of puberty.

2.4.2 Mechanisms of Toxicity

Although, data from the existing human and animal studies indicate that 3,3’-dichlorobenzidine is

minimally toxic, its mechanism of toxicity appears to be well defined, deriving mainly from adduction

of DNA. The available data suggest that the metabolism of 3,3’-dichlorobenzidine begins with the

formation of nitroso derivatives which yield a sulfinic acid amide with hemoglobin in erythrocytes.

This has been suggested to be a mechanism for adduct formation. However, N-oxidation at one of the

two nitrogens could occur in the parent diamine, the monoacetyl, or the diacetyl derivative.

N-hydroxy-dichlorobenzidine and N-hydroxyhr-acetyl-dichlorobenzidine could arise from either

direct N-oxidation of the amino group or by deacetylation of the hydroxamic acid. Peroxidative

activation of 3,3’-dichlorobenzidine will yield 3,3’-dichlorobenzidine diimine which causes DNA

damage in bladder which might be responsible for tumor formation in this target in dogs and possibly

humans. In rodents, N-oxidation of the monoacetyl derivative is an important step of metabolic

activation (Birner et al. 1990).

Results from a recent study suggest that cytochrome P-450 (specifically CYP4B 1) activity may

contribute to the initiation of carcinogenesis in rat and mouse bladder by activation of

3,3’-dichlorobenzidine to mutagenic compounds (Imaoka et al. 1997). The authors demonstrated the

presence of CYP4B 1 in rat and mouse bladder microsomes by immunoblotting and

immunohistochemistry. Furthermore, tissue-staining showed that CYP4Bl was present in epithelial

cells of the bladder. It was also shown in that study that mouse bladder microsomes activated 3,3’-

dichlorobenzidine, although not to the degree observed with renal microsomes and purified CYP4B 1.

3,3’-Dichlorobenzidine activation was judged by a gene expression test in Salmonella typhimurium

NM2009 that detects DNA damage. Rat CYP4Bl produced very high mutagenic activity for

3,3’-dichlorobenzidine.
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The genotoxicity of 3,3’-dichlorobenzidine is derived from DNA adduction, as suggested by

positivereverse mutation results in Salmonella typhimurium TA98 strain, since this strain of

S. typhimurium detects reverse (histidine revertants) mutation in both activated and direct-acting base-

pair substitution and frameship mutagens (Vithayathil et al. 1983). The extent of covalent binding of a

compound to DNA and the persistence of the resulting adducts are considered important determinants

of cancer initiation by genotoxic carcinogens (Ghosal and Iba 1990). As a direct-acting mutagen,

3,3’-dichlorobenzidine is an effective inducer of its own activation (Iba 1987a).

It has been suggested that some of the toxicity (carcinogenicity and non-cancer) of polyhalogenated

aromatics (such as 3,3’-dichlorobenzidine) may be related to the abilities to induce cytochrome

P-448-mediated (CYPlA2) monooxygenase activities. Therefore, it is reasonable to expect that the

hepatocarcinogenicity of 3,3’-dichlorobenzidine may be due, at least in part, to the induction of

hepatic cytochrome P-448 which would have the impact of producing higher amounts of reactive

metabolites (Iba et al. 1983). The demonstration that 3,3’-dichlorobenzidine both increases lipid

peroxidation and decreases antioxidant content in vivo in one study may have a bearing on the

carcinogenicity of this substance because antioxidants protect against the acute and long-term effects

of lipid peroxidation (Iba 1987b) which may be an important determinant in carcinogenesis.

There are data to suggest that 3,3’-dichlorobenzidine may act synergistically with other carcinogens.

No carcinomas were found in any rats administered one of the following in the diet for a period of 40

weeks: 0.03% 3,3’-dichlorobenzidine in the diet, 0.001% BBN in drinking water, 0.0005% 2-AAF in

the diet, or 0.04% FANFT (Ito et al. 1983). However, when BBN and 3,3’-dichlorobenzidine were fed

together at the same dose levels as above, there was a marked increase in papillary or nodular

hyperplasia in the rat bladder and the appearance of one papilloma. The authors suggested a

synergistic effect of 3,3’-dichlorobenzidine on the carcinogenicity of BBN.

2.4.3 Animal-to-Human Extrapolations

Information on the toxicity of 3,3’-dichlorobenzidine for humans and animals is limited,

particularly regarding noncancer end points. Therefore, an attempt to discuss potential

interspecies differences or similarities in 3,3’-dichlorobenzidine noncancer toxicity based on the

limited information available seems speculative at this time. 3,3’-Dichlorobenzidine is

carcinogenic in animals (Osanai 1976; Pliss 1959, 1963;
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Sellakumar et al. 1969; Stula et al. 1975, 1978). There is no conclusive evidence of carcinogenicity of

3,3’-dichlorobenzidine in humans (Gadian 1975; Gerarde and Gerarde 1974; MacIntyre 1975; Myslak

et al. 1991; Ouellet-Hellstrom and Rench 1996); however, there is concern about occupationally

exposed subjects because of 3,3’-dichlorobenzidine’s structural similarity with the known human and

animal carcinogen benzidine. However, unless a cohort exposed only to 3,3’-dichlorobenzidine is

identified and adequate epidemiological studies on such a cohort are conducted, the question will

remain unsolved.

2.5 RELEVANCE TO PUBLIC HEALTH

Overview.

Most of the information on human health effects of 3,3’-dichlorobenzidine is derived from

several reports of exposure in the workplace, in which the inhalation and dermal routes represent

the most likely routes of exposure. Significant exposure to 3,3’-dichlorobenzidine, would impact

the health of the general population, seems unlikely. The available occupational studies have

limitations, including lack of precise exposure data and presence of other compounds, as well as

other confounding factors. No organ or system could be identified as a target for 3,3’-

dichlorobenzidine toxicity in the available studies in humans.  Results from cancer studies in

humans were inconclusive because of possible co-exposure to other chemicals. Studies in animals

showed that 3,3’-dichlorobenzidine is a multi-site carcinogen in various species following oral

administration; no data were available following inhalation or dermal exposure.  There is some

evidence, however, of carcinogenicity in rats after subcutaneous injection of 3,3’-

dichlorobenzidine, and in the offspring of mice after subcutaneous dosing to the dams during

pregnancy. Systemic effects in animals were limited to reports of formation of adducts with proteins

such as hemoglobin and with DNA and minor liver effects after chronic oral dosing. Also, ocular

effects were reported in rabbits after direct instillation of the hydrochloric salt of the compound to the

eye. In most studies in animals, the animals were exposed to levels of 3,3’-dichlorobenzidine several

orders of magnitude higher than those found in the environment. Almost nothing is known about the

toxicokinetics of 3,3’-dichlorobenzidine in humans. 3,3’-Dichlorobenzidine has been identified in the

urine from workers or volunteers exposed to it; therefore, it is absorbed by humans. The primary route

of absorption could not be ascertained, but it is assumed to have been inhalation and/or dermal.

Animals can absorb 3,3’-dichlorobenzidine through ingestion or dermal contact with the chemical; no

information was located regarding inhalation exposure.  Based on limited data regarding

environmental exposure, the most likely exposure route for populations
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living near hazardous waste sites is the dermal route. Under these circumstances, assuming that

3,3’-dichlorobenzidine is present in surrounding environmental media, this route may be of

concern since animal studies have shown that 3,3’-dichlorobenzidine is absorbed by this route.

Issues relevant to children are explicitly discussed in Section 2.6, Children’s Susceptibility, and

Section 5.6, Exposures of Children.

Minimal Risk Levels for 3,3’-Dichlorobenzidine.

Inhalation MRLs.

No acute-duration inhalation MRL was calculated for 3,3’-dichlorobenzidine due to the

inadequate data.  The information provided in the single relevant study in animals that is available

(Gerarde and Gerarde 1974) is severely limited by lack of detailed reporting of the results.

Included among the limitations are lack of information concerning exposure concentration and

failure to use control groups. No intermediateduration inhalation MRL was calculated for

3,3’-dichlorobenzidine because no intermediate-duration studies in humans or animals were

located. No chronic-duration inhalation MRL was calculated for 3,3’-dichlorobenzidine because

the available human studies do not provide quantitative exposure information (Gadian 1975;

Gerarde and Gerarde 1974; MacIntyre 1975; Myslak et al. 1991). No chronicduration inhalation

studies in animals were located.

Oral MRLs.

No acute-duration oral MRL was calculated for 3,3’-dichlorobenzidine because the available

studies did not identify appropriate NOAELs or LOAELs (Ashby and Mohammed 1988; Birner

et al. 1990; Cihak and Vontorkova 1987; Ghosal and Iba 1990). No intermediate-duration oral

MRL was calculated for 3,3’-dichlorobenzidine because the available studies did not identify

relevant noncancer effects (Ito et al.1983; Osanai 1976; Pliss 1959, 1963). No chronic-duration

oral MRL was calculated for 3,3’-dichlorobenzidine because there were no NOAELs identified

below the lowest available serious LOAEL for convulsions and slight neuronal degeneration in

dogs (Stula et al. 1978).

Death.  No deaths were reported in humans from inhalation, oral, or dermal exposure to

3,3’-dichlorobenzidine.  In animals, 3,3’-dichlorobenzidine caused no deaths in rats exposed by

the inhalation route in concentrations as high as 23,700 mg/m3 for 2 hours per day for 7 days

(Gerarde and Gerarde 1974). In
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addition, the estimated acute oral LD50 for rats (7,070 mg/kg for the free base and 3,820 mg/kg for

thedihydrochloride salt) and the minimum dermal lethal dose for male and female New Zealand albino

rabbits (>8,000 mg/kg) for 3,3’-dichlorobenzidine suggested that the lethal toxicity of

3,3’-dichlorobenzidine is minimal (Gerarde and Gerarde 1974). Consequently, it is unlikely that death

will occur in humans exposed to 3.3’-dichlorobenzidine at the levels at which it occurs at hazardous

waste sites.

Systemic Effects.  Dermatitis appears to be the only effect of 3,3’-dichlorobenzidine (free base)

exposure for which evidence exists in humans (Gerarde and Gerarde 1974). Gastrointestinal upset and

upper respiratory tract infections have also been reported by workers, but the role of

3,3’-dichlorobenzidine was uncertain. 3,3’-Dichlorobenzidine has not been found to cause these

effects in experimental animals.

Respiratory Effects.  Upper respiratory infection and sore throat were among several principal reasons

for frequent visits to a company’s medical clinic by workers handling 3,3’-dichlorobenzidine

dihydrochloride (dihydro salt of 3,3’-dichlorobenzidine) (Gerarde and Gerarde 1974). However, data

from animal studies are equivocal regarding the etiology of these symptoms (Gerarde and Gerarde

1974). While it is possible that these symptoms were due to exposure to 3,3’-dichlorobenzidine

hydrochloride, the irritant effects of HCl from the compound in combination with particulate toxicity

could have been responsible for the observed effects in these studies. Therefore, it is not likely that

respiratory ailments will occur in humans exposed to 3,3’-dichlorobenzidine at hazardous waste sites.

Cardiovascular Effects.  Reports of cardiovascular effects in humans or animals after exposure to 3,3’-

dichlorobenzidine by any route were not found in any of the existing epidemiological and animal

studies, suggesting that the cardiovascular system is not a target of 3,3’-dichlorobenzidine toxicity. It

is unlikely that cardiovascular effects will occur in humans exposed to 3,3’-dichlorobenzidine at levels

found at hazardous waste sites.

Gastrointestinal Effects.  Gastrointestinal upset was one of the symptoms reported by employees who

worked with 3,3’-dichlorobenzidine dihydrochloride (dihydro salt of 3,3’-dichlorobenzidine) (Gerarde

and Gerarde 1974). However, there is no conclusive evidence that 3,3’- dichlorobenzidine caused

these gastrointestinal upsets since there was exposure to other chemicals as well. In addition,

3,3’-dichlorobenzidine has not been found to cause any of these effects in experimental animals.

Therefore, it is unlikely
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that exposure to 3,3’-dichlorobenzidine at hazardous waste sites will cause gastrointestinal effects in

humans.

Hematological Effects. No studies were located regarding hematological effects in humans after

inhalation, oral, or dermal exposure to 3,3’-dichlorobenzidine. Although hematological effects may

not be sensitive indicators for 3,3’-dichlorobenzidine toxicity, hemoglobin adducts were observed in

animal studies following single oral exposures to 127 or 253 mg/kg 3,3’-dichlorobenzidine (Bimer et

al. 1990) and repeated exposures to 0.3 mg/kg/day for up to 4 weeks (Joppich-Kuhn et al. 1997).

Birner et al. (1990) suggested that metabolically formed nitroso derivatives and the formation of a

sulfinic acid amide with cysteine residues in hemoglobin may be the mechanism of adduct formation.

No hematological abnormalities were found in dogs exposed to 10.4 mg/kg/day

3,3’-dichlorobenzidine for 7 years (Stula et al.1978). Therefore, it is unlikely that blood abnormalities

will occur in humans exposed to 3,3’-dichlorobenzidine at levels found at hazardous waste sites.

Musculoskeletal Effects. No studies were located regarding musculoskeletal effects in humans or

animals after exposure to 3,3’-dichlorobenzidine by any route. However, since this effect was not

reported in any of the existing epidemiological and animal studies, it is unlikely that musculoskeletal

effects will occur in humans exposed to 3,3’-dichlorobenzidine at levels found at hazardous waste

sites.

Hepatic Effects. No studies were located regarding hepatic effects in humans after exposure to

3,3’-dichlorobenzidine. Information from animal studies on the liver effects of exposure to

3,3’-dichlorobenzidine suggests that exposure to sufficiently high levels of thecompound could cause

liver injury as indicated by modest elevation in serum transaminase activity, fatty liver (Stula et al.

1978), decrease in hepatic vitamin E, and lipid peroxidation (Iba 1987a; Iba and Lang 1988; Iba and

Thomas 1988). Some of these effects may contribute to the liver tumors induced. However, it is not

known whether these liver injuries will occur in humans exposed to 3,3’-dichlorobenzidine at levels at

which it occurs at hazardous waste sites since these effects were not reported in any worker studies in

which exposures are significantly higher.

Renal Effects. No studies were located regarding renal effects in humans after exposure to

3,3’-dichlorobenzidine by any route. No effects to the kidneys or urinary parameters monitored were

observed in dogs exposed to 10.4 mg/kg/day for up to 7 years (Stula et al. 1978). Based on these data,

it is unlikely that
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kidney effects will occur in humans exposed to 3,3’-dichlorobenzidine at levels found at

hazardous waste sites.

Endocrine Effects.  No studies were located regarding endocrine effects in humans or animals

after exposure to 3,3’-dichlorobenzidine by any route. However, since this effect was not reported

in any of the existing epidemiological and animal studies, it is unlikely that endocrine effects will

occur in humans exposed to 3,3’-dichlorobenzidine at levels found at hazardous waste sites.

Dermal Effects.  Dermatitis was cited as the only verified health problem encountered by workers

in contact with the free base of 3,3’-dichlorobenzidine in a dichlorobenzidine manufacturing plant

(Gerarde and Gerarde 1974). There was no discernable skin irritation when 3,3’-

dichlorobenzidine dihydrochloride (at an unstipulated dose) was applied to the intact and abraded

skin of rabbits (Gerarde and Gerarde 1974).  Similarly, an aqueous suspension of

3,3’-dichlorobenzidine instilled intradermally into rats at a dose of 700 mg/kg did not produce

adverse effects (Gerarde and Gerarde 1974). The observations in humans may have been allergic

dermatitis, and specific protocols are required to make these determinations in laboratory

animals.

Ocular Effects. No studies were located regarding ocular effects in humans after exposure to

3,3’-dichlorobenzidine by any route. No adverse effects on the eye were noted when

dichlorobenzidine (isomer unspecified, free base) was directly placed in the conjunctival sac of

the eye of rabbits (Gerarde and Gerarde 1974). However, 0.1 mL 3,3’-dichlorobenzidine

dihydrochloride (dihydro salt of 3,3’-dichlorobenzidine) in a 20% corn oil suspension produced

erythema, pus, and cornea1 opacity, giving a 76% score in the Draize test within an hour when

placed in the conjunctival sac of the eye of the rabbit (Gerarde and Gerarde 1974). Apparently,

the irritant effects of hydrochloric acid from the salt-compound contributed to the observed

effects. Based on these data, it is not probable that adverse effects to the eye will occur in

humans exposed to 3,3’-dichlorobenzidine at levels at which it occurs at hazardous waste sites.

Body Weight Effects.  No studies were located regarding body weight effects in humans after

exposure to 3,3’-dichlorobenzidine by any route. No significant difference in body weight was

observed in dogs exposed to 10.4 mg/kg/day for up to 7 years (Stula et al. 1978). Based on these

data, it is unlikely that body weight effects will occur in humans exposed to

3,3’-dichlorobenzidine at levels found at hazardous waste sites.
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Metabolic Effects.  No studies were located regarding metabolic effects in humans or animals after

exposure to 3,3’-dichlorobenzidine by any route. However, since this effect was not reported in any of

the existing epidemiological and animal studies, it is unlikely that metabolic effects will occur in

humans exposed to 3,3’-dichlorobenzidine at levels found at hazardous waste sites.

Immunological and Lymphoreticular Effects.  No studies were located regarding immunological

and/or lymphoreticular effects in humans or animals following exposure to 3,3’-dichlorobenzidine by

any route of exposure. The immune system does not appear to be a sensitive target of

3,3’-dichlorobenzidine toxicity. Consequently, immune system disruptions are not expected in humans

exposed to 3,3’-dichlorobenzidine at the levels at which it occurs at hazard waste sites.

Neurological Effects.  Workers exposed to 3,3’-dichlorobenzidine and possibly to other chemicals in a

chemical manufacturing plant reported headache and dizziness at the company clinic (Gerarde and

Gerarde 1974). No further information indicated neurological effects in humans following exposure to

3,3’-dichlorobenzidine. In animal studies, 1 of 6 dogs exhibited convulsions after 21, 28, and 42

months of oral treatment with 10.4 mg/kg/day 3,3’-dichlorobenzidine for 3.5 years. A necropsy of the

dog at 42 months revealed slight neuronal degeneration at unspecified sites in the brain and/or spinal

cord (Stula et al. 1978). In view of the fact that only one dog developed the lesion, direct causality

cannot be inferred.  In addition, based on its chemical structure, 3,3’-dichlorobenzidine does not

appear to be a neurotoxicant.  The information available suggests that at the levels found in the

environment, 3,3’-dichlorobenzidine is unlikely to constitute a neurological hazard for humans.

Reproductive Effects.  No studies were located regarding reproductive effects in humans or animals

following exposure to 3,3’-dichlorobenzidine by any route of exposure. Consequently, reproductive

system disruptions are not expected in humans exposed to 3,3’-dichlorobenzidine at the levels at

which it occurs at hazard waste sites.

Developmental Effects.  No studies were located regarding developmental effects of

3,3’-dichlorobenzidine in humans following brief or long-term exposure by any route. Abnormal

growth was observed in kidneys explanted from fetuses of pregnant mice treated subcutaneously daily

during the last week of pregnancy at an average daily dose of approximately 421 mg/kg (Shabad et al.

1972). Similarly, in subcutaneous-injection studies in BALB/C mice, hyperplastic foci and

hyperchromic glomeruli were
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observed in kidneys of offspring of dams administered 2 mg 3,3’-dichlorobenzidine (about 93.5

mg/kg) 4 or 5 times throughout gestation (Golub 1970). In a study of similar design, by the same

group of investigators, subcutaneous injection of 3,3’-dichlorobenzidine during pregnancy to mice

resulted in the induction of tumors in the progeny (Golub et al. 1975). Because the pups were nursed

by the dams, it is unknown whether these effects may have been caused by transplacental transfer of

the active principle, through nursing, or both. The significance of these findings to human health is

unclear, particularly because of the irrelevant route of exposure and the high doses used.

Genotoxic Effects. Studies in several test systems show 3,3’-dichlorobenzidine to be genotoxic in vivo

and in vitro (see Tables 2-3 and 2-4). It has been suggested that genotoxicity of

3,3’-dichlorobenzidine mediates the carcinogenicity of the compound (Imaoka et al. 1997; Ghosal and

Iba 1990).

In vivo, micronuclei were induced in polychromatic erythrocytes of the liver of fetal mice exposed

transplacentally to the compound, and in liver cells of adult male mice treated orally with the

compound at a maximum tolerated dose reported to be 1,000 mg/kg (Cihak and Vontorkova 1987). A

sex difference in the genotoxicity of the compound is suggested, since adult male mice, but not

pregnant females developed erythrocyte micronuclei following 3,3’-dichlorobenzidine exposure.

However, whether this differential effect extends to carcinogenic effects is unclear. Positive chromatid

exchange findings in an in vitro test system provide supportive evidence for 3,3’-dichlorobenzidine-

induced cytogenetic changes. In a study using type I, II, and III Bloom Syndrome (BS)

B-lymphoblastoid cell lines, 3,3’-dichlorobenzidine induced sister chromatid exchanges (SCEs) in all

three types (Shiraishi 1986). However, the induction of SCE was variable among the three types.

Exposure of BS type II and type III cells to 3,3’-dichlorobenzidine (1x10-8 to 1.3x10-3 M) caused an

increase in SCEs (120-140/cell) over baseline levels (70/cell) at the highest concentration

(1.3x10-3 M). BS type II cells required metabolic activation, while BS type III cells were sensitive

with and without activation. The frequency of SCEs in BS type I cells was lower than in II and III.

The genotoxic effect of 3,3’-dichlorobenzidine is further supported by positive responses in bacterial

assays employing Sulmonella tester strains TA1538 and TA98 in the absence of liver activating

systems (Garner et al. 1975; Iba 1987a; Iba and Thomas 1988; Lazear et al. 1979; Savard and Josephy

1986). In another study, 3,3’-dichlorobenzidine exhibited both direct and hydrogen peroxide-

dependent mutagenicity in S. thyphimurium strain TA98, but not Tal00 or TA102, leading the authors

to suggest that enzymes perhaps
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endogenous to the tester strain TA98 may play a role in the activation of 3,3’-dichlorobenzidine

(Lang and Iba 1987). A mixture containing Arochlor-induced rat liver homogenate and 10 µg

3,3’-dichlorobenzidine was positive for reverse mutation in S. typhimurium strain TA98

(histidine revertants) (Vithayathil et al. 1983). A recent study reported DNA damage in S.

typhimurium NM2009 after incubation with 3,3’-dichlorobenzidine activated by mouse kidney or

bladder rnicrosomes or rat liver microsomes (Imaoka et al. 1997).

3,3’-Dichlorobenzidine is an effective inducer of its own activation (Iba 1987a). The enhancing

effect of 3,3’-dichlorobenzidine pretreatment on the in vitro liver activation of the chemical to

mutagens has been associated with the induction of cytochrome P-450d (CYPlA2) (Iba and

Thomas 1988). This action may result in the compound enhancing its own genotoxicity and

carcinogenicity. 3,3’-Dichlorobenzidine was also shown to be a potent inducer of hepatic

microsomal enzymic activities mediated by cytochrome-P-448 (CYPlA2) and P-450 in other

animal studies (Iba and Sikka 1983; Iba and Thomas 1988). In another study to evaluate the

P-450 induction pattern of 3,3’-dichlorobenzidine, intraperitoneal administration of 20-120 mg/kg

3,3’-dichlorobenzidine to male Sprague-Dawley rats induced P-450 isozymes in a pattern similar

to 3-methylcholanthrene (i.e., induced P-450c) (CYP2Bl), and P-450d (CYPlA2) but mainly

P-450c (CYP2Bl). 3,3’-Dichlorobenzidine activation was unaffected by monoclonal antibodies to

P-450b (CYPlAl) or P-450c (CYP2Bl) but was inhibited by 69% by polyclonal antibodies to

P-450d (CYPlA2).  3,3’-Dichlorobenzidine activation was also inhibited by 46% by antibody

specific to NADPH-cytochrome P-450 reductase. Based on these results, it was concluded that

P-450d (CYPlA2) is mainly responsible for the activation of 3,3’-dichlorobenzidine to mutagens

in the Ames test by rat hepatic microsomes (Iba et al. 1983).

Results of in vivo tests show that 3,3’-dichlorobenzidine induced dose-dependent unscheduled

DNA synthesis in the liver of male rats treated orally (Ashby and Mohammed 1988). In vitro

evidence for the genotoxicity of 3,3’-dichlorobenzidine includes the induction of UDS in HeLa

cells at a concentration range of 10m-7 to 10-4M (Martin et al. 1978), and transformation of high

passage rat embryo cells infected with the Rauscher leukemia virus (Freeman et al. 1973). In the

latter system, an effect was observed at 2x10-7 M 3,3’-dichlorobenzidine, but not at 4x10-8 M.

Also, 3,3’-dichlorobenzidine transformed BHK21 cells (hamster kidney cells) in vitro in the

presence of metabolic activation (Styles 1978). The UDS assay is used to measure the repair that

follows DNA damage. However, the relevance of UDS to human health is not known. While

results were positive in two in vivo assay systems, sufficient data are not available from
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more predictive indicator assays to adequately characterize the genotoxic potential for 3,3’-

dichlorobenzidine in humans.

3,3’-Dichlorobenzidine formed adducts with calf thymus DNA when incubated with rat liver S9

(Bratcher and Sikka 1982), or horseradish peroxidase (Tsuruta et al. 1985) in vitro.

3,3’-Dichlorobenzidine was also shown to bind extensively to tissue DNA in rats and mice. Single

oral administration of 20 or 100 mg/kg radiolabeled 3,3’-dichlorobenzidine to male Sprague-Dawley

rats or Swiss-Webster mice resulted in extensive binding of the compound to tissue (liver, bladder,

and intestine) DNA 12, 24, or 96 hours, and 9 or 14 days after treatment (Ghosal and Iba 1990).

Results from in vitro studies in rats and mice indicated that 3,3’-dichlorobenzidine formed tissue

DNA-binding derivatives of 3,3’-dichlorobenzidine (Ghosal and Iba 1990). However, the relevance of

DNA adduct formation to the genotoxicity and carcinogenicity of the compound and to human health

is not yet established. Therefore, the genotoxicity consequences of  3,3’-dichlorobenzidine in humans

remain uncertain.

Cancer.  Due, in part, to structure-activity considerations, epidemiological studies of potential cancer

effects of occupational exposure to 3,3’-dichlorobenzidine have focused upon bladder tumors since

benzidine is a known bladder carcinogen. One study found an excess incidence of bladder tumors

among German painters who were exposed to various dyes and pigments derived from benzidine,

3,3’-dichlorobenzidine, 3,3-dimethylbenzidine (o-tolidine), 3,3-dimethoxybenzidine (o-dianisidine),

and 2-naphthylamine (Myslak et al. 1991). Because of the potential exposure of the painters to

multiple chemicals (including some known bladder carcinogens), the role of 3,3’-dichlorobenzidine in

the increased incidence of bladder tumors, if any, is unknown. A more recent study found a significant

increase in the incidence of bladder cancers among a group of about 700 employees employed at a

Connecticut chemical plant (Ouellet-Hellstrom and Rench 1996). In this case there was no exposure to

benzidine, but the workers were also exposed to several arylamines other than 3,3’-dichlorobenzidine,

therefore risks from specific chemical exposures could not be evaluated.

No other epidemiological studies have found bladder tumors or excess tumors at other sites

(Gadian 1975; Gerarde and Gerarde 1974; MacIntyre 1975). Cancer effects have not been

satisfactorily investigated in these studies of occupationally exposed workers. These studies were

conducted with workers who were exposed to 3,3’-dichlorobenzidine for less than 20 years. Since

the latency period for chemically induced bladder cancer in humans ranges from 5 to 50 years

(Badalament 1998), the induction period for
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3,3’-dichlorobenzidine-induced tumors may not have elapsed for some individuals. Also, the number

of workers examined in these studies was relatively small, thus limiting the statistical power to detect

a significant increase in bladder cancer mortality (incidence).

Some have speculated that 3,3’-dichlorobenzidine may have contributed to the incidence of bladder

cancer attributed to benzidine in dye industry workers who handled both benzidine and

3,3’-dichlorobenzidine (Gadian 1975; IARC 1982a). No bladder tumors were observed in a group of

workers who handled only 3,3’-dichlorobenzidine; in the same plant, bladder tumors were found

among workers who handled both benzidine and 3,3’-dichlorobenzidine. The investigator reported a

total exposure time of 68,505 hours for the study population, equivalent to nearly 140 full-time

working years (Gadian 1975). Cytodiagnostic tests produced no indication of tumors of the bladder in

an epidemiological study of 259 workers who had been exposed for a total of less than 16 years to

3,3’-dichlorobenzidine (MacIntyre 1975). In a retrospective epidemiological study, no bladder tumors

were observed in a cohort of 207 workers, most of whom had been exposed for up to 15 years

(Gerarde and Gerarde 1974). However, in this study there was no evidence that any valid system of

medical surveillance of workers ever existed during the years that 3,3’-dichlorobenzidine was used at

the plant (Gerarde and Gerarde 1974). A number of other inadequacies noted by reviewers of the

study severely limit the study’s usefulness.

In animal studies, 3,3’-dichlorobenzidine has been found to cause neoplasia in a variety of target

organs in several species. The compound produces hepatocellular carcinomas and urinary bladder

carcinomas in dogs and hamsters (Sellakumar et al. 1969; Stula et al. 1978). Liver cell tumors were

demonstrated in mice exposed to 3,3’-dichlorobenzidine in the diet (Osanai 1976; Pliss 1959). In rats,

mammary gland tumors, Zymbal gland tumors, urinary bladder tumors, and leukemias were

attributable to 3,3’-dichlorobenzidine exposure (Pliss 1959, 1963; Stula et al. 1975). One cancer study

of dogs which evaluated one sex and used one dose level (precluding dose-response evaluation) shows

a sufficient number of animals survived to develop tumors (Stula et al. 1978). The results of a study in

rats suggested that 3,3’-dichlorobenzidine may have a synergistic effect on the bladder carcinogenicity

of other chemicals (Ito et al. 1983).

Because of the increased use of closed systems and protective clothing, dermal absorption of

3,3’-dichlorobenzidine probably represents a relatively minor route of exposure (EPA 1980b).

However, there is experimental evidence that under certain environmental conditions favoring moist

skin conditions, such as high relative humidity and high air temperature, dermal absorption of

3,3’-dichlorobenzidine by
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humans may be enhanced (Meigs et al. 1954). Studies have not been located which investigate

the carcinogenic potential of 3,3’-dichlorobenzidine following dermal exposure in laboratory

animals.

Further evidence of the carcinogenic potential of 3,3’-dichlorobenzidine is provided by studies

where 3,3’-dichlorobenzidine was administered subcutaneously. Following subcutaneous

administration in rats for 10 to 13 months, the compound was found to cause tumors of the skin,

sebaceous and mammary glands, and urinary bladder (Pliss 1963). These sites were in addition to

tumors of the hematopoietic tissues and Zymbal gland which were observed following oral

exposure (Pliss 1959). Pliss (1963) further indicated that oral exposure to 3,3’-dichlorobenzidine

resulted in a higher incidence of tumors in rats than after subcutaneous injection of the

compound. Pliss (1963) also noted that the introduction of chlorine into the benzidine molecule

resulted in an increased carcinogenic response in the skin and the urinary bladder.  Local

subcutaneous sarcomas and liver tumors were observed in 13/28 strain D mice following

subcutaneous administration of 3,3’-dichlorobenzidine for 11 months (Pliss 1959).

In subcutaneous injection studies, induction of tumors in the progeny of BALB/c mice

administered 2 mg 3,3’-dichlorobenzidine (about 93.5 mg/kg) 4 or 5 times during the last week of

pregnancy suggest that the chemical may be a transplacental carcinogen (Golub et al. 1975).

There was an increased incidence of lymphatic leukemias (7 of 24, 29%), lung adenomas

(5 of 24, 20%), and adenocarcinomas of the mammary gland (4 of 11 female offspring, 36%) in

the treated group. Lung tumors (3 of 30 offspring, 10%) and mammary gland tumors

(3 of 19 female offspring, 16%) were observed in untreated controls (Golub et al. 1975). It should

be noted that since the offspring were nursed by the treated dams, transfer of

3,3’-dichlorobenzidine to the offspring through maternal milk may have also occurred.

3,3’-Dichlorobenzidine is an effective inducer of its own metabolic activation (Iba 1987a). The

enhancement of 3,3’-dichlorobenzidine mutagenesis has been associated with the induction of

cytochrome P-450d (Iba and Thomas 1988), and may result in the elevation of its carcinogenicity.

In other animal studies, 3,3’-dichlorobenzidine was also shown to be a potent inducer of hepatic

microsomal enzymic activities mediated by cytochrome-P-448 and P-450 (Iba and Sikka 1983;

Iba and Thomas 1988).  Consequently, it has been suggested that the hepatocarcinogenicity of

3,3’-dichlorobenzidine may be due, at least in part, to the induction of hepatic cytochrome P-488

and DNA-adduction.
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While concordance between tumor sites in experimental animals and humans cannot be assumed, the

occurrence of tumors in multiple organs in several species of experimental animals should be regarded

as evidence for the potential carcinogenicity of 3,3’-dichlorobenzidine to humans.

The Environmental Protection Agency (EPA) has determined that 3,3’-dichlorobenzidine is a probable

human carcinogen. The U.S. Department of Health and Human Services (DHHS) has determined that

3,3’-dichlorobenzidine and its dihydrochloride salt may reasonably be expected to be carcinogens.

IARC (1987) has determined that 3,3’-dichlorobenzidine is possibly carcinogenic to humans.

2.6 CHILDREN’S SUSCEPTIBILITY

This section discusses potential health effects from exposures during the period from conception to

maturity at 18 years of age in humans, when all biological systems will have fully developed.

Potential effects on offspring resulting from exposures of parental germ cells are considered, as well

as any indirect effects on the fetus and neonate due to maternal exposure during gestation and

lactation. Relevant animal and in vitro models are also discussed.

Children are not small adults. They differ from adults in their exposures and may differ in their

susceptibility to hazardous chemicals. Children’s unique physiology and behavior can influence the

extent of their exposure. Exposures of children are discussed in Section 5.6, Exposures of Children.

Children sometimes differ from adults in their susceptibility to hazardous chemicals, but whether there

is a difference depends on the chemical (Guzelian et al. 1992; NRC 1993). Children may be more or

less susceptible than adults to health effects, and the relationship may change with developmental age

(Guzelian et al. 1992; NRC 1993). Vulnerability often depends on developmental stage. There are

critical periods of structural and functional development during both pre-natal and post-natal life and a

particular structure or function will be most sensitive to disruption during its critical period(s).

Damage may not be evident until a later stage of development. There are often differences in

pharmacokinetics and metabolism between children and adults. For example, absorption may be

different in neonates because of the immaturity of their gastrointestinal tract and their larger skin

surface area in proportion to body weight (Morselli et al. 1980; NRC 1993); the gastrointestinal

absorption of lead is greatest in infants and young children (Ziegler et al. 1978). Distribution of

xenobiotics may be different; for example, infants have a larger proportion of
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their bodies as extracellular water and their brains and livers are proportionately larger (Altman and

Dittmer 1974; Fomon 1966; Fomon et al. 1982; Owen and Brozek 1966; Widdowson and Dickerson

1964). The infant also has an immature blood-brain barrier (Adinolfi 1985; Johanson 1980) and

probably an immature blood-testis barrier (Setchell and Waites 1975). Many xenobiotic metabolizing

enzymes have distinctive developmental patterns and at various stages of growth and development,

levels of particular enzymes may be higher or lower than those of adults and sometimes unique

enzymes may exist at particular developmental stages (Komori 1990; Leeder and Kearns 1997; NRC

1993; Vieira et al. 1996).  Whether differences in xenobiotic metabolism make the child more or less

susceptible also depends on whether the relevant enzymes are involved in activation of the parent

compound to its toxic form or in detoxification. There may also be differences in excretion,

particularly in the newborn who has a low glomerular filtration rate and has not developed efficient

tubular secretion and resorption capacities (Altman and Dittmer 1974; NRC 1993; West et al. 1948).

Children and adults may differ in their capacity to repair damage from chemical insults. Children also

have a longer lifetime in which to express damage from chemicals; this potential is particularly

relevant to cancer.

Certain characteristics of the developing human may increase exposure or susceptibility while others

may decrease susceptibility to the same chemical. For example, the fact that infants breathe more air

per kilogram of body weight than adults may be somewhat counterbalanced by their alveoli being less

developed, so there is a disproportionately smaller surface area for absorption (NRC 1993).

No studies were located that specifically addressed the health effects of exposure to

3,3’-dichlorobenzidine in children. Limited data in adults are mostly derived from occupational

studies with limitations including lack of precise exposure data and presence of other compounds. As

a result, no organ or system has been identified as a target for 3,3’-dichlorobenzidine in humans,

although dermatitis caused by skin contact with the free base was reported in one study (Gerarde and

Gerarde 1974). It is reasonable to assume that the same effect would be seen in children similarly

exposed. Because of the structural similarity of 3,3’-dichlorobenzidine with the known human bladder

carcinogen benzidine, special attention has been paid to the incidence of bladder cancer among

subjects occupationally exposed to 3,3’-dichlorobenzidine. Thus far, largely because of study

limitations, there is no conclusive evidence that exposure to 3,3’-dichlorobenzidine increases the risk

of bladder cancer in humans (Gadian 1975; Gerarde and Gerarde 1974; Myslak et al. 1991;

Ouellet-Hellstrom and Rench 1996).
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No studies were available that provided information on possible adverse developmental effects in

humans exposed to 3,3’-dichlorobenzidine. The few available studies in animals were inadequate

since they used parenteral administration of high doses of 3,3’-dichlorobenzidine

(Golub 1970; Golub et al. 1975; Shabad et al. 1972).

There is no information regarding pharmacokinetics of 3,3’-dichlorobenzidine in children nor it is

known whether 3,3’-dichlorobenzidine can be stored and excreted in breast milk. Although there

have been no direct measurements to determine whether 3,3’-dichlorobenzidine can cross the

placenta, there is some indirect evidence that it or its metabolites do. The evidence is based on the

results of a study in which oral administration of 3,3’-dichlorobenzidine to pregnant mice resulted

in the induction of micronuclei in the liver of fetuses (Cihak and Vontorvoka 1987). The results

of another study in which subcutaneous administration of 3,3’-dichlorobenzidine to pregnant

mice induced abnormal growth of the kidneys explanted from the fetuses also suggest that

3,3’-dichlorobenzidine or a metabolite can cross the placenta (Shabad et al. 1972). There is no

information on whether 3,3’-dichlorobenzidine can be stored in maternal tissues and be mobilized

during pregnancy or lactation, or whether it can reach parental germ cells.

There is no information on the metabolism of 3,3’-dichlorobenzidine in children. Limited data in

humans suggest that N-acetylation is an important metabolic pathway (Belman et al. 1968), and a

detoxification mechanism. N-Acetylation in humans is likely done by one of two families of

N-acetyltransferases. One of these families, NAT2, is developmentally regulated

(Leeder and Kearns 1997). Some enzyme activity can be detected in the fetus by the end of the

first trimester. Almost all infants exhibit the slow acetylator phenotype between birth and 2

months of age. The adult phenotype distribution is reached by the age of 4-6 months, whereas

adult activity is found by approximately l-3 years of age. Also, UDP-glucuronosyltransferase,

responsible for the formation of glucuronide conjugates, seems to achieve adult activity by 618

months of age (Leeder and Keams 1997). These data suggest that metabolism of 3,3’-

dichlorobenzidine by infants will differ from that in adults in extent, rate, or both.

There are no biomarkers of exposure or effect for 3,3’-dichlorobenzidine that have been validated

in children or adults exposed as children. There are no biomarkers in adults that identify previous

childhood exposure. No studies were located regarding interactions of 3,3’-dichlorobenzidine

with other chemicals in children or adults. No studies were located that examined possible

differential susceptibility between young and older organisms.
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No information was located regarding pediatric-specific methods for reducing peak absorption

following exposure to 3,3’-dichlorobenzidine, reducing body burden, or interfering with the

mechanism of action for toxic effects. In addition, no data were located regarding whether methods for

reducing toxic effects of 3,3’-dichlorobenzidine used in adults might be contraindicated in children.

There is no information regarding possible transgenerational effects of 3,3’-dichlorobenzidine in

humans or animals.

2.7 BIOMARKERS OF EXPOSURE AND EFFECT

Biomarkers are broadly defined as indicators signaling events in biologic systems or samples. They

have been classified as markers of exposure, markers of effect, and markers of susceptibility

(NASLNRC 1989).

Due to a nascent understanding of the use and interpretation of biomarkers, implementation of

biomarkers as tools of exposure in the general population is very limited. A biomarker of exposure is a

xenobiotic substance or its metabolite(s), or the product of an interaction between a xenobiotic agent

and some target molecule(s) or cell(s) that is measured within a compartment of an organism (NRC

1989). The preferred biomarkers of exposure are generally the substance itself or substance-specific

metabolites in readily obtainable body fluid(s) or excreta. However, several factors can confound the

use and interpretation of biomarkers of exposure. The body burden of a substance may be the result of

exposures from more than one source. The substance being measured may be a metabolite of another

xenobiotic substance (e.g., high urinary levels of phenol can result from exposure to several different

aromatic compounds). Depending on the properties of the substance (e.g., biologic half-life) and

environmental conditions (e.g., duration and route of exposure), the substance and all of its

metabolites may have left the body by the time samples can be taken. It may be difficult to identify

individuals exposed to hazardous substances that are commonly found in body tissues and fluids (e.g.,

essential mineral nutrients such as copper, zinc, and selenium).  Biomarkers of exposure to 3,3’-

dichlorobenzidine are discussed in Section 2.7.1.

Biomarkers of effect are defined as any measurable biochemical, physiologic, or other alteration

within an organism that, depending on magnitude, can be recognized as an established or

potential health impairment or disease (NAS/NRC 1989). This definition encompasses

biochemical or cellular signals of tissue dysfunction (e.g., increased liver enzyme activity or

pathologic changes in female genital epithelial cells), as well as physiologic signs of dysfunction

such as increased blood pressure or decreased lung capacity. Note that these markers are not often

substance specific. They also may not be directly adverse, but can indicate
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potential health impairment (e.g., DNA adducts). Biomarkers of effects caused by

3,3’-dichlorobenzidine are discussed in Section 2.7.2.

A biomarker of susceptibility is an indicator of an inherent or acquired limitation of an

organism’s ability to respond to the challenge of exposure to a specific xenobiotic substance. It

can be an intrinsic genetic or other characteristic or a preexisting disease that results in an

increase in absorbed dose, a decrease in the biologically effective dose, or a target tissue

response. If biomarkers of susceptibility exist, they are discussed in Section 2.9, Populations That

Are Unusually Susceptible.

2.7.1 Biomarkers Used to Identify or Quantify Exposure to 3,3’-Dichlorobenzidine

A test system that involves extracting dichlorobenzidine or its metabolite

(monoacetyldichlorobenzidine) from urine and reacting it with Chloramine-T has been developed

to screen for dichlorobenzidine exposure in workers (Hatfield et al. 1982). An amperometric

method has been developed for the detection of 3,3’-dichlorobenzidine in the urine as a

quantitative assay for the biological monitoring of people occupationally exposed to this

substance or a metabolic precursor such as certain pigments. This method is based on the

possibility of two electron oxidation at carbon electrodes by aromatic diamines (Trippel-

Schulte et al. 1986).

Hemoglobin adducts have been detected in female Wistar rats orally administered single 127 or

253 mg/kg doses of 3,3’-dichlorobenzidine (Birner et al. 1990). The investigators suggested that

metabolically formed nitroso derivatives can result in the formation of a sulfinic acid amide with

cysteine residues in hemoglobin (Birner et al. 1990). Hydrolysis yielded mainly

3,3’-dichlorobenzidine; N-acetylated 3,3’-dichlorobenzidine was also detected. Using a more

sensitive analytical method, Joppich-Kuhn et al. (1997) also detected 3,3’-dichlorobenzidine-

hemoglobin adducts in rats treated repeatedly with much lower doses (0.3-5.8 mg/kg/day) of

3,3’-dichlorobenzidine in the drinking water. The limit of detection of the method

was below 0.1 ng/g hemoglobin and was linear up to 150 ng/g hemoglobin. Although these

methods have not yet been validated in an occupationally exposed population, they appear

potentially suitable for use as a biomarker of human exposure to 3,3’-dichlorobenzidine.
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2.7.2 Biomarkers Used to Characterize Effects Caused by 3,3’-Dichlorobenzidine

For more information on biomarkers for renal and hepatic effects of chemicals, see ATSDR/CDC

Subcommittee Report on Biological Indicators of Organ Damage (1990). For information on

biomarkers for neurological effects, see OTA (1990).

Currently no disease states in humans are clearly associated with exposure to

3,3’-dichlorobenzidine. There is evidence that 3,3’-dichlorobenzidine is carcinogenic in animals

(Golub et al. 1975; Osanai 1976; Pliss 1959, 1963; Sellakumar et al. 1969; Stula et al. 1975,

1978) and that it is genotoxic in test systems (Ashby and Mohammed 1988; Cihak and

Vontorkova 1987; Ghosal and Iba 1990; Shiraishi 1986). Hemoglobin adducts have been isolated

from the blood of 3,3’-dichlorobenzidine-treated animals (Birner et al. 1990; Joppich-Kuhn et al.

1997), although further studies are needed to determine the associations between blood levels of

these adducts and specific adverse effects.

2.8 INTERACTIONS WITH OTHER CHEMICALS

In contrast to its effects on other mutagens and carcinogens, di-tert,-butylated hydroxytoluene

(BHT), an antioxidant and a free radical scavenger-considered to be a cancer chemopreventative

agent based on its ability to inhibit various phases of the carcinogenic process including the

bioactivation and binding of carcinogenic chemical compounds to DNA-was shown to increase

the mutagenicity of 3,3’-dichlorobenzidine to Salmonella TA98 by 21-32% and the covalent

binding of 3,3’-dichlorobenzidine to added DNA by 32-76% (Ghosal and Iba 1992).

A synergistic role for 3,3’-dichlorobenzidine and other aromatic amines in the development of

bladder cancer has been suggested. This was proposed in a study in which no carcinomas were

found in any rats administered one of the following: 0.03% 3,3’-dichlorobenzidine in the diet,

0.001% BBN (N-butyl-N-(hydroxybutyl)nitrosamine) in drinking water, 0.0005%

2-AAP (2-acetylaminofluorene) in the diet, or 0.04% FANFT (N-[4-(5-nitro-2-furyl)-2-

thiazolyllformamide) in the diet for a period of 40 weeks (Ito et al. 1983). However, when BBN

and 3,3’-dichlorobenzidine were fed together at the same dose levels as above, there was a

marked increase in papillary or nodular hyperplasia in the rat bladder and the appearance of one

papilloma. Based on these findings, the authors suggested that 3,3’-dichlorobenzidine had a

synergistic effect on the carcinogenicity of BBN. In rats sequentially administered BBN (0.01%),
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FANFT (0.15%) 2-AAF (0.025%), and 3,3’-dichlorobenzidine (0.03%) for 4 weeks, the

incidence ofbladder cancer after administration of the four chemicals was no different than after

administration of the first three, suggesting no additive or antagonistic effect for

3,3’-dichlorobenzidine (Ito et al. 1983).

2.9 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE

A susceptible population is defined as one which will exhibit a different or enhanced response to

a chemical compared to most persons exposed to the same level of exposure. Reasons may

include genetic makeup, age, health and nutritional status, and exposure to other toxic substances

(e.g., cigarette smoke). For this chemical, these parameters may result in reduced detoxification

or excretion of 3,3’-dichlorobenzidine, or compromised function of target organs affected by

3,3’-dichlorobenzidine. Populations who are at greater risk due to their unusually high exposure

to 3,3’-dichlorobenzidine are discussed in Section 5.6, Populations With Potentially High

Exposure.

No information was located that identified any human population that is exceptionally susceptible

to the toxicity of 3,3’-dichlorobenzidine. See Section 2.6, Children’s Susceptibility, for a

discussion of that topic.

2.10 METHODS FOR REDUCING TOXIC EFFECTS

This section will describe clinical practice and research concerning methods for reducing toxic

effects of exposure to 3,3’-dichlorobenzidine. However, because some of the treatments discussed

may be experimental and unproven, this section should not be used as a guide for treatment of

exposures to 3,3’-dichlorobenzidine. When specific exposures have occurred, poison control

centers and medical toxicologists should be consulted for medical advice.

2.10.1 Reducing Peak Absorption Following Exposure

The only information in the literature regarding reducing the absorption of 3,3’-dichlorobenzidine

was found in a Fact Sheet published by the State of New Jersey (State of New Jersey 1997). The

recommendations source indicate that following eye contact, eyes should immediately be flushed

with large amounts of water for at least 15 minutes, occasionally lifting upper and lower lids. It is

also recommended that after skin contact contaminated clothing should be quickly removed and

contaminated skin should be
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immediately washed with large amounts of soap and water. A person exposed to

3,3’-dichlorobenzidine in the air should be removed from the source of exposure promptly.

Other information specific for 3,3’-dichlorobenzidine, aimed at minimizing exposure, was found

in the HSDB database (HSDB 1997). This information indicates that full body protective clothing

and gloves should be used by those employed in handling operations. Full face supplied air

respirators of continuous flow or pressure demand should also be used. In addition, employees

working with 3,3’-dichlorobenzidine (or its salts) within an isolated system, such as “glove box,”

should wash their hands and arms upon completion of the assigned task and before engaging in

other activities not associated with the isolated system.

2.10.2 Reducing Body Burden

There are no established methods for reducing the body burden of 3,3’-dichlorobenzidine.

2.10.3 Interfering with the Mechanism of Action for Toxic Effects

There are no known methods for interfering with the toxic effects of 3,3’-dichlorobenzidine.

2.11 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation

with the Administrator of EPA and agencies and programs of the Public Health Service) to assess

whether adequate information on the health effects of 3,3’-dichlorobenzidine is available. Where

adequate information is not available, ATSDR, in conjunction with the National Toxicology

Program (NTP), is required to assure the initiation of a program of research designed to determine

the health effects (and techniques for developing methods to determine such health effects) of

3,3’-dichlorobenzidine.

The following categories of possible data needs have been identified by a joint team of scientists

from ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if

met would reduce the uncertainties of human health assessment. This definition should not be

interpreted to mean that
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all data needs discussed in this section must be filled. In the future, the identified data needs will

be evaluated and prioritized, and a substance-specific research agenda will be proposed.

2.11 .l Existing Information on Health Effects of 3,3’-Dichlorobenzidine

The existing data on health effects of inhalation, oral, and dermal exposure of humans and

animals to 3,3’-dichlorobenzidine are summarized in Figure 2-3. The purpose of this figure is to

illustrate the existing information concerning the health effects of 3,3’-dichlorobenzidine. Each

dot in the figure indicates that one or more studies provide information associated with that

particular effect. The dot does not necessarily imply anything about the quality of the study or

studies, nor should missing information in this figure be interpreted as a “data need.” A data need,

as defined in ATSDR’s Decision Guide for Zdentifiing Substance-Specific Data Needs Related to

Toxicological Profiles (ATSDR 1989), is substance-specific information necessary to conduct

comprehensive public health assessments. Generally, ATSDR defines a data gap more broadly as

any substance-specific information missing from the scientific literature.

Essentially no studies of human exposure to 3,3’-dichlorobenzidine were located by specific

routes, except for occupational data on direct dermal effects following dermal exposure and a

recent carcinogenicity study in which skin contact with 3,3’-dichlorobenzidine and other

arylamines was found to be the most important exposure route (see Figure 2-3). Although there

are studies of workers in the United States exposed to 3,3’-dichlorobenzidine, these reports are

limited by the fact that exposure often involved other compounds, and both the route and extent

of exposure are largely unknown. Dermal effects have also been investigated in experimental

animals as well as ocular irritant properties of 3,3’-dichlorobenzidine exposure. There is

no evidence to suggest that the non-ocular systemic toxicological effects of

3,3’-dichlorobenzidine may be route- or species-specific.

Additional information on health effects following dermal exposure is sparse. The majority of

animal studies of 3,3’-dichlorobenzidine have focused on carcinogenic effects following oral

exposure, whereas data on noncarcinogenic effects are limited.
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2.11.2 Identification of Data Needs

Acute-Duration Exposure.  One study in humans showed that the compound may cause respiratory

effects when inhaled and that application of 3,3’-dichlorobenzidine base causes skin irritation

(Gerarde and Gerarde 1974). Thus, this limited information in humans is insufficient to conclusively

identify target organs, other than the skin, following exposure by any route. Acute-duration exposure

can cause eye damage (erythema, pus, cornea1 opacity) in rabbits following conjunctival application.

However, the relevance of these findings for the general population is unknown since conjunctival

application is not a typical route of exposure, and exposure by the inhalation route is unlikely.

3,3’-Dichlorobenzidine can be lethal following oral and dermal exposure at very high doses. In most

animal studies, comprehensive gross and histopathological evaluations have not been conducted and

clinical signs have not been monitored.  Such studies may provide insight into systemic toxicity and

potential health threat associated with acute-duration exposure. With the exception of effects caused

by direct contact of 3,3’-dichlorobenzidine with the skin or the eyes, the limited pharmacokinetic data

do not suggest route-specific target organs. The available data were inadequate for derivation of either

inhalation or oral acute MRLs.

Intermediate-Duration Exposure.  No intermediate-duration studies in humans were located.

Intermediate-duration oral studies have been performed in rats without adverse systemic effects, but

these studies used only one dose level (Griswold et al. 1968; Ito et al. 1983; Osanai 1976; Pliss 1959,

1963).  Organs and/or tissues from the reproductive, neurological, and immunological systems have

not been examined in the available intermediate-duration studies; such information would be useful.

No intermediate-duration inhalation or dermal studies were found. Animal studies evaluating

toxicological parameters at several dose levels would provide dose-response data which could prove

more predictive when assessing potential adverse effects in humans following intermediate-duration

exposure. No oral intermediate MRL was derived because the available studies did not identify

relevant noncancer effects.

Chronic-Duration Exposure and Cancer.  No studies were located that examined noncancer end points

in humans following chronic exposure to 3,3’-dichlorobenzidine. Available chronic-duration oral

studies provide information regarding systemic and carcinogenic effects in rats and dogs (Stula et al.

1975, 1978). These studies employed one dose level and toxicological parameters measured were

limited. The inadequacies of these studies precluded derivation of a chronic oral MRL.

No chronic-duration animal inhalation or dermal exposure studies were located. Well conducted

chronic-duration inhalation, dermal,
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and oral studies involving low-dose exposure in animals might provide dose-response data on

potential systemic effects of exposure in humans. The available data are insufficient to establish a

relationship between the concentration of 3,3’-dichlorobenzidine and/or its metabolites in the body

and the levels that are associated with adverse effects. Studies that provide data on the body burden of

3,3’-dichlorobenzidine associated with toxicity may prove useful.

Various studies have assessed the potential carcinogenicity of 3,3’-dichlorobenzidine in workers

exposed to it (Gadian 1975; Gerarde and Gerarde 1974; MacIntyre 1975; Myslak et al. 1991; Ouellet-

Hellstrom and Rench 1996). However, many confounders have rendered the results inconclusive. A

major difficulty in such studies is the simultaneous exposure to several potential or known

carcinogens. The carcinogenicity of 3,3’-dichlorobenzidine has been well established in animals after

oral administration of the compound (Osanai 1976; Pliss 1959, 1963; Sellakumar et al. 1969; Stula et

al. 1975, 1978), but no information is available regarding inhalation and dermal exposure. There is

suggestive evidence that 3,3’-dichlorobenzidine may cause cancer in animals when applied dermally

since tumors were found in rats injected with the compound subcutaneously (Pliss 1963). Of particular

interest would be additional studies, using relevant routes of exposure, to confirm the findings that

3,3’-dichlorobenzidine causes cancer in offspring of rats injected with the chemical subcutaneously

during pregnancy (Golub et al. 1975)

Genotoxicity.  Available studies in animals and in bacterial systems show that 3,3’-dichlorobenzidine

does alter genetic material (Ashby and Mohammed 1988; Bratcher and Sikka 1982; Cihak and

Vontorkova 1987; Garner et al. 1975; Iba 1987a; Iba and Thomas 1988; Imaoka et al. 1997; Lang and

Iba 1987; Lazear et al. 1979; Savard and Josephy 1986; Shiraishi 1986; Styles 1978). Studies

involving more predictive indicator test systems may allow a better assessment of mutagenic potential.

Reproductive Toxicity.  No studies were found regarding reproductive toxicity of

3,3’-dichlorobenzidine.  Should data suggesting that reproductive organs are affected in a 90-day

study become available, multigenerational reproductive studies in animals may be warranted.

Developmental Toxicity.  No studies were found regarding developmental toxicity of

3,3’-dichlorobenzidine in humans. Animal studies have shown that 3,3’-dichlorobenzidine and/or

metabolites may be transferred across the placenta and or through maternal milk to the offspring and

may affect the growth of the kidneys after parenteral exposure during pregnancy (Golub 1972; Shabad

et al. 1972) or induce tumors
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in the offspring (Golub et al. 1975). The effects of the compound on development following oral,

inhalation, or dermal exposure have not been studied. Well conducted animal studies employing

various dose levels and relevant exposure routes during critical developmental periods may provide

information on potential fetotoxicity, embryotoxicity, and teratogenic effects in humans. Also,

cross-fostering studies may help determine the relative impacts of in utero transfer of the chemical and

transfer through nursing.  Further animal data may provide dose-response information if studies are

conducted to determine what dose of 3,3’-dichlorobenzidine, or its metabolites, reaches the fetus.

Immunotoxicity.  No studies were located assessing the potential effect on the immune system during

3,3’-dichlorobenzidine exposure. Studies that examine antibody levels and responses to bacterial

infections after exposure to 3,3’-dichlorobenzidine would provide valuable information on the

immune system. Also, evaluation of morbidity among individuals exposed to

3,3’-dichlorobenzidine in the workplace may provide important indirect evidence regarding their

immune status.

Neurotoxicity.  Based on its chemical structure, 3,3’-dichlorobenzidine does not appear to be

neurotoxicant, but the nervous system has not been carefully evaluated after exposure to this chemical.

Workers exposed to 3,3’-dichlorobenzidine (and to other chemicals as well) complained of headache

and dizziness (Gerarde and Gerarde 1974). A chronic-duration oral study in dogs reported convulsions

in one of six dogs treated orally with 3,3’-dichlorobenzidine (Stula et al. 1978). Upon necropsy, the

authors noticed slight neuronal degeneration in tissues (unspecified) of the nervous system from this

dog. However, the effect was seen in only one of the six dogs and only one dose level was tested. The

limited information available does not suggest that 3,3’-dichlorobenzidine is a neurotoxicant, and

studies aimed exclusively to evaluate this end point seem unnecessary at this time. However, any

future long-term toxicity study on 3,3’-dichlorobenzidine in animals should include histological

evaluation of representative elements of the nervous system. Furthermore, evaluation of neurological

end points in offspring from animals exposed during gestation would provide information that may be

relevant to children of pregnant women exposed to 3,3’-dichlorobenzidine in the workplace.

Epidemiological and Human Dosimetry Studies.  The potential for occupational exposure exists in the

use of 3,3’-dichlorobenzidine in the synthesis of 3,3’-dichlorobenzidine-based pigments for printing

ink applications and to a lesser extent in paints. Workers exposed to 3,3’-dichlorobenzidine (and

simultaneously to other chemicals) have complained of gastrointestinal upset, upper respiratory

infection,
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sore throat, caustic burns, headache, dizziness, and dermatitis (Gerarde and Gerarde 1974). The only

one of these effects that appeared to be associated with 3,3’-dichlorobenzidine exposure with

reasonable certainty is dermatitis, which was attributed to a manufacturing process change that

resulted in exposure to dichlorobenzidine-freebase (Gerarde and Gerarde 1974). Studies of

occupationally exposed individuals are complicated by the fact that there is usually simultaneous

exposure to other chemicals. Based on available data, the potential for nonindustrial exposure to the

general population by air, soil, or water is expected to be negligible. Epidemiological studies of people

who live in areas where 3,3’-dichlorobenzidine has beendetected in groundwater, near industries

releasing 3,3’-dichlorobenzidine, or near hazardous waste sites could provide information on whether

3,3’-dichlorobenzidine exposure produces effects in humans. In the unlikely event that exposure of the

general population (in the past or present) primarily to 3,3’-dichlorobenzidine is identified, individuals

should be monitored for gastrointestinal, respiratory, dermal, and neurological effects (as reported

earlier by Gerarde and Gerarde 1974).

No studies were located that monitored human tissues for content of 3,3’-dichlorobenzidine or its

metabolites. 3,3’-Dichlorobenzidine is excreted in urine. If 3,3’-dichlorobenzidine and metabolites can

be detected and correlated with exposure, it may be possible to correlate urinary levels of

3,3’-dichlorobenzidine or its metabolites, with systemic effects.

Biomarkers of Exposure and Effect.

Exposure.  A test system that involves extracting dichlorobenzidine or its metabolite

(monoacetyldichlorobenzidine) from urine and reacting it with Chloramine-T has been developed to

screen for dichlorobenzidine exposure in workers (Hatfield et al. 1982). In addition, an amperometric

method has been developed for the detection of 3,3’-dichlorobenzidine in the urine as a quantitative

assay for the biological monitoring of occupationally exposed persons to this substance. This method

is based on the two electron oxidation at carbon electrodes by aromatic diamines (Trippel-Schulte et

al. 1986). Hemoglobin adducts have been detected in female Wistar rats orally administered single

doses of 127 or 253 mg/kg 3,3’-dichlorobenzidine (Birner et al. 1990) and to repeated doses of 0.3

mg/kg/day (Joppich-Kuhn et al. 1997). Birner et al.(1990) suggested that metabolically formed nitroso

derivatives can result in the formation of a sulfinic acid amide with cysteine residues in hemoglobin.

Hydrolysis yielded mainly 3,3’-dichlorobenzidine; N-acetylated-3,3’-dichlorobenzidine was also

detected. This method has not yet been validated in an occupationally exposed population. More

research is needed to determine if this method is suitable for use
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as a biomarker of human exposure to 3,3’-dichlorobenzidine. Further studies to develop simpler, more

sensitive biomarkers of exposure that are specific for 3,3’-dichlorobenzidine would be useful in

monitoring exposure of people living near hazardous waste sites containing

3,3’-dichlorobenzidine.

Effect. There are no specific disease states in humans or animals that have been associated with

exposure to 3,3’-dichlorobenzidine. Hemoglobin adducts have been isolated from the blood of

3,3’-dichlorobenzidine-treated animals (Birner et al. 1990; Joppich-Kuhn et al. 1997). It is not known

what relationship exists between adduct levels in the blood and 3,3’-dichlorobenzidine toxicity.

Further research in animal models is needed to determine if these adducts could be correlated with

effects of 3,3’-dichlorobenzidine exposure. Further studies to identify more sensitive toxic effects

(noncancer) that are specific for 3,3’-dichlorobenzidine would be useful in monitoring effects in

people living near hazardous waste sites containing 3,3’-dichlorobenzidine.

Absorption, Distribution, Metabolism, and Excretion.  Available data are insufficient to allow

accurate evaluation of absorption, metabolism, or persistence of 3,3’-dichlorobenzidine in human

tissues.  Additional studies to identify and quantify metabolites of 3,3’-dichlorobenzidine in humans

and animals would be useful in establishing the relevance of animal studies in predicting human health

effects.  Metabolic handling of 3,3’-dichlorobenzidine in humans needs to be better characterized

before urinary levels of the compound or its metabolites can be used to quantitate human exposure.

Comparative Toxicokinetics. Pharmacokinetics studies have not been performed under conditions

analogous to those of the carcinogenicity studies. Therefore, it is not possible to determine systemic

levels of the compound associated with the reported effects. Pharmacokinetics data developed under

exposure conditions associated with biological effects would markedly increase the possibility of

improved species extrapolation for evaluating the true potency of 3,3’-dichlorobenzidine.

Methods for Reducing Toxic Effects. There are no disease states in humans that are associated with

exposure to 3,3’-dichlorobenzidine. Therefore, studies that further characterize means of assessing

human exposures (biomonitoring) along with identification of programs designed to minimize this

exposure would be effective for mitigation of potential effects resulting from accidental exposure in

occupational settings or exposure to humans living near hazardous waste sites where

3,3’-dichlorobenzidine might be stored.
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Children’s Susceptibility.  The information on health effects of 3,3’-dichlorobenzidine in humans is

derived exclusively from studies of occupational exposure (Gadian 197.5; Gerarde and Gerarde 1974;

MacIntyre 1975; Myslak et al. 1991; Quellet-Hellstron and Rench 1996). Because of study limitations

such as simultaneous exposure to other chemicals, no target organ or system has been identified for

3,3’-dichlorobenzidine. In one occupational study it was reported that contact with the free base

caused dermatitis (Gerarde and Gerarde 1974); it is reasonable to assume that children will respond in

a similar manner under similar exposure conditions, although such exposure scenarios for children

seem unrealistic. There is no information available to determine whether children and adults are

equally susceptible to the toxic effects of 3,3’-dichlorobenzidine. No studies in animals have

addressed this issue either, but given the unlikelihood of exposure to 3,3’-dichlorobenzidine by the

general population, such studies do seem warranted at this time.

There is no information on whether the developmental process is altered in humans exposed to 3,3’-

dichlorobenzidine. Studies in animals have been inadequate (Golub 1970; Golub et al. 1975; Shabad

et al. 1972) and further well conducted research would be helpful to clarify whether the developmental

process can be affected in animals exposed to 3,3’-dichlorobenzidine by a relevant route of exposure.

This also includes information on whether 3,3’-dichlorobenzidine (or metabolites) can cross the

placenta and/or be transferred to offspring via breast milk. There are no data to evaluate whether

harmacokinetics of 3,3’-dichlorobenzidine in children are different from adults. There are no PBPK

models for 3,3’-dichlorobenzidine, but a need for such a model is not apparent at this time. There is no

information to evaluate whether metabolism of 3,3’-dichlorobenzidine in children is different than in

adults, but there are some theoretical reasons to suspect that it might be different.

Continued research into the development of sensitive and specific biomarkers of exposure and effect

for 3,3’-dichlorobenzidine, and the validation of these biomarkers in occupationally exposed

individuals would be valuable. Since at this point there are no validated biomarkers of exposure and

effect in adults, it makes sense to focus efforts on occupationally exposed adults rather than children

who are unlikely to be exposed.  There are no data on interactions of 3,3’-dichlorobenzidine with

other chemicals in children or adults.  There are no pediatric-specific methods to reduce peak

absorption for 3,3’-dichlorobenzidine following exposure, to reduce body burdens, or to interfere with

3,3’-dichlorobenzidine’s mechanism of action, but it is reasonable to assume that exposure avoidance

measures should be applied to children where needed.
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Child health data needs relating to exposure are discussed in Section 5.8.1, Data Needs:

Exposures of Children.

2.11.3 Ongoing Studies

No ongoing studies were located for 3,3’-dichlorobenzidine (FEDRIP 1998).
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3. CHEMICAL AND PHYSICAL INFORMATION

3.1 CHEMICAL IDENTITY

Information regarding the chemical identity of 3,3’-dichlorobenzidine is located in Table 3-l.

3.2 PHYSICAL AND CHEMICAL PROPERTIES

Information regarding the physical and chemical properties of 3,3’-dichlorobenzidine is located in

Table 3-2.
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4.1 PRODUCTION

3,3’-Dichlorobenzidine is commercially produced by reduction of o-nitrochlorobenzene through

various reduction procedures to form a hydrazo compound, which is rearranged in the presence of

mineral acids to form 3,3’-dichlorobenzidine (DCMA 1989; Sax 1987). Commercial supplies are

usually provided in the form of the dihydrochloride salt because of its greater stability.

According to the 1997 Directory of Chemical Producers (SRI 1997), only one company, Lomac,

Inc. of Muskegon, Michigan, manufactures (that is, produces) 3,3’-dichlorobenzidine. By

contrast, in 1986, there were approximately 10 suppliers of the chemical listed in the United

States (NTP 1994). Current production volumes of 3,3’-dichlorobenzidine for individual

companies are considered confidential business information and cannot be reported. The United

States International Trade Commission (USITC 1984a) reported a 1983 production volume of

3,3’-dichlorobenzidine-based dyes of over 18 million pounds in the United States. However,

3,3’-dichlorobenzidine is no longer used to manufacture dyes in the United States (CPMA 1998).

Consumption of 3,3’-dichlorobenzidine in the United States amounted to 9.9 million pounds in

1987 (Hopmeier 1988).

Table 4-l lists the facilities in each state that manufacture 3,3’-dichlorobenzidine or process the

compound for further distribution, the range of maximum amounts of 3,3’-dichlorobenzidine

on-site, and the activities and uses of the product. “Processing” means the further distribution of

the compound either as the same physical compound, in a different form or physical state, or as

part of another article or mixture (40 CFR 372.3). In 1996, there was one facility in the United

States that manufactured or used 3,3’-dichlorobenzidine.  The data listed in Table 4-1 are derived

from the 1996 Toxics Release Inventory (TR196 1998).  Only certain types of facilities were

required to report. Therefore, this is not an exhaustive list.

4.2 IMPORT/EXPORT

Imports of 3,3’-dichlorobenzidine base and salts were 1.1 million pounds in 1983, while pigments

derived from 3,3’-dichlorobenzidine were about 129,000 pounds in 1983 (USITC 1984b).





3,3’-DICHLOROBENZIDINE 83

4. PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL

4.3 USE

3,3’-Dichlorobenzidine is used primarily in the production of yellow, and some red and orange

pigments for the printing ink, textile, paper, paint, rubber, plastic, and related industries (EPA 1979a).

As of 1983, 7 specified pigments were commercially available. The yellow pigments derived from

3,3’-dichlorobenzidine can be used as substitutes for lead chromate pigments (HSDB 1996). Little, if

any, dye is prepared from this compound. The chemical also has application as a compounding

ingredient for rubber and plastics (HSDB 1996), and can be used to test for the presence of gold

(Searle 1976). 3,3’-Dichlorobenzidine is used in the manufacture of the raw material

tetraminobiphenyl which is used to produce polybenzimidazole (PBI). PBI fiber is used in many

protective clothing applications, such as firefighter’s apparel, welder’s garments, high-temperature

gloves, and crash rescue garments (Celanese 1985).

3,3’-Dichlorobenzidine is also used with 4,4’-methylenebis (2-chloroaniline) as a curing agent for

liquidcastable polyurethane elastomers (HSDB 1996).

4.4 DISPOSAL

3,3’-Dichlorobenzidine is treated in the workplace as a controlled substance under OSHA. Therefore,

strict requirements have been made to minimize exposure to the chemical in the workplace air and

contact with the skin and eyes. Nonetheless, some releases may occur in wastewater effluents.

One company which purchases 3,3’-dichlorobenzidine as the dihydrochloride salt in sealed fiber in

drums rinses the empty drums with water, adds the rinse water to the product stream, then sprays the

drums with a sodium hypochlorite bleach solution (converting the 3,3’-dichlorobenzidine to a

quinone-type compound), and places them in polyethylene bags for disposal (London and Boiano

1986).

3,3’-Dichlorobenzidine is listed as a toxic substance under Section 313 of the Emergency

Planning and Community Right to Know Act (EPCRA) under Title III of the Superfund

Amendments and Reauthorization Act (SARA) (EPA 1995). Disposal of wastes containing 3,3’-

dichlorobenzidine is controlled by a number of federal regulations (see Chapter 7). The current

recommended technologies specified for treating 3,3’-dichlorobenzidine-containing wastes (waste

waters and nonwastewaters) prior to land disposal include wet air oxidation, chemical or

electrolytic oxidation, and carbon adsorption and incineration (EPA
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1986). Facilities which generate 3,3’-dichlorobenzidine-containing wastes, and owners and

operators of hazardous waste treatment, storage, and disposal facilities must also comply with

regulations promulgated under the authority of the Resource Conservation and Recovery Act

(RCRA).
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5.1 OVERVIEW

3,3’-Dichlorobenzidine is currently used in the production of insoluble dyes and pigments.

Almost all 3,3’-dichlorobenzidine is now manufactured outside the United States and is imported

for on-site processing or for use as a reactant to synthesize pigments. “Processing” means

preparing a chemical after its manufacture for commercial distribution either as the same physical

compound, in a different form or physical state, or as part of another article (for instance, a

mixture) containing the chemical (40 CFR 372.3).

Use of the compound to synthesize soluble dyes ceased as of 1986, when better dyes from other

sources were introduced. The distinction between dyes and pigments is not always clear.

Pigments are almost without exception insoluble and exist as finely divided solid powders that are

insoluble but wettable under the conditions of use. Dyes are almost always soluble organic

substances used in coloring textiles or other fibrous substances.

Release routes of 3,3’-dichlorobenzidine to the environment appear to be waste waters, sludges,

and solid wastes where emissions are not properly controlled during the use of

3,3’-dichlorobenzidine or during its chemical transformation to pigments. The compound has

been found in water and soil at hazardous waste sites, a result of the improper land disposal of

solid wastes.

Concern for human health derives primarily from inhalation of airborne dust or skin contact

during careless handling or accidental spillage in occupational settings or drinking of

contaminated well water by persons living in the proximity of hazardous waste sites. However,

occupational case reports suggest that risk to workers exposed to 3,3’-dichlorobenzidine through

the use of 3,3’-dichlorobenzidine-based pigments may be minimal. No adverse health effects

were reported among 20 workers engaged in the manufacture and handling of

3,3’-dichlorobenzidine alone (concentration not specified) in a Japanese facility (DCMA 1989).

No detectable levels of 3,3’-dichlorobenzidine or its monoacetyl metabolite (at a detection limit

of 0.2 ppb) were seen in urine samples of workers who were exposed to pigments derived from

3,3’-dichlorobenzidine on the day the samples were collected (Hatfield et al. 1982). The urine

analysis results for workers with
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high potential for pigment exposure suggest that these pigments are not metabolized in humans

although, without pigment exposure data, this conclusion is somewhat tentative.

The hydrochloric acid salt of 3,3’-dichlorobenzidine readily photolyses in water exposed to natural

sunlight, but may not readily biodegrade in soil and acclimated sludges. It has a strong tendency to

partition to soils and sediments, a property which reduces the potential for human exposure (Boyd et

al. 1984; Chung and Boyd 1987; Sikka et al. 1978). Once partitioned to soil, the compound apparently

binds further with humic substances to form humic-like materials that presumably would be

non-hazardous (Sikka et al. 1978).  However, in a recent paper, Nyman et al. (1997) stated that

dehalogenation of 3,3’-dichlorobenzidine to form benzidine (also a toxic substance) occurs in

sediment/water mixtures under anaerobic conditions. The compound does not volatilize or hydrolyze

in solution, but it may slowly oxidize (Banerjee et al. 1978; Callahan et al. 1979).

3,3’-Dichlorobenzidine may be bioconcentrated by aquatic organisms (Appleton and Sikka 1980), but

it is not certain if it is biomagnified by transfer through the food chain. 3,3’-Dichlorobenzidine

accumulates in freshwater fish during aquatic exposure to either 5 ppb or 0.1 ppm concentrations of

the chemical. After returning the fish to fresh, uncontaminated water, clearance of the compound from

edible flesh was initially rapid (half-life of approximately 48 hours), but residues remained even after

14 days (Appleton and Sikka 1980). Steady-state concentrations in fish from ambient (unspiked) water

exposures would be expected to be very low.

The reductive cleavage in vivo of azo dyes in general was first observed by Rinde and Troll (1975).

Since then, several research groups have published articles that relate to the potential for human

exposure to 3,3’-dichlorobenzidine that might arise via various chemical and biochemical mechanisms

that degrade 3,3’-dichlorobenzidine-based synthetic dyes. A study by Hoffman and Schmidt (1993)

found no evidence for metabolic cleavage of Pigment Yellow 17 to produced 3,3’-dichlorobenzidine

in rats that inhaled the pigment. However, Zwirner-Baier and Neumann (1994), based on analysis of

hemoglobin adducts from rats that drank the pigments, concluded that intestinal cleavage processes

release very small amounts of 3,3’-dichlorobenzidine from Pigment Yellow 17 and Direct Red 46

(0.6% and 3%, respectively, of the total dose administered over 4 weeks). In another study

(Sagelsdorff et al. 1996), the lack of appearance of  3,3’-dichlorobenzidine from Pigment Yellow 13

and 17 is shown, but a marked formation of  3,3’-dichlorobenzidine occurs from a soluble azo dye,

C. I. Direct Red 46, which was an impurity in the pigments they studied.
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In metabolism studies of azo dyes and pigments in the hamster, in viva cleavage of the benzidine-

based dye, Direct Black 38, to benzidine was shown by analysis of the urine. However, studies of the

3,3’-dichlorobenzidine-based pigment, Pigment Yellow 12, showed no evidence for in vivo cleavage

to release 3,3’-dichlorobenzidine (Nony et al. 1980).

3,3’-Dichlorobenzidine has been identified in at least 32 of the 1,467 current or former EPA National

Priorities List (NPL) hazardous wastes sites (HazDat 1998). However, the number of sites evaluated

for 3,3’-dichlorobenzidine is not known. The frequency of these sites within the United States can be

seen in Figure 5-l. The manufacture and use of 3,3’-dichlorobenzidine has been strictly regulated by

OSHA since 1974. All work with the compound is done in closed systems and any residues are

destroyed by chemical reaction. Such precautions, if conscientiously practiced, make it unlikely that

significant quantities of 3,3’-dichlorobenzidine have been disposed of in landfills or at NPL sites after

1974.

NPL Superfund Records of Decision (RODS) were located for 24 of the 27 currently listed NPL sites

where the HazDat database lists 3,3’-dichlorobenzidine as a contaminant. A ROD is a legally binding

document that states the results of investigation and feasibility testing at hazardous waste sites and

tells what techniques will be used to remediate the site. At four of the sites, 3,3’-dichlorobenzidine

was verified as a contaminant. The RODS for the other 20 sites did not mention 3,3’-

dichlorobenzidine as a contaminant of concern (i.e., one that warrants development of cleanup criteria

and a choice of remedy). Affected soil was removed from three of the four contaminated sites. Only

one site, Bofors Nobel in Michigan, required development of a cleanup criteria (CPMA 1998).

5.2 RELEASES TO THE ENVIRONMENT

According to the Toxics Release Inventory (TRI), in 1996, a total of 2 pounds (1 kg) of 3,3’-

dichlorobenzidine was released to the environment from one processing facility (TR196 1998).

Table 5-l lists amounts released from this facility. In addition, an estimated 250 pounds (118 kg)

were released by manufacturing and processing facilities to publicly owned treatment works

(POTWs), and an estimated 51,550 pounds (23,432 kg) were transferred offsite (TR196 1998).

The TRI data should be used with caution because only certain types of facilities are required to

report. Therefore, this is not an exhaustive list.





3,3’-DICHLOROBENZIDINE 89

5. POTENTIAL FOR HUMAN EXPOSURE

3,3’-Dichlorobenzidine has been identified in a variety of environmental media (air, surface

water, groundwater, soil, and sediment) collected at 32 of the 1,467 current or former NPL

hazardous waste sites (HazDat 1998). The frequency of these sites within the United States can be

seen in Figure 5-l.

5.2.1 Air

The free base form of 3,3’-dichlorobenzidine is no longer utilized by industry in the United

States. It is primarily supplied as the dihydrochloride salt (CPMA 1998). When it was used as the

free base, it was handled as a powder or a moist paste (NIOSH 1980). 3,3’-Dichlorobenzidine is

not a volatile chemical. A vapor pressure of 4.5x10x-9 mm Hg at 20 ºC has been reported (DCMA

1989). Prior to OSHA 1974 regulations, benzidine and 3,3’-dichlorobenzidine were manufactured

in open systems that permitted atmospheric releases of suspended particles at the work site

(Shriner et al. 1978), but no historical data were located specifically for 3,3’-dichlorobenzidine

emissions (atmospheric or in water). The absence of data may be attributed to analytical methods

used at that time that could not distinguish benzidine from its derivatives or many other aromatic

amines (Shriner et al. 1978). Under OSHA regulations adopted in 1974, only closed

manufacturing systems are permitted, and atmospheric emissions are presumably reduced

because of this regulation.

Estimated releases of 2 pounds (0.9 kg) of 3,3’-dichlorobenzidine to the atmosphere from one

facility in 1996, accounted for 100% of the estimated total environment releases (TR196 1998).

These releases are summarized in Table 5-1. The TRI data should be used with caution because

only certain types of facilities are required to report information to the Toxics Release Inventory

only if they employ more than 10 full-time employees, if their facility is classified under Standard

Industrial Classification (SIC) codes 20 through 39, and if their facility produces, imports, or

processes 25,000 or more pounds of any TRI chemical or otherwise used more than 10,000

pounds of a TRI chemical in a calendar year (EPA 1997). A member company of the Color

Pigment Manufacturers Association, Inc., which monitors 3,3’-dichlorobenzidine under state

regulations, reports that only de minimus values are found (CPMA 1998).

3,3’-Dichlorobenzidine was not identified in any air samples collected at any of the 32 NPL

hazardous waste sites where it was detected in some other environmental media (HazDat 1998).
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5.2.2 Water

The free base form of 3,3’-dichlorobenzidine is sparingly soluble in water. The solubility of

3,3’-dichlorobenzidinem-2HCl in water is 4 mg/L at a pH of 6.9 (Banerjee et al. 1978). A

solubility of 3.1 mg/L is also quoted (CPMA 1998). 3,3’-Dichlorobenzidine may be released into

the environment in waste waters generated by the production of dyes and pigments.

No releases of 3,3’-dichlorobenzidine to the surface water were reported in 1996 (TR196 1998).

Two hundred and fifty pounds (550 kilograms) were released to publicly owned treatment works

(POTWs) (TR196 1998). These releases are summarized in Table 5-1. The TRI data should be

used with caution because only certain types of facilities are required to report information to the

Toxics Release Inventory only if they employ more than 10 full-time employees, if their facility

is classified under Standard Industrial Classification (SIC) codes 20 through 39, and if their

facility produces, imports, or processes 25,000 or more pounds of any TRI chemical or otherwise

used more than 10,000 pounds of a TRI chemical in a calendar year (EPA 1997). As a result of

secondary treatment processes in POTWs, only a small percentage of any 3,3’-dichlorobenzidine

that might enter POTWs is subsequently released into surface water.

3,3’-Dichlorobenzidine has been identified in surface water and groundwater samples collected at

19 of the 32 NPL hazardous waste sites where it was detected in some other environmental media

(HazDat 1998).

5.2.3 Soil

According to the Toxics Release Inventory, in 1996, there were no reported releases of 3,3’-

dichlorobenzidine to soil from any large processing facilities (TR196 1998). The TRI data should

be used with caution because only certain types of-facilities are required to report information to

the Toxics Release Inventory only if they employ more than 10 full-time employees; if their

facility is classified under Standard Industrial Classification (SIC) codes 20 through 39; and if

their facility produces, imports, or processes 25,000 or more pounds of any TRI chemical or

otherwise used more than 10,000 pounds of a TRI chemical in a calendar year (EPA 1997).
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3,3’-Dichlorobenzidine has been identified in soil and sediment samples collected at 18 of the 32 NPL

hazardous waste sites where it was detected in some environmental media (HazDat 1998).

5.3 ENVIRONMENTAL FATE

Because 3,3’-dichlorobenzidine adsorbs to airborne dust particles or is otherwise bound to particulate

matter, it is subject to dispersion, gravitational settling, and wash-out by rain. In water,

3,3’-dichlorobenzidine is sparingly soluble, does not volatilize or hydrolyze, and may slowly oxidize

in solution (Banerjee et al. 1978; Callahan et al. 1979; Mabey et al. 1982). 3,3’-Dichlorobenzidine

may be strongly adsorbed to soils, clays, and sediments, depending on the pH of the soil-water system.

It may be strongly bound by soil organic matter (Boyd et al. 1984; Chung and Boyd 1987; Sikka et al.

1978). Although earlier research indicates that the compound does not appear to be readily

biodegradable in soil or waste water sludges, recent work by Nyman (Nyman et al. 1997) indicates

that more than 80% of 3,3’-dichlorobenzidine may be microbially degraded to benzidine under

anaerobic conditions. 3,3’-Dichlorobenzidine is bioconcentrated by aquatic organisms under

experimental conditions (Appleton and Sikka 1980), but it is not certain if it is bioaccumulated or

transferred through the natural food chain.

5.3.1 Transport and Partitioning

In the atmosphere, 3,3’-dichlorobenzidine stays attached to dust particles or bound to particulate

matter.  As such, suspended 3,3’-dichlorobenzidine is subject to atmospheric convection, dispersion,

gravitational settling, and wash-out by rain.

The Henry’s law constant for a compound is useful in estimating the partitioning of the compound

between its vapor phase and aqueous media. At 25 ºC, a value of 5.11x10-11 atm-m3/mole has been

estimated (SRC 1994). This very low value suggests that 3,3’-dichlorobenzidine essentially remains

dissolved in water, and does not migrate from water into air.

3,3’-Dichlorobenzidine in solution has a strong tendency to be adsorbed onto soils and sediments. The

extent of adsorption of hydrophobic (sparingly water soluble) compounds has been shown to be highly

correlated with the organic carbon content of the adsorbents (Hassett et al. 1983). When adsorption is

expressed as a function of organic carbon content, an organic carbon-water partition coefficient (Koc)

is
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generated, which is a unique property of the compound and may be used to rank the relative mobility

of organic contaminants in saturated soil-water systems. A Koc value for

3,3’-dichlorobenzidine of 1,553 (based on an octanol-water partition coefficient (Kow) of 3,236) was

calculated by Mabey et al. (1982).  This relatively high value implies that

3,3’-dichlorobenzidine would exhibit “low” mobility in soil (see Roy and Griffin 1985). However,

3,3’-dichlorobenzidine is not strictly a hydrophobic compound but can exist as a weak base in water,

and exists in both neutral and cationic forms. Written as an acid-base reaction, the amine groups may

be protonated as follows:

3,3’-DCB +H2O ↔ 3,3’-DCBH+ + OH-

3,3’-DCBH’ + Hz0 ↔ 3,3’-DCBH2
2+  + OH-

pKa values reported for the conjugate acids (DCBH’ and DCBH,“) vary somewhat. Sikka (Sikka et al.

1978) and Boyd (Boyd et al. 1984) reported that they are <4. Nyman (Nyman et al. 1997) reported

pKa,1 and pKa,2 values of 1.6 and 3.2, respectively. Thus, in the pH range of most environmental

situations (pH 6-8) the dominant state of 3,3’-dichlorobenzidine in water would be the non-ionic form.

As pH increases, the proportion of cationic forms of 3,3’-dichlorobenzidine decreases, and the extent

of adsorption to sediments via Coulombic interactions would also decrease and 3,3’-dichlorobenzidine

adsorption would be dominated by hydrophobic processes. This expectation was demonstrated by

Sikka and coworkers (Sikka et al. 1978), who found that the adsorption constant (Kf ) decreased with

increasing pH; the decrease was more rapid in the range of pH 7-9. The adsorption data conformed to

the Freundlich equation, Ca = KfCs
1/n where Ca is the concentration of 3,3’-dichlorobenzidine adsorbed

per mass of adsorbent, and Cs is the equilibrium concentration of 3,3’-dichlorobenzidine in solution.

Kf and l/n are empirically derived constants. No correlation was found between Kf and the organic

carbon content of the sediments (Boyd et al. 1984; Sikka et al. 1978). Similarly, the extent of

benzidine adsorption does not correlate to the organic carbon content of soils and sediments (Graveel

et al. 1986; Zierath et al. 1980). It was concluded that nonprotonated 3,3’-dichlorobenzidine is subject

to hydrophobic bonding to some extent (Boyd et al. 1984). It is clear from these studies that

adsorption constants for 3,3’-dichlorobenzidine cannot be accurately predicted for a given soil based

only on a Koc value.

The adsorption of 3,3’-dichlorobenzidine by soils and sediments may not be readily reversible (Boyd

et al. 1984; Chung and Boyd 1987; Sikka et al. 1978). The extent of 3,3’-dichlorobenzidine desorption

decreased with an increase in the age of the sample. Also, the adsorbed 3,3’-dichlorobenzidine was



3,3’-DICHLOROBENZIDINE 94

5. POTENTIAL FOR HUMAN EXPOSURE

resistant to extraction. After 24 hours of 3,3’-dichlorobenzidine-sediment contact, only 36% of the

parent compound could be extracted by methanol. It is speculated that 3,3’-dichlorobenzidine forms

covalent bonds with soil humic components (Sikka et al. 1978; Boyd et al. 1984). Experiments have

indicated that covalent binding of ring-substituted anilines to humates is not a readily reversible

reaction (Parris 1980).  3,3’-Dichlorobenzidine was highly immobile in soil column experiments

(Chung and Boyd 1987). Water was passed through sandy soil (Entic Haplorthod) and

3,3’-dichlorobenzidine-contaminated sewage sludge samples. Only small amounts of radioactive

3,3’-dichlorobenzidine added to columns of sandy soil or sewage sludge were eluted with water over

extended time periods. Extractable radioactivity from these soils and sludge samples decreased with

time of chemical contact. There was greater adsorption of 3,3’-dichlorobenzidine to soil than to

sludge, apparently as a result of the greater humus content of the soil samples, which suggested that

the compound may favor migration from sludge to soil substrates (Chung and Boyd 1987).

Since 3,3’-dichlorobenzidine is lipophilic, it may be concentrated from aqueous media by aquatic

organisms. Bluegill sunfish were exposed to radiolabeled 3,3’-dichlorobenzidine in dynamic-flow

experiments for 130-168 hours (Appleton and Sikka 1980) . Moderately low bioconcentration factors

(BCF) of 495-507 were calculated for the whole fish. BCFs in fish (golden ide) of 610 and in green

algae of 940 have been reported (Freitag et al. 1985). A BCF in edible portions of bluegill sunfish of

114-170 has also been reported (EPA 1980b). Bioaccumulation by plants or terrestrial animals has not

been studied. Assuming a log Kow (range, 3.02-3.78) (DCMA 1989; Mabey et al. 1982)

3,3’-dichlorobenzidine is not likely to bioaccumulate appreciably. However, Law states that some

bioaccumulation in aquatic organisms might be expected (Law 1995). The flesh of freshwater fish

exposed to 5 ppb or 0.1 ppm concentrations of the chemical in water showed some accumulation.

After returning the fish to clean water, clearance of the compound was rapid (a half-life of

approximately 48 hours), but residues remained even after 14 days (Appleton and Sikka 1980).

5.3.2 Transformation and Degradation

5.3.2.1 Air

3,3’-Dichlorobenzidine in the sunlit, ambient air atmosphere may react with photochemically

produced hydroxyl radicals and ozone, but there are no quantitative data on reaction rates. The

persistence of  “all
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benzidines” in the atmosphere has been estimated by assuming a hydroxyl radical concentration

of 8x10-10 mole/L (an average value in a 24-hour day-night cycle) (EPA 1975). Treating the

oxidation process as a first-order reaction, the rate constant was 7.2x1012/mole-hour and the

corresponding half-life was 12 hours. This estimation approach was based on data on the rates of

reaction of hydroxyl radicals with olefins, aromatics, and alkanes in the atmosphere. The

estimated half-life of 3,3’-dichlorobenzidine in air has ranged from 1 to 60 days (EPA 1980b;

Shriner et al. 1978). The most recently published value for the degradation half-life in air via

reaction with OH radicals is 9.7 hours (SRC 1995a). The reason for this disparity among the half-

life estimates is not known. No other information on the fate of 3,3’-dichlorobenzidine in the

atmosphere was located.

5.3.2.2 Water

The limited information that is available suggests that 3,3’-dichlorobenzidine may photolyze in

water to yield benzidine, which is more photostable yet still toxic. It does not appear that the

chemical is susceptible to any other transformations in water except protonation by acid-base

reactions.

There are no data to suggest that the hydrolysis of 3,3’-dichlorobenzidine is significant (Callahan

et al. 1979). A hydrolysis rate constant of 0/mole-hour for 3,3’-dichlorobenzidine has been

proposed (Mabey et al. 1982).

It has been speculated that aqueous solutions of aromatic amines can be oxidized by organic

radicals, but there are no actual data on reaction rates. Based on a study of reaction rate data for

compounds with structures similar to 3,3’-dichlorobenzidine, an estimate of the half-life of

aromatic amines in water is approximately 100 days, assuming a peroxy radical concentration of

10-10 mole/L in sunlit, oxygenated water (EPA 1975). Based on the oxidation rates of similar

compounds, the direct oxidation of 3,3’-dichlorobenzidine by singlet oxygen in solution may be

treated as a first-order reaction, to arrive at an estimated reaction constant of <4x107/mole-hour

(Mabey et al. 1982). The oxidation rate constant with peroxy radicals was estimated to be

approximately 4x107/mole-hour. However, no information was located that demonstrates that

3,3’-dichlorobenzidine is significantly oxidized in water.

3,3’-Dichlorobenzidine was found to be extremely photolabile in water (Sikka et al. 1978;

Banerjee et al. 1978). 3,3’-Dichlorobenzidine photolyzed yielding monochlorobenzidine,

benzidine, and a number of
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colored, water-insoluble products. In natural sunlight, the half-life of 3,3’-dichlorobenzidine in

water was determined to be approximately 90 seconds. While 3,3’-dichlorobenzidine is very

rapidly photolyzed under environmental conditions, the process may yield benzidine, a relatively

photostable carcinogen (Banerjee et al. 1978).

3,3’-Dichlorobenzidine in lake water samples was not metabolized by microorganisms over a

4-week period (Sikka et al. 1978) although 1 lake sample of the 2 tested contained approximately

5 million microorganisms per mL. The composition of the biological community was not

described. Minor decreases in 3,3’-dichlorobenzidine concentrations were attributed to adsorption

onto suspended sediment.

5.3.2.3 Sediment and Soil

Earlier reports gave little indication that 3,3’-dichlorobenzidine is significantly degraded in soil or

that it is transformed to other substances. More recent research (Nyman et al. 1997) reports that

sediment/water mixtures spiked with 3,3’-dichlorobenzidine display evidence of the chemical’s

degradation. In the experiments reported by these authors, silty-clay to sandy sediments collected

from a lake near Holland, Michigan, were spiked with 3,3’-dichlorobenzidine and incubated at 20

°C for 12 months under anaerobic conditions. Time-course analysis of this mixture showed that

dehalogenation of 3,3’-dichlorobenzidine to produce benzidine appears to take place through a

transient intermediate, 3-monochlorobenzidine. Up to 80% of the 3,3’-dichlorobenzidine was

transformed to benzidine over a l-year incubation period. No metabolites were observed in

autoclaved samples, suggesting that dehalogenation is mediated by microbial activity. The final

product, benzidine, shows more affinity for the solution (aqueous) phase and thus has a

greater potential for transport in the environment.

Unsubstituted benzidine may be oxidized at clay surfaces when mixed with some types of clay

minerals (Tennakoon et al. 1974; Theng 197 1). Benzidine is oxidized to a monovalent radical

cation by iron (III) in the silicate lattice and by aluminum at crystal edges. However, there is no

experimental evidence that demonstrates that 3,3’-dichlorobenzidine is subject to the same type

of surface oxidation at solid-liquid interfaces.
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Activated sludge did not degrade 3,3’-dichlorobenzidine after weekly subculturing. The sludge

was not described or chemically characterized. Observed decreases in 3,3’-dichlorobenzidine

concentration were attributed to adsorption by the sludge.

The results of seven laboratories conducting aerobic biodegradation experiments with

3,3’-dichlorobenzidine have been summarized (Brown and Laboureur 1983). There was a clear

dependence of the extent of degradation on the concentration of yeast extract added to the batch

containers. The role of the extract was uncertain, but without it, no degradation was detected. The

authors hypothesize that the yeast may be a food source to allow buildup of large concentrations

of active bacteria that are able to break down the amines. The authors felt that these results

showed the “inherent biodegradability” of 3,3’-dichlorobenzidine, but that the compound should

not be classified as “readily biodegradable” (Brown and Laboureur 1983). Possible degradation

mechanisms and degradation by-products were not discussed.

3,3’-Dichlorobenzidine degraded very little when incubated with soil. In a study by Boyd et al.

(1984), a Brookston clay loam soil (a typic Argiaquoll fine loamy, mixed mesic) containing

[14C]-3,3’-dichlorobenzidine at concentrations of 40 and 4 mg/kg of dry soil was incubated

aerobically and anaerobically in batch experiments (Boyd et al. 1984). Under aerobic conditions,

3,3’-dichlorobenzidine degradation occurred at a very slow rate; accumulative 14CO2 production

was approximately 2% after 32 weeks. Under anaerobic conditions, no gas evolution was

detected after 1 year of incubation. The authors did not comment on the population or type of

microorganisms in the soil sample (Boyd et al. 1984). Additional studies indicated that 3,3’-

dichlorobenzidine was very persistent in soil and sludge-amended soil (Chung and Boyd 1987).

Biodegradation of [14C]-3,3’-dichlorobenzidine was evaluated during a 182-day incubation period

in a sandy soil (Entic Haplorthod) amended with sewage sludge. The total amount of

[14C]-3,3’-dichlorobenzidine recovered as 14CO2 was <2%. It should be noted that biodegradation

when measured by 14CO2 evolution may provide a conservative estimate of the extent of

decomposition. This technique does not account for carbon that is incorporated into the biomass

or into soil organic matter, or for the compound being only partially metabolized (Graveel et al.

1986). The disparity between the results of this work and the results of Nyman (Nyman et al.

1997) is probably related to the nature of their respective biotic communities.
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5.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT

Reliable evaluation of the potential for human exposure to 3,3’-dichlorobenzidine depends in part

on the reliability of supporting analytical data from environmental samples and biological

specimens. In reviewing data on 3,3’-dichlorobenzidine levels monitored or estimated in the

environment, it should also be noted that the amount of chemical identified analytically is not

necessarily equivalent to the amount that is bioavailable. The analytical methods available for

detection and measurement of 3,3’-dichlorobenzidine are detailed in Chapter 6.

3,3’-Dichlorobenzidine was not detected in the ambient air at production facilities at detection

limits of 0.1-5.0 ng/m3 (Narang et al. 1982; Riggin et al. 1983). The median concentration of

3,3’-dichlorobenzidine in waste effluents (<10 ppb), groundwater (<10 ppb), surface water (<10

ppb), and soils (<1 ppb) is very low, although significant contamination may be associated with

hazardous waste sites (Staples et al. 1985). Moreover, the production and use of

3,3’-dichlorobenzidine-based dyes has decreased to zero over the last 30 years, while

environmental and health regulations have been implemented to reduce the release of

3,3’-dichlorobenzidine to the environment.

5.4.1 Air

3,3’-Dichlorobenzidine does not naturally occur in the environment (IARC 1982a).

3,3’-Dichlorobenzidine was not detected in ambient air of two dyestuff production plants at

detection limits of 5 (Narang et al. 1982) and 0.1 ng/m3 (Riggin et al. 1983). More recent data on

occupational exposure levels indicate the presence of levels ≤0.6-2.5 µg/m3 in

3,3’-dichlorobenzidine production and pigment manufacturing plants in Germany (DCMA 1989).

The concentration of 3,3’-dichlorobenzidine in the Canadian environment was estimated by

Liteplo and Meek (1994) by applying the Level III Fugacity Computer Model of Mackay and

Paterson (Mackay and Paterson 1991). Assuming that 1% of the total amount produced in and

imported to Canada is released into various media in proportions similar to those given in the

U.S. TRI, the average concentration of 3,3’-dichlorobenzidine in air, as estimated by the model, is

7.6x10-16 µg/m3.
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5.4.2 Water

EPA’s computerized water quality database (STORET) was used to determine the median

concentration of 3,3’-dichlorobenzidine in surface water, groundwater, and municipal and

industrial inflow and outflow (Staples et al. 1985). The median concentration of

3,3’-dichlorobenzidine detected in 12 of 1,239 samples of waste effluent collected from about

1980 to 1984, was reported to be <10 ppb. The median concentration of 3,3’-dichlorobenzidine in

both surface and groundwater was also reported to be <10 ppb.  The EPA reported that water

samples collected from drinking-water wells near a waste disposal lagoon that contained

3,3’-dichlorobenzidine-manufacturing wastes had concentrations of the chemical ranging from

0.13 to 0.27 ppm (EPA 1980b). EPA indicated that 3,3’-dichlorobenzidine concentrations in

waste waters from metal finishing operations were 0.07 ppb or less (EPA 1983c). Discharge

concentrations from other industrial sources were at most 10 ppb. Using a Fugacity Computer

Model, Liteplo and Meek estimated the concentration of 3,3’-dichlorobenzidine in Canadian

water to be 3.4x10-7 ng/L (Liteplo and Meek 1994). Because the model does not address the

possibility of bound residue in sediment, the concentration in water is certainly overestimated.

Capillary gas chromatography/mass spectrometry (GC/MS) was used to identify, but not

quantify, 3,3’-dichlorobenzidine in the dissolved phase (that is, smaller particles and dispersed

colloids not retained by the filter) of water concentrates from the Besos River in Spain (Grifoll et

al. 1992). Valls et al. identified 3,3’-dichlorobenzidine in urban wastewater in the same region

(Valls et al. 1990).

5.4.3 Sediment and Soil

The estimated median concentration of 3,3’-dichlorobenzidine in sediments in the United States

has been reported to be <l ppm on a dry sediment basis (Staples et al. 1985). Of the 34 sediment

or soil measurements recorded in the STORET database, none of the samples contained

detectable concentrations of 3,3’-dichlorobenzidine.

5.4.4 Other Environmental Media

There is a potential for 3,3’-dichlorobenzidine to occur in waste water sludges and industrial solid

wastes.  A 3,3’-dichlorobenzidine concentration of 16 ppm in municipal sludge from Michigan

has been reported
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(Chung and Boyd 1987). 3,3’-Dichlorobenzidine was detected at concentrations of 3.13 mg/kg

dry sewage sludge in 2 of a total of 253 sewage treatment plants examined (Fricke et al. 1985).

These plants were all in the United States (Arizona, Indiana, Michigan, Missouri, New Mexico,

New York, and Texas).  Concentrations up to 535 µg/L were detected in a communal sewage

treatment plant (Lopez-Avila et al. 1981). The chemical was detected at 8.55 mg/kg in sewage

sludge of an aeration basin in Muskegon, Michigan (Demirjian et al. 1984).

Because the chemical has no agricultural or food chemical application, it is very unlikely that

3,3’-dichlorobenzidine occurs in food in general. [14C]-3,3’-Dichlorobenzidine was found to

rapidly accumulate in bluegill sunfish as a result of their exposure to water in which either 5 or

100 µg/L of the chemical was intentionally added. Residues were distributed in both the edible

and nonedible portions (Appleton and Sikka 1980). However, 3,3’-dichlorobenzidine was not

detected in fish samples obtained from rivers near nine textile dyestuff manufacturers known to

use 3,3’-dichlorobenzidine-based pigments (Diachenko 1979).

5.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE

Years ago, benzidine and its congeners such as 3,3’-dichlorobenzidine were likely to be found

only in the vicinity of pigment plants (EPA 1980b; Shriner et al. 1978) where wastes may escape

or be discharged. 3,3’-Dichlorobenzidine may also be found in locations where it is used in

formulating other products such as rubber and plastic (HSDB 1996) or in producing

polybenzimidazole (PBI) (Celanese 1985). However, 3,3’-dichlorobenzidine is no longer used to

manufacture soluble dyes in the United States (CPMA 1998).  Based on available data, the

potential for nonindustrial exposure via air, soil, or water is expected to be negligible. The

greatest chance of exposure by the general public is from the improper land disposal of

compounds. The significance of this exposure route can only be evaluated on a site-by-site basis.

No uses of 3,3’-dichlorobenzidine in commonplace consumer products are known. In the past, the

general public may have been exposed to minute amounts of 3,3’-dichlorobenzidine during the

use of pressurized spray containers of paints, lacquers, and enamels containing traces of

benzidine yellow, a pigment derived from 3,3’-dichlorobenzidine (Shriner et al. 1978).

3,3’-Dichlorobenzidine-based pigments are normally used in printing ink applications; their use

in paints is rare and, thus, its presence in present-day pressurized paint spray would not be

expected (CPMA 1998).
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Today the most likely possibilities for occupational exposure exist in the processing of

3,3’-dichlorobenzidine in the synthesis of pigments, the compounding of PBI, and for workers in the

garment, leather, printing, paper, and homecraft industries where benzidine-based pigments are used.

However, there appears to be no information available on current levels of occupational exposure in

the United States.  Since 1974, OSHA regulations have set strict standards for worker protection,

required the use of closed manufacturing vessels, and prescribed methods to chemically destroy

residues. Although there is limited evidence for in vivo cleavage of 3,3’-dichlorobenzidine-derived

pigments to free 3,3’-dichlorobenzidine in animals, urinary tract data from pigment workers suggest

that 3,3’-dichlorobenzidine-derived pigments are not significantly metabolized in humans. Less than

0.2 ppb of 3,3’-dichlorobenzidine was detected in urine samples of 36 workers exposed to pigments

derived from the compound (Hatfield et al. 1982).

In Canada, the estimated daily intake of 3,3’-dichlorobenzidine by various segments of the population

has been calculated. The calculations are based on the predicted levels of 3,3’-dichlorobenzidine in

air, water, and soil, as well as on the estimated daily intake of each (air, water, soil) by Canadians

(Government of Canada 1993). The predicted concentrations or human intake levels are not measured

values but rather predicted values based on output from mathematical models using worst-case

assumptions that do not take into consideration removal mechanisms such as photolysis, oxidation, or

irreversible binding to substrates.  The total intake by adults (20 or more years of age) is predicted to

be 7.4x10-9 ng/kg body weight/day. For infants up to 6 months of age (the group with the greatest

predicted exposure on the basis of body weight), the total intake is estimated at 3.6x10-8 ng/kg body

weight/day.

5.6 EXPOSURES OF CHILDREN

This section focuses on exposures from conception to maturity at 18 years in humans and briefly

considers potential pre-conception exposure to germ cells. Differences from adults in susceptibility to

hazardous substances are discussed in Section 2.6, Children’s Susceptibility.

Children are not small adults. A child’s exposure may differ from an adult’s exposure in many  ways.

Children drink more fluids, eat more food, and breathe more air per kilogram of body weight, and

have a larger skin surface in proportion to their body volume. A child’s diet often differs from that of

adults. The developing human’s source of nutrition changes with age: from placental nourishment to

breast milk or formula to the diet of older children who eat more of certain types of foods than adults.

A child’s behavior
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and lifestyle also influence exposure. Children crawl on the floor; they put things in their mouths; they

may ingest inappropriate things such as dirt or paint chips; they spend more time outdoors. Children

also are closer to the ground, and they do not have the judgment of adults in avoiding hazards

(NRC 1993).

No specific references on exposures of infants or children to 3,3’-dichlorobenzidine were located.

Young children may be exposed to 3,3’-dichlorobenzidine by ingesting paint chip debris, colorful

objects or paints, and soil if the material contains the chemical. Mathematical models (using

somewhat unrealistic worstcase assumptions) predict that the estimated total intake of

3,3’-dichlorobenzidine by infants up to 6 months of age would be 3.6x10-8 ng/kg bodyweight/day,

about 5 times greater than the estimate of 7.4x 10-9 ng/kg body weight/day for adults age 20 or older

(Government of Canada 1993).

Children sometimes put dirt in their mouths. Because the adsorption of 3,3’-dichlorobenzidine to soils

and sediments may not be readily reversible (Boyd et al. 1984; Chung and Boyd 1987; Sikka et al.

1978), the bioavailability of the compound is limited. A child who ingested contaminated dirt would

be expected to incur less exposure as compared to that from other, more direct routes.

Another potential exposure route for children is through exposure to clothing and tracked-in dirt

brought in by parents who work in factories that produce 3,3’-dichlorobenzidine. A public health

assessment study conducted in Michigan in 1981 (ATSDR 1996) found the compound in the homes of

9 employees.  Samples collected from vacuum cleaner bags had up to 10.5 ppm and dryer lint

contained up to 0.74 ppm. If these homes have not been adequately cleaned, exposure could continue.

5.7 POPULATIONS WITH POTENTIALLY HIGH EXPOSURES

In addition to individuals who are occupationally exposed to 3,3’-dichlorobenzidine (see Section 5.5)

there are several groups within the general population that have the potential for exposures to

3,3’-dichlorobenzidine at levels above those of the general population. These groups include

individuals living in proximity to sites where 3,3’-dichlorobenzidine was produced or sites where

3,3’-dichlorobenzidine was disposed, and individuals living near one of the 32 NPL hazardous waste

sites where 3,3’-dichlorobenzidine has been detected in some environmental media (HazDat 1998).

3,3’-Dichlorobenzidine was not detected in fish samples obtained from rivers near nine textile

dyestuff manufacturers known to use 3,3’-dichloro-
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benzidine-based pigments (Diachenko 1979), nor were there any fish consumption advisories for

3,3’-dichlorobenzidine in 1996. Therefore, recreational and subsistence fishers are not at risk.

NIOSH, in 1980, concluded that during the use of benzidine-based dyes, the greatest potential for

exposurewould be expected to be by dermal absorption or inhalation by personnel who routinely

handle dry powders (NIOSH 1980). However, EPA (1980b) has generalized that dermal

absorption in the workplace is probably a minor route of 3,3’-dichlorobenzidine exposure,

although dermatitis has occurred in workers in plants where 3,3’-dichlorobenzidine and

3,3’-dichlorobenzidine-based pigments were manufactured. It may be that health risks with

regard to 3,3’-dichlorobenzidine exposure depend on the specific operations of the individual

plant and the extent of personal protective practices of the individual operator.

5.8 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation

with the Administrator of EPA and agencies and programs of the Public Health Service) to assess

whether adequate information on the health effects of 3,3’-dichlorobenzidine is available. Where

adequate information is not available, ATSDR, in conjunction with the NTP, is required to assure

the initiation of a program of research designed to determine the health effects (and techniques

for developing methods to determine such health effects) of 3,3’-dichlorobenzidine.

The following categories of possible data needs have been identified by a joint team of scientists

from ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that, if

met, would reduce the uncertainties of human health assessment. This definition should not be

interpreted to mean that all data needs discussed in this section must be filled. In the future, the

identified data needs will be evaluated and prioritized, and a substance-specific research agenda

will be proposed.

5.8.1 Identification of Data Needs

Physical and Chemical Properties.  It has been demonstrated that 3,3’-dichlorobenzidine is

strongly adsorbed by soils and sediments, and that it may not readily desorb. Adsorption cannot

be accurately predicted a priori; such data are soil-system specific and must be determined

experimentally for each
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system under study. Because there is some discrepancy regarding the volatility of the free base form

of 3,3’-dichlorobenzidine (Gerarde and Gerarde 1974; CPMA 1998) research in this area is indicated.

Production, Import/Export, Use, Release, and Disposal.  According to the Toxics Release

Inventory (TRI) report (TR196 1998), 3,3’-dichlorobenzidine is manufactured at one facility in

Michigan. Three of the five facilities listed by TR196 that process the compound depend on imports

for their supply.  The chemical is no longer used to produce dyes in the United States (better dyes

based on other chemicals are available); its main use is in the production of pigments (DCMA 1989).

It also finds some use in the formulation of rubber and plastic (HSDB 1996) and in the production of

PBI (Celanese 1985). The compound is not used in the home or in the open environment; however,

there is evidence that the compound can be brought into the home on the shoes and clothing of adults

who work with 3,3’-dichlorobenzidine (ATSDR 1996) but the quantity that might be present is

unknown. In the workplace, OSHA regulations require that the compound be handled in closed

systems and that shipping containers be cleaned thoroughly (again, within a closed system) before

disposal (DCMA 1989). The free base or salt form of the compound is not used in the home or in the

general environment. It is handled only by industry to make pigments; thus there seems to be little

chance the chemical could contaminate the food supply. No evidence of the compound in fish taken

downstream from nine facilities known to handle 3,3’-dichlorobenzidine was found (Diachenko

1979). Citations regarding disposal techniques for 3,3’-dichlorobenzidine are found in the Hazardous

Substances Data Base (HSDB). Small quantities can be destroyed by chemical reaction, for example,

with sodium hypochlorite solution, which converts 3,3’-dichlorobenzidine to a quinone-type

compound. Incineration at high temperatures can be used to destroy work garments and miscellaneous

solid wastes exposed to the compound. Presumably only small amounts would need to be disposed

since the compound is mainly consumed by conversion to pigments.

According to the Emergency Planning and Community Right-to-Know Act of 1986,42 U.S.C. Section

11023, industries are required to submit chemical release and off-site transfer information to the EPA.

The TRI, which contains this information for 1996, became available in May of 1998. This database

will be updated yearly and should provide a list of industrial production facilities and emissions.

Environmental Fate.  It is not known if 3,3’-dichlorobenzidine, like benzidine, is oxidized by clay

minerals or if cations in water can have the same oxidizing effect. 3,3’-Dichlorobenzidine does not

appear to biodegrade easily, but the few studies in this area did not state the type(s) or concentrations

of
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microorganisms used in each study. More systematic studies with other organisms may prove useful.

A recent study (Nyman et al. 1997) provides evidence that in the span of a year up to 80% of

3,3’-dichlorobenzidine can degrade to benzidine in anaerobic mixtures of sediment/water. Further

research to identify the pathways and products of decomposition of 3,3’-dichlorobenzidine in various

soils is needed. The toxicological profile for benzidine contains information on the environmental fate

of that compound (ATSDR 1995).

Bioavailability from Environmental Media. No information on the presence of

3,3’-dichlorobenzidine in foods was located in the available literature. The Canadian Government’s

Priority Substances List Assessment Report for 3,3’-dichlorobenzidine (Government of Canada 1993)

also reports that no data on the levels of 3,3’-dichlorobenzidine in drinking water or foodstuffs were

identified within either Canada or the United States. Because 3,3’-dichlorobenzidine has been found to

bind strongly to soil constituents (Berry and Boyd 1985; Chung and Boyd 1987), Law (1995)

concluded that it would also bind strongly to sedimentary material in the marine aquatic environment

and thus may have limited bioavailability.

Food Chain Bioaccumulation. 3,3’-Dichlorobenzidine is bioconcentrated by aquatic organisms under

experimental conditions. Whole-fish BCFs of around 500, with equilibration occurring in 96-168

hours, have been published (Appleton and Sikka 1980). In view of the n-octanoywater partition

coefficient for 3,3’-dichlorobenzidine, limited bioaccumulation could be expected (Law 1995)

because the retention time of the chemical in exposed fish is short (Appleton and Sikka 1980). The

ability of aquatic organisms to concentrate the compound could present a human health hazard if

contaminated fish were eaten. However, 3,3’-dichlorobenzidine was not found in fish taken from

waters in the vicinity of dye or textile manufacturing plants on the Buffalo and Delaware rivers in the

United States (Diachenko 1979). It was concluded that monitoring for 3,3’-dichlorobenzidine in

marine waters of the United Kingdom is unwarranted at present (Law 1995).

Exposure Levels in Environmental Media. There were no quantitative data on current

atmospheric levels of 3,3’-dichlorobenzidine emissions or on the chemical’s potential to act as a

surface contaminant of soil environments. It is difficult to determine 3,3’-dichlorobenzidine levels in

the aquatic environment because the concentrations tend to be at or below analytical detection limits.

In general, it may only be possible to ascertain fully the environmental fate of 3,3’-dichlorobenzidine

as analytical advances permit the routine determination of very low concentrations. Moreover,

determination of the nature and environmental fate of breakdown products of 3,3’-dichlorobenzidine

would be useful.
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Reliable monitoring data for the levels of 3,3’-dichlorobenzidine in contaminated media at hazardous

waste sites are needed so that the information obtained on levels of 3,3’-dichlorobenzidine in the

environment can be used in combination with the known body burdens of 3,3’-dichlorobenzidine to

assess the potential risk of adverse health effects in populations living in the vicinity of hazardous

waste sites.

Exposure Levels in Humans.  It has been speculated that the 1974 OSHA regulations have reduced

workplace air levels of 3,3’-dichlorobenzidine (CPMA 1998). However, it would be important to

conduct exposure studies to monitor air levels in the workplace to confirm this premise. The need for

more information on the extent of air, water, and soil contamination by industrial plant emissions or

waste sites containing 3,3’-dichlorobenzidine continues. There is little information on exposure of

children to 3,3’-dichlorobenzidine (or products derived from the compound). The compound has a

very limited distribution and is not present in consumer goods (other than in insoluble pigmented

forms). This information is necessary for assessing the need to conduct health studies on these

populations.

Exposures of Children.  There is no available information on exposure of children to

3,3’-dichlorobenzidine (or products derived from the compound). The compound has a very limited

distribution and is not present in consumer goods (other than in insoluble pigmented forms). Thus,

there is no pressing need to gather data related to children’s exposure. However, given sufficient

resources, the topic of inadvertent take-home exposure by occupationally exposed parents could be

explored. A public health assessment (ATSDR 1996) found measurable levels of

3,3’-dichlorobenzidine (10.5 ppm in vacuum cleaner bags and 0.74 ppm in clothes dryer lint) in the

homes of workers who were employed in manufacturing or processing the compound.

Exposure Registries. No exposure registries for 3,3’-dichlorobenzidine were located. This substance is

not currently one of the compounds for which a subregistry has been established in the National

Exposure Registry. The substance will be considered in the future when chemical selection is made

for subregistries to be established. The information that is amassed in the National Exposure Registry

facilitates the epidemiological research needed to assess adverse health outcomes that may be related

to exposure to this substance.

5.8.2 Ongoing Studies

No information was located regarding ongoing studies.
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The purpose of this chapter is to describe the analytical methods that are available for detecting,

and/or measuring, and/or monitoring 3,3’-dichlorobenzidine, its metabolites, and other

biomarkers of exposure and effect to 3,3’-dichlorobenzidine. The intent is not to provide an

exhaustive list of analytical methods.  Rather, the intention is to identify well-established methods

that are used as the standard methods of analysis. Many of the analytical methods used for

environmental samples are the methods approved by federal agencies and organizations such as

EPA and the National Institute for Occupational Safety and Health (NIOSH). Other methods

presented in this chapter are those that are approved by groups such as the Association of Official

Analytical Chemists (AOAC) and the American Public Health Association (APHA).

Additionally, analytical methods are included that modify previously used methods to obtain

lower detection limits, and/or to improve accuracy and precision.

6.1 BIOLOGICAL SAMPLES

Methods for the determination of 3,3’-dichlorobenzidine and its metabolites in biological

materials are summarized in Table 6- 1.

The compound 3,3’-dichlorobenzidine has been measured most often in urine and serum using

gas chromatography (GC) (Bowman and Nony 1981; Bowman and Rushing 1981; Hoffman and

Schmidt 1993; Joppich-Kuhn et al. 1997; Nony and Bowman 1980; Nony et al. 1980) and high

performance liquid chromatography (HPLC) (Birner et al. 1990; Bowman and Nony 1981;

CPMA 1998; Nony and Bowman 1980; Nony et al. 1980; Zwirner-Baier and Neumann 1994). A

method for 3,3’-dichlorobenzidine in fish using GC (Diachenko 1979) has been reported. GC

methods usually relied upon selective detection of the fluorinated derivatives while HPLC

methods relied on absorbence or electrochemical detection. In addition, one method of analysis in

urine used a spectrophotometric approach (Roberts and Rossano 1982). Several of the reported

methods can also be used to determine the mono- and di-acetylated metabolites. The studies of

Birner et al. (1990), Joppich-Kuhn et al. 1997, and Zwirner-Baier and Neumann (1994) reported

the determination of 3,3’-dichlorobenzidine and monoacetyl-3,3’-dichlorobenzidine following

hydrolysis of the analyte-hemoglobin adducts (the adduct is a marker of exposure). Although

most of these methods have been developed using animal samples, they should also be applicable

to the determination of 3,3’-dichlorobenzidine and its metabolites in samples of human origin.

Limits of detection in the low to mid ppb range
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have been reported, although the hemoglobin adduct method of Joppich-Kuhn et al. (1997) reported a

limit of detection of less than 0.1 ng/g (ppb). These sensitive methods are potentially useful for the

assessment of human exposure to 3,3’-dichlorobenzidine.

6.2 ENVIRONMENTAL SAMPLES

Methods for the determination of 3,3’-dichlorobenzidine in environmental samples are  summarized in

Table 6-2.

The determination of 3,3’-dichlorobenzidine in environmental samples is most commonly achieved by

GC/mass spectrometry (GC/MS) (Diachenko 1979; EPA 1982b, 1986a, 1984a; Greenberg et al. 1992)

and HPLC (Armentrout and Cutie 1980; EPA 1982a; Morales et al. 1981; NIOSH 1994; Riggin and

Howard 1979). Sample preparation typically employs liquid-liquid or liquid-solid extractions for

water, waste water, soils, sediments, and solid waste. Supercritical fluid extraction has also been

shown to provide good recovery of 3,3’-dichlorobenzidine from a spiked, dried soil (Oostdyke et al.

1995). Lopez-Avila et al. (1996) demonstrated that microwave-assisted extraction using a hexane-

acetone solvent system gave recoveries from spiked (5 mg/kg), standard soil of 96%. The same

solvent system in Soxhlet extraction resulted in only 47% recovery.

Solid phase extraction followed by capillary zone electrophoresis with UV absorbence detection has

been shown to be applicable to the isolation and determination of 3,3’-dichlorobenzidine in water at

ppm levels (Cavallaro et al. 1995).

For the HPLC determination of 3,3’-dichlorobenzidine in water, a relatively complicated

procedure may be used (EPA 1982a) in which the analyte is extracted into chloroform, back-

extracted with acid, neutralized, and extracted with chloroform. The chloroform is exchanged to

methanol and concentrated using a rotary evaporator and nitrogen blowdown, then brought to a 5

mL volume with an acetate buffer. HPLC with electrochemical detection is used, providing for a

method detection limit of 0.13 µg/L; single operator accuracy and precision for 30 analytes of 5

different types of water samples over a spike range of  l-5 µg/L gave an average recovery of 65%

and a standard deviation of 9.6% (EPA 1982a). The more complicated the matrix, the more

extensive the sample preparation methods generally need to be. In certain circumstances (i.e.,

relatively clean water samples), water matrices can be introduced directly into the
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analysis step without prior treatment (Armentrout and Cutie 1980). GC separation methods can be

applied also to the extracts obtained for HPLC analyses. Detection of the free amine, in addition

to fluorinated derivatives, has been demonstrated by GC methods.

Dichlorobenzidine and its salts are collected from air matrices using adsorption/filtration

approaches (Morales et al. 1981; NIOSH 1994) and recovered from the adsorbent using methanol

containing a small amount of triethylamine (TEA). The addition of TEA converts any salt to the

corresponding amine, thus rendering it soluble in the organic solvent. Limits of detection in the

low µg/m3 (low to sub-ppb) range have been reported. The compound 4,4’-methylenebis(2-

chloroaniline) was reported to interfere with 3,3’-dichlorobenzidine (Morales et al. 1981; NIOSH

1994).

6.3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation

with theAdministrator of EPA and agencies and programs of the Public Health Service) to assess

whether adequate information on the health effects of 3,3’-dichlorobenzidine is available. Where

adequate information is not available, ATSDR, in conjunction with the NTP, is required to assure

the initiation of a program of research designed to determine the health effects (and techniques

for developing methods to determine such health effects) of 3,3’-dichlorobenzidine.

The following categories of possible data needs have been identified by a joint team of scientists

from ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if

met would reduce the uncertainties of human health assessment. This definition should not be

interpreted to mean that all data needs discussed in this section must be filled. In the future, the

identified data needs will be evaluated and prioritized, and a substance-specific research agenda

will be proposed.

6.3.1 Identification of Data Needs

Methods for Determining Biomarkers of Exposure and Effect.  Methods for the determination

of 3,3’-dichlorobenzidine in urine and serum have been reported (Birner et al. 1990; Bowman and

Nony 1981; Bowman and Rushing 1981; Hoffman and Schmidt 1993; CPMA 1998; Nony and

Bowman 1980; Nony et al. 1980; Zwirner-Baier and Neumann 1994). Some of the methods have

been shown to be
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suitable for the determination of the acetylated metabolites (Bowman and Nony 198 1; Nony and

Bowman 1980; Nony et al. 1980). The methods of Birner et al. (1990), Joppich-Kuhn et al.

(1997), and Zwirner-Baier and Neumann (1994) permit the analysis of hemoglobin adducts of

3,3’-dichlorobenzidine and its monoacetyl metabolite. Limits of detection for

3,3’-dichlorobenzidine in urine and serum were reported to be as low as 1 to 5 ppb (Bowman and

Rushing 1981; Hoffman and Schmidt 1993; Roberts and Rossano 1982), with detectable

concentrations of the acetylated metabolites somewhat higher. Most of these studies were

performed with samples from rats; the methods should be tested to determine if they are

applicable to samples of human origin. In addition, the levels of these biomarkers associated with

exposures to 3,3’-dichlorobenzidine of toxicological concern should be defined in order to

increase their utility.

Methods for Determining Parent Compounds and Degradation Products in Environmental

Media.  Methods have been described for the determination of 3,3’-dichlorobenzidine in air, with

reported limits of detection of 0.5 µg/m3 (NIOSH 1994) and 3 µg/m3 (Morales et al. 1981).

Methods for the analysis of 3,3’-dichlorobenzidine in water and waste water have also been

described, with reported detection limits of 16.5 µg/L (ppb) (EPA 1982b; Greenberg et al. 1992),

50 µg/L (ppb) (EPA 1984a), 3 ppb (Armentrout and Cutie 1980), 0.13 µg/L (ppb) (EPA 1982a),

and 50 to 100 ng/L (ppt) (Riggin and Howard 1979). The only method found for

3,3’-dichlorobenzidine in food (fish) reported a limit of detection of less than 20 ppb (Diachenko

1979). It does not appear that additional methods for the determination of 3,3’-dichlorobenzidine

in air or water are needed. Additional methods for 3,3’-dichlorobenzidine in foods are needed. If

MRLs were established, the needs could be defined more precisely.

6.3.2 Ongoing Studies

No ongoing studies in which new methods for the determination of 3,3’-dichlorobenzidine are

being developed were found in a search of the Federal Research in Progress database

(FEDRIP 1998).
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The national and state regulations and guidelines pertaining to 3,3’-dichlorobenzidine in air,

water, and other media are summarized in Table 7- 1.

There is no oral reference dose (RfD) for 3,3’-dichlorobenzidine. The health effects data for

3,3’-dichlorobenzidine were reviewed by the EPA RfD/RfC Work Group and determined to be

inadequate for derivation of an inhalation RfC (IRIS 1998).

The EPA has determined that 3,3’-dichlorobenzidine is a probable human carcinogen, B2

classification (IRIS 1998). The International Agency for Research on Cancer (IARC) has

classified 3,3’-dichlorobenzidine as a Group 2B carcinogen-possibly carcinogenic to humans

(IARC 1987). The American Conference of Governmental Industrial Hygienists (ACGIH)

classifies 3,3’-dichlorobenzidine as A3, which indicates that the chemical is carcinogenic in

experimental animals when administered at a relatively high dose (ACGIH 1997). The National

Toxicology Program (NTP) of the U.S. Department of Health and Human Services has

determined that 3,3’-dichlorobenzidine and its salt may reasonably be expected to be

cancer-causing agents (NTP 1998).

3,3’-Dichlorobenzidine is on the list of chemicals subject to the requirements of the Emergency

Planning and Community Right-to-Know Act of 1986 (EPCRA) (EPA 1988a). Section 3 13 of

Title III of EPCRA requires owners and operators of certain facilities that manufacture, import,

process, or otherwise use the chemicals on this list to report annually their release of those

chemicals to any environmental media (U.S. Congress 1986).

3,3’-Dichlorobenzidine is one of a number of carcinogenic compounds regulated by OSHA. To

control exposures to 3,3’-dichlorobenzidine in workplace air and to protect the health of workers,

OSHA’s regulatory standards provide strict guidelines for manufacturing, processing,

repackaging, handling, using, and storing the compound (OSHA 1996). These standards also

include the requirements for personal protective equipment, training, labeling, posting, and

engineering controls. In addition to engineering controls such as continuous local exhaust

ventilation and workplace practices such as full body protective clothing, the employer must

maintain medical surveillance records (OSHA 1996). OSHA requires that initial medical

screening and regular medical examinations be made available to any employee who is
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exposed to 3,3’-dichlorobenzidine at potentially hazardous levels. The employer must also

provide a training program that informs its employees of the carcinogenic hazards of

3,3’-dichlorobenzidine, the nature of the operation involving the chemical that could result in

exposure, decontamination procedures,and specific emergency procedures to be used if exposure

does occur (OSHA 1996). OSHA also regulates 3,3’-dichlorobenzidine under the Hazard

Communication Standard (HCS) and as a chemical hazard in laboratories (NTP 1998). The HCS

has established uniform requirements to make sure that the hazards of all chemicals imported

into, produced, or used in workplaces are evaluated and that information on the hazards they pose

is transmitted to affected employers and exposed employees (OSHA 1998).

EPA regulates 3,3’-dichlorobenzidine under the Clean Air Act (CAA) and has designated

3,3’-dichlorobenzidine as a hazardous air pollutant (HAP) (EPA 1994; U.S. Congress 1990). The

major source category for which the national emissions standards for new stationary sources are

applicable to 3,3’-dichlorobenzidine emissions is the synthetic organic chemicals manufacturing

industry (SOCMI)-equipment leaks (EPA 1994).

3,3’-Dichlorobenzidine is regulated by the Clean Water Effluent Guidelines in Subchapter N of

Title 40 of the Code of Federal Regulations. Electroplating is the point source category for which

3,3’-dichlorobenzidine is controlled as a total toxic organic (EPA 1981). The point source

categories for which 3,3’-dichlorobenzidine has a specific regulatory limitation are steam electric

power generation (EPA 1982) and metal finishing (EPA 1983a). The EPA has proposed a

reportable quantity of 10 pounds for 3,3’-dichlorobenzidine for its water quality criteria for the

protection of human health (IRIS 1998).

The Resource Conservation and Recovery Act (RCRA) identifies 3,3’-dichlorobenzidine as the

hazardous constituent in various hazardous wastes. It is the regulated constituent in hazardous

wastes assigned the waste code U073 (EPA 1988b).

Under the Comprehensive Environmental Response, Compensation, and Liability Act

(CERCLA), owners of vessels or facilities are required to immediately report releases of

3,3’-dichlorobenzidine equal to or greater than the reportable quantity of 1 pound (0.454 kg)

(EPA 1985). It is subject to the requirements under the Superfund Amendments and

Reauthorization Act (SARA) of 1986 (IRIS 1998).
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Although the Food and Drug Administration (FDA) classifies 3,3’-dichlorobenzidine as a

carcinogen, the agency has not enacted regulatory guidelines (NTP 1998) or issued advisories

specifically targeting 3,3’-dichlorobenzidine as being a danger in the food supply.

EPA has selected 3,3’-dichlorobenzidine and its mixtures for priority consideration for testing

under the Toxic Substances Control Act (TSCA) (IRIS 1998).
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Absorption-The taking up of liquids by solids, or of gases by solids or liquids.

Acute Exposure-Exposure to a chemical for a duration of 14 days or less, as specified in the
Toxicological Profiles.

Adsorption-The adhesion in an extremely thin layer of molecules (as of gases, solutes, or liquids)
to the surfaces of solid bodies or liquids with which they are in contact.

Adsorption Coefficient (Koc)-The ratio of the amount of a chemical adsorbed per unit weight of
organic carbon in the soil or sediment to the concentration of the chemical in solution at
equilibrium.

Adsorption Ratio (Kd)-The amount of a chemical adsorbed by a sediment or soil (i.e., the solid
phase) divided by the amount of chemical in the solution phase, which is in equilibrium with the
solid phase, at a fixed solid/solution ratio. It is generally expressed in micrograms of chemical
sorbed per gram of soil or sediment.

Benchmark Dose (BMD) -is usually defined as the lower confidence limit on the dose that
produces a specified magnitude of changes in a specified adverse response. For example, a
BMD10 would be the dose at the 95% lower confidence limit on a 10% response, and the
benchmark response (BMR) would be 10%.  The BMD is determined by modeling the dose
response curve in the region of the dose response relationship where biologically observable data
are feasible.

Benchmark Dose Model-is a statistical dose-response model applied to either experimental
toxicological or epidemiological data to calculate a BMD.

Bioconcentration Factor (BCF) -The quotient of the concentration of a chemical in aquatic
organisms at a specific time or during a discrete time period of exposure divided by the
concentration in the surrounding water at the same time or during the same period.

Biomarkers-are broadly defined as indicators signaling events in biologic systems or samples.
They have been classified as markers of exposure, markers of effect, and markers of
susceptibility.

Cancer Effect Level (CEL)-The lowest dose of chemical in a study, or group of studies, that
produces significant increases in the incidence of cancer (or tumors) between the exposed
population and its appropriate control.

Carcinogen-A chemical capable of inducing cancer.

Case-Control Study-A type of epidemiological study which examines the relationship between a
particular outcome (disease or condition) and a variety of potential causative agents (such as toxic
chemicals). In a case-controlled study, a group of people with a specified and well-defined
outcome is identified and compared to a similar group of people without outcome.

Case Report-describes a single individual with a particular disease or exposure. These may
suggest some potential topics for scientific research but are not actual research studies.
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Case Series-describes the experience of a small number of individuals with the same disease or
exposure. These may suggest potential topics for scientific research but are not actual research
studies.

Ceiling Value-A concentration of a substance that should not be exceeded, even instantaneously.

Chronic Exposure-Exposure to a chemical for 365 days or more, as specified in the Toxicological
Profiles.

Cohort Study-A type of epidemiological study of a specific group or groups of people who have
had a common insult (e.g., exposure to an agent suspected of causing disease or a common
disease) and are followed forward from exposure to outcome. At least one exposed group is
compared to one unexposed group.

Cross-sectional Study-A type of epidemiological study of a group or groups which examines the
relationship between exposure and outcome to a chemical or to chemicals at one point in time.

Data Needs-substance-specific informational needs that if met would reduce the uncertainties of
human health assessment.

Developmental Toxicity-The occurrence of adverse effects on the developing organism that may
result from exposure to a chemical prior to conception (either parent), during prenatal
development, or postnatally to the time of sexual maturation. Adverse developmental effects may
be detected at any point in the life span of the organism.

Dose-Response Relationship-The quantitative relationship between the amount of exposure to a
toxicant and the incidence of the adverse effects.

Embryotoxicity and Fetotoxicity- Any toxic effect on the conceptus as a result of prenatal
exposure to a chemical; the distinguishing feature between the two terms is the stage of
development during which the insult occurs. The terms, as used here, include malformations and
variations, altered growth, and in utero death.

Environmental Protection Agency (EPA) Health Advisory-An estimate of acceptable drinking
water levels for a chemical substance based on health effects information. A health advisory is
not a legally enforceable federal standard, but serves as technical guidance to assist federal, state,
and local officials.  Epidemiology-refers to the investigation of factors that determine the
frequency and distribution of disease or other health-related conditions within a defined human
population during a specified period.

Genotoxicity-a specific adverse effect on the genome of living cells that, upon the duplication of
affected cells, can be expressed as a mutagenic, clastogenic or carcinogenic event because of
specific alteration of the molecular structure of the genome.

Half-life-a measure of rate for the time required to eliminate one half of a quantity of a chemical
from  the body or environmental media.
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Immediately Dangerous to Life or Health (IDLH)-The maximum environmental concentration of
a contaminant from which one could escape within 30 minutes without any escape-impairing
symptoms or irreversible health effects.

Incidence--The ratio of individuals in a population who develop a specified condition to the total
number of individuals in that population who could have developed that condition in a specified
time period.

Intermediate Exposure-Exposure to a chemical for a duration of 15-364 days, as specified in the
Toxicological Profiles.

Immunological Effects-are functional changes in the immune response.

Immunologic Toxicity- The occurrence of adverse effects on the immune system that may result
from exposure to environmental agents such as chemicals.

In Vitro-Isolated from the living organism and artificially maintained, as in a test tube.

In Vivo-Occurring within the living organism.

Lethal Concentratioq(LO) (LCLO) -The lowest concentration of a chemical in air which has been
reported to have caused death in humans or animals.

Lethal Concentratioq(50) (LC50)--A calculated concentration of a chemical in air to which
exposure for a specific length of time is expected to cause death in 50% of a defined experimental
animal population.

Lethal Dose(50) (LD50) -The lowest dose of a chemical introduced by a route other than inhalation
that has been reported to have caused death in humans or animals.

Lethal Dose(50) ( LD50)-The dose of a chemical which has been calculated to cause death in 50%
of a defined experimental animal population.

Lethal Tlme(50) (LT50)-A calculated period of time within which a specific concentration of a
chemical isexpected to cause death in 50% of a defined experimental animal population.

Lowest-Observed-Adverse-Effect Level (LOAEL)-The lowest exposure level of chemical in a
study, or group of studies, that produces statistically or biologically significant increases in
frequency or severity of adverse effects between the exposed population and its appropriate
control.

Lymphoreticular Effects-represent morphological effects involving lymphatic tissues such as the
lymph nodes, spleen, and thymus.  Malformations-Permanent structural changes that may
adversely affect survival, development, or function.

Minimal Risk Level (MRL) -An estimate of daily human exposure to a hazardous substance that
is likely to be without an appreciable risk of adverse noncancer health effects over a specified
route and duration of exposure.
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Modifying Factor (MF)-A value (greater than zero) that is applied to the derivation of a minimal
risk level (MRL) to reflect additional concerns about the database that are not covered by the
uncertainty factors. The default value for a MF is 1.

Morbidity-State of being diseased; morbidity rate is the incidence or prevalence of disease in a
specific population.

Mortality-Death; mortality rate is a measure of the number of deaths in a population during a
specified interval of time.

Mutagen-A substance that causes mutations. A mutation is a change in the DNA sequence of a
cell’s DNA. Mutations can lead to birth defects, miscarriages, or cancer.

Necropsy-The gross examination of the organs and tissues of a dead body to determine the cause
of death or pathological conditions.

Neurotoxicity-The occurrence of adverse effects on the nervous system following exposure to a
chemical.

No-Observed-Adverse-Effect Level (NOAEL)-The dose of a chemical at which there were no
statistically or biologically significant increases in frequency or severity of adverse effects seen
between the exposed population and its appropriate control. Effects may be produced at this dose,
but they are not considered to be adverse.

Octanol-Water Partition Coefficient (Kow)-The equilibrium ratio of the concentrations of a
chemical in n-octanol and water, in dilute solution.

Odds Ratio-a means of measuring the association between an exposure (such as toxic substances
and a disease or condition) which represents the best estimate of relative risk (risk as a ratio of the
incidence among subjects exposed to a particular risk factor divided by the incidence among
subjects who were not exposed to the risk factor). An odds ratio of greater than 1 is considered to
indicate greater risk of disease in the exposed group compared to the unexposed.

Organophosphate or Organophosphorus Compound-a phosphorus containing organic compound
and especially a pesticide that acts by inhibiting cholinesterase.

Permissible Exposure Limit (PEL)-An Occupational Safety and Health Administration (OSHA)
allowable exposure level in workplace air averaged over an &hour shift of a 40 hour workweek.

Pesticide-general classification of chemicals specifically developed and produced for use in the
control of agricultural and public health pests.

Pharmacokinetics-is the science of quantitatively predicting the fate (disposition) of an exogenous
substance in an organism. Utilizing computational techniques, it provides the means of studying
the absorption, distribution, metabolism and excretion of chemicals by the body.



3,3’-DICHLOROBENZIDINE 143

9. GLOSSARY

Pharmacokinetic Model - is a set of equations that can be used to describe the time course of a
parent chemical or metabolite in an animal system. There are two types of pharmacokinetic
models: data-based and physiologically-based. A data-based model divides the animal system
into a series of compartments which, in general, do not represent real, identifiable anatomic
regions of the body whereby the physiologically-based model compartments represent real
anatomic regions of the body.

Physiologically Based Pharmacodynamic (PBPD) Model - is a type of physiologically-based
doseresponse model which quantitatively describes the relationship between target tissue dose
and toxic end points. These models advance the importance of physiologically based models in
that they clearly describe the biological effect (response) produced by the system following
exposure to an exogenous substance.

Physiologically Based Pharmacokinetic (PBPK) Model - is comprised of a series of
compartments representing organs or tissue groups with realistic weights and blood flows. These
models require a variety of physiological information: tissue volumes, blood flow rates to tissues,
cardiac output, alveolar ventilation rates and, possibly membrane permeabilities. The models also
utilize biochemical information 4such as air/blood partition coefficients, and metabolic
parameters. PBPK models are also called biologically based tissue dosimetry models.

Prevalence-The number of cases of a disease or condition in a population at one point in time.

Prospective Study--a type of cohort study in which the pertinent observations are made on events
occurring after the start of the study. A group is followed over time.

q1*-The upper-bound estimate of the low-dose slope of the dose-response curve as determined by
the multistage procedure. The ql* can be used to calculate an estimate of carcinogenic potency,
the incremental excess cancer risk per unit of exposure (usually µg/L for water, µg/kg/day for
food, and µg/m3 for air).

Recommended Exposure Limit (REL)-A National Institute for Occupational Safety and Health
(NIOSH) time-weighted average (TWA) concentrations for up to a 10-hour workday during a 40-
hour workweek.

Reference Concentration (RfC)-An estimate (with uncertainty spanning perhaps an order of
magnitude) of a continuous inhalation exposure to the human population (including sensitive
subgroups) that is likely to be without an appreciable risk of deleterious noncancer health effects
during a lifetime. The inhalation reference concentration is for continuous inhalation exposures
and is appropriately expressed in units of mg/m3 or ppm.

Reference Dose (RfD)-An estimate (with uncertainty spanning perhaps an order of magnitude) of
the daily exposure of the human population to a potential hazard that is likely to be without risk
of deleterious effects during a lifetime. The RfD is operationally derived from the No-Observed-
Adverse-Effect Level (NOAEL- from animal and human studies) by a consistent application of
uncertainty factors that reflect various types of data used to estimate RfDs and an additional
modifying factor, which is based on a professional judgment of the entire database on the
chemical. The RfDs are not applicable to nonthreshold effects such as cancer.



3,3’-DICHLOROBENZIDINE 144

9. GLOSSARY

Reportable Quantity (RQ)-The quantity of a hazardous substance that is considered reportable under
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).
Reportable quantities are (1) 1 pound or greater or (2) for selected substances, an amount established
by regulation either under CERCLA or under Section 311 of the Clean Water Act. Quantities are
measured over a 24-hour period.

Reproductive Toxicity-The occurrence of adverse effects on the reproductive system that may result
from exposure to a chemical. The toxicity may be directed to the reproductive organs and/or the
related endocrine system. The manifestation of such toxicity may be noted as alterations in sexual
behavior, fertility, pregnancy outcomes, or modifications in other functions that are dependent on the
integrity of this system.

Retrospective Study-A type of cohort study based on a group of persons known to have been exposed
at some time in the past. Data are collected from routinely recorded events, up to the time the study is
undertaken. Retrospective studies are limited to casual factors that can be ascertained from existing
records and/or examining survivors of the cohort.

Risk-the possibility or chance that some adverse effect will result from a given exposure to a
chemical.

Risk Factor-An aspect of personal behavior or lifestyle, an environmental exposure, or an inborn or
inherited characteristic, that is associated with an increased occurrence of disease or other health-
related event or condition.

Risk Ratio--The ratio of the risk among persons with specific risk factors compared to the risk among
persons without risk factors. A risk ratio greater than 1 indicates greater risk of disease in the exposed
group compared to the unexposed.

Short-Term Exposure Limit (STEL)-The American Conference of Governmental Industrial Hygienists
(ACGIH) maximum concentration to which workers can be exposed for up to 15 min continually. No
more than four excursions are allowed per day, and there must be at least 60 min between exposure
periods. The daily Threshold Limit Value - Time Weighted Average (TLV-TWA) may not be
exceeded.

Target Organ Toxicity-This term covers a broad range of adverse effects on target organs or
physiological systems (e.g., renal, cardiovascular) extending from those arising through a single
limited exposure to those assumed over a lifetime of exposure to a chemical.

Teratogen - A chemical that causes structural defects that affect the development of an organism.

Threshold Limit Value (TLV)-An American Conference of Governmental Industrial Hygienists
(ACGIH) concentration of a substance to which most workers can be exposed without adverse effect.
The TLV may be expressed as a Time Weighted Average (TWA), as a Short-Term Exposure Limit
(STEL), or as a ceiling limit (CL).

Time-Weighted Average (TWA)-An allowable exposure concentration averaged over a normal &hour
workday or 40-hour workweek. .

Toxic Dose(50) (TD50) - A calculated dose of a chemical, introduced by a route other than inhalation,
which is expected to cause a specific toxic effect in 50% of a defined experimental animal population.
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Toxicokinetic-The study of the absorption, distribution and elimination of toxic compounds in the
living organism.

Uncertainty Factor (UF)-A factor used in operationally deriving the Minimal Risk Level (MRL)
or Reference Dose (RfD) or Reference Concentration (RfC) from experimental data. UFs are
intended to account for (1) the variation in sensitivity among the members of the human
population, (2) the uncertainty in extrapolating animal data to the case of human, (3) the
uncertainty in extrapolating from data obtained in a study that is of less than lifetime exposure,
and (4) the uncertainty in using Lowest-Observed-Adverse-Effect Level (LOAEL) data rather
than No-Observed-Adverse-Effect Level (NOAEL) data. A default for each individual W is 10; if
complete certainty in data exists, a value of one can be used; however a reduced UF of three may
be used on a case-by-case basis, three being the approximate logarithmic average of 10and 1.

Xenobiotic-any chemical that is foreign to the biological system.
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ATSDR MINIMAL RISK LEVELS AND WORKSHEETS

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) [42

U.S.C. 9601 et seq.], as amended by the Superfund Amendments and Reauthorization Act

(SARA) [Pub. L. 99-4991, requires that the Agency for Toxic Substances and Disease Registry

(ATSDR) develop jointly with the U.S. Environmental Protection Agency (EPA), in order of

priority, a list of hazardous substances most commonly found at facilities on the CERCLA

National Priorities List (NPL); prepare toxicological profiles for each substance included on the

priority list of hazardous substances; and assure the initiation of a research program to fill

identified data needs associated with the substances.

The toxicological profiles include an examination, summary, and interpretation of available

toxicological information and epidemiologic evaluations of a hazardous substance. During the

development of toxicological profiles, Minimal Risk Levels (MRLs) are derived when reliable

and sufficient data exist to identify the target organ(s) of effect or the most sensitive health

effect(s) for a specific duration for a given route of exposure. An MRL is an estimate of the daily

human exposure to a hazardous substance that is likely to be without appreciable risk of adverse

noncancer health effects over a specified duration of exposure. MRLs are based on noncancer

health effects only and are not based on a consideration of cancer effects. These substance-

specific estimates, which are intended to serve as screening levels, are used by ATSDR health

assessors to identify contaminants and potential health effects that may be of concern at

hazardous waste sites. It is important to note that MRLs are not intended to define clean-up or

action levels.

MRLs are derived for hazardous substances using the no-observed-adverse-effect

level/uncertainty factor approach. They are below levels that might cause adverse health effects in

the people most sensitive to such chemical-induced effects. MRLs are derived for acute (l-14

days), intermediate (15-364 days), and chronic (365 days and longer) durations and for the oral

and inhalation routes of exposure. Currently, MRLs for the dermal route of exposure are not

derived because ATSDR has not yet identified a method suitable for this route of exposure.

MRLs are generally based on the most sensitive chemical-induced end point considered to be of

relevance to humans. Serious health effects (such as irreparable damage to the liver or kidneys, or

birth defects) are not used as a basis for establishing MRLs. Exposure to a level above the MRL

does not mean that adverse health effects will occur.
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MRLs are intended only to serve as a screening tool to help public health professionals decide

where to look more closely. They may also be viewed as a mechanism to identify those hazardous

waste sites that are not expected to cause adverse health effects. Most MRLs contain a degree of

uncertainty because of the lack of precise toxicological information on the people who might be

most sensitive (e.g., infants, elderly, nutritionally or immunologically compromised) to the effects

of hazardous substances. ATSDR uses a conservative (i.e., protective) approach to address this

uncertainty consistent with the public health principle of prevention. Although human data are

preferred, MRLs often must be based on animal studies because relevant human studies are

lacking. In the absence of evidence to the contrary, ATSDR assumes that humans are more

sensitive to the effects of hazardous substance than animals and that certain persons may be

particularly sensitive. Thus, the resulting MRL may be as much as a hundredfold below levels

that have been shown to be nontoxic in laboratory animals.

Proposed MRLs undergo a rigorous review process: Health Effects/MRL Workgroup reviews

within the Division of Toxicology, expert panel peer reviews, and agencywide MRL Workgroup

reviews, with participation from other federal agencies and comments from the public. They are

subject to change as new information becomes available concomitant with updating the

toxicological profiles. Thus, MRLs in the most recent toxicological profiles supersede previously

published levels. For additional information regarding MRLs, please contact the Division of

Toxicology, Agency for Toxic Substances and Disease Registry, 1600 Clifton Road, Mailstop E-

29, Atlanta, Georgia 30333.



3,3’-DICHLOROBENZIDINE A-3

APPENDIX A

MINIMAL RISK LEVEL (MRL) WORKSHEET

No MRLs were derived for 3,3’-dichlorobenzidine.
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USER’S GUIDE

Chapter 1

Public Health Statement

This chapter of the profile is a health effects summary written in non-technical language. Its
intended audience is the general public especially people living in the vicinity of a hazardous
waste site or chemical release. If the Public Health Statement were removed from the rest of the
document, it would still communicate to the lay public essential information about the chemical.
The major headings in the Public Health Statement are useful to find specific topics of concern.
The topics are written in a question and answer format. The answer to each question includes a
sentence that will direct the reader to chapters in the profile that will provide more information on
the given topic.

Chapter 2

Tables and Figures for Levels of Significant Exposure (LSE)

Tables (2-1, 2-2, and 2-3) and figures (2-l and 2-2) are used to summarize health effects and
illustrate graphically levels of exposure associated with those effects. These levels cover health
effects observed at increasing dose concentrations and durations, differences in response by
species, minimal risk levels (MRLs) to humans for noncancer end points, and EPA’s estimated
range associated with an upper- bound individual lifetime cancer risk of 1 in 10,000 to 1 in
10,000,000. Use the LSE tables and figures for a quick review of the health effects and to locate
data for a specific exposure scenario. The LSE tables and figures should always be used in
conjunction with the text. All entries in these tables and figures represent studies that provide
reliable, quantitative estimates of No-Observed-Adverse- Effect Levels (NOAELs), Lowest-
Observed-Adverse-Effect Levels (LOAELs), or Cancer Effect Levels (CELs).

The legends presented below demonstrate the application of these tables and figures.
Representative examples of LSE Table 2-l and Figure 2-l are shown. The numbers in the left
column of the legends correspond to the numbers in the example table and figure.

LEGEND

See LSE Table 2-1

(1) Route of Exposure One of the first considerations when reviewing the toxicity of a
substance using these tables and figures should be the relevant and appropriate route of
exposure. When sufficient data exists, three LSE tables and two LSE figures are
presented in the document. The three LSE tables present data on the three principal routes
of exposure, i.e., inhalation, oral, and dermal (LSE Table 2-1, 2-2, and 2-3, respectively).
LSE figures are limited to the inhalation (LSE Figure 2-l) and oral (LSE Figure 2-2)
routes. Not all substances will have data on each route of exposure and will not therefore
have all five of the tables and figures.
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(2) Exposure Period Three exposure periods - acute (less than 15 days), intermediate (15-364
days), and chronic (365 days or more) are presented within each relevant route of exposure.
In this example, an inhalation study of intermediate exposure duration is reported. For quick
reference to health effects occurring from a known length of exposure, locate the applicable
exposure period within the LSE table and figure.

(3) Health Effect The major categories of health effects included in LSE tables and figures are
death, systemic, immunological, neurological, developmental, reproductive, and cancer.
NOAELs and LOAELs can be reported in the tables and figures for all effects but cancer.
Systemic effects are further defined in the “System” column of the LSE table (see key
number 18).

(4) Key to Figure Each key number in the LSE table links study information to one or more data
points using the same key number in the corresponding LSE figure. In this example, the study
represented by key number 18 has been used to derive a NOAEL and a Less Serious LOAEL
(also see the 2 “18r” data points in Figure 2-l).

(5) Species The test species, whether animal or human, are identified in this column. Section 2.5,
“Relevance to Public Health,” covers the relevance of animal data to human toxicity and
Section 2.3, “Toxicokinetics,” contains any available information on comparative
toxicokinetics. Although NOAELs and LOAELs are species specific, the levels are
extrapolated to equivalent human doses to derive an MRL.

(6) Exposure Frequency/Duration The duration of the study and the weekly and daily exposure
regimen are provided in this column. This permits comparison of NOAELs and LOAELs
from different studies. In this case (key number 18), rats were exposed to 1,1,2,2-
tetrachloroethane via inhalation for 6 hours per day, 5 days per week, for 3 weeks. For a more
complete review of the dosing regimen refer to the appropriate sections of the text or the
original reference paper, i.e., Nitschke et al. 1981.

(7) System This column further defines the systemic effects. These systems include: respiratory,
cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal, and
dermal/ocular.  “Other” refers to any systemic effect (e.g., a decrease in body weight) not
covered in these systems.  In the example of key number 18, 1 systemic effect (respiratory)
was investigated.

(8) NOAEL A No-Observed-Adverse-Effect Level (NOAEL) is the highest exposure level at
which no harmful effects were seen in the organ system studied. Key number 18 reports a
NOAEL of 3 ppm for the respiratory system which was used to derive an intermediate
exposure, inhalation MRL of 0.005 ppm (see footnote “b”).

(9) LOAEL A Lowest-Observed-Adverse-Effect Level (LOAEL) is the lowest dose used in the
study that caused a harmful health effect. LOAELs have been classified into “Less Serious”
and “Serious” effects. These distinctions help readers identify the levels of exposure at which
adverse health effects first appear and the gradation of effects with increasing dose. A brief
description of the specific endpoint used to quantify the adverse effect accompanies the
LOAEL. The respiratory effect reported in key number 18 (hyperplasia) is a Less serious
LOAEL of 10 ppm. MRLs are not derived from Serious LOAELs.

(10) Reference The complete reference citation is given in chapter 8 of the profile.
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(11) CEL A Cancer Effect Level (CEL) is the lowest exposure level associated with the onset
of carcinogenesis in experimental or epidemiologic studies. CELs are always considered
serious effects.  The LSE tables and figures do not contain NOAELs for cancer, but the
text may report doses not causing measurable cancer increases.

(12) Footnotes Explanations of abbreviations or reference notes for data in the LSE tables are
found in the footnotes. Footnote “b” indicates the NOAEL of 3 ppm in key number 18
was used to derive an MRL of 0.005 ppm.

LEGEND

See Figure 2-1

LSE figures graphically illustrate the data presented in the corresponding LSE tables. Figures
help the reader quickly compare health effects according to exposure concentrations for particular
exposure periods.

(13) Exposure Period The same exposure periods appear as in the LSE table. In this example,
health effects observed within the intermediate and chronic exposure periods are
illustrated.

(14) Health Effect These are the categories of health effects for which reliable quantitative
data exists. The same health effects appear in the LSE table.

(15) Levels of Exposure concentrations or doses for each health effect in the LSE tables are
graphically displayed in the LSE figures. Exposure concentration or dose is measured on
the log scale “y” axis. Inhalation exposure is reported in mg/m3 or ppm and oral exposure
is reported in mg/kg/day.

(16) NOAEL In this example, 18r NOAEL is the critical endpoint for which an intermediate
inhalation exposure MRL is based. As you can see from the LSE figure key, the open-
circle symbol indicates to a NOAEL for the test species-rat. The key number 18
corresponds to the entry in the LSE table.  The dashed descending arrow indicates the
extrapolation from the exposure level of 3 ppm (see entry 18 in the Table) to the MRL of
0.005 ppm (see footnote “b” in the LSE table).

(17) CEL Key number 38r is 1 of 3 studies for which Cancer Effect Levels were derived. The
diamond symbol refers to a Cancer Effect Level for the test species-mouse. The number
38 corresponds to the entry in the LSE table.

(18) Estimated Upper-Bound Human Cancer Risk Levels This is the range associated with the
upper-bound for lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000. These risk levels
are derived from the EPA’s Human Health Assessment Group’s upper-bound estimates
of the slope of the cancer dose response curve at low dose levels (q1*).

(19) Kev to LSE Figure The Key explains the abbreviations and symbols used in the figure.
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Chapter 2 (Section 2.5)

Relevance to Public Health

The Relevance to Public Health section provides a health effects summary based on evaluations of
existing toxicologic, epidemiologic, and toxicokinetic information. This summary is designed to
present interpretive, weight-of-evidence discussions for human health end points by addressing the
following questions.

1. What effects are known to occur in humans?

2 . What effects observed in animals are likely to be of concern to humans?

3 . What exposure conditions are likely to be of concern to humans, especially around
      hazardous waste sites?

The section covers end points in the same order they appear within the Discussion of Health Effects
by Route of Exposure section, by route (inhalation, oral, dermal) and within route by effect. Human
data are presented first, then animal data. Both are organized by duration (acute, intermediate,
chronic). In vitro data and data from parenteral routes (intramuscular, intravenous, subcutaneous, etc.)
are also considered in this section. If data are located in the scientific literature, a table of genotoxicity
information is included.

The carcinogenic potential of the profiled substance is qualitatively evaluated, when appropriate,
using existing toxicokinetic, genotoxic, and carcinogenic data. ATSDR does not currently assess
cancer potency or perform cancer risk assessments. Minimal risk levels (MRLs) for noncancer end
points (if derived) and the end points from which they were derived are indicated and discussed.

Limitations to existing scientific literature that prevent a satisfactory evaluation of the relevance to
public health are identified in the Data Needs section.

Interpretation of Minimal Risk Levels

Where sufficient toxicologic information is available, we have derived minimal risk levels (MRLs) for
inhalation and oral routes of entry at each duration of exposure (acute, intermediate, and chronic).
These MRLs are not meant to support regulatory action; but to acquaint health professionals with
exposure levels at which adverse health effects are not expected to occur in humans. They should help
physicians and public health officials determine the safety of a community living near a chemical
emission, given the concentration of a contaminant in air or the estimated daily dose in water. MRLs
are based largely on toxicological studies in animals and on reports of human occupational exposure.

MRL users should be familiar with the toxicologic information on which the number is based. Chapter
2.5, “Relevance to Public Health,” contains basic information known about the substance. Other
sections such as 2.8, “Interactions with Other Substances,” and 2.9, “Populations that are Unusually
Susceptible” provide important supplemental information.

MRL users should also understand the MRL derivation methodology. MRLs are derived using a
modified version of the risk assessment methodology the Environmental Protection Agency (EPA)
provides (Barnes and Dourson 1988) to determine reference doses for lifetime exposure (RfDs).
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To derive an MRL, ATSDR generally selects the most sensitive endpoint which, in its best
judgment, represents the most sensitive human health effect for a given exposure route and
duration. ATSDR cannot make this judgement or derive an MRL unless information (quantitative
or qualitative) is available for all potential systemic, neurological, and developmental effects. If
this information and reliable quantitative data on the chosen endpoint are available, ATSDR
derives an MRL using the most sensitive species (when information from multiple species is
available) with the highest NOAEL that does not exceed any adverse effect levels. When a
NOAEL is not available, a lowest-observed-adverse-effect level (LOAEL) can be used to derive
an MRL, and an uncertainty factor (UF) of 10 must be employed. Additional uncertainty
factors of 10 must be used both for human variability to protect sensitive subpopulations (people
who are most susceptible to the health effects caused by the substance) and for interspecies
variability (extrapolation from animals to humans). In deriving an MRL, these individual
uncertainty factors are multiplied together. The product is then divided into the inhalation
concentration or oral dosage selected from the study. Uncertainty factors used in developing a
substance-specific MRL are provided in the footnotes of the LSE Tables.
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Agency for Toxic Substances and Disease Registry
Division of Toxicology/Toxicology Information Branch
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Disease Registry
*Legislative Background

The toxicological profiles are developed in response to the Superfund Amendments and
Reauthorization Act (SARA) of 1986 (Public law 99-499) which amended the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund).  This
public law directed ATSDR to prepared toxicological profiles for hazardous substances most commonly
found at facilities on the CERCLA National Priorities List and that pose the most significant potential
threat to human health, as determined by ATSDR and the EPA.  The availability of the revised priority
list of 275 hazardous substances was announced in the Federal Register on November 17, 1997 (62 FR
61332).  For prior versions of the list of substances, see Federal Register notices dated April 29, 1996 (61
FR 18744); April 17, 1987 (52 FR 12866); October 20, 1988 (53 FR 41280); October 26, 1989 (54 FR
43619); October 17, 1990 (55 FR 42067); October 17, 1991 (56 FR 52166); October 28, 1992 (57 FR
48801); and February 28, 1994 (59 FR 9486).  Section 104(i)(3) of CERCLA, as amended, directs the
Administrator of ATSDR to prepare a toxicological profile for each substance on the list.
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QUICK REFERENCE FOR HEALTH CARE PROVIDERS

Toxicological Profiles are a unique compilation of toxicological information on a given hazardous
substance. Each profile reflects a comprehensive and extensive evaluation, summary, and interpretation of
available toxicologic and epidemiologic information on a substance.  Health care providers treating
patients potentially exposed to hazardous substances will find the following information helpful for fast
answers to often-asked questions.

Primary Chapters/Sections of Interest

Chapter 1:  Public Health Statement: The Public Health Statement can be a useful tool for educating
patients about possible exposure to a hazardous substance.  It explains a substance’s relevant
toxicologic properties in a nontechnical, question-and-answer format, and it includes a review of
the general health effects observed following exposure.

Chapter 2:  Relevance to Public Health: The Relevance to Public Health Section evaluates, interprets, and
assesses the significance of toxicity data to human health.

Chapter 3:  Health Effects: Specific health effects of a given hazardous compound are reported by type of
health effect (death, systemic, immunologic, reproductive), by route of exposure, and by length of
exposure (acute, intermediate, and chronic). In addition, both human and animal studies are
reported in this section. 

NOTE: Not all health effects reported in this section are necessarily observed in
the clinical setting.  Please refer to the Public Health Statement to identify
general health effects observed following exposure.

Pediatrics: Four new sections have been added to each Toxicological Profile to address child health
issues:
Section 1.6 How Can (Chemical X) Affect Children?
Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)?
Section 3.7 Children’s Susceptibility
Section 6.6 Exposures of Children

Other Sections of Interest:
Section 3.8 Biomarkers of Exposure and Effect
Section 3.11 Methods for Reducing Toxic Effects

ATSDR Information Center 
Phone:  1-888-42-ATSDR or (404) 639-6357  Fax:    (404) 639-6359
E-mail:  atsdric@cdc.gov  Internet:  http://www.atsdr.cdc.gov

The following additional material can be ordered through the ATSDR Information Center:

Case Studies in Environmental Medicine: Taking an Exposure History—The importance of taking an
exposure history and how to conduct one are described, and an example of a thorough exposure
history is provided.  Other case studies of interest include Reproductive and Developmental
Hazards; Skin Lesions and Environmental Exposures; Cholinesterase-Inhibiting Pesticide
Toxicity; and numerous chemical-specific case studies.
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Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene
(prehospital) and hospital medical management of patients exposed during a hazardous materials incident. 
Volumes I and II are planning guides to assist first responders and hospital emergency department
personnel in planning for incidents that involve hazardous materials.  Volume III—Medical Management
Guidelines for Acute Chemical Exposures—is a guide for health care professionals treating patients
exposed to hazardous materials.

Fact Sheets (ToxFAQs) provide answers to frequently asked questions about toxic substances.

Other Agencies and Organizations

The National Center for Environmental Health (NCEH) focuses on preventing or controlling disease,
injury, and disability related to the interactions between people and their environment outside the
workplace.  Contact: NCEH, Mailstop F-29, 4770 Buford Highway, NE, Atlanta, GA 30341-
3724 •   Phone: 770-488-7000 •   FAX: 770-488-7015.

The National Institute for Occupational Safety and Health (NIOSH) conducts research on occupational
diseases and injuries, responds to requests for assistance by investigating problems of health and
safety in the workplace, recommends standards to the Occupational Safety and Health
Administration (OSHA) and the Mine Safety and Health Administration (MSHA), and trains
professionals in occupational safety and health.  Contact: NIOSH, 200 Independence Avenue,
SW, Washington, DC 20201 • Phone: 800-356-4674 or  NIOSH Technical Information Branch,
Robert A. Taft Laboratory, Mailstop C-19, 4676 Columbia Parkway, Cincinnati, OH 45226-1998
• Phone: 800-35-NIOSH.

 The National Institute of Environmental Health Sciences (NIEHS) is the principal federal agency for
biomedical research on the effects of chemical, physical, and biologic environmental agents on
human health and well-being.  Contact: NIEHS, PO Box 12233, 104 T.W. Alexander Drive,
Research Triangle Park, NC 27709 • Phone: 919-541-3212.

Referrals

The Association of Occupational and Environmental Clinics (AOEC) has developed a network of clinics
in the United States to provide expertise in occupational and environmental issues.  Contact: 
AOEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 • Phone: 202-347-4976 •
FAX: 202-347-4950 • e-mail: AOEC@AOEC.ORG • Web Page: http://www.aoec.org/.

 
The American College of Occupational and Environmental Medicine (ACOEM) is an association of

physicians and other health care providers specializing in the field of occupational and
environmental medicine.  Contact:  ACOEM, 55 West Seegers Road, Arlington Heights, IL
60005 • Phone: 847-228-6850 • FAX: 847-228-1856. 
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ATSDR, Division of Toxicology, Atlanta, GA

Stephen Bosch, M.S.
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THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS:
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1.  PUBLIC HEALTH STATEMENT

This public health statement tells you about 1,2-dichloroethane and the effects of exposure.  

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in

the nation.  These sites make up the National Priorities List (NPL) and are the sites targeted for

long-term federal cleanup activities.  1,2-Dichloroethane has been found in at least 570 of the

1,585 current or former NPL sites.  However, the total number of NPL sites evaluated for

1,2-dichloroethane is not known.  As more sites are evaluated, the sites at which

1,2-dichloroethane is found may increase.  This information is important because exposure to

1,2-dichloroethane may harm you and because these sites may be sources of exposure.

When a substance is released from a large area, such as an industrial plant, or from a container,

such as a drum or bottle, it enters the environment.  This release does not always lead to

exposure.  You are exposed to a substance only when you come in contact with it.  You may be

exposed by breathing, eating, or drinking the substance, or by skin contact.

If you are exposed to 1,2-dichloroethane, many factors determine whether you’ll be harmed. 

These factors include the dose (how much), the duration (how long), and how you come in

contact with it.  You must also consider the other chemicals you’re exposed to and your age, sex,

diet, family traits, lifestyle, and state of health.

1.1 WHAT IS 1,2-DICHLOROETHANE?

1,2-Dichloroethane is a clear, manufactured liquid that is not found naturally in the environment. 

It evaporates quickly at room temperature and has a pleasant smell and a sweet taste. 

1,2-Dichloroethane burns with a smoky flame.  At this time, the most common use of

1,2-dichloroethane is to make vinyl chloride, which is used to make a variety of plastic and vinyl

products including polyvinyl chloride (PVC) pipes and other important construction materials,

packaging materials, furniture and automobile upholstery, wall coverings, housewares, and

automobile parts.  1,2-Dichloroethane is also used as a solvent and is added to leaded gasoline to
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remove lead.  In the past, it was also found in small amounts in products that industries used to

clean cloth, remove grease from metal, and break down oils, fats, waxes, resins, and rubber.  In

the household, 1,2-dichloroethane was formerly a component of some cleaning solutions and

pesticides; some adhesives, such as those used to glue wallpaper or carpeting; and some paint,

varnish, and finish removers.  Although large amounts of 1,2-dichloroethane are produced today,

most is used to make other chemical products.

Small amounts of 1,2-dichloroethane that were released into water or soil evaporate into the air. 

1,2-Dichloroethane that remains in soil from a spill or improper disposal can travel through the

ground into water.  The chemical may remain in water or soil for more than 40 days.

Chapter 4 contains more chemical and physical information about 1,2-dichloroethane. 

Chapter 5 has more information on its uses, and Chapter 6 tells about its presence in the

environment.

1.2 WHAT HAPPENS TO 1,2-DICHLOROETHANE WHEN IT ENTERS THE
ENVIRONMENT?

1,2-Dichloroethane can enter the environment when it is made, packaged, shipped, or used. 

Most 1,2-dichloroethane is released to the air, although some is released to rivers or lakes. 

1,2-Dichloroethane could also enter soil, water, or air in large amounts in an accidental spill.

1,2-Dichloroethane evaporates into the air very fast from soil and water.  In the air, it breaks

down by reacting with other compounds formed by the sunlight.  1,2-Dichloroethane will stay in

the air for more than 5 months before it is broken down.  It may also be removed from air in rain

or snow.  Since it stays in the air for a while, the wind may carry it over large distances.

In water, 1,2-dichloroethane breaks down very slowly and most of it will evaporate to the air. 

Only very small amounts are taken up by plants and fish.  We do not know exactly how long

1,2-dichloroethane remains in water, but we do know that it remains longer in lakes than in

rivers.
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In soil, 1,2-dichloroethane either evaporates into the air or travels down through soil and enters

underground water.  Small organisms living in soil and groundwater may transform it into other

less harmful compounds, although this happens slowly.  If a large amount of 1,2-dichloroethane

enters soil from an accident, hazardous waste site, or landfill, it may travel a long way

underground and contaminate drinking water wells.

More information on what happens to 1,2-dichloroethane in the environment can be found in

Chapters 5 and 6.

1.3 HOW MIGHT I BE EXPOSED TO 1,2-DICHLOROETHANE?

Humans are exposed to 1,2-dichloroethane mainly by breathing air or drinking water that

contains 1,2-dichloroethane.  Human exposure usually happens where the chemical has been

improperly disposed of, or spilled onto the ground.  However, low levels of 1,2-dichloroethane

have also been found in the air near industries where it is made or used in manufacturing. 

Humans can be exposed to low levels of 1,2-dichloroethane through the skin or air by contact

with old products made with 1,2-dichloroethane, such as cleaning agents, pesticides, and

adhesives used to glue wallpaper and carpets.  Such exposure is probably not enough to cause

harmful health effects.

1,2-Dichloroethane has been found in U.S. drinking water at levels ranging from 0.05 to 64 parts

of 1,2-dichloroethane per billion (ppb) parts of water.  An average amount of 175 ppb has been

found in 12% of the surface water and groundwater samples taken at 2,783 hazardous wastes

sites.  1,2-Dichloroethane has also been found in the air near urban areas at levels of

0.10–1.50 ppb and near hazardous waste sites at levels of 0.01–0.003 ppb.  Small amounts of

1,2-dichloroethane have also been found in foods.

Humans may also be exposed to 1,2-dichloroethane through its use as a gasoline additive to

reduce lead content, but these small levels are not expected to affect human health.  This is

probably not an important way that people are exposed to 1,2-dichloroethane in the United

States, since leaded gasolines are rarely used today.
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Additional information on levels in the environment and potential for human exposure are

presented in Chapter 6.

1.4 HOW CAN 1,2-DICHLOROETHANE ENTER AND LEAVE MY BODY?

1,2-Dichloroethane can enter the body when people breathe air or drink water that contains

1,2-dichloroethane.  Studies in animals also show that 1,2-dichloroethane can enter the body

through the skin.  Humans are most likely to be exposed at work and outside the workplace by

drinking water that contains 1,2-dichloroethane, or by breathing 1,2-dichloroethane that has

escaped from contaminated water or soil into the air.

Experiments in animals show that 1,2-dichloroethane that is breathed in or swallowed goes to

many organs of the body, but usually leaves in the breath within 1 or 2 days.  The breakdown

products of 1,2-dichloroethane in the body leave quickly in the urine.  Soil near hazardous waste

sites probably does not have high amounts of 1,2-dichloroethane because it evaporates quickly

into the air.  This suggests that exposure near a hazardous waste site would most likely occur by

breathing contaminated air rather than by touching contaminated soil.

Further information on how 1,2-dichloroethane can enter and leave the body is presented in

Chapter 3.

1.5 HOW CAN 1,2-DICHLOROETHANE AFFECT MY HEALTH?

To protect the public from the harmful effects of toxic chemicals and to find ways to treat people

who have been harmed, scientists use many tests.  

One way to see if a chemical will hurt people is to learn how the chemical is absorbed, used, and

released by the body; for some chemicals, animal testing may be necessary.  Animal testing may

also be used to identify health effects such as cancer or birth defects.  Without laboratory

animals, scientists would lose a basic method to get information needed to make wise decisions

to protect public health.  Scientists have the responsibility to treat research animals with care and
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compassion.  Laws today protect the welfare of research animals, and scientists must comply

with strict animal care guidelines.

People who were accidentally exposed to large amounts of 1,2-dichloroethane in the air or who

swallowed 1,2-dichloroethane by accident or on purpose often developed nervous system

disorders and liver and kidney disease.  Lung effects were also seen after a large amount of

1,2-dichloroethane was inhaled.  People often died from heart failure.  We do not know what

levels of 1,2-dichloroethane caused these effects, but they are probably high.  Studies in

laboratory animals also found that breathing or swallowing large amounts of 1,2-dichloroethane

produced nervous system disorders, kidney disease, or lung effects.  Reduced ability to fight

infection was also seen in laboratory animals who breathed or swallowed 1,2-dichloroethane, but

we do not know if this also occurs in humans.  Longer-term exposure to lower doses also caused

kidney disease in animals. 

So far, exposure to 1,2-dichloroethane has not been associated with cancer in humans.  One

study showed a relationship between increased cancer and exposure to pollutants in

groundwater, including 1,2-dichloroethane, but the people were probably exposed to many other

chemicals at the same time.  Cancer was found in laboratory animals who were fed large doses

of 1,2-dichloroethane.  When 1,2-dichloroethane was put on the skin of laboratory animals, they

developed lung tumors.  We are not sure whether breathing 1,2-dichloroethane causes cancer in

animals.  Because of the cancer findings in animals, the possibility of cancer in humans cannot

be ruled out.  The Department of Health and Human Services (DHHS) has determined that

1,2-dichloroethane may reasonably be expected to cause cancer.  The International Agency for

Research on Cancer (IARC) has determined that 1,2-dichloroethane can possibly cause cancer in

humans.  EPA has determined that 1,2-dichloroethane is a probable human carcinogen.

Additional information regarding the health effects of 1,2-dichloroethane can be found in

Chapter 3.
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1.6 HOW CAN 1,2-DICHLOROETHANE AFFECT CHILDREN?

This section discusses potential health effects from exposures during the period from conception

to maturity at 18 years of age in humans. 

Children can be exposed to 1,2-dichloroethane by breathing contaminated air, and possibly by

drinking contaminated water.  In the past, 1,2-dichloroethane had been used in certain household

items, such as cleaning products and adhesives, but is no longer used in these products.  There is

a possibility that using of one of these older household products containing 1,2-dichloroethane to

clean floors or glue carpets could result in exposure, since children often crawl on floors and

play on carpets.  Such exposures would probably last a few days or less, since 1,2-dichloroethane

evaporates very quickly.  Children are not likely to be exposed to 1,2-dichloroethane from

parents’ clothing or other items removed from the workplace.  Because 1,2-dichloroethane has

been detected in human milk, it is possible that young children could be exposed to 1,2-dichloro-

ethane from breast-feeding mothers who had been exposed to sources of 1,2-dichloroethane.

There have been no studies of health effects in children exposed to 1,2-dichloroethane, and we

have no reliable information on whether 1,2-dichloroethane causes birth defects in children.  One

study broadly suggests that heart problems could occur in the human fetus from mothers being

exposed to 1,2-dichloroethane along with some other chemicals, but the information is not

reliable enough for us to be sure whether 1,2-dichloroethane is responsible for the defects. 

Studies of pregnant laboratory animals indicate that it probably does not produce birth defects or

affect reproduction.  We do know, however, that when the pregnant animal is exposed to

1,2-dichloroethane, the fetus is probably also exposed.

It is likely that children exposed to 1,2-dichloroethane after birth would show the same health

effects that are expected to occur in adults, especially liver and kidney disease.  There is no

information to determine whether children differ from adults in their sensitivity to the health

effects of 1,2-dichloroethane.
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More information regarding children’s health and 1,2-dichloroethane can be found in

Section 3.7.  

1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO
1,2-DICHLOROETHANE?

If your doctor finds that you have been exposed to significant amounts of 1,2-dichloroethane, ask

whether your children might also be exposed.  Your doctor might need to ask your state health

department to investigate.

In the past, 1,2-dichloroethane was used in small amounts in household products such as

cleaning agents, pesticides, and wallpaper and carpet glue.  It is possible that you may have old

containers of such products in your home.  Risk of exposure from this source could be eliminated

if these older products were immediately discarded.  Otherwise, household chemicals should be

stored out of reach of young children to prevent accidental poisonings.  Always store household

chemicals in their original labeled containers.  Never store household chemicals in containers

that children would find attractive to eat or drink from, such as old soda bottles.  Keep your

Poison Control Center’s number next to the phone.  Sometimes older children sniff household

chemicals in an attempt to get high.  Your children may be exposed to 1,2-dichloroethane by

inhaling products containing it.  Talk with your children about the dangers of sniffing chemicals. 

The exposure of your family to 1,2-dichloroethane can be reduced by throwing away any

household products that contain it.  You may wish to contact your county health department for

appropriate disposal methods.

1,2-Dichloroethane has been found in drinking water in the United States.  Most of the time,

1,2-dichloroethane has been found in small amounts that do not pose a major health risk.  You

may want to contact your water supplier or local health department to get information about the

levels of 1,2-dichloroethane in the drinking water.



1,2-DICHLOROETHANE 8

1.  PUBLIC HEALTH STATEMENT

1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN
EXPOSED TO 1,2-DICHLOROETHANE?

1,2-Dichloroethane has been found in the breath, blood, breast milk, and urine of exposed

people.  Because breath samples are easily collected, testing breathed-out or exhaled air is now a

possible way to find out whether someone has recently been exposed to 1,2-dichloroethane. 

However, tests that measure small amounts in human breath, tissues, and fluids may not be

available at your doctor's office because they require special equipment.  Your physician can

refer you to a facility where these tests are done.  Although these tests can show that you have

been exposed to 1,2-dichloroethane, it is not possible to tell if you will experience any harmful

health effects.  Because 1,2-dichloroethane leaves the body fairly quickly, these methods are best

for finding exposures that occurred within the last several days.  Exposure to 1,2-dichloroethane

at hazardous waste sites will probably include exposure to other organic compounds at the same

time.  Therefore, levels of 1,2-dichloroethane measured in the body by these methods may not

show exposure to 1,2-dichloroethane only.  Medical tests available at a doctor's office include

lung-, liver-, and kidney-function tests, but these tests look for damage that has already occurred

from general chemical exposure and do not determine the cause of damage.  Damage could also

be the result of lifestyle (e.g., drinking alcohol, smoking) or general exposure to environmental

agents.  Other methods to measure the effects of exposure to 1,2-dichloroethane (such as

abnormal enzyme levels) do not measure the effects of exposure to 1,2-dichloroethane only, but

measure effects of other chemicals as well.

1.9 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH?

The federal government develops regulations and recommendations to protect public health. 

Regulations can be enforced by law.  Federal agencies that develop regulations for toxic

substances include the Environmental Protection Agency (EPA), the Occupational Safety and

Health Administration (OSHA), and the Food and Drug Administration (FDA). 

Recommendations provide valuable guidelines to protect public health but cannot be enforced by

law.  Federal organizations that develop recommendations for toxic substances include the
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Agency for Toxic Substances and Disease Registry (ATSDR) and the National Institute for

Occupational Safety and Health (NIOSH).

Regulations and recommendations can be expressed in not-to-exceed levels in air, water, soil, or

food that are usually based on levels that affect animals; then they are adjusted to help protect

people.  Sometimes these not-to-exceed levels differ among federal organizations because of

different exposure times (an 8-hour workday or a 24-hour day), the use of different animal

studies, or other factors.

Recommendations and regulations are also periodically updated as more information becomes

available.  For the most current information, check with the federal agency or organization that

provides it.  Some regulations and recommendations for 1,2-dichloroethane include the

following:

The federal government has developed regulatory standards and guidelines to protect people

from the possible health effects of 1,2-dichloroethane in air.  OSHA has set a limit of 50 parts of

1,2-dichloroethane per million parts of air (ppm, 1 ppm is 1,000 times more than 1 ppb) in the

workplace for an 8-hour day, 40-hour week.  NIOSH recommends that a person not be exposed

daily in the workplace to more than 1 ppm 1,2-dichloroethane for a 10-hour day, 40-hour week. 

NIOSH calls 1,2-dichloroethane a possible occupational carcinogen.  EPA also calls the

compound a probable human cancer-causing agent, based on experiments in animals.

The federal government has also set regulatory standards and guidelines to protect people from

the possible health effects of 1,2-dichloroethane in drinking water.  EPA has set a limit in water

of 0.005 milligrams of 1,2-dichloroethane per liter (5 ppb).  



1,2-DICHLOROETHANE 10

1.  PUBLIC HEALTH STATEMENT

1.10 WHERE CAN I GET MORE INFORMATION?

If you have any more questions or concerns, please contact your community or state health or

environmental quality department or

Agency for Toxic Substances and Disease Registry
Division of Toxicology
1600 Clifton Road NE, Mailstop E-29
Atlanta, GA 30333

* Information line and technical assistance

Phone: 1-888-42-ATSDR (1-888-422-8737) or (404) 639-6357
Fax: (404) 639-6359

ATSDR can also tell you the location of occupational and environmental health clinics.  These

clinics specialize in recognizing, evaluating, and treating illnesses resulting from exposure to

hazardous substances.

* To order toxicological profiles, contact

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
Phone: (800) 553-6847 or (703) 605-6000



1,2-DICHLOROETHANE 11

2.  RELEVANCE TO PUBLIC HEALTH

2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO 1,2-DICHLOROETHANE IN
THE UNITED STATES

1,2-Dichloroethane, also called ethylene dichloride, is a volatile, clear, manufactured liquid that is not

found naturally in the environment.  It has a pleasant smell and a sweet taste and burns with a smoky

flame.  1,2-Dichloroethane is readily soluble in water and several organic solvents such as alcohol,

chloroform, and ether.  1,2-Dichloroethane is one of the most widely produced chemicals in the world. 

Its predominant use is in the manufacture of vinyl chloride.  1,2-Dichloroethane was formerly used in

varnish and finish removers, soaps and scouring compounds, organic synthesis for extraction and cleaning

purposes, metal degreasers, ore flotation, and paints, coatings, and adhesives.

1,2-Dichloroethane is a widespread contaminant released to the environment during its production and

use, with the vast majority of the fugitive emissions going into the air.  Vapor-phase 1,2-dichloroethane is

photochemically degraded in the atmosphere with an estimated reaction half-life of about 73 days.  If

released to soil, 1,2-dichloroethane is not expected to adsorb strongly and may leach into groundwater. 

Volatilization is expected to be an important environmental fate process for 1,2-dichloroethane in soil and

bodies of water.  Biodegradation is expected to occur slowly in both water and soil surfaces.  Hydrolysis

and photolysis are not expected to be important fate processes, and the potential for bioconcentration in

aquatic organisms appears to be low.

The general population is exposed to 1,2-dichloroethane primarily from inhalation of ambient air,

particularly near point sources.  Other potential routes of exposure for the general population include

ingestion of 1,2-dichloroethane in contaminated drinking water or food items and dermal absorption.  In

addition, inhalation exposure may occur from 1,2-dichloroethane that has volatilized from water during

activities such as cooking, bathing, showering, and dishwashing, if 1,2-dichloroethane is in the water

supply.  Occupational exposure to 1,2-dichloroethane occurs through inhalation and dermal contact with

the compound at workplaces where it is produced or used.  Children are expected to be exposed to

1,2-dichloroethane by the same routes as adults.  1,2-Dichloroethane has been detected in human milk,

indicating that infants could possibly be exposed to 1,2-dichloroethane from breast-feeding mothers.  The

importance of this route of child exposure is unclear because current data on the concentration of

1,2-dichloroethane in breast milk are not available.  
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Median daily atmospheric concentrations of 1,2-dichloroethane are typically in the 0.01–0.1 ppb range for

urban, suburban, rural, and remote sites, and slightly higher near point sources such as factories, treatment

plants, and hazardous waste sites.  The estimated daily intake of 1,2-dichloroethane in Japan attributed to

food ingestion is 0.004 mg/day, a level well below ATSDR’s intermediate oral MRL of 0.2 mg/kg/day for

1,2-dichloroethane.  Since the levels of 1,2-dichloroethane in food products of Japan are similar to those

in the United States, the daily intake value may also be similar.

Populations residing near hazardous waste disposal sites or municipal landfills may be subject to higher

than average levels of 1,2-dichloroethane in ambient air and drinking water since 1,2-dichloroethane is

volatile and is mobile in soil and may leach into drinking water supplies.  1,2-Dichloroethane is included

in the priority list of hazardous substances identified by ATSDR and the Environmental Protection

Agency (EPA), and has been found in at least 570 of the 1,585 current or former National Priorities List

(NPL) sites.  However, the total number of NPL sites evaluated for 1,2-dichloroethane is not known.  As

more sites are evaluated, the sites at which 1,2-dichloroethane is found may increase.

2.2 SUMMARY OF HEALTH EFFECTS

Short-, intermediate-, and long-term health effects can result from inhalation or ingestion of, or dermal

contact to, 1,2-dichloroethane.  Main targets of mammalian toxicity include the liver, kidneys, and

neurological, cardiovascular, and immune systems.  A limited amount of information is available

regarding effects in humans, most coming from case reports of people who died following acute exposure

to high levels by inhalation or ingestion.  Symptoms and signs in these people included central nervous

system depression, nausea and vomiting, corneal opacity, bronchitis, respiratory distress, lung congestion,

myocardial lesions, hemorrhagic gastritis and colitis, increased blood clotting time, hepatocellular

damage, renal necrosis, and histopathological changes in brain tissue.  Death was most often attributed to

cardiac arrhythmia.  Inhalation and oral studies in animals have found similar effects, as well as

immunological, genotoxic, and carcinogenic effects not reported in humans.  Animal data further indicate

that 1,2-dichloroethane is unlikely to cause reproductive or developmental toxicity at doses below those

that are maternally toxic.

Route-related differences in some toxic and carcinogenic responses have been observed between gavage

and drinking water or inhalation exposure in animal studies of 1,2-dichloroethane.  The differences in

response may be due to saturation of the detoxification/excretion mechanism due to bolus gavage dosing. 

As discussed in Chapter 3 (Section 3.5, Mechanisms of Action), effects of 1,2-dichloroethane in various
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tissues appear to be largely mediated by reactive intermediates formed by conjugation with glutathione. 

The reaction of 1,2-dichloroethane and glutathione is unusual in that it results in activation rather than

detoxification (i.e., the typical consequence of conjugation of xenobiotics with glutathione).  Toxicity

may occur when the biotransformation processes are saturated, thereby allowing higher levels of

1,2-dichloroethane to circulate throughout the body and conjugate with glutathione instead of being

detoxified and eliminated.  Therefore, even though certain health effects might be expected in humans

ingesting sufficient doses of 1,2-dichloroethane, it is uncertain whether the effects would occur following

typical drinking water and inhalation exposures.

Hepatic Effects.    Liver effects have been observed in cases of humans who died following acute

inhalation or ingestion of 1,2-dichloroethane.  Hepatotoxicity was indicated by an increase in levels of

serum markers of liver dysfunction, an enlarged liver, and extensive centrilobular necrosis in a man who

was exposed to concentrated 1,2-dichloroethane vapors for 30 minutes and subsequently died.  Necrosis

and cirrhosis were reported in people following acute high-level oral exposure to $570 mg/kg/day. 

Evidence from animal studies supports the conclusion that the liver is a target organ for 1,2-dichloro-

ethane.  Hepatic effects in exposed animals were not limited to any specific route or duration of exposure

and included increased levels of serum markers of liver dysfunction, increased liver weight, and fatty

degeneration.  For inhalation exposure, the lowest concentrations producing hepatic effects were 400 ppm

for acute-duration exposure and 100 ppm for intermediate-duration exposure.  As discussed in

Section 2.3, liver histopathology is the basis of the chronic-duration minimal risk level (MRL) for

inhalation oral exposure.  For oral exposure, the lowest dose producing hepatic effects was 18 mg/kg/day

for intermediate-duration exposure.

Renal Effects.    1,2-Dichloroethane is acutely nephrotoxic in humans following both inhalation and

ingestion.  Renal effects observed in individuals who died following acute high-level exposure were

diffuse necrosis, tubular necrosis, and kidney failure.  Renal effects seen in experimental animals include

increased kidney weight, cloudy swelling of the tubular epithelium, tubular degeneration and

regeneration, karyomegaly, dilatation, protein casts, and mineralization.  The effects in animals were not

limited to any specific route or duration of exposure and support the conclusion that the kidney is a target

organ for 1,2-dichloroethane.  For inhalation exposure, the lowest concentration reported to produce renal

effects was 400 ppm for durations of 8–12 days and 8 months.  For oral exposure, the lowest dose

producing renal effects was 58 mg/kg/day for 13 weeks.  Increased kidney weight, considered to be an

early-stage adverse effect because it leads to histopathological changes at higher doses, was used to derive

the intermediate-duration MRL for oral exposure to 1,2-dichloroethane as discussed in Section 2.3. 
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Immunological and Lymphoreticular Effects.    Immunological effects have not been reported in

humans exposed to 1,2-dichloroethane.  In mice, however, this chemical had immunosuppressive effects

following both acute inhalation exposure and acute oral exposure.  A single 3-hour inhalation exposure to

5–11 ppm increased susceptibility of mice to bacterial infection, although no changes in bactericidal

activity or other immune function end points were found in rats after a single 5-hour exposure to 200 ppm

or 12 5-hour exposures to 100 ppm.  Effects observed in mice following gavage administration of 4.9 or

49 mg/kg/day for 14 days included reduced humoral immunity (immunoglobulin response to sheep red

blood cells) and cell-mediated immunity (delayed-type hypersensitivity response to sheep erythrocytes). 

The immune system was the most sensitive target for short-term exposure to 1,2-dichloroethane by both

the inhalation and oral routes in mice.  Because of the apparent interspecies differences in

immunotoxicity; however, it is unclear whether the immune system could be a target of 1,2-dichloro-

ethane in humans following acute exposure by inhalation or ingestion.

Immune function has not been evaluated in intermediate- or chronic-duration inhalation studies of

1,2-dichloroethane.  Immune function also has not been evaluated after chronic oral exposure, although

mice given up to 189 mg/kg/day of 1,2-dichloroethane in drinking water for 90 days had no treatment-

related effects on either the antibody-forming cell response or the delayed-type hypersensitivity response

after immunization with sheep erythrocyte antigens.  Leucocyte counts were not affected in intermediate-

duration drinking water and gavage studies in rats, and  intermediate and chronic oral exposures did not

produce histological changes in immune system tissues in rats and mice.  Although immunological effects

might be expected in humans ingesting sufficient doses of undiluted 1,2-dichloroethane, it is uncertain

whether the effects would occur in people exposed via drinking water from wells located near hazardous

waste sites.

Neurological Effects.    Neurological symptoms and signs in people acutely exposed to high levels of

1,2-dichloroethane by inhalation or ingestion included headache, irritability, drowsiness, tremors, partial

paralysis, and coma.  Autopsies of people who died revealed effects in the brain including hyperemia,

hemorrhage, myelin degeneration, diffuse changes in the cerebellum, shrunken appearance and pyknotic

nuclei in the Purkinje cell layer of the cerebellum, and parenchymous changes in the brain and spinal

cord.

The results of animal inhalation studies confirm that the central nervous system is a target of high

concentrations of 1,2-dichloroethane.  Symptoms similar to those reported in humans, such as tremors,

abnormal posture, uncertain gait, and narcosis were observed after high-level acute vapor exposures.  In
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addition, clinical signs of neurotoxicity and mild necrosis in the cerebellum were found in rats

administered 240–300 mg/kg/day of 1,2-dichloroethane by gavage for 13 weeks.  In contrast, no clinical

signs or neurological lesions were seen in rats exposed through their drinking water up to 492 mg/kg/day

or mice exposed up to 4,210 mg/kg/day for 13 weeks, and no brain lesions were seen in rats intermittently

exposed to 50 ppm for 2 years.  The effects seen in the gavage study at a level lower than the NOAEL in

the drinking water study might be attributable to the method of dosing.  These data do not sufficiently

characterize the potential for 1,2-dichloroethane to induce more subtle neurotoxic effects following low-

level prolonged exposure by inhalation, oral, or dermal exposure.  Acute exposure levels high enough to

produce neurological effects would not be expected to occur at hazardous waste sites or in the workplace,

but might result from accidental occupational exposure or accidental or intentional ingestion.

Cardiovascular Effects.    Cardiac arrhythmia was given as the cause of death of a man briefly

exposed to 1,2-dichloroethane as a concentrated vapor.  Autopsy revealed diffuse degenerative changes in

the myocardium (fragmentation, interstitial edema, loss of nuclei from myocardial fibers).  In addition,

cardiovascular insufficiency and hemorrhage were major factors contributing to death in people following

acute high-level oral exposure to $570 mg/kg/day.  In laboratory animals, myocardial inflammation was

reported following acute inhalation of lethal concentrations, and fatty infiltration of the myocardium was

observed in guinea pigs that died following exposure to 200 ppm for 25 weeks and in monkeys that

survived the same exposure regimen.  These findings in animals were based upon a very limited number

of observations and in some cases did not include comparison to controls.  More complete animal studies

did not report cardiovascular histopathologic effects following high-level intermediate-duration oral

exposure or low-level chronic-duration inhalation exposure.  Overall, the data suggest that the heart could

be a target of 1,2-dichloroethane following acute high-level exposure and possibly longer-term inhalation

exposure as well.  Levels that might produce cardiovascular effects are not likely to be found at hazardous

waste sites or a well-regulated workplace.

Developmental Effects.    The only studies regarding developmental effects in humans are

epidemiologic investigations of adverse birth outcomes that found increased odds ratios for exposure to

1,2-dichloroethane in public drinking water and major cardiac defects (but not neural tube defects), and

for residence within the census tract of NPL sites contaminated with 1,2-dichloroethane and neural tube

defects (but not heart defects).  Primary routes of exposure in these epidemiologic studies may have been

both oral and inhalation, including inhalation of 1,2-dichloroethane volatilized from household water.  It

has been previously shown that taking a 10-minute shower is equivalent to drinking 1–3 liters of the same

water contaminated with some volatile organic compounds.  In these studies, the study populations were
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also simultaneously exposed to elevated levels of other contaminants.  Because of the mixed chemical

exposure, lack of dose-response information, and inconsistency between the findings of the two studies,

the associations with 1,2-dichloroethane are only suggestive and do not establish a cause-and-effect

relationship.

The weight of evidence from available inhalation and oral studies in rats, mice, and rabbits indicates that

1,2-dichloroethane is not fetotoxic or teratogenic, although indications of embryolethality at maternally

toxic doses have been reported.  (There are reports of increased embryo and pup mortality following

intermediate-duration inhalation of lower [not maternally toxic] concentrations of 1,2-dichloroethane, but

the reliability of the results is uncertain due to the lack of statistical analysis and inadequate description of

methods.)  The possibility of induction of cardiac malformations in human offspring by 1,2-dichloro-

ethane, as suggested by the epidemiologic data, was not confirmed in available animal studies because the

teratology protocols did not include detailed examinations of dissected hearts.  Studies of dichloro-

ethylene and trichloroethylene, which are metabolized to some of the same reactive intermediates as

1,2-dichloroethane, have also shown evidence of heart malformations in humans as well as animal cardiac

teratogenicity.  Overall, the available information does not indicate that 1,2-dichloroethane is a

developmental toxicant in animals at doses below those that cause other toxic effects.

Reproductive Effects.    A single study on reproductive effects of exposure to 1,2-dichloroethane in

humans is suggestive of a reduction in gestation duration, but co-exposure to other chemicals occurred in

most cases, and the adequacy of the study design could not be evaluated because of reporting

deficiencies.  Results of animal studies indicate that 1,2-dichloroethane is unlikely to cause reproductive

impairment at doses that are not maternally toxic.  Some inhalation studies found that exposure of dams to

1,2-dichloroethane prior to mating and continuing into gestation caused pre-implantation loss and

embryolethality in rats, although the study methods were not well reported and the reliability of the data

is uncertain.  In contrast to these findings, a well-designed study of reproductive toxicity found no

adverse effects on the fertility of rats exposed by inhalation to 10-fold higher concentrations of

1,2-dichloroethane in a one-generation reproduction study.  One- and two-generation reproduction studies

found no chemical-related effects on fertility indices in long-term oral studies in mice and rats, but

exposure to higher oral doses caused increases in nonsurviving implants and resorptions in rats that also

experienced maternal toxicity.  Histological examinations of the testes, ovaries, and other male and

female reproductive system tissues were performed in intermediate- and chronic-duration inhalation and

oral animal studies with negative results, but reproductive function was not evaluated in these studies. 

Although 1,2-dichloroethane appears to have induced embryotoxic effects in some animal studies, the
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overall indication of the data is that this chemical is unlikely to impair reproduction at doses that do not

also cause other toxic manifestations. 

Cancer.    Epidemiological studies that have investigated associations between occupational or oral

exposure to 1,2-dichloroethane and increased incidences of cancer are inadequate for assessing

carcinogenicity in humans, due to complicating co-exposures to various other chemicals.  In animals, no

tumors were produced in rats and mice exposed to 1,2-dichloroethane via inhalation.  The inhalation data

are limited by use of a single, subthreshold exposure level in one study, and exceedance of the maximum

tolerated dose in rats, less-than-lifetime study duration, and poor survival in mice in the other study. 

1,2-Dichloroethane induced a clear positive carcinogenic response in animals after gavage administration,

causing statistically significant increases in forestomach squamous cell carcinomas, hemangiosarcomas,

and subcutaneous fibromas in male rats; mammary gland adenocarcinomas and hemangiosarcomas in

female rats; hepatocellular carcinomas and alveolar/bronchiolar adenomas in male mice; and

alveolar/bronchiolar adenomas, mammary carcinomas, and endometrial tumors in female mice.  Other

animal bioassays provide supportive or suggestive evidence for the carcinogenicity of 1,2-dichloroethane. 

One study showed compound-related lung papillomas following lifetime dermal exposure of female mice. 

Two additional studies found that pulmonary adenomas were induced in mice by intraperitoneal injection.

The positive and suggestive carcinogenicity results from animal bioassays, along with data indicating that

1,2-dichloroethane and some metabolites are mutagenic and capable of forming DNA adducts (see

Chapter 3, Section 3.3), provide sufficient evidence to suggest that 1,2-dichloroethane is a probable

human carcinogen.  Because oral, dermal, and intraperitoneal exposure of experimental animals to

1,2-dichloroethane is associated with the induction of tumors remote from the site of administration,

1,2-dichloroethane should be considered potentially carcinogenic by the inhalation route of exposure as

well.  The Department of Health and Human Services (DHHS) has determined that 1,2-dichloroethane

may reasonably be anticipated to be a human carcinogen.  The International Agency Research on Cancer

(IARC) has placed 1,2-dichloroethane in Group 2B (possibly carcinogenic to humans), and the EPA has

classified 1,2-dichloroethane as a Group B2 carcinogen (probable human carcinogen).
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2.3 MINIMAL RISK LEVELS

Inhalation MRLs

An acute-duration inhalation MRL has not been derived for 1,2-dichloroethane.  The lowest effect level

for acute inhalation exposure is 5.4 ppm for significantly increased mortality in mice from streptococcal

(Streptococcus zooepidemicus) bacterial challenge following a single 3-hour exposure to

1,2-dichloroethane.  Significantly increased mortality from streptococcal challenge in addition to

decreased bactericidal activity after challenge with Klebsiella pneumoniae were seen in mice at 10.8 ppm. 

The no-observed-adverse-effect-level (NOAEL) for susceptibility to streptococcal challenge in mice was

2.3 ppm after a single 3-hour exposure or five 3-hour exposures on consecutive days.  In the same study,

rats did not show decreased bactericidal activity from K. pneumoniae challenge following single

exposures of up to 200 ppm, or multiple 5-hour exposures of up to 100 ppm of 1,2-dichloroethane. 

Sherwood et al. indicated that the clear interspecies difference in immunotoxic susceptibility suggests

against extrapolating from animals to humans.  The MRL Workgroup concluded that the massive

streptococcal challenge to mice, consisting of whole-body, 30-minute exposures to aerosols of bacteria

for an estimated challenge exposure of 2x104 inhaled viable streptococci, is unlikely to be relevant to

normal human immunological challenge and that, therefore, the increased mortality in mice observed in

the Sherwood et al. study is not a suitable basis for an acute inhalation MRL.  Immune function has not

been evaluated in intermediate- or chronic-duration inhalation studies of 1,2-dichloroethane, although

immunosuppressive effects have been reported in mice that were orally exposed to 1,2-dichloroethane for

14 days.

•      An MRL of 0.6 ppm has been derived for chronic-duration inhalation exposure (>365 days) to
1,2-dichloroethane.  This chronic MRL is also expected to be protective for intermediate-
duration inhalation exposure (15–364 days).

The MRL was derived by dividing a NOAEL of 50 ppm for liver histopathology in rats exposed for

7 hours/day, 5 days/week for 2 years by an uncertainty factor of 90 (3 for interspecies extrapolation after

dosimetric adjustment; 10 for human variability; and 3 as a modifying factor for database deficiencies). 

Although other concentrations of 1,2-dichloroethane were not tested, confidence in the NOAEL is high

due to the group size (50 of each sex) and scope of the study.  Additionally, the liver is a documented

target of 1,2-dichloroethane toxicity in several acute- and intermediate-duration inhalation studies, as well

as in a number of studies of orally exposed animals.  Limitations in the acute and intermediate inhalation

studies preclude considering them as the basis for MRL derivation, but the weight of evidence indicates
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that NOAELs for hepatotoxicity in the intermediate-duration studies are higher than the chronic liver

NOAEL.  Consequently, the chronic-duration inhalation MRL of 0.6 ppm is also expected to be

protective of toxic effects after intermediate-duration inhalation exposures to 1,2-dichloroethane.

Oral MRLs

An MRL has not been derived for acute-duration oral exposure (#14 days) to 1,2-dichloroethane.  The

lowest effect level that can be identified for acute oral toxicity is a lowest-observed-adverse-effect level

(LOAEL) of 4.9 mg/kg/day for immunosuppression from a mouse study.  Doses lower than

4.9 mg/kg/day were not tested, precluding identification of a NOAEL.  Male mice that were treated with

4.9 or 49 mg/kg/day by gavage for 14 days showed a significant dose-related reduction in humoral

immune response (IgM response to sheep erythrocytes).  The number of antibody-forming cells (AFCs)

was dose-related and statistically significantly reduced at both dose levels; when adjusted to AFC/106

cells, there was an apparent negative trend with dose, but a significant reduction occurred only in the

high-dose group.  The cell-mediated immune response (delayed-type hypersensitivity response to sheep

erythrocytes) was significantly reduced in both dose groups, but not in a dose-related manner.  There was

also a depression in leukocytes in the high dose group.  However, because administration of

1,2-dichloroethane in the drinking water at doses as high as 189 mg/kg/day for 90 days failed to induce

immunosuppressive effects in mice, it was determined that it may not be appropriate to base an MRL on

an effect level from a gavage oil study due to toxicokinetic considerations (e.g., possible bolus saturation

of the detoxification/excretion mechanism). 

•      An MRL of 0.2 mg/kg/day was derived for intermediate-duration oral exposure (15–364 days)
to 1,2-dichloroethane.

This MRL was derived by dividing a LOAEL of 58 mg/kg/day for increased absolute and relative kidney

weights in rats that were exposed to 1,2-dichloroethane in drinking water for 13 weeks by an uncertainty

factor of 300 (3 for use of minimal LOAEL; 10 for interspecies extrapolation; and 10 for human

variability).  Doses lower than 58 mg/kg/day were not tested, precluding identification of a NOAEL.  The

increases in kidney weight were dose-related and were considered to be an early-stage adverse effect in a

known target organ, because histopathological changes were manifested in the kidney at higher doses in

the rats as well as in similarly exposed mice in the same study.  Tissue examinations showed dose-related,

increased incidences of minimal-to-moderate renal regeneration in rats at $102 mg/kg/day and mice at

$249 mg/kg/day.  These changes are indicative of previous tubular injury with subsequent repair.  More
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severe kidney effects including karyomegaly, dilatation, protein casts, and mineralization occurred in

male mice exposed to 4,210 mg/kg/day.  Observations of increased relative kidney weight in rats that

were treated with $75 or 90 mg/kg/day by gavage for 90 days are supportive of the 58 mg/kg/day

LOAEL.

An MRL has not been derived for chronic oral exposure ($365 days) to 1,2-dichloroethane, because an

appropriate study was not identified.  The only chronic oral study tested rats and mice that were treated by

gavage 5 days/week for up to 78 weeks.  This study had several limitations such as dosage adjustments,

possible contamination by other chemicals tested in the same laboratory, poor survival, and small

numbers of control animals.  Additionally, it may not be appropriate, in this case, to base an MRL on an

effect level from a gavage oil study due to toxicokinetic considerations (e.g., possible bolus saturation of

the detoxification/excretion mechanism).
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3.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and

other interested individuals and groups with an overall perspective on the toxicology of

1,2-dichloroethane.  It contains descriptions and evaluations of toxicological studies and epidemiological

investigations and provides conclusions, where possible, on the relevance of toxicity and toxicokinetic

data to public health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near

hazardous waste sites, the information in this section is organized first by route of exposure (inhalation,

oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive,

developmental, genotoxic, and carcinogenic effects).  These data are discussed in terms of three exposure

periods: acute (14 days or less), intermediate (15–364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in

figures.  The points in the figures showing no-observed-adverse-effect levels (NOAELs) or

lowest-observed-adverse-effect levels (LOAELs) reflect the actual doses (levels of exposure) used in the

studies.  LOAELS have been classified into "less serious" or "serious" effects.  "Serious" effects are those

that evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory

distress or death).  "Less serious" effects are those that are not expected to cause significant dysfunction

or death, or those whose significance to the organism is not entirely clear.  ATSDR acknowledges that a

considerable amount of judgment may be required in establishing whether an end point should be

classified as a NOAEL, "less serious" LOAEL, or "serious" LOAEL, and that in some cases, there will be

insufficient data to decide whether the effect is indicative of significant dysfunction.  However, the

Agency has established guidelines and policies that are used to classify these end points.  ATSDR

believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between

"less serious" and "serious" effects.  The distinction between "less serious" effects and "serious" effects is

considered to be important because it helps the users of the profiles to identify levels of exposure at which
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major health effects start to appear.  LOAELs or NOAELs should also help in determining whether or not

the effects vary with dose and/or duration, and place into perspective the possible significance of these

effects to human health.  

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and

figures may differ depending on the user's perspective.  Public health officials and others concerned with

appropriate actions to take at hazardous waste sites may want information on levels of exposure

associated with more subtle effects in humans or animals (LOAELs) or exposure levels below which no

adverse effects (NOAELs) have been observed.  Estimates of levels posing minimal risk to humans

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of 1,2-dichloro-

ethane are indicated in Tables 3-1 and 3-2 and Figures 3-1 and 3-2.  Because cancer effects could occur at

lower exposure levels, Figure 3-2 also shows a range for the upper bound of estimated excess risks,

ranging from a risk of 1 in 10,000 to 1 in 10,000,000 (10-4 to 10-7), as developed by EPA.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have been

made for 1,2-dichloroethane.  An MRL is defined as an estimate of daily human exposure to a substance

that is likely to be without an appreciable risk of adverse effects (noncarcinogenic) over a specified

duration of exposure.  MRLs are derived when reliable and sufficient data exist to identify the target

organ(s) of effect or the most sensitive health effect(s) for a specific duration within a given route of

exposure.  MRLs are based on noncancerous health effects only and do not consider carcinogenic effects. 

MRLs can be derived for acute, intermediate, and chronic duration exposures for inhalation and oral

routes.  Appropriate methodology does not exist to develop MRLs for dermal exposure.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990),

uncertainties are associated with these techniques.  Furthermore, ATSDR acknowledges additional

uncertainties inherent in the application of the procedures to derive less than lifetime MRLs.  As an

example, acute inhalation MRLs may not be protective for health effects that are delayed in development

or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic

bronchitis.  As these kinds of health effects data become available and methods to assess levels of

significant human exposure improve, these MRLs will be revised.
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A User's Guide has been provided at the end of this profile (see Appendix B).  This guide should aid in

the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

3.2.1 Inhalation Exposure

Adverse health effects in humans associated with acute and occupational inhalation exposure to

1,2-dichloroethane vapor were described in a number of studies.  A case study reported by Nouchi et al.

(1984) detailed the clinical effects, blood chemistry, and autopsy findings of a 51-year-old man who died

after being exposed to 1,2-dichloroethane vapor for 30 minutes while removing 1,2-dichloroethane

residue from the hold of an oil tanker.  Exposure is likely to have occurred both by the inhalation and

dermal routes.  No estimate of the exposure concentration was available, although exposure conditions

were described as a “thick vapor of dichloroethane.”  This study, considered a reliable description of the

manifestations of 1,2-dichloroethane-induced toxic effects in humans, is the source for much of the

discussion of human data in this section.  The available information suggests that massive, acute

inhalation exposure to 1,2-dichloroethane can induce neurotoxic, nephrotoxic, and hepatotoxic effects in

humans, as well as respiratory distress, cardiac arrhythmia, nausea, and vomiting.  The possibility that

existing medical conditions contributed to the observed symptoms and autopsy findings could not be

evaluated because the individual’s medical and behavioral histories were not reported.  No information

was located regarding immunological, reproductive, or developmental effects in humans following

inhalation exposure to 1,2-dichloroethane.

Although considerable information is available on the effects of 1,2-dichloroethane following inhalation

exposure in laboratory animals, many of the short-term studies used only a limited number of animals and

are, therefore, of only limited utility.  Targets of 1,2-dichloroethane inhalation toxicity in animals  include

the immune system, central nervous system, liver, and kidney.  Limited evidence suggests that the heart

may also be a target organ.  1,2-Dichloroethane has also produced genotoxic effects in animals exposed

by inhalation (see Section 3.3).

Table 3-1 and Figure 3-1 describe the health effects observed in experimental animals associated with

exposure level and exposure duration.  Effects of 1,2-dichloroethane in humans are not included in the

LSE table and figure because exposure levels were not reported and the effects investigated were not

subtle.



Table 3-1. Levels of Significant Exposure to 1,2-Dichloroethane - Inhalation 

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (ppm) (ppm) (ppm) Chemical Form 

ACUTE EXPOSURE 
Death 

1 Rat 

(Wistar) 

2 Rat 

(Wistar) 

3 Rat 

(NS) 

4 Rat 

(Sprague- 
Dawley) 

5 Rat 

6 Rat 

(Wistar) 

7 Rat 

(wistar) 

8 Mouse 

(NS) 

9 Gn Pig 

(NS) 

10 GnPig 

(NS) 

5 d 
7hr/d 

1 d 
7hr 

14 d 
5 d/wk 
7 hr/d 

9 d 

7 hr/d

9 d 

7 h r/d 

1 d 
0.1 to 8 hr 

Gd 6-1 5 

Gd6-15 

2-3 d 
7 hr/d 

1 d 
7 hr/d

1 d 
7 hr/d

4 d 
7hr/d 

1500 (29/29 died) 

1500 (4/20 died) 

1000 (20/26 died) 

300 (10/16 died) 

300 (2/3 died) 

1000 (LC
50

) 

400 (24/40 died) 

1500 (20/20 died) 

1500 (6/12 died) 

1500 (9/9 died) 

Heppel et al. 1945 

Heppel et al. 1945 

Heppel et al. 1946 

Spencer et al. 1951 

Spencer et al. 1951 

Heppel et al. 1945 

Heppel et al. 1945 

Heppel et al. 1945 

Rao et al. 1980; 
Schlacter et al. 1979 

Schlacter et al. 1979 
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11 Gn Pig 4 d
5d/wk
7 hr/d 

12 GnPig 

13 Dog 6 d 

(NS) 7 h r/d 

(NS) 7 hr/d 

15 Rabbit 1 d 

(NS) 7hr 

14 Rabbit 5 d 

16 Rabbit 12 d 

(New  Zealand)
7 h r/day 

Systemic 

17 Monkey 8-12d 

(Rhesus) 5d/wk 
7 h r/d 

18 Rat 14 d 
(Sprague- Gd 6-20 
Dawley) 6 hr/d 

19 Rat 10 d 

7hr/d 
Gd 6-1 5 

Hemato 100 400 (increased clotting time) 

Hepatic 100 400 (fatly degeneration) 

Renal 100 400 (tubular degeneration) 

Bd Wt 254 F 329 F (24% reduced maternal 
body weight gain) 

Bd Wt 100 

1000 (1 6/16 died) 

400 (8/8 died) 

1500 (23 died) 

1500 (4/5 died) 

3000 (12/16 died) 

100 (4/21 died) 

Heppel et al. 1946 

Spencer et al. 1951 

Heppel et al. 1945 

Heppel et al. 1945 

Heppel et al. 1945 

Rao et al. 1980; 
Schlacter et al. 1979 

Spencer et al. 1951 

Payan et al. 1995 

300 (12% maternal body weight Schlacter et al. 1979 
loss) 

(NS) 

14 32d
5d/wk
7 hr/d 

(NS) 

Gd 6-18

Table 3-1. Levels of Significant Exposure to 1,2-Dichloroethane - Inhalation  (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (ppm) (ppm) (ppm) Chemical Form 
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20 Gn Pig 1-14 d Hepatic 400 M (slight parenchymal Spencer et al. 1951 
5d/wk degradation) 

7 h r/d Renal 400 M (increased kidney 
weight, swelling of 
tubular epithelium) 

(NS) 

ImrnunologicallLyrnphoreticular 

21 Rat 12 d 

Dawley) 5hr/d 
(Sprague- 5d/wk 

22 Rat 1 d 

(Sprague- 5hr 
Dawley) 

23 Mouse 5 d 
(CD-1) 3hr/d 

Developmental 

24 Rat 14 d 

(Sprague- Gd 6-20 
Dawley) 6 hr/d 

25 Rat 9 d 
(S prague- Gd6-15 
Dawley) 7hr/d 

26 Rabbit 12 d 

100 

200 

2.3 

329 F 

100 

Sherwood et al. 1987 

Sherwood et al. 1987 

Sherwood et al. 1987 

Payan et al. 1995 

300 (embryolethality at maternally Rao et al. 1980; 
toxic exposure level) Schlacter et al. 1979 

Rao et al. 1980; 
Schlacter et al. 1979 

300 

(New 
Zealand)

Gd 6-18 
7 hr/d 

Table 3-1. Levels of Significant Exposure to 1,2-Dichloroethane - Inhalation  (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (ppm) (ppm) (ppm) Chemical Form 
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INTERMEDIATE EXPOSURE 

Death 

27 Monkey 

(NS) 

28 Rat 

(NS) 

29 Gn Pig 

(NS) 

30 Gn Pig 

(NS) 

31 Dog 

(NS) 

32 Rabbit 

(NS) 

33 Rabbit 

(NS) 

34 Cat 

(NS) 

9 wk 
7 hr/d 
5dM 

14 wk 
5d/wk 
7 h r/d 

25 wk 
5 d/wk 
7 hrld 

14 wk 
5 d/wk 
7 hr/d 

9 wk 
5 d/wk 
7 h rld 

20 wk 
5 d/wk 
7hr/d 

13 wk 
5 d/wk 
7 hr/d 

1 1 wk
5 d/wk 
7 hr/d 

1000 (2/2 died) 

400 (9/16 died) 

200 (5/14 died) 

400 (7/12 died) 

1000 (2/6 died) 

400 (5/5 died) 

1000 (5/6 died) 

1000 (2/6 died) 

Heppel et al. 1946 

Heppel et al. 1946 

Heppel et al. 1946 

Heppel et al. 1946 

Heppel et al. 1946 

Heppel et al. 1946 

Heppel et al. 1946 

Heppel et al. 1946 

Table 3-1. Levels of Significant Exposure to 1,2-Dichloroethane - Inhalation  (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (ppm) (ppm) (ppm) Chemical Form 
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Systemic 

35 Monkey 25 wk Resp 200 
5 d/wk 

7 hr/d Cardio 200 (fatty degeneration) 

Hepatic 200 (fatty degeneration) 

Renal 200 

Endocr 200 (calcification of the 

(NS)

adrenal medulla) 

36 Rat 15 wk 
5 d/wk 
7 hr/d 

(W 

Resp 100 

Cardio I00 

Renal 100 

Endocr 100 

Hepatic 100 

37 Rat 198 -212d Resp 200 

vistar) 5 d/wk
7 hr/d 

Cardio 200 

Hemato 200 

Hepatic 200 

Renal 200 

Endocr 200 

Bd Wt 200 

38 Mouse 4 wk Resp 100 
5 d/wk 
7 hr/d Cardio 100 

Hepatic 100 

Renal 100 

Endocr 100 

(NS) 

Heppel et al. 1946 

Heppel et al. 1946 

Spencer et al. 1951 

Heppel et al. I946 

Table 3-1. Levels of Significant Exposure to 1,2-Dichloroethane - Inhalation  (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (ppm) (ppm) (ppm) Chemical Form 
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200 Spencer et al. 1951 39 GnPig 246 d Resp 
5 d/wk 
7 hr/d Cardio 200 

(NS) 

40 Dog 8 rno 

Hernato 200 

Hepatic 

Renal 200 

Endocr 200 

Bd Wt 200 

Resp - 
5 d/wk 
7 hr/d 

Cardio 

(NS) 

41 Rabbit 25 wk 

400 

400 

100 (increased liver weight, 
fatty degeneration) 

Heppel et al. 1946 

Hernato 400 

Hepatic 400 (fatty degeneration) 

Renal 400 (fatty changes) 

Endocr 400 

Resp 
5 d/wk 
7 hr/d 

Cardio 
(NS) 

200 

200 

 Heppel et al. 1946 

Hernato 200 

Hepatic 200 

Renal 200 

Endocr 200 

Table 3-1. Levels of Significant Exposure to 1,2-Dichloroethane - Inhalation  (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (ppm) (ppm) (ppm) Chemical Form 
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42 Rabbit 232 -248 d Resp 400 Spencer et al. 1951 

(albino) 5 d/wk 
7  hr/d Cardio 400 

Hemato 400 

Hepatic 400 

Renal 400 

Endocr 400 

Bd Wt 400 

Immunological/Lym phoreticular 

43 Rat 198 -212d 

(Wistar) 5 d/wk 
7 hr/d 

44 GnPig 246 d 

45 Rabbit 232 -248 d 

(albino) 5 d/wk 
7 hr/d 

Neurological 

46 Dog 8 mo 

7 hr/d 
5 d/wk(NS) 

Reproductive 

47 Rat 1 gen 
(Sprague- 7 d/wk 
Dawley) 6 hr/d 

200 

200 

400 

400 

150 

Spencer et al. 1951 

Spencer et al. 1951 

Spencer et al. 1951 

Heppel et al. 1946 

Rao et al. 1980 

5 d/wk 
7  hr/d 

(NS) 

Table 3-1. Levels of Significant Exposure to 1,2-Dichloroethane - Inhalation  (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (ppm) (ppm) (ppm) Chemical Form 
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CHRONIC EXPOSURE 
Systemic 

48 Rat 2 yr
(Sprague- 5d/wk 
Dawley) 7hr/d 

Resp 50 

Cardio 

Gastro 

Hemato 

Musc/skel 

Hepatic 

Renal 

Dermal 

Ocular 

Endocr 

Bd Wt 

Immunological/Lymphoreticular 

50 

50 

50 

50 

50
b
 

50 

50 

50 

50 

50 

Neurological 

(Sprague- 5d/wk 
Dawley) 7hr/d 

50 Rat 2 yr 50 

Cheever et al. 1990 

Cheever et al. 1990 

Cheever et al.1990 49 2 yr
(Sprague- 5d/wk 
Dawley) 7hr/d 

50 Rat 

Table 3-1. Levels of Significant Exposure to 1,2-Dichloroethane - Inhalation  (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (ppm) (ppm) (ppm) Chemical Form 
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Cheever et al. 1990 

(Sprague- 5d/wk 
Dawley) 7hr/d 

50 51 Rat 2 yr 

a
The number corresponds to entries in Figure 3-1. 

b
Used to derive a chronic inhalation minimal risk level (MRL) of 0.6 ppm; exposure level divided by an uncertainty factor of 90 (3 for interspecies extrapolation, 10 for human 
variability, and 3 as a modifying factor for database deficiencies). 

Bd Wt = body weight; Cardio = cardiovascular; d = day(s); Endocr = endocrine; F = female; Gastro = gastrointestinal; Gd = gestation day; gen = generation; Hemato = 
hematological;  hr =  hour;  LC

50
 =  lethal  concentration,  50% kill;  LOAEL = lowest -observed-adverse-effect level; M = male; mo = month; Musc/skel = musculoskeletal; N O E L  = 

no-observed-adverse-effect level; ppm = parts per million; Resp = respiratory; wk=week(s); yr = year(s) 

Table 3-1. Levels of Significant Exposure to 1,2-Dichloroethane - Inhalation  (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (ppm) (ppm) (ppm) Chemical Form 
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Figure 3-1. Levels of Significant Exposure to 1,2-Dichloroethane - Inhalation (continued) 
Intermediate (15-364 days) 
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Figure 3-1. Levels of Significant Exposure to 1,2-Dichloroethane - Inhalation (continued) 
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3.2.1.1 Death

Exposure to concentrated 1,2-dichloroethane vapor can be lethal to humans.  A 51-year-old man who

inhaled concentrated vapor for only 30 minutes died 5 days later from cardiac arrhythmia (Nouchi et al.

1984).  No attempt was made to estimate the actual exposure concentration, although it was described as a

“thick vapor of dichloroethane.”  An autopsy revealed congestion of the lungs, degenerative changes in

the myocardium, liver necrosis, renal tubular necrosis, and shrunken nerve cells in the brain.

In animals, acute inhalation exposure to 1,2-dichloroethane in sufficient concentrations also causes death. 

Heppel et al. (1945, 1946) and Spencer et al. (1951) examined the toxic effects of inhaled 1,2-dichloro-

ethane in a number of species.  Acute intermittent exposure (#14 days) resulted in death in rabbits at

100 ppm, in rats and guinea pigs at 400 ppm, and in mice, and dogs at 1,500 ppm.  These were the lowest

exposure concentrations that produced death in animals.  Gross observations at necropsy revealed liver

and kidney effects ranging from increased organ weight to necrosis, pulmonary congestion, and fatty

infiltration and degeneration of the myocardium (Heppel et al. 1945, 1946; Spencer et al. 1951).  An LC50

of 1,000 ppm was determined for an 8-hour exposure in rats; shorter exposure durations resulted in higher

LC50 values  (Spencer et al. 1951).  Necropsy of these rats revealed histopathological changes in the liver

and kidney.  High mortality (10/16 died) was seen in rat dams exposed to 300 ppm for 7 hours/day on

9 consecutive days during gestation (Rao et al. 1980; Schlacter et al. 1979).

Intermediate-duration intermittent exposures (6–25 weeks) caused deaths in guinea pigs, rats, and mice 

exposed to 200 ppm, rats and rabbits exposed to 400 ppm, and dogs, cats, and monkeys exposed to

1,000 ppm (Heppel et al. 1946).  Necropsy of these animals showed liver, kidney, heart, and lung effects

similar to those observed following acute exposure.  In a chronic inhalation study, there was no exposure-

related effect on survival in rats that were intermittently exposed to 50 ppm of 1,2-dichloroethane for

2 years (Cheever et al. 1990).

The LC50 value and LOAEL values from each reliable study for death in each species and duration

category are presented in Table 3-1 and plotted in Figure 3-1.



1,2-DICHLOROETHANE 38

3.  HEALTH EFFECTS

3.2.1.2 Systemic Effects

The systemic effects of 1,2-dichloroethane in humans and animals after inhalation exposure are discussed

below.  The highest NOAEL values and all LOAEL values from each reliable study for all systemic end

points in each species and duration category are recorded in Table 3-1 and plotted in Figure 3-1.

Respiratory Effects.    Short-term exposure to concentrated 1,2-dichloroethane in air may produce

adverse respiratory effects in humans.  In the case study reported by Nouchi et al. (1984), respiratory

distress was reported 20 hours after the initial exposure; autopsy revealed that the lungs were severely

congested and edematous.  Chronic bronchitis and a dry pharynx were reported in a packing plant

employee following 5 months of repeated exposures to unreported air concentrations of

1,2-dichloroethane (McNally and Fostvedt 1941), but the authors regarded the symptoms as transitory.

In animals, acute exposure to high concentrations of 1,2-dichloroethane was also associated with

pulmonary congestion.  A single 7-hour exposure to 3,000 ppm of 1,2-dichloroethane produced death

with accompanying pulmonary congestion in mice, rats, rabbits, and guinea pigs (Heppel et al. 1945). 

Lower concentrations of 1,2-dichloroethane did not produce lung lesions.  

No pulmonary lesions were found by histological examination in rats and mice exposed to 100 ppm

intermittently for 4–15 weeks, rabbits and monkeys exposed to 200 ppm intermittently for 25 weeks, or

dogs exposed to 400 ppm intermittently for 8 months (Heppel et al. 1946).  A limited number of rabbits,

monkeys, and dogs were exposed, and not all of these animals were histologically examined.  Similarly,

there were no histopathological changes in the lung following intermittent exposures to 200 ppm for

28–35 weeks in rats and guinea pigs, or 400 ppm for 33–35 weeks in rabbits (Spencer et al. 1951). 

Chronic intermittent exposure to 50 ppm of 1,2-dichloroethane for 2 years caused no histological

alterations in respiratory tract of rats (Cheever et al. 1990).

Cardiovascular Effects.    Autopsy findings in a 51-year-old man included diffuse degenerative

changes of the myocardium such as fragmentation, loss of nuclei of myocardial fibers, and interstitial

edema (Nouchi et al. 1984); death was attributed to cardiac arrhythmia.  However, since Nouchi et al.

(1984) did not report on the medical and behavioral history of the individual, data were insufficient to

conclude that these cardiac effects were due exclusively to 1,2-dichloroethane.  Blood pressure was

within the normal range in two packing plant employees subsequent to repeated occupational exposures
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to unreported air concentrations of 1,2-dichloroethane over 2- or 5-month periods  (McNally and Fostvedt

1941).

Cardiac lesions have also been reported in animals exposed to 1,2-dichloroethane.  Acute lethal

concentrations produced myocarditis in rats, dogs, and monkeys (Heppel et al. 1946).  Guinea pigs that

died following intermittent exposure to $200 ppm for 25 weeks had fatty infiltration and degeneration of

the heart (Heppel et al. 1946).  Among animals that survived intermediate-duration exposure to

1,2-dichloroethane, cardiac changes were observed only in monkeys.  Fat droplets were found in the

myocardium of 2 monkeys intermittently exposed to 200 ppm for 25 weeks; no control animals were used

(Heppel et al. 1946).  No cardiovascular lesions were seen upon gross or microscopic examination in rats

and mice intermittently exposed to 100 ppm for 4–15 weeks, in rabbits intermittently exposed to 200 ppm

for 25 weeks, or in dogs intermittently exposed to 400 ppm for 8 months (Heppel et al. 1946).  However,

only two to six rabbits and three dogs per exposure level were tested, and histopathology was conducted

on only a few animals.  Similarly, there were no histopathological changes in the heart following

intermittent exposures to 200 ppm for 28–35 weeks in rats and guinea pigs, or 400 ppm for 33–35 weeks

in rabbits (Spencer et al. 1951).  In a chronic study, intermittent exposure to 50 ppm of 1,2-dichloroethane

for 2 years failed to produce cardiovascular lesions in rats (Cheever et al. 1990).

Gastrointestinal Effects.    A 51-year-old man who inhaled a thick vapor of 1,2-dichloroethane for

30 minutes vomited periodically immediately following exposure (Nouchi et al. 1984).  He died 5 days

later.  Nausea and vomiting were reported shortly following a single 4-hour occupational exposure in

three knitting factory workers who wrung out yarn that had soaked in an open vat of 1,2-dichloroethane

(Wirtschafter and Schwartz 1939).  Two packing plant employees who were repeatedly exposed to

unreported air concentrations of 1,2-dichloroethane on the job for 2 to 5 months experienced periods of

epigastric pain, nausea, and vomiting (McNally and Fostvedt 1941).

In animal studies, gastrointestinal effects, including emesis and passing of red watery stools, preceded

death in dogs intermittently exposed to 1,500 ppm of 1,2-dichloroethane for 6 days (Heppel et al. 1945). 

Congestion of the gastrointestinal tract was noted in these animals at necropsy.  Gastrointestinal lesions

were not found in rats exposed to 50 ppm of 1,2-dichloroethane for 2 years (Cheever et al. 1990).

Hematological Effects.     Transient leukocytosis was reported during 5 days subsequent to a single

4-hour occupational exposure in three knitting factory workers who wrung out yarn that had soaked in an

open vat of 1,2-dichloroethane (Wirtschafter and Schwartz 1939).  McNally and Fostvedt (1941)
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indicated that hematological parameters (hemoglobin concentration, erythrocyte count, leukocyte count,

and differential counts) in packing plant workers were not adversely affected subsequent to repeated

occupational exposures to unreported (but potentially occasionally high) air concentrations of

1,2-dichloroethane over 2- or 5-month periods.

Only one study provided any indication of hematological effects in animals.  Increased plasma

prothrombin clotting time was reported in 2 monkeys exposed to 400 ppm of 1,2-dichloroethane

intermittently for 8–12 days (Spencer et al. 1951).  This study was limited because only two monkeys

were examined and one moribund monkey was killed after eight exposures.  Intermediate-duration studies

of 1,2-dichloroethane found no hematological changes in rats, guinea pigs, rabbits, or dogs following

intermittent exposures to 200–400 ppm for .32–35 weeks (Heppel et al. 1946; Spencer et al. 1951). 

Chronic exposure to 50 ppm for 2 years did not produce indications of blood cell changes in rats as

detectable by histological examination of the spleen and bone marrow (Cheever et al. 1990); blood

parameters were not monitored, limiting the usefulness of the study for assessing hematological effects.

Musculoskeletal Effects.    No studies were located regarding musculoskeletal effects in humans

following inhalation exposure to 1,2-dichloroethane.

Histological examination of skeletal muscle and skin showed no effects in rats that were intermittently

exposed to 50 ppm of 1,2-dichloroethane for 2 years (Cheever et al. 1990).

Hepatic Effects.    The liver may be a target of 1,2-dichloroethane toxicity following inhalation

exposure in humans.  Nouchi et al. (1984) found an enlarged liver, high serum levels of lactate and

ammonia, and increased serum levels of aspartate amino transferase (AST; also known as glutamic

oxaloacetic transaminase [SGOT]) and alanine aminotransferase (ALT; also known as glutamic pyruvic

transaminase [SGPT]), 2 enzymes routinely used as indicators of liver damage, in a man exposed to

concentrated 1,2-dichloroethane vapors for 30 minutes.  The man died 5 days after exposure, and

postmortem histopathological examination of the liver revealed extensive centrilobular necrosis and the

presence of very few vacuolated cells, although it is not known to what degree this condition was pre-

existing.  Mixed workplace exposure to 1,2-dichloroethane and vinyl chloride (exposure levels ranging up

to 5.3 and 23.5 ppm, respectively, by area sampling, and up to 334 and 6.2 ppm, respectively, by personal

sampling) was associated with a combined exposure-related increase in the prevalence of abnormal levels

of ALT in a group of 251 male workers in a vinyl chloride manufacturing facility (Cheng et al. 1999); the

contribution of 1,2-dichloroethane to the observed effect is uncertain.
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There are also reports of hepatic effects in animals following acute-duration inhalation exposure to

1,2-dichloroethane.  Serum levels of enzymes used as indicators of hepatic damage (e.g., AST, ALT,

sorbitol dehydrogenase [SDH]) were significantly elevated in rats exposed to $850 ppm for 4 hours

(Brondeau et al. 1983).  No effect was seen at 618 ppm.  No histopathology was performed in this study

to verify the occurrence of damage to the liver, but other studies have reported liver lesions in animals

acutely exposed to lower concentrations.  Monkeys intermittently exposed to 400 ppm for 8–12 days had

marked fatty degeneration of the liver (Spencer et al. 1951).  Monkeys exposed to 100 ppm did not show

this effect.  Slight parenchymatous degradation of the liver was found in guinea pigs exposed to 400 ppm

for #14 days (Spencer et al. 1951).  This study was limited by the use of a small number of animals.

Longer-term exposure to 1,2-dichloroethane vapor produced hepatic effects in guinea pigs, dogs, and

monkeys.  Guinea pigs intermittently exposed to 100 ppm of 1,2-dichloroethane for 246 days exhibited

increased liver weight and hepatic fatty infiltration (Spencer et al. 1951).  Monkeys exposed to 200 ppm

for 25 weeks and dogs exposed to 400 ppm for 8 months also exhibited fatty degeneration of the liver

(Heppel et al. 1946).  However, no hepatic effects were observed upon gross and microscopic

examination in mice, rats, or rabbits intermittently exposed to concentrations of 100–400 ppm for

4–30 weeks (Heppel et al. 1946; Spencer et al. 1951).  There were a number of deficiencies in the studies

of Heppel et al. (1946) and Spencer et al. (1951); many of the tests used a limited number of animals, and

no control monkeys were examined by Heppel et al. (1946).  

In the only chronic inhalation study of 1,2-dichloroethane, groups of 50 male and 50 female rats were

intermittently exposed to 50 ppm for 2 years (Cheever et al. 1990).  No histological changes were found

in the liver, bile duct, or any other tissues, indicating that the exposure concentration is a NOAEL.  Based

on the NOAEL of 50 ppm for liver effects, and considering the other evidence for hepatotoxicity of

1,2-dichloroethane following longer-term vapor exposures, a chronic inhalation MRL of 0.6 ppm was

calculated as described in the footnote to Table 3-1 and in Appendix A.

Renal Effects.    1,2-Dichloroethane is acutely nephrotoxic in humans following inhalation exposure. 

In the case study reported by Nouchi et al. (1984), a man who inhaled 1,2-dichloroethane fumes for

30 minutes had hepatic dysfunction and eventually exhibited kidney failure, as part of general organ

failure, followed by cardiac arrest and death.  Microscopic examination revealed acute tubular necrosis.

Acute-duration inhalation exposure to 1,2-dichloroethane also produced renal effects in animals.  Cloudy

swelling of the renal tubular epithelium and increased kidney weight were reported in guinea pigs, and
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degeneration of the tubular epithelium was reported in monkeys following intermittent exposure to

400 ppm for 8–12 days (Spencer et al. 1951).  No renal effects were noted in monkeys exposed to

100 ppm for 8–12 days.  These were the only species examined for renal effects following acute

exposure, and only a small number of animals was examined in each case.

Kidney lesions have also been reported following longer-term exposure of animals to 1,2-dichloroethane. 

Dogs intermittently exposed to 400 ppm for 8 months exhibited fatty changes in the kidney (Heppel et al.

1946).  In guinea pigs, degeneration of the kidney was observed, but only at lethal concentrations (Heppel

et al. 1946).  Renal effects were not detected in rats, mice, guinea pigs, or rabbits intermittently exposed

to 100–400 ppm of 1,2-dichloroethane for 4–30 weeks (Heppel et al. 1946; Spencer et al. 1951).  In all of

these studies, a limited number of animals were exposed, and only a few of those were examined for

histopathology.  In a chronic study, no histopathological changes developed in the kidneys of rats

exposed to 50 ppm of 1,2-dichloroethane intermittently for 2 years (Cheever et al. 1990).

Endocrine Effects.    No studies were located regarding endocrine effects in humans after inhalation

exposure to 1,2-dichloroethane.

Endocrine function has not been evaluated in inhalation toxicity studies in animals.  Histological

examinations of endocrine system tissues were performed in several studies with essentially negative

results, but lack of histopathology does not necessarily indicate that there were no functional

endocrinologic changes.  Acute intermittent exposure to 1,2-dichloroethane caused congestion of the

adrenal cortex in guinea pigs exposed to 1,500 ppm for 4 days (Heppel et al. 1945, 1946), but this

exposure was lethal in most animals.  An intermediate-duration study noted calcification of the adrenal

medulla in 1 of 2 monkeys intermittently exposed to 200 ppm for 25 weeks (Heppel et al. 1946), but the

evidence for this effect is inconclusive because only 2 monkeys were studied, no control animals were

examined, and adrenal effects have not been reported in other long-term inhalation studies by Heppel et

al. (1946) or other investigators.  Histopathological examinations failed to detect changes in endocrine

tissues following intermittent exposures to 100 ppm for 4 or 15 weeks in rats and mice (Heppel et al.

1946), 200 ppm for .25–35 weeks in rats, guinea pigs, and rabbits (Heppel et al. 1946; Spencer et al.

1951), 200 or 400 ppm for .32–35 weeks in rabbits (Heppel et al. 1946; Spencer et al. 1951), or 400 ppm

for 8 months in dogs (Heppel et al. 1946).  The histological examinations in these studies were limited to

the adrenal gland and/or pancreas.
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The only chronic inhalation study of 1,2-dichloroethane found that intermittent exposure to 50 ppm for

2 years induced a slight increase in the incidence of unspecified basophilic focal changes in the pancreas

in female rats, but no histological alterations in the adrenal, thyroid, parathyroid, or pituitary glands

(Cheever et al. 1990).  The toxicological significance of the pancreatic changes is unclear because the

incidence was not reported, the effect was induced in only one sex (females), additional exposure levels

were not tested, and the study was designed to evaluate carcinogenicity.

The highest NOAEL values and all LOAEL values from each reliable study for endocrine effects in each

species and duration category are recorded in Table 3-1 and plotted in Figure 3-1.

Dermal Effects.    No studies were located regarding dermal effects in humans after inhalation

exposure to 1,2-dichloroethane.

Histological examinations showed no changes in the skin of rats exposed to 50 ppm of 1,2-dichloroethane

intermittently for 2 years (Cheever et al. 1990).

Ocular Effects.    No studies were located regarding ocular effects in humans after inhalation exposure

to 1,2-dichloroethane.

Ocular effects reported in animals acutely exposed to 1,2-dichloroethane by inhalation were corneal

clouding and lacrimation (Heppel et al. 1945, 1946).  These effects probably resulted from direct ocular

contact with 1,2-dichloroethane vapor and are discussed in more detail in Section 3.2.3.  In a chronic

study, rats that were exposed to 50 ppm of 1,2-dichloroethane intermittently for 2 years had no

histological changes in the eyes (Cheever et al. 1990).

Body Weight Effects.      No studies were located regarding effects on body weight in humans after

acute inhalation exposure to 1,2-dichloroethane.  A weight loss of 10 pounds was reported in a packing

plant employee who was repeatedly exposed to unreported, but potentially high, air concentrations of

1,2-dichloroethane for 9 weeks, although the period over which the weight was lost relative to the

exposure period was not reported (McNally and Fostvedt 1941).

Adverse changes in body weight (decreased gain or weight loss) occurred in maternal rats that were

intermittently exposed to 300 or 329 ppm of 1,2-dichloroethane during gestation, although these effects

were not observed at 100 or 254 ppm (Payan et al. 1995; Rao et al. 1987; Schlacter et al. 1979).  No
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changes in body weight gain were caused by intermittent exposures to 200 ppm for 28–35 weeks in rats

and guinea pigs (Spencer et al. 1951), 400 ppm for 33–35 weeks in rabbits (Spencer et al. 1951), or

50 ppm for 2 years in rats (Cheever et al. 1990).

3.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological effects in humans after inhalation exposure to

1,2-dichloroethane.

Acute intermittent exposure to 1,2-dichloroethane caused chronic splenitis in rats exposed to 1,000 ppm

for 14 days (Heppel et al. 1946), but this exposure was lethal in most of the animals tested.

There is evidence that acute exposure to 1,2-dichloroethane affects the ability to fight infection arising

from inhaled microbial pathogens in animals.  Female mice (4–5 weeks old) exposed to 5.4–10.8 ppm of

1,2-dichloroethane for 3 hours exhibited increased susceptibility to Streptococcus zooepidemicus (i.e.,

increased mortality following infection), suggesting reduced pulmonary defenses in the exposed mice

(Sherwood et al. 1987); male mice were not evaluated.  No effect was observed at 2.3 ppm.  Additionally,

female mice that were similarly exposed to 10.8 ppm had reduced bactericidal activity in the lungs

3 hours after exposure to Klebsiella pneumoniae.  Male rats exposed to #100 ppm for 5 hours/day for

12 days, or to a single 5-hour exposure to #200 ppm, did not exhibit reduced bactericidal activity after

K. pneumoniae challenge (female rats were not evaluated); mortality following S. zooepidemicus

challenge was not evaluated in rats.  In addition, no effects on lymphocyte function (as indicated by

blastogenesis to T- and B-cell mitogens) were seen in rats exposed to #100 ppm 5 hours/day for 12 days. 

Results reported in Sherwood et al. (1987) suggest that rats may be less susceptible to the detrimental

immunological effects of 1,2-dichloroethane than mice and/or that male rodents are less susceptible than

females.  The relevance of the immunological effects in mice to human immunotoxicity is uncertain, since

the massive bacterial challenges given to mice in the study are unlikely to be representative of normal

immunological challenges in humans.  In addition, Sherwood et al. (1987) concluded that the interspecies

differences in immunotoxicity observed in the study suggest against extrapolating from animals to

humans. 

Immune function has not been evaluated in intermediate- or chronic-duration inhalation studies of

1,2-dichloroethane, although histopathological examinations failed to detect lesions in immune system

tissues following intermittent exposure to 200 ppm for 212–246 days in rats and guinea pigs  (Spencer et



1,2-DICHLOROETHANE 45

3.  HEALTH EFFECTS

al. 1951), to 400 ppm for 232–248 days in rabbits (Spencer et al. 1951), or to 50 ppm for 2 years in rats

(Cheever et al. 1990).

The highest NOAEL values and all LOAEL values from each reliable study for immunological effects in

each species and duration category are recorded in Table 3-1 and plotted in Figure 3-1.

3.2.1.4 Neurological Effects

Inhalation of high concentrations of 1,2-dichloroethane can affect the nervous system of humans.  It has

been reported that 1,2-dichloroethane is an anesthetic narcotic in humans, and that it is as potent an

anesthetic as gasoline, benzene, carbon tetrachloride, and chloroform when inhaled for periods of an hour

or more (Garrison and Leadingham 1954).  A 51-year-old sailor exposed to a concentrated vapor of

1,2-dichloroethane for 30 minutes suffered central nervous system effects, such as irritability and periodic

vomiting, immediately following exposure (Nouchi et al. 1984).  Twenty hours later, he was drowsy and

became delirious and tremulous; he lapsed into a coma 4 hours later, with a generalized continuous clonic

jerk.  His electroencephalogram showed slow wave abnormality.  He died 5 days after exposure.  Upon

autopsy, the Purkinje cell layer of his cerebellum showed a shrunken appearance with pyknotic nuclei. 

Weakness, dizziness, and trembling were reported shortly following a single 4-hour occupational

exposure in three knitting factory workers who wrung out yarn that had soaked in an open vat of

1,2-dichloroethane (Wirtschafter and Schwartz 1939).  Two packing plant employees who were

repeatedly exposed to unreported air concentrations of 1,2-dichloroethane on the job for 2–5 months

reported drowsiness during work hours or sleeplessness, and upon physical examination, they exhibited

nervousness, “marked” nystagmus, tremor of the tongue, or sluggish patellar reflex (McNally and

Fostvedt 1941).

Acute-duration exposure to concentrated 1,2-dichloroethane also produces neurological effects in

animals.  Rats experienced central nervous system depression after exposure to $12,000 ppm for

30 minutes (Spencer et al. 1951); the authors did not conclusively attribute apparent neurological effects

of inactivity, stupor, and “slowness of response to handling” observed at #3,000 ppm to central nervous

system depression.  Exposure to 20,000 ppm for 15 minutes resulted in central nervous system depression

sufficient to cause death; no histopathology was conducted on the brain or peripheral nerves.  Uncertain

gait, narcosis, prostration, or unconsciousness were seen in rats, guinea pigs, and rabbits exposed once to

3,000 ppm for 7 hours, but were not reported at 1,500 ppm; 7-hour exposures to 1,500 ppm on

5 consecutive days induced transitory tremors, convulsions, or coma in rats and dogs (Heppel et al. 1945). 
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Longer-term exposure to lower concentrations of 1,2-dichloroethane did not appear to produce

neurological effects, although sensitive indicators of subtle neurological effects were not examined. 

Negative results were obtained by physical examination (without histopathology) of dogs intermittently

exposed to 400 ppm for 8 months (Heppel et al. 1946) and by histopathological examination of the brain

from rats intermittently exposed to 50 ppm for 2 years (Cheever et al. 1990).  The highest NOAEL values

for neurological effects in each species and duration category are recorded in Table 3-1 and plotted in

Figure 3-1.

3.2.1.5 Reproductive Effects

Studies regarding reproductive effects in humans after inhalation exposure to 1,2-dichloroethane are

limited to a single account of increased rates of premature births in female workers and in wives of male

workers who were exposed in a Chinese synthetic fiber factory (Zhao et al. 1989).  Concentrations of

1,2-dichloroethane ranged from 0.4 to 384 ppm at two locations.  Female subjects were exposed

throughout pregnancy, and male workers were exposed for at least 1 year before their wives became

pregnant.  These results should be treated with caution because the study evaluated a small number of

subjects (44 male and 54 female exposed workers), the authors indicated that co-exposure to other

chemicals occurred in most cases, and the study was generally deficient in reporting the study design

including accounting for possible confounding environmental and behavioral factors.

Some studies in rodents (Vozovaya 1974, 1977; Zhao et al. 1989) found that inhalation exposure to

1,2-dichloroethane either prior to mating and continuing into gestation or throughout gestation caused

pre-implantation loss and embryolethality, although the reliability of these studies is unclear because of

deficiencies in reporting study design and results.  Pre-implantation loss was reportedly increased (31.0%

compared to 10.2% in controls, p<0.05) in unspecified rodents that were exposed to 51.9 ppm “during the

entire pregnancy period”; one account of the study indicated that a 2-week pre-mating exposure also

occurred (Zhao et al. 1997), although this could not be corroborated from the original study (Zhao et al.

1989).  Intermittent exposure of rats to 4.7±7 ppm for 4 months prior to the mating period, followed by

inhalation exposure during pregnancy, produced a statistically significant (p<0.01) increase in embryo

mortality (Vozovaya 1977).  Fertility was decreased, and stillbirths and perinatal mortality were increased

in the first generation of a two-generation reproduction study in rats that were intermittently exposed to

14 ppm of 1,2-dichloroethane over a period of 6 months (Vozovaya 1974).  In contrast to the studies

summarized above, a well-designed study by Rao et al. (1980) showed no adverse effects on the fertility,

gestation, or survival in pups of male and female rats intermittently exposed to #150 ppm for 60 days pre-
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mating, then throughout mating, gestation, and lactation (excluding gestation day 21 through postpartum

day 4).  No gross or histopathological lesions were observed in reproductive organs of rats exposed to

50 ppm intermittently for 2 years (Cheever et al. 1990).

The highest NOAEL values and all LOAEL values from each reliable study for reproductive effects in

each species and duration category are presented in Table 3-1 and plotted in Figure 3-1.

3.2.1.6 Developmental Effects

No studies were located regarding developmental effects in humans after inhalation exposure to

1,2-dichloroethane.

The overall evidence from inhalation studies in rats and rabbits indicates that 1,2-dichloroethane is not a

developmental toxicant.  1,2-Dichloroethane was not fetotoxic or teratogenic in the offspring of rats that

were intermittently exposed to 100 ppm on days 6–15 of gestation (Rao et al. 1980; Schlacter et al. 1979). 

Exposure to 300 ppm produced high maternal mortality with fetolethality, and one rat had a total

resorption of the litter.  Another study similarly found that exposure to 1,2-dichloroethane during

gestation days 6–20 was not fetotoxic or teratogenic to rats at concentrations as high as those producing

maternal toxicity (329 ppm) (Payan et al. 1995).  There were no exposure-related changes in numbers of

implantations, resorptions, and live fetuses, fetal sex ratio or body weights, or external, visceral, or

skeletal development, although maternal body weight gain was 24% reduced at 329 ppm; no maternal

effects occurred at lower concentrations (150–254 ppm).  Developmental toxicity was reported in one

study in rats, but the reliability of the data is unclear (Vozovaya 1977).  Exposure to 4.7±7 ppm of

1,2-dichloroethane for 4 months before mating followed by exposure during pregnancy was embryotoxic

and caused hematomas in the head and neck region and anterior extremities of the fetuses.  The reliability

of the Vozovaya (1977) data cannot be assessed due to lack of statistical analysis and uncertainties in the

reported results.  Zhao (1984) reported no developmental changes in F1 and F2 generations of mice after

the parental dams were exposed by inhalation for 4 hours per day to up to 62.5 ppm on gestation days

6–15, or to 250 ppm on gestation days 9 and 10.  The F1 generation was not postnatally exposed to

1,2-dichloroethane.  No changes were observed in the following parameters:  fetal survival, length, or

weight; external, skeletal, or visceral appearance; pup survival; onset of pup physical changes and reflex

acquisition; or pup weight gain.  In spite of reporting deficiencies leading to critical uncertainties in the

adequacy of the study design, the results are suggestive that 1,2-dichloroethane is not developmentally

toxic in mice under reported study conditions.
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Rabbits that were intermittently exposed to 100 or 300 ppm of 1,2-dichloroethane on days 6–18 of

gestation experienced some maternal deaths, but there were no chemical-related fetotoxic or teratogenic

effects as indicated by pregnancy and resorption incidences, litter size, fetal body measurements, and soft-

tissue and skeletal examinations (Rao et al. 1980).

The highest NOAEL values from each reliable study for developmental effects in each species and

duration category are recorded in Table 3-1 and plotted in Figure 3-1.

3.2.1.7 Cancer

Specific evidence associating inhalation exposure to 1,2-dichloroethane with the occurrence of cancer in

humans was not found in the literature reviewed.  Several epidemiological studies have been conducted

on workers in the chemical industry to investigate the high incidence of brain tumors observed among

workers employed in petrochemical plants (Austin and Schnatter 1983a, 1983b; Reeve et al. 1983; Teta et

al. 1989; Waxweiler et al. 1983), the incidence of stomach cancer and leukemia at a plant that used

1,2-dichloroethane in the production of ethylene oxide (Hogstedt et al. 1979), and the increased deaths

due to pancreatic cancer and lymphatic and hematopoietic cancers in a cohort of workers in chlorohydrin

production plants where 1,2-dichloroethane was a production byproduct (Benson and Teta 1993). 

Increased risk of primary breast cancer (odds ratio [OR]=2.2; 95% confidence interval [CI]=1.4–3.6; no

latency) was observed in Danish men who were occupationally exposed to unreported levels of gasoline

and combustion products containing 1,2-dichloroethane, compared to workers who were not exposed

(according to job type and trade code) (Hansen 2000).  The OR increased to 2.5 (95% CI=1.3–4.5) among

workers with a latency of >10 years (Hansen 2000).  Male residents in areas near a municipal solid waste

site in Montreal, Quebec, which emitted airborne 1,2-dichloroethane (among a number of other volatile

substances) showed increased risk of stomach cancers (relative risk [RR]=1.3; 95% CI=1.0–1.5), liver and

intrahepatic bile duct cancers (RR=1.3; 95% CI=0.9–1.8), and cancers of the trachea, bronchus, and lung

(RR=1.1; 95% CI=1.0–1.2) (Goldberg et al. 1995).  Female residents showed increased risk of stomach

cancer (RR=1.2; 95% CI=0.9–1.5) and cervix uteri cancer (RR=1.2; 95% CI=1.0–1.5).  None of these

epidemiology studies dealt with 1,2-dichloroethane exposure exclusively, and the concurrent exposure to

other chemicals or solvents confounded the results.  None of these studies could specifically link chemical

exposure with the excess cancer incidence.

The carcinogenicity of inhaled 1,2-dichloroethane has been evaluated in chronic experiments in both rats

and mice.  Maltoni et al. (1980) exposed Sprague-Dawley rats and Swiss mice to 1,2-dichloroethane at
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concentrations of #250 ppm 7 hours/day, 5 days/week, for 78 weeks; no treatment-related increase in the

incidence of tumors was observed in treated rats or mice.  However, this study is limited for a number of

reasons.  Chemical administration and study duration were less than lifetime.  Furthermore, the maximum

tolerated dose was exceeded at the highest dose tested (250 ppm), and survival in mice was poor. 

Therefore, only a small number of surviving animals were at risk for late-developing tumors.  The

plausible explanations for the negative results obtained in this study may include the differences in the

metabolic pathways and the amount of toxic metabolites reaching the target tissues (see Section 3.5.1).  A

chronic study in which rats were exposed to 50 ppm of 1,2-dichloroethane intermittently for 2 years also

failed to find carcinogenic effects (Cheever et al. 1990).  However, this study was limited by the use of a

single dose level that may have been considerably lower than the maximum tolerated dose (MTD) (the

relatively low exposure concentration of 50 ppm was chosen because it was the U.S. occupational

standard at the time the experiment was initiated).  An abstract reported that inhalation exposure to

1,2-dichloroethane at unreported levels for 6 hours/day, 5 days/week, for 2 years induced mammary gland

fibroadenomas and subcutis fibromas in both sexes of F344 rats, mammary gland adenocarcinomas/

adenomas in female rats, peritoneal mesotheliomas in male rats, hepatic hemangiosarcomas in male BDF1

mice, and bronchio-alveolar carcinomas/adenomas, mammary gland adenocarcinomas, and uterine

endometrial stromal polyps in female mice (Matsushima et al. 1998).  The full study report was not

located and, thus, adequacy of the study design and conduct could not be evaluated. 

3.2.2 Oral Exposure

Information concerning the toxic effects of ingested 1,2-dichloroethane in humans was derived primarily

from case reports of individuals who accidentally or intentionally ingested 1,2-dichloroethane.  Only

crude estimates of ingested dose were available, limiting the value of the data.  The available information

indicates that 1,2-dichloroethane can cause death from cardiac arrhythmia after a sufficient single oral

dose (Garrison and Leadingham 1954; Hueper and Smith 1935; Martin et al. 1969; Schönborn et al.

1970).  Other symptoms reported include bronchitis, hemorrhagic gastritis and colitis, hepatocellular

damage, renal tubular necrosis and calcification, central nervous system depression, and histological

changes in brain tissue (Hueper and Smith 1935; Lochhead and Close 1951; Przezdziak and Bakula 1975;

Yodaiken and Babcock 1973).  No studies were located regarding immunological, reproductive, or

developmental effects in humans following oral exposure to 1,2-dichloroethane.

The toxicity of ingested 1,2-dichloroethane has been well studied in animals.  Targets of 1,2-dichloro-

ethane toxicity in orally exposed animals included the immune system, central nervous system, liver, and
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kidney.  1,2-Dichloroethane also produced genotoxic effects (see Section 3.3) and carcinogenic effects in

animals exposed by this route.

Table 3-2 and Figure 3-2 describe the health effects observed in laboratory animals associated with oral

exposure levels at varying time and exposure durations.

3.2.2.1 Death

Ingestion of large amounts of 1,2-dichloroethane may be lethal to humans.  Hueper and Smith (1935)

reported a case in which a 63-year-old man accidentally swallowed approximately 2 ounces (60 mL) of

1,2-dichloroethane and died 22 hours later of circulatory failure.  A 50-year-old man mistakenly ingested

approximately 30 mL of 1,2-dichloroethane and died after 10 hours (Lochhead and Close 1951).  A

14-year-old boy died 5 days after ingesting 15 mL of 1,2-dichloroethane (Yodaiken and Babcock 1973). 

A 30-year-old man ingested approximately 40 mL of 1,2-dichloroethane and died 28 hours later (Garrison

and Leadingham 1954).  Another man who drank 50 mL of 1,2-dichloroethane died 22 hours later of

circulatory failure (Hueper and Smith 1935).  Schönborn et al. (1970) reported a case of an 18-year-old

man who became drowsy and cyanotic, and exhibited bradycardia after drinking approximately 50 mL of

Marament (a pharmaceutical formulation), which was equivalent to 50 g of 1,2-dichloroethane

(714 mg/kg, assuming 70 kg body weight); he died 17 hours later in a state of circulatory shock.  A

hospital patient accidentally ingested a “small” quantity of 1,2-dichloroethane and died 18 hours later

after intensive supportive measures were taken; the immediate cause of death was not reported (Hubbs

and Prusmack 1955).  In two other cases of 1,2-dichloroethane poisoning, the patients drank 15–20 mL

Marament; they suffered gastrointestinal disorders and were discharged from the hospital in a few days

(Schönborn et al. 1970).  These patients received prophylactic heparinization 3–4 days before the

appearance of blood coagulation disorders.  Only crude estimates of ingested dose were available,

limiting the value of the data.

Death has also occurred in animals following oral exposure to 1,2-dichloroethane.  An acute oral LD50

value of 680 mg/kg has been reported for rats (McCollister et al. 1956); treatment was by gavage, but the

dosage levels tested and the time of death after administration were not reported.  Daily gavage doses of

300 mg/kg for 10–14 days caused 80–100% mortality in rats (Daniel et al. 1994; van Esch et al. 1977). 

Munson et al. (1982) used log probability analysis to determine LD50 values of 489 and 413 mg/kg for

male and female mice, respectively; the mice died over a 48-hour period following gavage.  



ACUTE EXPOSURE 
Death 
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(gastrointestinal hemorrhage) 

Martin et al. 1969 

(incoagulable blood) 

(severe atrophy of liver) 

(Wistar) 5d/wk
1x/d

(GO) 

(LD
50

) 680 

Table 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
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Cardio 714 (decreased coagulation Schonborn et al. 1970 8 Human once 
factors, circulatory shock, 
bradycardia) 

9 Rat 10 d 

(Sprague- 1x/d 
Dawley) 

(GO) 

Gastro 

Hemato 

Hepatic 

Renal 

Resp 

Cardio 

Gastro 

Hemato 

Musc/skel 

Hepatic 

Renal 

Endocr 

Dermal 

Bd Wt 

100 

100 

30 100 

100 

100 

100 

100 

100 

100 

100 

714 (necrosis and hemorrhagic 

714 (decreased coagulation 

714 (necrosis) 

71 4 (bleeding; hyperemia) 

300 (gross pathologic changes in Daniel et al. 1994 
lungs of rats that died) 

enteritis) 

factors) 

(minimal inflammatory 
changes in forestomach) 

10 Rat 14 d Bd Wt 158 F 198 F (30% decreased 
maternal body weight (Sprague- Gd 6-20 

Dawley) 1x/d gain) 

(GO) 

Payan et al. 1995 

Table 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 
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van Esch et al. 1977 100 11 Rat 14 d Resp 

(Wistar) 5d/wk 
1x/d Hemato 100 

(GO) Hepatic 100 

Renal 100 

Endocr 100 

Bd Wt 100 

12 Mouse 14d Resp 49 

Hemato 4.9 

Hepatic 49 

Renal 49 

(CD-1) 1x/d 

(G) 

Immunological/Lymphoreticular 

13 Rat 10 d 

(Sprague- 1x/d 
Dawley) 

Neurological 

14 Rat 10 d 

(Sprague- 1x/d 

Dawley) 

(GO) 

(GO) 

15 Rat once 

(Sprague- (G) 

Dawley) 

Reproductive 

16 Rat 10 d 

(Sprague- 1x/d 
Dawley) 

(GO) 

100 

100 

170 

100 

Munson et al. 1982 

49 (decreased leukocytes) 

Daniel et al. 1994 

Daniel et al. 1994 

Kanada et al. 1994 

Daniel et al. 1994 

Table 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 
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17 Rat 14 d 158 198 F (increased resorptions and Payan et al. 1995 
nonsurviving implants, 

weight gain) 

(Sprague- Gd 6-20 
Dawley) 1x/d decreased maternal body 

(GO) 

Developmental 

18 Rat 
(Sprague- 
Dawley) 

19 Mouse 

(CD-1) 

14 d 

1 x/d 
Gd 6-20 

(GO) 

Gd 7-14 
7d 

ad lib 

(W) 

158 

510 

198 F (increased resorptions and Payan et al. 1995 
nonsurviving implants, 
decreased maternal body 
weight gain) 

Kavlock et al. 1979 

Table 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 
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INTERMEDIATE EXPOSURE 
Death 

20 Rat 

(F344/N) 

21 Mouse 

(86C3F1) 

22 Mouse 

(B6C3F1) 

Sys tern ic 

23 Rat 

(NS) 

13 wk 
5d/wk 
1x/d 

(GO) 

6 wk 
5d/wk 
1 x/d 

(GO) 

13 wk 

(W) 

5-7 wk Hepatic 66 176 (increased liver total fat 
2x/d and triglycerides) 

(F) 

240 (10/10 died) 

398
b 

M (5/5  died) 

631 F (5/5  died) 

4926 (9/10 died) 

NTP 1991 a 

NCI 1978 

NTP 1991a 

Alumot et al. 1976 

Table 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 
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24 Rat 90
1x/d 

d Resp 150 Daniel et al. 1994 

(Sprague- 
Dawley) 

Cardio 150 

Gastro 150 

Hernato 150 

M usc/s kel 150 

Hepatic 150 

Renal 150 

Endocr 150 

Dermal 150 

Ocular 150 

Bd Wt 75 

(GO) 

150 (17% reduced body 
weight gain) 

Table 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 
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Resp 492 NTP 1991 a 13 wk 25 Rat 

(F344/N, (W) 
Sprague-
Dawl ey, 
Osborne- Men 
del) 

Cardio 492 

Gastro 492 

Hemato 492 

M usc/skel 492 

Hepatic 492 

Renal 58c (increased absolute and 
relative kidney weights 
with renal tubular 
regeneration at higher 
doses) 

Endocr 492 

Dermal 492 

Ocular 492 

Bd Wt 147 259 (1 0% decreased body 
weight gain) 

Table 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 
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Resp 480 NTP 1991 a 

Cardio 480 

(GO) Gastro 120 

26 Rat 13 wk 

(F344/N) 5d/wk 
1x/d 

27 Rat 90 d 

Hemato 

Musc/skel 

Hepatic 

Renal 

Endocr 

Dermal 

Ocular 

Bd Wt 

Resp 

Cardio 

Gastro 

Hemato 

M usc/skel 

Hepatic 

Renal 

Endocr 

Bd Wt 

240 

480 

480 

480 

480 

480 

480 

480 

90 

240 (forestomach 
hyperplasia and 
inflammation) 

90 

90 

90 

90 

90 

90 

90 

30 90 M (22% decreased body 
weight gain) 

van Esch et al. 1977 

(GO) 

(Wistar) 5d/wk 
1x/d 

Table 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 
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28 Mouse 90 d Resp 189 Munson et al. 1982 

(CD-1) ad lib 

(W) Hemato 189 

Hepatic 189 

Renal 189 

29 Mouse 13 wk Resp 

(B6C3F1) (W) 

Cardio 

Gastro 

Hemato 

M usc/skel 

Hepatic 

Renal 

4207 

4207 

4207 

4207 

4207 

4207 

249 (tubular regeneration) 4207 (karyomegaly, mineralization, 
tubular dilation, protein casts) 

NTP 1991 a 

Endocr 4207 

Dermal 4207 

Ocular 4207 

Bd Wt 271 0 4207 (1 0% decreased body 
weight gain) 

Immunological/Lymphoreticular 

30 Rat 90 d 

(Sprague- 1x/d 
Dawley) 

(GO) 

150 

31 Rat 13 wk 120 240 (thymic necrosis in rats 
that were moribund or 
died) 

(F344/N) 5d/wk 
1x/d 

(GO) 

Daniel et al. 1994 

NTP 1991a 

Table 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

1
,2

-D
IC

H
L

O
R

O
E

T
H

A
N

E
                                                                                                                                                                            59

                                                                                                     3
. H

E
A

L
T

H
 E

F
F

E
C

T
S



32 Rat 13 wk 492 

(W) 

33 Mouse 90d 
(CD-1) ad lib 

(w) 

34 Mouse 13 wk 

(B6C3F1) (w) 

Neurological 

35 Rat 90 d 

(Sprague- 1x/d 
Dawley) 

(GO) 

36 Rat 13 wk 

(F344/N) 5d/wk 
1 x/d 
(GO) 

37 Rat 13 wk 

(F344/N) 
Sprague-
Dawl ey, 
Osborne-

Men del) 

38 Rat 90 d 

(W) 

189 

NTP 1991 a 

Munson et al. 1982 

4207 NTP 1991 a 

150 

120 

492 

90 

Daniel et al. 1994 

240 (tremors and necrosis in NTP 1991a 
cerebellum in rats that died) 

NTP 1991a 

van Esch et al. 1977 

5d/wk 
1 x/d 
(GO) 

(Wistar)

Table 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 
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4207 NTP 1991a 
39 Mouse 13wk 

(B6C3F1) 

(W) 

Reproductive 

40 Rat 90 d 

(Sprague- 1x/d 
Dawley) 

(GO) 

41 Rat 13wk 

(F344/N) 5d/wk 
1x/d 

(GO) 

42 Rat 13 wk 

(F344/N, (W) 
Sprague-
Dawley 
Osborne-
Men del) 

43 Rat 90 d 

(GO) 

44 Mouse 49 wk 

(ICR Swiss) 2 gen 
ad lib 

(W) 

45 Mouse 24 wk 

ad lib 

(W) 

(ICR Swiss) F/1 B gen 

150 
Daniel et al. 1994 

480 

492 

90 

NTP 1991a 

NTP 1991a 

van Esch et al. 1977 

50 

50 

Lane et al. 1982 

Lane et al. 1982 

5d/wk 
1x/d 

(Wistar)

Table 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 
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46 Mouse 13 wk 4207 NTP 1991 a 

(B6C3F1) (W) 

Developmental 

47 Mouse 18 d 
(ICR Swiss) ad lib 

(W) 

Cancer 

48 Mouse 40 wk 

Eu-pim-1 7d/wk
transgenic 1x/d 

(GO) 

50 Lane et al. 1982 

141 F (CEL-malignant lymphoma in Storer et al. 1995 
33% of predisposed strain of 
mice) 

Table 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 
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CHRONIC EXPOSURE 
Death 

49 Rat 78 wk 
(Osborne- 5d/wk 
Mendel) 1x/d 

(GO) 

50 Mouse 78wk 

(BC3F1 ) 5d/wk 
1x/d 

(GO) 

Systemic 

(NS) 2x/d 
51 Rat 2 yr Hepatic 42.5 

(F) Renal 42.5 

52 Rat 78 wk Resp 95 

(GO) Cardio 95 

Gastro 47 F (forestomach acanthosis 

Hepatic 95 

Renal 95 

Endocr 95 

Bd Wt 95 

(Osborne- 5d/wk 
Mendel) 1x/d 

and hyperkeratosis) 

95 (42/50 (84%) died) 

299 (36/50 (72%) died) 

NCI 1978 

NCI 1978 

NCI 1978 

Alumot et al. 1976

Table 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 
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53 Mouse 78 wk Resp 299 F NCI 1978 

(B6C3F1) 5d/wk 

Cardio 299 F 

(GO) Gastro 299 F 

Hepatic 299 F 

Renal 299 F 

Endocr 299 F 
Bd Wt 149 F 299 F (30% reduced body 

weight gain in mice that 
had tumors and high 
mortality) 

1x/d 

Immunological/Lym phoreticular 

54 Rat 70 wk 

(Osborne- 5d/wk 
Mendel) 1x/d 

(GO) 

55 Mouse 78wk 

(GO) 

Neurological 

56 Rat 78 wk 
(Osborne- 5d/wk 
Mendel) 1x/d 

(GO) 

95 

299 F 

95 

NCI 1978 

NCI 1978 

NCI 1978 

Table 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 
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57 Mouse 78 wk 299 F NCI 1978 
(CD-1) 5d/wk 

1x/d 

(GO) 

Reproductive 

58 Rat 2 yr 
(NS) 2x/d

(F) 

59 Rat 78 wk 
(Osborne- 5d/wk 
Mendel) 1x/d 

(GO) 

60 Mouse 78wk 
(C D-1) 5d/wk 

1x/d 

Cancer 

61 Rat 78 wk 
(Osborne- 5d/wk 
Mendel) 1x/d 

(GO) 

42.5 

95 

195b M 

299 F 

Alumot et al.1976 

NCI 1978 

NCI 1978 

47 (CEL-hernangiosarcorna of NCI 1978 
the spleen, liver, adrenal 
gland, pancreas, and other 
organs) 

(GO) 

Table 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral (continued)

Exposure/ LOAEL 
duration/

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 
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62 Mouse 78 wk 149 F (CEL-pulmonary adenoma, NCI 1978 

1 x/d adenocarcinomas, and 
mammary gland 

combined endometrial polyps 

(B6C3F1) 5d/wk 

(GO) and sarcomas) 

a
The number corresponds to entries in Figure 3-2. 
b
Differences in levels of health effects and cancer effects between males and females are not indicated in Figure 3-2. Where such differences exist, only the levels of effect for the 
most sensitive gender are presented. 

c
Used to derive an intermediate oral minimal risk level (MRL) of 0.2 mg/kg-day; dose divided by an uncertainty factor of 300 (10 for interspecies extrapolation, 

3 for use of minimal LOAEL, and 10 for human variability). 

ad lib = ab libitum; Bd Wt = body weight; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); (F) = feed; Endocr = endocrine; F = female; (G) = gavage; Gastro = 
gastrointestinal; Gd = gestation day; gen = generation; (GO) = gavage in oil; Hemato = hematological; kg = kilogram; LD50 = lethal dose, 50% kill; 
LOAEL = lowest -observed-adverse- effect level; M = male; mg = milligram; Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; 

Resp = respiratory; (W) = water; wk = week(s); x = times; yr = year(s) 

Table 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral (continued)

Exposure/ LOAEL 
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Key toa Species frequency NOAEL Less serious Serious Reference 
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Figure 3-2. Levels of Significant Exposure to 1,2-Dichloroethane - Oral (continued) 
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Intermediate-duration studies in animals indicate that the lethality of 1,2-dichloroethane is much higher

by gavage than by ingestion in drinking water.  Complete mortality occurred at 398 mg/kg/day in male

mice and at 631 mg/kg/day in female mice exposed to 1,2-dichloroethane by gavage for 6 weeks (NCI

1978).  Similarly, in rats exposed by gavage for 6 or 13 weeks, doses $240 mg/kg/day caused deaths in

all animals (NTP 1991a).  However, much higher dose levels were required to produce death following

drinking water exposure.  No deaths occurred among rats exposed to doses #727 mg/kg/day in the

drinking water for 13 weeks (NTP 1991a).  Mice that were exposed to 1,2-dichloroethane in drinking

water for 13 weeks experienced mortality only at the high dose of 4,930 mg/kg/day (NTP 1991a).  The

mortality in the NTP (1991a) drinking water studies began to increase during the first 2 weeks of

exposure and approached or reached 100% after 13 weeks (NTP 1991a).  In the 13-week gavage study,

240 and 480 mg/kg/day produced 100% mortality in male rats within 13 weeks and 3 days, respectively

(NTP 1991a).

Chronic exposure to 1,2-dichloroethane by gavage caused reduced survival in rats and mice.  Treatment

with 95 mg/kg/day for 78 weeks caused 84% mortality in rats (NCI 1978).  The mortality was seen as

early as week 2 and became substantial after 15 weeks.  The data suggest that the dose levels tested might

be lethal to rats under both acute and chronic conditions.  In mice, 72% mortality occurred in females

exposed to 299 mg/kg/day by gavage for 78 weeks; mortality became evident after .10 weeks (NCI

1978).

The LD50 values and all LOAEL values from each reliable study for death in each species and duration

category are presented in Table 3-2 and plotted in Figure 3-2.

3.2.2.2 Systemic Effects

The systemic effects of 1,2-dichloroethane in humans and animals after oral exposure are discussed

below.  The highest NOAEL values and all LOAEL values from each reliable study for systemic end

points in each species and duration category are recorded in Table 3-2 and plotted in Figure 3-2.

Respiratory Effects.    The respiratory effects exhibited by individuals who died following acute oral

exposure to 1,2-dichloroethane include congestion, pulmonary edema (at 570 mg/kg/day), dyspnea, and

bronchitis (Hubbs and Prusmack 1955; Hueper and Smith 1935; Lochhead and Close 1951; Martin et

al. 1969; Yodaiken and Babcock 1973).  The pulmonary edema reported in the case report by Yodaiken

and Babcock (1973) may have been chemical pneumonitis due to aspiration of 1,2-dichloroethane.
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The literature reviewed provided no evidence that 1,2-dichloroethane induces adverse effects on the

respiratory system following acute, intermediate, or chronic oral exposure in animals.  Gross and

histological examinations showed no effects in the respiratory tract following gavage exposure in rats

treated with #100 mg/kg/day for 10 or 14 days (Daniel et al. 1994; van Esch et al. 1977), rats treated with

#480 mg/kg/day for #90 days (Daniel et al. 1994; NTP 1991a; van Esch et al. 1977), or rats and mice

treated with #95 and #299 mg/kg/day, respectively, for #78 weeks (NCI 1978).  Similarly, no

histopathological changes in the respiratory tract were found in rats and mice that ingested

1,2-dichloroethane in the drinking water at doses of #492 and #4,210 mg/kg/day, respectively, for

#90 days (NTP 1991a).  The histological examinations performed by NTP (1991a) were more complete

than in the other studies because they included the nasal cavity and turbinates in addition to the lungs and

bronchi.  Other studies in mice found no changes in lung weight or gross appearance following exposure

to #49 mg/kg/day by gavage for 14 days or #189 mg/kg/day in drinking water for #90 days (Munson et

al. 1982), but these results are limited by lack of histological examinations. 

Cardiovascular Effects.    Clinical investigation of patients who died following acute ingestion of

1,2-dichloroethane determined that cardiovascular insufficiency and hemorrhage were major factors

contributing to death (Garrison and Leadingham 1954; Hueper and Smith 1935; Martin et al. 1969;

Schönborn et al. 1970).  Numerous surficial petechial hemorrhages of the heart were observed at autopsy

in a man who died from ingesting a “small” quantity of 1,2-dichloroethane (Hubbs and Prusmack 1955).

Cardiovascular histopathological effects were not found in animals orally exposed to 1,2-dichloroethane,

even at lethal doses.  Histological examinations showed no cardiovascular effects following gavage

exposure in rats treated with #100 mg/kg/day for 10 days (Daniel et al. 1994), rats treated with

#480 mg/kg/day for #90 days (Daniel et al. 1994; NTP 1991a; van Esch et al. 1977), or rats and mice

treated with #95 and #299 mg/kg/day, respectively, for #78 weeks (NCI 1978).  Similarly, no

histopathological changes in the heart were found in rats and mice that ingested 1,2-dichloroethane in the

drinking water at doses of #492 and #4,210 mg/kg/day, respectively, for #90 days (NTP 1991a). 

Gastrointestinal Effects.    Gastrointestinal symptoms have been observed in humans prior to death

following oral exposure to 570 or 714 mg/kg/day of 1,2-dichloroethane.  These symptoms included

nausea, vomiting, and diarrhea (Hueper and Smith 1935; Lochhead and Close 1951; Martin et al. 1969;

Schönborn et al. 1970; Yodaiken and Babcock 1973).  Hemorrhagic colitis, hemorrhagic gastritis, and

focal hemorrhages of the gastrointestinal tract have also been reported upon autopsy (Garrison and
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Leadingham 1954; Hubbs and Prusmack 1955; Hueper and Smith 1935; Lochhead and Close 1951;

Martin et al. 1969; Schönborn et al. 1970).

Gastrointestinal lesions have also been found in animals given bolus doses of 1,2-dichloroethane. 

Forestomach lesions developed in rats given gavage doses of 100 mg/kg/day for 10 days (minimal

mucosal and submucosal inflammation), $240 mg/kg/day for #13 weeks (mild hyperplasia and

inflammation), or $47 mg/kg/day for #78 weeks (acanthosis and hyperkeratosis) (Daniel et al. 1994; NCI

1978; NTP 1991a).  Similar lesions were not found in rats exposed to corresponding doses

(#492 mg/kg/day) in the drinking water for 13 weeks or mice exposed to much higher doses

(#4,210 mg/kg/day) in the drinking water for 13 weeks (NTP 1991a).  No increase in histopathologies in

the stomach or intestines was observed in rats after intermittent gavage doses of up to 90 mg/kg/day over

a 90-day period (van Esch et al. 1977).  The incidences of non-neoplastic lesions of the stomach, large

intestine, and colon were also not increased in mice intermittently administered up to 299 mg/kg/day by

gavage for 78 weeks (NCI 1978).  The gastrointestinal lesions observed in humans and animals ingesting

bolus doses are probably produced by direct contact with concentrated 1,2-dichloroethane; the

concentration in drinking water (8,000 mg/L) tested by NTP (1991a), although close to the solubility limit

for this chemical (9,000 mg/L), was apparently too low to have this effect.

Hematological Effects.    Adverse hematological effects, such as increased prothrombin time and

reduction in blood clotting factors, were observed in 18- and 57-year-old men who had ingested

approximately 40 mL ($570 mg/kg) of 1,2-dichloroethane (Martin et al. 1969; Schönborn et al. 1970) and

in a 14-year-old boy who had ingested approximately 15 mL (360 mg/kg, using an approximate body

weight of 51.3 kg [EPA 1988d]) of 1,2-dichloroethane (Yodaiken and Babcock 1973).  These are only

crude estimates of the ingested doses.  The alterations in coagulation parameters described above may

have been associated to some degree with liver dysfunction.  The liver plays an important role in blood

clotting homeostasis, and hepatic disorders may result in abnormalities in coagulation tests.  The liver is

the site of production of most of the plasma coagulant factors such as fibrinogen, prothrombin, and

factors V, VII, IX, and X.  

Similar effects have not been reported in animals following oral exposure.  However, a 30% decrease in

leukocytes was reported in mice given daily gavage doses of 49 mg/kg of 1,2-dichloroethane for 2 weeks

(Munson et al. 1982).  This effect may have had some relation to immunosuppressive effects reported in

the same study.  Mice that ingested #189 mg/kg/day in the drinking water for 90 days did not exhibit any

differences from control animals with regard to hemoglobin, hematocrit, red or white blood cell counts, or
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platelets (Munson et al. 1982).  Similarly, there were no hematological changes in mice exposed to

#4,210 mg/kg/day in the drinking water for up to 13 weeks (NTP 1991a).  In order to explain the

apparent contradiction in their results, Munson et al. (1982) suggested that more 1,2-dichloroethane may

enter systemic circulation when the animals are given a concentrated solution in bolus form, than when

they are allowed to drink water containing lower concentrations of 1,2-dichloroethane.  They also

suggested that, during the longer exposure time, 1,2-dichloroethane might induce its own metabolism and

therefore be removed from the blood and other organs more rapidly.  In rats, hematological parameters

were unaffected by exposure to #100 mg/kg/day by gavage for 10 or 14 days (Daniel et al. 1994; van

Esch et al. 1977), #480 mg/kg/day by gavage for #90 days (Daniel et al. 1994; NTP 1991a; van Esch et

al. 1977), or #492 mg/kg/day in drinking water for 90 days (NTP 1991a).

Musculoskeletal Effects.    No studies were located regarding musculoskeletal effects in humans after

oral exposure to 1,2-dichloroethane.

There is no indication that ingested 1,2-dichloroethane produces musculoskeletal effects in animals. 

Histological changes in muscle and bone were not observed in rats administered #100 mg/kg/day by

gavage for 10 days (Daniel et al. 1994), in rats administered #480 mg/kg/day by gavage for #90 days

(Daniel et al. 1994; NTP 1991a; van Esch et al. 1977), or in rats and mice exposed at #492 and

#4,210 mg/kg/day, respectively, in drinking water for #90 days (NTP 1991a). 

Hepatic Effects.    1,2-Dichloroethane has been implicated as a hepatotoxin in humans after acute oral

poisoning (Przezdziak and Bakula 1975).  Ingestion of $570 mg/kg/day of 1,2-dichloroethane resulted in

severe hepatocellular damage and liver atrophy (Martin et al. 1969) and necrosis (Schönborn et al. 1970),

although the degree to which these conditions were pre-existing is unknown.  No gross changes were

reported in the liver of a man who died from ingesting a “small” quantity of 1,2-dichloroethane, but

hepatocellular fatty vacuolation and inflammation, “engorged” hepatic vasculature, and mild lymphocytic

infiltration of portal spaces were observed microscopically (Hubbs and Prusmack 1955).

Studies in orally exposed animals have not found serious liver effects like those reported in humans. 

Hepatic biochemical changes consisting of a 15% increase in fat accumulation and increases in total

triglycerides (indicative of liver damage), were observed in rats fed 80 mg/kg/day of 1,2-dichloroethane

in the diet for 5–7 weeks (Alumot et al. 1976).  Histological examinations were not performed, although

liver weight was unchanged.  The NOAEL for liver changes in this study was 30 mg/kg/day.  Increased

liver weight with no hepatic histological alterations occurred in intermediate-duration studies conducted
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by NTP (1991a) in rats and mice.  Following a 13-week gavage exposure in rats, both liver weight and

liver-to-body-weight ratio were elevated in a dose-related fashion.  The increase over controls was

significant at 18–150 mg/kg/day in females and 120 mg/kg/day in males (liver weight was not measured

in higher-dose animals because of mortality).  Following a 13-week drinking water exposure, liver weight

increases were noted at 60 mg/kg/day in rats (liver-to-body-weight ratio was significantly elevated at

60–518 mg/kg/day in Sprague-Dawley males without corresponding decreases in body weight), and at

249 mg/kg/day in mice (liver-to-body-weight ratio was significantly elevated in a dose-related manner at

249–4,210 mg/kg/day in males without corresponding decreases in body weight).  Similarly, relative liver

weights were increased with no accompanying histopathological changes in rats administered

#150 mg/kg/day by gavage for #90 days (Daniel et al. 1994; van Esch et al. 1977).  In the absence of

histopathological or biochemical changes in the liver, the changes in liver weight are not considered to be

adverse effects.  Based on these findings, the liver does not appear to be a sensitive target organ for

1,2-dichloroethane toxicity in animals.

Other animal studies of 1,2-dichloroethane did not find hepatic effects.  No changes in liver weight were

observed in mice exposed to #49 mg/kg/day by gavage for 14 days or #189 mg/kg/day in drinking water

for 90 days (Munson et al. 1982); histology was not evaluated.  Rats administered single gavage doses

(80 mg/kg) of 1,2-dichloroethane showed no effect on liver triglyceride, SDH, and ALT levels (Aragno et

al. 1992; Danni et al. 1992).  Chronic exposure of rats to 25 mg/kg/day in food for 2 years did not result

in abnormalities in liver function, as measured by transaminases and cholesterol values (Alumot et al.

1976).  In this chronic feeding study, the animals were not evaluated grossly or microscopically for liver

lesions.  There also were reported losses of 1,2-dichloroethane due to volatilization from the food;

consequently, actual exposures would probably have been less than nominal exposures.  No histological

changes were observed in the liver of rats and mice that were administered #95 and #299 mg/kg/day,

respectively, by gavage for #78 weeks (NCI 1978).

Renal Effects.    Acute renal damage resulting from ingestion of 1,2-dichloroethane has been observed

in humans.  Bleeding and hyperemia of the kidney were observed in an 18-year-old man who ingested a

single dose of 714 mg/kg (Schönborn et al. 1970), and in a male hospital patient who died after

accidentally ingesting a “small” quantity of 1,2-dichloroethane (Hubbs and Prusmack 1955). 

Observations upon microscopic examination included swelling, vacuolation, and degeneration of the renal

tubule epithelial cells and sloughing of the glomerular capsular epithelium, and nearly complete loss of

the bladder epithelium (Hubbs and Prusmack 1955).  In one case study, renal damage that resulted from

acute oral poisoning of a 25-year-old man was not considered severe or permanent, and the patient fully
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recovered (Przezdziak and Bakula 1975).  The amount of 1,2-dichloroethane ingested was not reported. 

However, individuals who died following ingestion of 15–30 mL of 1,2-dichloroethane had severe kidney

damage, primarily in the form of diffuse renal necrosis (Hueper and Smith 1935; Lochhead and Close

1951; Yodaiken and Babcock 1973).  These are only crude estimates of ingested dose. 

Renal effects reported in animals were limited to increases in kidney weight and minimal-to-moderate

histopathological changes after longer-term exposures.  Relative kidney weight was increased without

altered histology in rats that were treated with 75–90 mg/kg/day by gavage for 90 days (Daniel et al.

1994; van Esch et al. 1977).  An NTP (1991a) 13-week gavage study in rats found significant dose-

related increases in kidney weight and kidney-to-body-weight ratio at 30–120 mg/kg/day in males and

75–150 mg/kg/day in females (kidney weight was not measured in higher-dose animals because of

mortality).  Exposure to 1,2-dichloroethane in the drinking water for 13 weeks caused significant dose-

related increases in kidney weight and kidney-to-body-weight ratio in rats at $58 mg/kg/day and mice at

$244 mg/kg/day (NTP 1991a).  The increase in kidney weight is considered to be an early-stage adverse

effect in a known target tissue because renal histopathological changes occurred at higher doses. 

Histopathological examination of the animals in the drinking water study showed dose-related increased

incidences of minimal-to-moderate renal regeneration in female rats at $102 mg/kg/day and male mice at

$249 mg/kg/day.  These changes are indicative of previous tubular injury with subsequent repair.  More

severe renal effects including karyomegaly, dilation, protein casts, and mineralization occurred in male

mice exposed at 4,210 mg/kg/day.  Based on these results, NTP (1991a) concluded that the kidney was a

target organ for 1,2-dichloroethane in mice.  Using a LOAEL of 58 mg/kg/day based on kidney effects,

an intermediate oral MRL of 0.2 mg/kg/day was calculated as described in the footnote in Table 3-2 and

in Appendix A.

Other studies in animals failed to find evidence of kidney damage produced by 1,2-dichloroethane.  Acute

(10–14 days) gavage administration of up to 100 mg/kg/day did not result in treatment-related changes in

kidney weight or in the incidence of gross or histopathological changes in the kidney in rats (Daniel et al.

1994; van Esch et al. 1977).  There were no changes in kidney weight in mice after administration of

49 mg/kg/day by gavage for 14 days or exposure to 189 mg/kg/day in drinking water for 90 days

(Munson et al. 1982), and kidney function, as measured by changes in serum levels of urea and uric acid,

was normal in rats exposed to 25 mg/kg/day in food for 2 years (Alumot et al. 1976).  Histological

examination of the kidney was not performed in either of these studies.  No histological changes were

observed in the kidneys of rats and mice that were administered #95 and #299 mg/kg/day, respectively,

by gavage for #78 weeks (NCI 1978).  The discrepancy between the negative results of this bioassay and



1,2-DICHLOROETHANE 78

3.  HEALTH EFFECTS

the finding of kidney effects in the NTP (1991a) 13-week study may be related to animal strain.  NTP

(1991a) found compound-related renal changes in F344/N rats, whereas Osborne-Mendel rats were tested

by NCI (1978); tests of Osborne-Mendel and Sprague-Dawley rats by NTP (1991a) were also negative.  

Endocrine Effects.    No studies were located regarding endocrine effects in humans after oral

exposure to 1,2-dichloroethane.

Endocrine function has not been evaluated in oral toxicity studies in animals.  Histological examinations

of endocrine system tissues were performed in several studies with essentially negative results, but lack of

histopathology does not necessarily indicate that there were no functional endocrinologic changes. 

Histopathological examinations failed to detect changes in endocrine tissues in rats administered

#100 mg/kg/day by gavage for 10 or 14 days (Daniel et al. 1994; van Esch et al. 1977), in rats

administered #480 mg/kg/day by gavage for #90 days (Daniel et al. 1994; NTP 1991a; van Esch et al.

1977), in rats and mice exposed to #492 and #4,210 mg/kg/day, respectively, in drinking water for

#90 days (NTP 1991a), or in rats and mice exposed to #95 and #299 mg/kg/day, respectively, by gavage

for #78 weeks (NCI 1978).  The examinations in the NCI (1978) and NTP (1991a) studies were the most

extensive and included tissues from the adrenal, pancreas, pituitary, thyroid, and parathyroid glands.  

The highest NOAEL values and all LOAEL values from each reliable study for endocrine effects in each

species and duration category are recorded in Table 3-2 and plotted in Figure 3-2.

Dermal Effects.    No studies were located regarding dermal effects in humans after oral exposure to

1,2-dichloroethane.

Histological examinations showed no changes in the skin of rats administered #100 mg/kg/day by gavage

for 14 days (Daniel et al. 1994), in rats administered #480 mg/kg/day by gavage for #90 days (Daniel et

al. 1994; NTP 1991a; van Esch et al. 1977), or in rats and mice exposed to #492 and #4,210 mg/kg/day,

respectively, in drinking water for #90 days (NTP 1991a).

The highest NOAEL values and all LOAEL values from each reliable study for dermal effects in each

species and duration category are recorded in Table 3-2 and plotted in Figure 3-2.

Ocular Effects.    No studies were located regarding ocular effects in humans after oral exposure to

1,2-dichloroethane.
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Ophthalmoscopic examinations showed no effects in rats that were treated with #150 mg/kg/day of

1,2-dichloroethane by gavage in a 90-day study; the exams were performed prior to treatment and during

the last week of the study (Daniel et al. 1994).  Other 90-day studies similarly found no gross ocular

changes in the eyes of rats treated with #480 mg/kg/day by gavage, or in rats and mice exposed to

#492 and #4,210 mg/kg/day, respectively, in drinking water (NTP 1991a). 

The highest NOAEL values and all LOAEL values from each reliable study for ocular effects in each

species and duration category are recorded in Table 3-2 and plotted in Figure 3-2.

Body Weight Effects.    No studies were located regarding effects on body weight in humans after oral

exposure to 1,2-dichloroethane.

Acute-duration animal studies found no effects on body weight in rats administered #100 mg/kg/day by

gavage for 10 or 14 days (Daniel et al. 1994; van Esch et al. 1977), although gavage treatment with

198 mg/kg/day (but not #158 mg/kg/day) for 14 days during pregnancy caused a 30% reduction in

maternal body weight gain (Payan et al. 1995).  Reduced growth (10–30% decreases in body weight gain)

has been observed in animals following intermediate- and chronic-duration oral exposures, including rats

administered $90 mg/kg/day by gavage for 90 days (Daniel et al. 1994; NTP 1991a; van Esch et al.

1977), rats and mice exposed to $259 and 4,210 mg/kg/day, respectively, in drinking water for 90 days

(NTP 1991a), and mice administered 299 mg/kg/day by gavage for #78 weeks (NCI 1978).  No effect on

body weight was seen in rats administered up to 95 mg/kg/day by gavage for 78 weeks (NCI 1978).

The highest NOAEL values and all LOAEL values from each reliable study for body weight effects in

each species and duration category are recorded in Table 3-2 and plotted in Figure 3-2.

3.2.2.3 Immunological and Lymphoreticular Effects

Limited information was located regarding immunological effects in humans after oral exposure to

1,2-dichloroethane.  Gross findings at autopsy of a male patient who ingested a “small” quantity of

1,2-dichloroethane included a dark appearance of the spleen; hemorrhaging and congestion of the red

pulp were observed microscopically (Hubbs and Prusmack 1955). 

Evidence from animal studies suggests that the immune system is a target of 1,2-dichloroethane toxicity

after oral exposure.  In 5-week-old mice exposed for 14 days by gavage to 4.9 and 49 mg/kg/day, there
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was a significant dose-related reduction in humoral immunity (measured by immunoglobulin M [IgM]

response to sheep erythrocytes), and a significant, but not dose-related, reduction in cell-mediated

immunity (measured by delayed-type hypersensitivity response to sheep erythrocytes) (Munson et al.

1982).  In mice given 49 mg/kg/day, these effects were accompanied by a 30% decrease in total leukocyte

number.  

Mice given drinking water containing up to 189 mg/kg/day of 1,2-dichloroethane for 90 days displayed

no treatment-related effects on either the antibody-forming cell response or the delayed-type

hypersensitivity response after immunization with sheep erythrocyte antigens (Munson et al. 1982). The

authors suggested that the conflicting results in mice treated by gavage and those exposed to 1,2-dichloro-

ethane in drinking water may reflect differences in compound administration and exposure duration, as

discussed earlier (see the discussion of hematological effects in Section 3.2.2.2).  No increase in the

incidences of gross or histopathological changes were observed in the spleen, lymph nodes, or thymus in

rats administered up to 100 mg/kg/day by gavage for 10 days (Daniel et al. 1994). 

Immune system function tests were not included in intermediate- and chronic-duration studies conducted

by NTP (1991a).  However, immune system tissues were examined for histopathological lesions in some

of these studies.  Thymic necrosis was observed in rats given $240 mg/kg/day of 1,2-dichloroethane by

gavage #13 weeks (NTP 1991a).  Because this lesion was found only in moribund animals, the study

authors concluded that it was a result of generalized stress rather than a target organ effect.  1,2-Dichloro-

ethane did not produce lesions in immune system tissues in rats and mice exposed to #492 mg/kg/day and

#4,210 mg/kg/day, respectively, in drinking water for 13 weeks (NTP 1991a), in rats exposed by gavage

to 150 mg/kg/day for 90 days (Daniel et al. 1994), or in rats and mice exposed to #95 and

#299 mg/kg/day, respectively, by gavage for #78 weeks (NCI 1978).

The highest NOAEL values and all LOAEL values from each reliable study for immunological effects in

each species and duration category are recorded in Table 3-2 and plotted in Figure 3-2.

3.2.2.4 Neurological Effects

Neurological effects, such as central nervous system depression, have been reported in humans following

acute oral intoxication with 1,2-dichloroethane (Hubbs and Prusmack 1955; Lochhead and Close 1951;

Yodaiken and Babcock 1973).  Morphological alterations in the nervous system were observed in patients

who died of acute oral poisoning by 1,2-dichloroethane.  These alterations included vascular disorders,
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diffuse changes in cerebellar cells, parenchymatous changes in brain and spinal cord, myelin

degeneration, and hyperemia, swelling, edema, and hemorrhage of the brain (Hubbs and Prusmack 1955;

Hueper and Smith 1935; Lochhead and Close 1951).  The morphological changes observed in the

cerebellum may affect the coordination of muscular movements.

Neurological effects have also been observed in animals exposed to 1,2-dichloroethane by ingestion. 

Clinical signs in rats exposed to $240 mg/kg/day by gavage for #13 weeks included tremors, salivation,

emaciation, abnormal posture, ruffled fur, and dyspnea (NTP 1991a).  Upon microscopic examination,

mild necrotic lesions were observed in the cerebellum of rats dosed with 240 or 300 mg/kg/day.  These

lesions were not found in rats dosed with 480 mg/kg/day, but these rats all died after only 3 days of

treatment and may not have had time to develop the lesion.  Intermittent gavage exposure to

90 mg/kg/day in female rats over a 90-day period induced a slight increase in relative brain weight (+8%)

in female rats, but no clinical signs or histological changes in the brain or spinal cord were observed, and

no neurological effects of any kind were seen in males at 90 mg/kg/day or in either sex at lower exposure

levels (van Esch et al. 1977).  Similarly, gavage administration of 75 and 150 mg/kg/day induced a

significant increase in brain weight (+8 and +22%, respectively) in male rats without increases in the

incidences of neurological clinical signs or lesions of the brain or sciatic nerve; no neurological effects of

any kind were reported in females at $75 mg/kg/day or in either sex at lower exposure levels (Daniel et

al. 1994).  In the Daniel et al. (1994) study, the increase in relative brain weight may have been due to an

observed dose-related decrease in body weight in the male rats, and may not necessarily be due to an

actual change in brain weight; absolute organ weights were not reported.  Exposure to 1,2-dichloroethane

in the drinking water for 13 weeks did not produce increased brain weights, abnormal clinical signs, or

lesions in nervous system tissues in rats (#492 mg/kg/day) or mice (#4,210 mg/kg/day) (NTP 1991a). 

(See the discussion of hematological effects in Section 3.2.2.2 regarding why effects that occur following

bolus exposure might not occur following drinking water exposure).  A 10-day gavage exposure to up to

100 mg/kg/day did not induce an increase in brain weight or an increase in the incidences of gross or

microscopic lesions in nervous system tissues of rats (Daniel et al. 1994), and a single gavage exposure to

170 mg/kg in rats did not significantly alter neurotransmitter levels in various parts of the brain (Kanada

et al. 1994). 

The highest NOAEL values and all LOAEL values from each reliable study for neurological effects in

each species and duration category are recorded in Table 3-2 and plotted in Figure 3-2.
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3.2.2.5 Reproductive Effects

No studies were located regarding reproductive effects in humans after oral exposure to 1,2-dichloro-

ethane.

Studies in animals suggest that reproductive effects of 1,2-dichloroethane may be induced at oral doses

that are maternally toxic.  One-and two-generation reproduction studies showed no dose-dependent

effects on fertility, gestation, viability, or lactation indices in mice exposed to doses of 5–50 mg/kg/day in

drinking water for 24–49 weeks (Lane et al. 1982).  Similarly, there were no effects on fertility indices

(e.g.,  percentage pregnant, percent bearing litters, and litter size) in five pregnancies throughout a 2-year

study during which rats ingested dietary doses of 21.3 or 42.5 mg/kg/day (Alumot et al. 1976).  In a study

using higher doses of 1,2-dichloroethane, rats that were treated with $198 mg/kg/day for 14 days during

gestation showed 30% reduced body weight gain and dose-related increased percentages of nonsurviving

implants per litter (resorptions plus dead fetuses) and resorption sites per litter (Payan et al. 1995).  These

effects did not occur at #158 mg/kg/day, and no changes in mean number of implantation sites or live

fetuses per litter were observed. 

Histological examinations showed no changes in male or female reproductive tissues in rats administered

#100 mg/kg/day by gavage for 10 days (Daniel et al. 1994), in rats administered #480 mg/kg/day by

gavage for #90 days (Daniel et al. 1994; NTP 1991a; van Esch et al. 1977), in rats and mice exposed to

#492 and #4,210 mg/kg/day, respectively, in drinking water for #13 weeks (NTP 1991a), or in rats and

mice exposed to #95 and #299 mg/kg/day, respectively, by gavage for #78 weeks (NCI 1978). 

Reproductive performance was not evaluated in these studies. 

The highest NOAEL values from each reliable study for reproductive effects in each species and duration

category are recorded in Table 3-2 and plotted in Figure 3-2.

3.2.2.6 Developmental Effects

No studies were located regarding developmental effects in humans exposed solely to 1,2-dichloroethane

by ingestion.  A cross-sectional epidemiologic study investigated whether elevated levels of routinely

sampled organic contaminants in New Jersey public water systems, including 1,2-dichloroethane, were

associated with increased prevalences of adverse birth outcomes (Bove 1996; Bove et al. 1995).  The

study population consisted of all live births and fetal deaths that occurred during 1985–1988 to residents
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of 75 towns in a four-county area where some municipal water supplies were contaminated.  A total of

80,938 live births and 594 fetal deaths, excluding plural births, fetal deaths due to therapeutic abortions,

and chromosomal anomalies, were studied.  The comparison group comprised 52,334 (all) live births

from the study population that had no birth defects and were not low birth weight, small for gestational

age, or pre-term.  A number of associations between various chemicals and birth outcomes were found,

including a positive association between 1,2-dichloroethane and major cardiac defects for exposure levels

>1 ppb compared to #1 ppb (OR=2.11).  The odds ratio increased to 2.81 when exposure was

recategorized as detected versus not detected.  Croen et al. (1997) reported an increased crude odds ratio

(OR=2.8; 95% CI 1.0–7.2; 14 exposed cases) for neural tube defects in offspring of residents within the

census tract of NPL sites contaminated with 1,2-dichloroethane.  The OR for residence within 1 mile of

the NPL site was elevated, but was not significant (OR=1.7; 95% CI 0.8–3.6; 18 exposed cases). 

Although an association between 1,2-dichloroethane in drinking water and major birth defects was found

in these epidemiological studies, concurrent mixed chemical exposures indicate that the results are only

suggestive, do not establish a cause-and-effect relationship, and should be interpreted with caution. 

Primary routes of exposure in these epidemiological studies may have been both oral and inhalation

(including inhalation of 1,2-dichloroethane volatilized from household water).  

Developmental toxicity studies in animals have not shown 1,2-dichloroethane to be fetotoxic or

teratogenic following oral exposure, although indications of embryolethality at maternally toxic doses

have been reported.  Drinking water studies in mice found no increased incidences of fetal visceral and

skeletal abnormalities following exposure to 50 mg/kg/day on gestation days 0–18 (Lane et al. 1982) or

#510 mg/kg/day on gestation days 7–14 (Kavlock et al. 1979).  Rats that were treated with

$198 mg/kg/day by gavage on gestation days 6–20 showed 30% reduced body weight gain and some

embryolethal effects (increased nonsurviving implants and resorption sites per litter), but no fetotoxicity

or teratogenicity as indicated by fetal sex ratio, fetal body weight, and incidences of visceral and skeletal

variations and malformations (Payan et al. 1995).  The highest NOAEL values from each reliable study

for developmental effects in mice after acute and intermediate exposure are recorded in Table 3-2 and

plotted in Figure 3-2. 

3.2.2.7 Cancer

Little information is available concerning the development of cancer in humans following ingestion of

1,2-dichloroethane.  Isacson et al. (1985) used indices of drinking water contamination to examine the

relationship between cancer incidence and exposure to environmental pollutants in groundwater and



1,2-DICHLOROETHANE 84

3.  HEALTH EFFECTS

surface water samples.  A statistically significant association was observed between the presence of

1,2-dichloroethane in drinking water and an increased incidence of colon (p=0.009) and rectal (p=0.02)

cancer in men aged 55 years or older.  However, it is highly likely that the study population was

concomitantly exposed to other chemicals.

1,2-Dichloroethane was found to be carcinogenic in rats and mice that were exposed by gavage for up to

78 weeks (NCI 1978).  Statistically significant increases in multiple tumor types (malignant and benign)

were noted in treated animals of both species.  An increased incidence of fibromas of the subcutaneous

tissue and hemangiosarcomas of the spleen, liver, pancreas, and adrenal gland (as well as other organs

and tissues) occurred in male rats of both exposure groups (47 and 95 mg/kg/day).  In the high-dose

group (95 mg/kg/day), male rats had increased squamous cell carcinomas of the forestomach, and female

rats had increased frequencies of adenocarcinomas and fibroadenomas of the mammary gland.  In mice,

the incidence of hepatocellular carcinomas and pulmonary adenomas increased in males given

195 mg/kg/day.  In female mice from both the 149- and 299-mg/kg/day exposure groups, there were

increased incidences of pulmonary adenomas, adenocarcinomas of the mammary gland, and endometrial

polyps and sarcomas.  In conclusion, 1,2-dichloroethane administered by gavage produced tumors in rats

and mice in tissues distant from the site of administration.  The NCI (1978) study has a number of

limitations including dosage adjustments throughout the course of the bioassay (because of the toxicity of

1,2-dichloroethane), testing of other volatile organic chemicals in the same room, small numbers of

concurrent controls, poor survival of treated animals, imprecise reporting of 1,2-dichloroethane purity,

and use of a corn oil vehicle, which can alter the disposition of lipophilic compounds and the incidence of

some spontaneous tumors.  Despite these study limitations, it is prudent to consider the possibility of

tumor induction when the chemical is administered via other routes and absorbed into systemic

circulation as well.

In another study, 1,2-dichloroethane was administered to B6C3F1 mice in their drinking water using a

two-stage (initiation/promotion) treatment protocol; no increase in tumorigenicity was found (Klaunig et

al. 1986).  In this study, mice were initiated with diethylnitrosamine (DENA) for 4 weeks and

subsequently treated with 159 or 475 mg/kg/day 1,2-dichloroethane for 52 weeks.  1,2-Dichloroethane

did not increase the incidence of lung or liver tumors either alone or as a tumor promoter following

DENA initiation.  However, severe study limitations (including short duration, high liver-tumor incidence

in untreated controls [20%] and in DENA-initiated [100%] mice after 52 weeks, lack of positive controls,

and failure to specify the compound purity) invalidate any conclusions about the lack of carcinogenicity

of 1,2-dichloroethane.  A shorter-term initiation/promotion study in rats, based on the use of enzyme-
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altered liver foci as a marker for preneoplastic changes, also failed to confirm the carcinogenic potential

of 1,2-dichloroethane (Milman et al. 1988), but was limited by use of a single dose level (100 mg/kg),

short exposure duration (single dose in initiation study and 7 weeks in promotion study), and monitoring

of an end point not firmly established as proof of carcinogenicity. 

In another two-stage oral cancer assay (Pott et al. 1998), a 16-week co-administration of 1,2-dichloro-

ethane and arsenic (in drinking water) with vinyl chloride and trichloroethylene (administered by gavage)

(all of which are chemicals commonly found at hazardous waste sites) produced dose-related inhibition of

the promotion of preneoplastic hepatic lesions and bronchoalveolar hyperplasia and pulmonary adenomas

in male Fisher 344 rats, after a 4-week initiation with a series of three broad-spectrum initiators.  The

drinking water concentrations of 1,2-dichloroethane ranged from 3 ppm (approximately 0.47 mg/kg/day)

in the low exposure group (with relatively low levels of the other test substances) to 300 ppm

(approximately 47 mg/kg/day) in the high exposure group (with relatively high levels of the other test

substances).  The study has limited usefulness for understanding lifetime risk of cancer from

1,2-dichloroethane exposure because of co-exposure with other known carcinogens, the use of a short

promotion exposure period (16 weeks), small numbers of test animals (15 per exposure group), and

evaluation of effects to only one sex (males).

CEL values from the chronic NCI (1978) study in rats and mice are recorded in Table 3-2 and plotted in

Figure 3-2.

 

EPA has derived a slope (potency) factor (q1*) of 0.091 (mg/kg/day)-1 for cancer risk associated with oral

exposure to 1,2-dichloroethane based on the study by NCI (1978) in rats (IRIS 2001).  This slope factor

corresponds to a drinking water unit risk of 2.6x10-6 (µg/L)-1 and an inhalation unit risk of

2.6x10-5 (µg/m3)-1.  Based on this potency factor, oral doses of 1,2-dichloroethane associated with excess

human lifetime cancer risks of 10-4, 10-5, 10-6, and 10-7 are 1x10-3, 1x10-4, 1x10-5, and 1x10-7 mg/kg/day,

respectively.  These risk levels correspond to one excess cancer death in 10,000, 100,000, 1 million, and

10 million persons, respectively, and are derived based on the assumption that individuals are exposed

continuously for their entire lifetime (estimated as 70 years) to these oral doses of 1,2-dichloroethane. 

The range of doses associated with excess lifetime cancer risks of 10-4 to 10-7 is plotted in Figure 3-2.  The

estimated excess cancer risks are upper-bound risks (i.e., the true risks are not likely to exceed the upper-

bound risk estimate and may be lower).
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3.2.3 Dermal Exposure

No studies were located regarding effects after dermal exposure to 1,2-dichloroethane in humans.  In

animals, ocular effects were produced by direct contact between the eye and 1,2-dichloroethane vapor in

the air.  Skin lesions and benign pulmonary tumors were reported in animals exposed to liquid

1,2-dichloroethane dermally.

3.2.3.1 Death

No studies were located regarding death in humans or animals after dermal exposure to 1,2-dichloro-

ethane.

3.2.3.2 Systemic Effects

No studies were located regarding respiratory, cardiovascular, gastrointestinal, hematological,

musculoskeletal, hepatic, renal, endocrine, or body weight effects in humans or animals after dermal

exposure to 1,2-dichloroethane.  Dermal and ocular effects in animals dermally exposed to

1,2-dichloroethane are discussed below.

Dermal Effects.    No studies were located regarding effects on the skin in humans after dermal

exposure to 1,2-dichloroethane. 

A single animal study was located that investigated dermal effects following direct application of

1,2-dichloroethane to the skin as a liquid.  In guinea pigs, dermal exposure to unspecified amounts for

4 hours applied to the skin under a cover slip resulted in skin changes, including karyopyknosis

(shrinkage of cell nuclei), perinuclear edema, spongiosis, and junctional separation (Kronevi et al. 1981);

however, only one dose was tested and no control data were presented.

Ocular Effects.    No studies were located regarding ocular effects in humans after dermal exposure to

1,2-dichloroethane.

Studies in animals reported direct-contact effects following exposure to 1,2-dichloroethane as a vapor in

the air.  Dogs exposed to 1,2-dichloroethane as a vapor in the air developed corneal opacity.  This corneal

clouding was observed in 3 dogs that died following intermittent exposure to 1,500 ppm for 6 days
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(Heppel et al. 1945).  Corneal opacity was not reported in other similarly exposed species studied by

Heppel et al. (1945, 1946).  However, lacrimation was reported in guinea pigs exposed to 1,500 ppm of

1,2-dichloroethane vapor in air intermittently for 4 days (Heppel et al. 1945).

No studies were located regarding the following health effects in humans or animals after dermal

exposure to 1,2-dichloroethane:

3.2.3.3 Immunological and Lymphoreticular Effects
3.2.3.4 Neurological Effects
3.2.3.5 Reproductive Effects
3.2.3.6 Developmental Effects

3.2.3.7 Cancer

No studies were located regarding cancer in humans after dermal exposure to 1,2-dichloroethane.

The carcinogenicity of 1,2-dichloroethane following dermal exposure has been evaluated in mice (Van

Duuren et al. 1979).  In this study, a statistically significant increase (p<0.0005) in pulmonary papillomas

was observed in mice treated with 126 mg of 1,2-dichloroethane 3 times/week for 428–576 days.  These

results, which indicate a significant increase in benign tumors remote from the site of application, provide

suggestive or supportive evidence that 1,2-dichloroethane is carcinogenic and that it can penetrate

through the skin into the circulatory system.

3.3 GENOTOXIC EFFECTS

No studies were located regarding genotoxic effects in humans after inhalation exposure to 1,2-dichloro-

ethane.  Inhalation of 1,2-dichloroethane has produced genotoxic effects in animals.  Exposure to

1,000 ppm for 4 hours produced irreversible deoxyribonucleic acid (DNA) damage in mice as evidenced

by single-stranded breaks in hepatocytes.  This genetic damage was seen at a concentration that produced

mortality in 80–100% of treated mice within 24 hours (Storer et al. 1984).  A brief account of a mouse

dominant lethal assay reported reduced impregnation rate, increased preimplantation loss, and increased

ratio of total embryonic loss to number of corpora lutea compared to controls in female mice mated to

males that had been exposed by inhalation to 200 ppm 1,2-dichloroethane for 4 hours/day for 2 weeks

(Zhao et al. 1989).  No effects were observed after exposure to 6.3 ppm for 2 weeks, nor at any
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concentration after exposure durations of 1, 3, or 4 weeks.  The reliability of the results is uncertain

because of reporting deficiencies in the study design.  In a study investigating the relationship between

inhalation exposure to 1,2-dichloroethane and covalent binding to liver and lung DNA, female

Fischer-344 rats were exposed either to 80 ppm of 1,2-dichloroethane for 4 hours ("constant-low"

exposure) or 4,400 ppm for a few minutes ("peak" exposure) (Baertsch et al. 1991).  The DNA covalent

binding index was elevated, compared to controls, after both exposure scenarios.  However, in both the

liver and the lung, the effect was much greater (approximately 35 times greater) after peak exposure,

suggesting that acute exposure to highly concentrated 1,2-dichloroethane may pose a greater genotoxic

hazard than protracted low-level exposure.  The results of this study support the hypothesis that toxicity

of 1,2-dichloroethane is associated with saturation of mixed function oxidation (MFO) enzymes (see

Section 3.4, Mechanisms of Action).  Also consistent with this hypothesis is the fact that oral doses were

more potent than comparable inhalation doses, and that a route-of-administration effect has been reported

for 1,2-dichloroethane carcinogenicity.

No studies were located regarding genotoxicity in humans after oral exposure to 1,2-dichloroethane,

although oral exposure has produced genotoxic effects in animals.  A single oral dose of 100 mg/kg of

1,2-dichloroethane produced irreversible DNA damage in mice, as revealed by single-stranded breaks in

hepatocytes (Storer et al. 1984).  Hepatocytic DNA damage was also induced in female rats receiving two

oral gavage doses of 1,2-dichloroethane (in corn oil) at 134 mg/kg each, but not in rats receiving two

doses of 13.4 mg/kg (Kitchin and Brown 1994).  A single oral dose of 150 mg/kg produced high levels of

DNA binding in the liver of rats (Cheever et al. 1990).  The level of binding produced was similar in rats

that had previously been exposed via inhalation to 50 ppm of 1,2-dichloroethane vapor for 2 years, and in

rats that had served as controls in the 2-year study.

No studies were located regarding genotoxic effects in humans or animals after dermal exposure to

1,2-dichloroethane.

The results of in vivo genotoxicity studies by all routes of exposure are summarized in Table 3-3.  As

indicated in the table, the ability of 1,2-dichloroethane to bind DNA in rodents in vivo has been well

established in the liver as well as in other organs such as the kidney and lung.  DNA binding has been

observed not only after inhalation and oral exposures, but also in rats (Banerjee 1988; Prodi et al. 1986)

and mice (Banerjee 1988; Hellman and Brandt 1986; Prodi et al. 1986) administered a single

intraperitoneal injection of 1,2-dichloroethane at dose levels as low as 6.35 µmol/kg (0.00635 mg/kg)

(Prodi et al. 1986).  Actual structural damage to DNA, in the form of single-stranded breaks and 
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Table 3-3.  Genotoxicity of 1,2-Dichloroethane In Vivo

Species (test system) End point Results Reference

Mammalian assays:
Mouse/spot test
Mouse bone marrow
Mouse
Mouse
Mouse, Eµ-PIM-1
Mouse liver, kidney, lung, and stomach
Mouse forestomach and kidney
Mouse liver
Rat liver, kidney, lung, and stomach
Rat liver and kidney
Rat liver and lung
Rat liver
Rat liver
Mouse liver

Mouse liver
        Mouse liver, kidney, bladder, lung, brain, 
        bone marrow

Gene mutation
Sister chromatid exchange
Micronuclei
Micronuclei
Micronuclei
DNA binding
DNA binding
DNA binding
DNA binding
DNA binding
DNA binding
DNA binding
DNA binding
DNA damage

DNA damage
DNA damage

(+)
 +
 –
 –
 –
 +
 +
 +
 +
 +
 +
 +
 +
 + 

 +
 +

Gocke et al. 1983 
Giri and Hee 1988 
Jenssen and Ramal 1980; King et al. 1979
Sasaki et al. 1994
Armstrong and Galloway 1993
Prodi et al. 1986
Hellman and Brandt 1986
Banerjee 1988
Prodi et al. 1986
Inskeep et al. 1986
Baertsch et al. 1991
Banerjee 1988
Cheever et al. 1990
Storer and Conolly 1983, 1985;
Storer et al. 1984
Taningher et al. 1991
Sasaki et al. 1998

Insect assays:
Drosophila melanogaster//somatic mutation
D. melanogaster/somatic mutation
D. melanogaster/somatic mutation
D. melanogaster/somatic mutation
D. melanogaster/somatic mutation
D. melanogaster/sex-linked recessive
D. melanogaster/sex-linked recessive
D. melanogaster/recessive lethal
D. melanogaster
D. melanogaster/chromosome loss
D. melanogaster

Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Chromosomal recombination
Chromosomal aberration
DNA binding

 +
 +
 +
 +
 +
 +
 +
 +
(+)
 +
 +

Nylander et al. 1978
Romert et al. 1990
Kramers et al. 1991
Ballering et al. 1994
Vogal and Nivard 1993
King et al. 1979
Kramers et al. 1991
Ballering et al. 1993
Rodriguez-Arnaiz 1998
Ballering et al. 1993
Fossett et al. 1995
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Table 3-3. Genotoxicity of 1,2-Dichloroethane In Vivo (continued)

Species (test system) End point Results Reference

Host-mediated assays:
Escherichia coli K12/343/113 
mouse host-mediated assay

Gene mutation  – King et al. 1979

– = negative result; + = positive result; (+) = weakly positive result; DNA = deoxyribonucleic acidtable 3-3
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unwinding of the DNA molecule, has also been demonstrated in mice after single intraperitoneal

injections of 45–360 mg/kg (Sasaki et al. 1998; Storer and Conolly 1983, 1985; Storer et al. 1984;

Taningher et al. 1991).  In one study, DNA binding was associated with decreased rates of DNA synthesis

and transcription (Banerjee 1988).  However, the results of this study are questionable.  Genotoxicity

assays for clastogenic effects obtained mixed results, with a positive effect on sister chromatid exchange

(believed to be caused by strand breakage) in mouse bone marrow cells of mice administered a single

intraperitoneal injection of up to 16 mg/kg, but no effect on micronucleus formation in mice after

14 weeks of daily gavage administrations of up to 300 mg/kg/day or in mice after a single intraperitoneal

injection of between 45–400 mg/kg (Jenssen and Ramel 1980; King et al. 1979; Sasaki et al. 1994).  The

only in vivo assay for mutagenicity in mammalian cells produced only a marginal response after a single

intraperitoneal injection of an unreported dose.  However, there is abundant evidence that 1,2-dichloro-

ethane produces both somatic and sex-linked recessive lethal mutations in Drosophila melanogaster in

vivo.  

The results of in vitro genotoxicity studies are presented in Table 3-4.  The evidence from these studies

overwhelmingly indicates that 1,2-dichloroethane is capable of interacting with DNA to produce

genotoxic effects in vitro.  Results were positive in assays for point mutations in human cells, animal

cells, and bacteria, unscheduled DNA synthesis (i.e., DNA repair activity) in human and animal cells,

DNA binding in animal cells, and mitotic segregation aberrations leading to aneuploidy in fungi.  The

results in bacterial mutagenicity assays suggest that 1,2-dichloroethane is a very weak, direct-acting

mutagen that can be activated to a more effective species by glutathione and glutathione S-transferases

(DeMarini and Brooks 1992).  The presence of an exogenous mammalian metabolic system was not

required, but increased mutagenic activity was observed in tests with a metabolic activation system

supplemented with glutathione.  Mutagenicity was increased in TA100 strain Salmonella typhimurium

expressing the alpha class of human glutathione S-transferase via regulatable tac promoter expression, but

not in bacteria expressing the pi class of human glutathione S-transferase (Simula et al. 1993). 

S-(Chloroethyl)-cysteine, an analog of the proposed intermediate product of the conjugation of

1,2-dichloroethane with glutathione, was a potent inducer of unscheduled DNA synthesis and

micronucleus formation in mammalian cells in vitro (Vamvakas et al. 1988, 1989).  S-(2-Chloroethyl)-

glutathione itself was found to be a potent mutagen in S. typhimurium.  Although it produced only

intermediate levels of alkylation, the results indicate that the guanyl adduct that is formed appears to be

unusually mutagenic (Humphreys et al. 1990).  1,2-Dichloroethane was found to be nonmutagenic in

somatic cells and mature spermatozoa in D. melanogaster, further suggesting the lack of genotoxicity

through a direct mechanism (Ballering et al. 1993).
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Table 3-4.  Genotoxicity of 1,2-Dichloroethane In Vitro

Results

Species (test system) End point
With

activation
Without

activation Reference

Prokaryotic organisms:

Salmonella typhimurium
S. typhimurium
S. typhimurium
S. typhimurium
S. typhimurium
S. typhimurium
S. typhimurium
S. typhimurium
S. typhimurium
S. typhimurium
S. typhimurium
S. typhimurium
S. typhimurium/spot test
S. typhimurium/spot test
S. typhimurium/Ara test (standard)
S. typhimurium/Ara test (liquid)
Escherichia coli K12/343/113
E. coli WP2
E. coli WP2
E. coli Pol A
Bacillus subtilis/rec-assay

Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
Gene mutation
DNA damage
DNA damage

 +
 +
 +
 +
 +
 +
 +
 +
 +
 –
No data
No data
No data
No data
 +
(+)
 –
No data
 –
No data
No data

 +
 +
 +
 +
 +
 +
No data
 –
 –
 –
 +
 +
(+)
 –
 –
(+)
 –
(+)
 –
(+)
 –

Milman et al. 1988
Barber et al.  1981
Kanada and Uyeta 1978
Nestmann et al. 1980
Rannug et al. 1978
Van Bladeren et al. 1981
Rannug and Beije 1979
Cheh et al. 1980
Moriya et al. 1983
King et al. 1979
Thier et al. 1993
Simula et al. 1993
Brem et al. 1974
Buijs et al. 1984
Roldan-Arjona et al. 1991
Roldan-Arjona et al. 1991
King et al. 1979
Hemminki et al. 1980
Moriya et al. 1983
Brem et al. 1974
Kanada and Uyeta 1978
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Table 3-4.  Genotoxicity of 1,2-Dichloroethane In Vitro (continued)

Results

Species (test system) End point
With

activation
Without

activation Reference

Eukaryotic organisms:

  Fungi:

Aspergillus nidulans
A. nidulans
A. nidulans

Gene mutation
Mitotic segregation aberrations
Aneuploidy induction

No data
No data
No data

 –
 +
 +

Crebelli and Carere 1988
Crebelli et al. 1984
Crebelli et al. 1988

 Animal cells:

Hamster CHO/HGPRT
Hamster Chinese SP5
Rat hepatocytes
Mouse hepatocytes
Mouse liver DNA
Calf thymus DNA
Salmon sperm DNA

Mouse BALB/c-3T3

Gene mutation
Intrachromosomal
recombination
Unscheduled DNA synthesis
Unscheduled DNA synthesis
DNA binding
DNA binding
DNA binding
Cell transformation

 +
 –
No data
No data
 +
 +
 +

No data 

(+)
No data
 +
 +
No data
No data
 –

 –

Tan and Hsie 1981
Zhang and Jenssen 1994
Williams et al. 1989
Milman et al. 1988
Banerjee 1988
Prodi et al. 1986
Banerjee and Van Duuren
1979; Banerjee et al. 1980
Milmann et al. 1988

 Human cells:

Human lymphoblasts AHH-1
Human lymphoblasts TK6
Human lymphoblasts AHH-1
Human lymphoblasts MCL-5
Human lymphoblasts h2E1
Human embryo epithelial-like EUE cells
Human peripheral lymphocytes
Human peripheral lymphocytes
Human peripheral lymphocytes

Gene mutation
Gene mutation
Micronuclei
Micronuclei
Micronuclei
Gene mutation
Unscheduled DNA synthesis
Micronuclei
DNA damage

No data
No data
No data
No data
No data
No data
 +
 –
 –

 +
 +
 +
 +
 +
 +
 –
 +
 +

Crespi et al. 1985
Crespi et al. 1985
Doherty et al. 1996
Doherty et al. 1996
Doherty et al. 1996
Ferreri et al. 1983
Perocco and Prodi 1981
Tafazoli et al. 1998
Tafazoli et al. 1998

– = negative result; + = positive result; (+) = weakly positive result; DNA = deoxyribonucleic acid
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3.4 TOXICOKINETICS

1,2-Dichloroethane is well absorbed through the lungs following inhalation exposure, the gastrointestinal

tract following oral exposure, and the skin following dermal exposure in humans.  In animal studies,

equilibrium blood concentrations of 1,2-dichloroethane were obtained 2–3 hours after inhalation

exposure, 15–60 minutes after oral exposure, and 1–2 hours after aqueous dermal exposure.  Absorption

probably occurs by passive diffusion for all three routes of exposure.  Upon absorption, 1,2-dichloro-

ethane is widely distributed within the body.  Experiments in animals exposed orally or by inhalation

showed that the highest concentrations of 1,2-dichloroethane (7–17 times that of the blood) were found in

adipose tissue.  The liver and lung contained lower equilibrium levels of 1,2-dichloroethane than the

blood.

1,2-Dichloroethane is readily metabolized in the body.  The primary metabolic pathways for this chemical

are MFO and glutathione conjugation.  Oxidation products include chloroacetaldehyde, 2-chloroethanol,

and 2-chloroacetic acid.  MFO metabolism of 1,2-dichloroethane appears to be saturable at oral gavage

doses $25 mg/kg and inhalation concentrations of $150 ppm (.500 mg/kg), both of which correspond to

blood levels of 5–10 µg/mL.  Glutathione conjugation becomes relatively more important at larger doses,

and increased metabolism by this pathway may be responsible for the toxic effects noted at these high

doses.

Excretion of 1,2-dichloroethane and metabolites is rapid; in animal studies, excretion was essentially

complete 48 hours after acute exposure.  Following inhalation exposure to labeled 1,2-dichloroethane,

excretion of 1,2-dichloroethane was primarily in the form of metabolites (thiodiglycolic acid and

thiodiglycolic acid sulfoxide) in the urine (84%), and as carbon dioxide (CO2) in the exhaled air (7%). 

Following oral exposure to labeled 1,2-dichloroethane, the amount of radioactivity excreted by these

routes was reduced, and a large percentage of the dose (29%) was excreted as unchanged 1,2-dichloro-

ethane in the exhaled air.  The increased exhalation of unchanged 1,2-dichloroethane may reflect the

saturation of biotransformation enzymes.
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3.4.1 Absorption

3.4.1.1 Inhalation Exposure

1,2-Dichloroethane is readily absorbed through the lungs following inhalation exposure in both humans

and experimental animals.  This is expected, based on 1,2-dichloroethane's high vapor pressure and high

serum/air partition coefficient.  Thus, absorption occurs most likely via passive diffusion across alveolar

membranes.  Nursing women exposed to 15.6 ppm of 1,2-dichloroethane in the workplace air (with

concurrent dermal exposure) accumulated the chemical in breast milk (Urusova 1953).  The concentration

of the chemical in milk gradually increased, reaching the maximum level 1 hour after work ended,

although the validity of the results could not be assessed because of a lack of sufficient detail in reported

methods and because the sample size was not provided.  EPA (1980a) also found 1,2-dichloroethane in

the milk of lactating women.  These results indicate that 1,2-dichloroethane is absorbed through the lungs

by humans and accumulates (because of its high lipid-water partition coefficient) in the breast milk of

nursing women.  Concurrent levels of 1,2-dichloroethane in blood were not measured (EPA 1980a;

Urusova 1953).

Nouchi et al. (1984) reported a fatal case of 1,2-dichloroethane poisoning in a man exposed to

1,2-dichloroethane vapors for approximately 30 minutes in an enclosed space (concentration in air not

specified), providing further evidence that this chemical is readily absorbed through the lungs by humans. 

However, adverse effects were seen at 20 hours postexposure, prompting the authors to suggest that the

formation of reactive metabolites is a necessary first step in the expression of 1,2-dichloroethane-induced

toxicity.  An alternative explanation is that the 1,2-dichloroethane is, in part, slowly released from adipose

tissue or other compartments after an initial rapid release (see Section 3.4.3)

The rapid absorption of 1,2-dichloroethane following inhalation exposure has also been demonstrated in

experimental animals.  Reitz et al. (1980, 1982) found that peak blood levels were constant 1–2 hours

after the onset of a 6-hour inhalation exposure to 150 ppm of 1,2-dichloroethane in rats.  The plateau

concentration in blood was approximately 8 µg/mL and was reached within 2 hours.  Similar results were

obtained by Spreafico et al. (1980) at inhalation exposures of 50 ppm of 1,2-dichloroethane.  However, at

250 ppm of 1,2-dichloroethane, equilibrium was not achieved until 3 hours from the start of exposure.  It

is likely that as the concentration of inspired 1,2-dichloroethane increases, the time required to reach an

equilibrium concentration of 1,2-dichloroethane in the blood also increases.  In rats that had been exposed

to 1,2-dichloroethane vapor (50 ppm) intermittently for 2 years, blood levels of 1,2-dichloroethane 
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15 minutes after the end of a 7-hour exposure to 50 ppm were 0.26–0.28 µg/mL (Cheever et al. 1990). 

Blood levels were not increased, but rather only slightly reduced after an additional 2 hours, which

suggests that equilibrium had been reached during the exposure period.

3.4.1.2 Oral Exposure

No studies were located regarding absorption in humans following oral exposure to 1,2-dichloroethane. 

However, it can be inferred from case studies, which described toxic effects (including death) subsequent

to accidental (Hueper and Smith 1935) or intentional (Lochhead and Close 1951; Yodaiken and Babcock

1973) ingestion of 1,2-dichloroethane by humans, that 1,2-dichloroethane is rapidly absorbed into the

systemic circulation following exposure by the oral route.  1,2-Dichloroethane is lipophilic and is

expected, therefore, to be absorbed largely via passive diffusion across the mucosal membranes of the

gastrointestinal tract.

Studies in experimental animals indicate that the oral absorption of 1,2-dichloroethane is rapid, complete,

and essentially linear (Reitz et al. 1980, 1982; Spreafico et al. 1980).  Reitz et al. (1982) reported that

peak blood levels of 1,2-dichloroethane were reached within 15 minutes after oral administration of

150 mg/kg by gavage in corn oil to male Osborne-Mendel rats, attesting to the rapid nature of oral

absorption.  These investigators reported complete recovery of orally administered radioactivity (from

[14C]-1,2-dichloroethane) in exhaled air, urine, and carcass, thereby demonstrating that absorption of

1,2-dichloroethane from the gastrointestinal tract of rats is virtually complete (Reitz et al. 1980).  The

percentage of recovered radioactivity found in the feces following inhalation or oral exposure to

[14C]-1,2-dichloroethane was 1.7–2.1%; 7.0–7.7% of the recovered dose was found in the expired air

following exposure by either route (Reitz et al. 1980).  This implies that at least 90% of the inhaled or

orally administered 1,2-dichloroethane was absorbed. 

Data reported by Spreafico et al. (1980) supported the observation that absorption of 1,2-dichloroethane is

rapid and complete.  In Sprague-Dawley rats, peak blood levels were achieved within 30–60 minutes of

oral administration at doses of 25, 50, and 150 mg/kg in corn oil.  One-half of the low dose was absorbed

within 3.3 minutes, and one-half of the high dose was absorbed within 6.4 minutes (Spreafico et al. 1980). 

Peak blood levels achieved were proportional to the dose administered, thus providing evidence that

1,2-dichloroethane is absorbed by passive transport across the gastrointestinal tract.  Furthermore,

comparison of blood levels attained after intravenous (i.e., reflective of 100% absorption) and oral 
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administration of 1,2-dichloroethane in rats indicates that oral absorption is 100%, if first-pass effects

through the liver and lung are taken into consideration (Spreafico et al. 1980).

The vehicle used in oral administration studies appears to play a role in the time course of absorption. 

Withey et al. (1983) found that 1,2-dichloroethane is absorbed more readily by the gastrointestinal tract

when administered in water than in corn oil.  Peak blood concentrations of 1,2-dichloroethane were about

four times higher following oral administration in water than when given in corn oil.  This may relate to

higher solubility vehicles regarding the absorption of xenobiotics.  Furthermore, the time taken to reach

peak levels was approximately three times longer when administered in corn oil, compared to water.  This

may have important implications with regard to human exposure to 1,2-dichloroethane.  Since animal data

and the available information in humans indicate that oral absorption of 1,2-dichloroethane in aqueous

solutions is rapid and complete, ingestion of water contaminated with high levels of 1,2-dichloroethane is

of particular concern and could result in adverse health effects in humans.  However, no unequivocal

information was available concerning health effects in humans after long-term exposure to low levels of

1,2-dichloroethane in drinking water.

3.4.1.3 Dermal Exposure

Urusova (1953) reported a gradual increase in the concentration of 1,2-dichloroethane in the breast milk

of nursing women following both dermal and inhalation exposure to 1,2-dichloroethane at the workplace. 

Maximum levels were reached within 1 hour (2.8 mg/100 mL of milk) after skin contact and decreased

over time.  Eighteen hours later, the concentration of 1,2-dichloroethane in milk ranged between

0.195 and 0.63 mg/100 mL of milk.  The findings of Urusova (1953) indicate that percutaneous

absorption via contact with contaminated water or the chemical itself may be a significant route of

exposure to 1,2-dichloroethane in humans.  No details of analytical methodology were reported, and the

sample size was not provided, and thus, the validity of these results cannot be assessed.

Studies in animals have shown that 1,2-dichloroethane is well absorbed through the skin following dermal

exposure.  Male rats exposed to 2 mL of 1,2-dichloroethane under cover on a shaved area of the back had

blood 1,2-dichloroethane levels of 25 µg/mL after 30 minutes (Morgan et al. 1991).  After 24 hours,

blood levels were 135 µg/mL and a total of 1.08 mL had been absorbed.  The continued build-up of blood

levels throughout the 24-hour exposure period shows that the rate of absorption exceeded that of

distribution and elimination throughout this entire period.  When the experiment was repeated using

solutions of 1,2-dichloroethane in water, blood levels peaked after 1–2 hours (at concentrations of
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0.35–1.4 µg/mL, depending on degree of saturation of the applied solution) and then declined to control

levels within 24 hours.  Analysis of the aqueous solutions remaining in the exposure chamber after

24 hours showed that they contained <1% of the initial 1,2-dichloroethane concentration.  This result

suggests that 1,2-dichloroethane in water was rapidly and completely absorbed from solution, thus

allowing elimination processes to reduce blood concentration to control levels within the 24-hour

exposure period.  1,2-Dichloroethane was among the best absorbed of the 14 volatile organic compounds

tested in this experiment.

Supporting data for the time course of absorption following neat exposure were obtained by Jakobson et

al. (1982), who studied the dermal absorption of 1,2-dichloroethane in anesthetized guinea pigs.  Blood

concentrations rose rapidly during the first half-hour after application, followed by steadily increasing

blood levels throughout the 12-hour exposure period.  Tsuruta (1975) estimated the rate of percutaneous

absorption of 1,2-dichloroethane.  After a 15-minute exposure, the absorption rate through the abdominal

skin of mice was 480 nmol/minute/cm2.  In contrast to the results of Morgan et al. (1991), comparisons of

this absorption rate with those of other chlorinated hydrocarbons tested in the same study did not support

the conclusion that 1,2-dichloroethane is among the more rapidly absorbed of these chemicals.

3.4.2 Distribution

3.4.2.1 Inhalation Exposure

1,2-Dichloroethane was detected in the breath (14.3 ppm) and breast milk (0.54–0.64 mg % [per

100 mL]) of nursing mothers 1 hour after leaving factory premises containing 15.6 ppm 1,2-dichloro-

ethane in the air (Urusova 1953).  This observation suggests a rapid distribution of 1,2-dichloroethane in

humans following inhalation exposure.

The distribution of 1,2-dichloroethane in rats following a 6-hour inhalation exposure to 50 or 250 ppm

occurred readily throughout body tissues; levels achieved in tissues were dose-dependent (Spreafico et al.

1980).  The investigators measured 1,2-dichloroethane in blood, liver, lung, and fat, and found that blood

and tissue levels reached equilibrium by 2 hours after exposure to 50 ppm and 3 hours after exposure to

250 ppm.  Concentrations of 1,2-dichloroethane in liver and lung were lower than those in blood.  The

highest concentration of 1,2-dichloroethane was found in fat (8–9 times that seen in blood). 

1,2-Dichloroethane was found in maternal blood (83.6±20.2 mg %), placental tissue (43.0±9.6 mg %),

amniotic fluid (55.5±11.1 mg %), and fetal tissue (50.6±11.5 mg %) after inhalation exposure of female
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rats to 247±10 ppm 1,2-dichloroethane during pregnancy (Vozovaya 1977), but the reliability of the data

is unclear.  The geometric mean concentration of 1,2-dichloroethane in maternal blood and in fetuses of

rats that inhaled 150–2,000 ppm for 5 hours increased linearly with increasing exposure level (Withey

and Karpinski 1985), indicating transplacental distribution of 1,2-dichloroethane.  The slope and intercept

of the relation between fetal concentration of 1,2-dichloroethane (µg/g) and exposure level were

0.035 and -3.95, respectively, and for concentration in maternal blood (µg/g), they were 0.092 and -10.4,

respectively.  However, details of the methods used to detect 1,2-dichloroethane and quantify its

concentration in tissues were not provided in Withey and Karpinski (1985), so the validity of the results

cannot be confirmed. 

3.4.2.2 Oral Exposure

No studies were located regarding distribution in humans after oral exposure to 1,2-dichloroethane. 

However, the wide variety of effects noted in humans following oral exposure suggest a wide distribution.

1,2-Dichloroethane was distributed readily throughout the body following oral administration of single

doses to rats (Spreafico et al. 1980).  As was seen following inhalation exposure, peak tissue levels were

dose-dependent.  Spreafico et al. (1980) reported that 1,2-dichloroethane absorbed through the

gastrointestinal tract reached peak concentrations in the liver within 10 minutes.  Again, equilibrium

levels in liver and lung (achieved by 2 hours postexposure) were lower than in blood, while levels in fat

were 7–17 times greater than in blood.  This difference in tissue levels decreased with increasing dose. 

Thus, there is little difference between oral and inhalation exposure with regard to tissue distribution in

animals, and specific target organ toxicity cannot be explained by differential distribution of 1,2-dichloro-

ethane.

Payan et al. (1995) evaluated [14C]-1,2-dichloroethane distribution in maternal rats following a single

bolus dose of approximately 160 mg/kg on gestation day 12.  At 1 hour after exposure, 50% of the orally

administered dose was in gastrointestinal tract tissues, falling to 0.2% of the administered dose by

48 hours after exposure, while less than 1% was accounted for in the feces.  Aside from the absorptive

tissues, the liver and kidney accounted for most of the distributed radioactivity throughout the 48-hour

postexposure observation period, although adipose tissue and brain and spinal cord tissues, possible sites

of accumulation, were not included in the evaluation.  The highest tissue concentrations were found in the

liver, ovary, and kidney.  Transplacental distribution of radiocarbon was demonstrated by the presence of

radioactivity in the developing conceptus at 1 hour postexposure, with the highest amount in the
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conceptus (0.057% of administered dose) occurring at approximately 4 hours postexposure.  At 48 hours

postexposure, most of the residual radioactivity was located in the liver (0.215% of administered dose). 

When 160 mg/kg was administered on gestation day 18, the pattern of distribution was similar, except

greater accumulation occurred in the developing fetus and placenta.  At 48 hours postexposure (the

20th day of gestation), the majority of residual radioactivity burden was located in the fetus (0.167% of

administered dose) and the liver (0.156% of administered dose).  

Spreafico et al. (1980) studied the distribution of 1,2-dichloroethane in rats following repeated oral

administration (11 daily doses).  They demonstrated that there was no difference between blood or tissue

levels following either single or repeated exposure.  This finding suggests that bioaccumulation of

1,2-dichloroethane does not occur with repeated oral exposure.

3.4.2.3 Dermal Exposure

1,2-Dichloroethane was detected in the breast milk of nursing mothers following dermal exposure (with

probable concurrent inhalation exposure) to liquid 1,2-dichloroethane at the workplace (Urusova 1953). 

The concentration in milk gradually increased, with the maximum level (2.8 mg %) reached 1 hour after

work ended.  Eighteen hours later, the levels in milk ranged from 0.195 to 0.63 mg %.  This study did not

report the dermal exposure concentration of 1,2-dichloroethane.  Because of the lack of details on

methodology, the validity of these findings cannot be assessed.

No studies regarding distribution in animals following dermal exposure to 1,2-dichloroethane were

located.  Since the tissue distribution of this chemical did not appear to be route-dependent after either

inhalation or oral exposure, and since it is well absorbed through the skin, the distribution pattern of

1,2-dichloroethane following percutaneous application may possibly resemble that observed following

exposure via other routes.

3.4.2.4 Other Routes of Exposure

No studies were located regarding distribution in humans after parenteral exposure to 1,2-dichloroethane.

Mice exposed to radiolabeled 1,2-dichloroethane by a single intravenous injection had high levels of

tightly bound radioactivity in the nasal mucosa and tracheo-bronchial epithelium within 1 minute of

exposure; these levels persisted throughout the 4-day observation period (Brittebo et al. 1989).  Lower
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levels of radioactivity were bound to epithelia of the upper alimentary tract, eyelid, and vagina, as well as

the liver, kidney, adrenal cortex, and submaxillary gland.  The bound radioactivity was considered to

represent nonvolatile reactive metabolites formed in the tissues where it was found.  A study of tissue

kinetics of 1,2-dichloroethane in rats after a single intravenous dose of 15 mg/kg reported preferential

initial distribution to fat (Withey and Collins 1980) and first-order elimination from each tissue studied

(except blood).  The estimated initial concentration in fat was 36.9 µg/g, while for other soft tissues

(including heart, lung, liver, spleen, kidney, and brain), the initial concentrations were relatively uniform,

with estimates ranging from 4.2 to 9.2 µg/g.  The study also showed that distributed 1,2-dichloroethane

remained in fat longer than in other soft tissues, as indicated by a lower estimated elimination coefficient

in fat (0.0088 min-1) relative to other tissues (ranged from 0.0226 to 0.0514 minute-1).

3.4.3 Metabolism

No studies regarding metabolism in humans following inhalation, oral, or dermal exposure to

1,2-dichloroethane were located.  The biotransformation of 1,2-dichloroethane has been studied

extensively in rats and mice both in vivo and in vitro.  Proposed metabolic pathways for 1,2-dichloro-

ethane are shown in Figure 3-3.  The results of the in vivo studies indicate that 1,2-dichloroethane is

readily metabolized in the body, the primary route of biotransformation involves conjugation with

glutathione to yield nonvolatile urinary metabolites, and the enzymes involved in the biotransformation of

1,2-dichloroethane are saturable at approximately 25 mg/kg/day (gavage) and 150 ppm (inhalation)

(D'Souza et al. 1988; Reitz et al. 1982).  Metabolic saturation appears to occur sooner after oral (gavage)

administration than after inhalation exposure.  This will be discussed further below.  A proposed

physiological pharmacokinetic model explains the route-of-exposure difference in quantifying the amount

of 1,2-dichloroethane-glutathione conjugate produced in target organs after oral and inhalation exposures

(D'Souza et al. 1987, 1988).

No studies were located regarding metabolism specifically in children.  However, the expression of

certain enzymes is known to be developmentally regulated.  An N-acetyltransferase (NAT) is thought to

be involved in 1,2-dichloroethane metabolism at a step subsequent to a glutathione (GSH) conjugation

(see Figure 3-3).  There are two NATs (NAT1 and NAT2) that are expressed in humans (Parkinson 1996)

and one, NAT2, is known to be developmentally regulated (Leeder and Kearns 1997).  Some NAT2

activity is present in the fetus at 16 weeks.  Activity is low in virtually 100% of infants, and reaches adult

activity at 1 to 3 years of age (Leeder and Kearns 1997).
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3.4.3.1 Inhalation Exposure

Reitz et al. (1982) studied the metabolism of 1,2-dichloroethane in male rats following a 6-hour exposure

to 150 ppm of [14C]-1,2-dichloroethane.  The exact metabolic pathways were not determined, but an

observed depression of hepatic nonprotein sulfhydryl groups may indicate that glutathione plays a major

role in the metabolism of 1,2-dichloroethane following inhalation exposure.  Saturation of

biotransformation enzymes was not apparent at this dose since 84% of the administered 14C was recovered

as urinary metabolites and only 2% of the administered 14C was recovered as parent compound in the

expired air.  However, the data of Spreafico et al. (1980) suggest that saturation does occur after

inhalation exposure in rats, since peak blood levels of 1,2-dichloroethane rose 22-fold when the exposure

concentration was increased from 50 to 250 ppm.  Based on the data of these 2 groups of investigators, it

appears that saturation of 1,2-dichloroethane metabolism occurs when blood levels reach 5–10 µg/mL

blood or after exposure to 150–250 ppm 1,2-dichloroethane.  When blood concentrations of 1,2-dichloro-

ethane exceed these levels (i.e., at exposure concentrations $150 ppm), manifestations of toxicity became

more apparent.  For example, Maltoni et al. (1980) reported that most of the toxicity associated with

inhalation exposure to 250 ppm 1,2-dichloroethane in rats and mice was alleviated when exposure levels

were reduced to 150 ppm, and no treatment-related effects were noted at 50 ppm.  These findings suggest

that 1,2-dichloroethane-induced toxicity occurs once a threshold blood level has been exceeded.

3.4.3.2 Oral Exposure

Reitz et al. (1982) also studied the metabolism of 1,2-dichloroethane following the administration of

single oral doses of 150 mg/kg [14C]-1,2-dichloroethane.  Again, the exact metabolic pathways were not

determined, but the observation that hepatic nonprotein sulfhydryl groups were depressed indicated that

glutathione may also play a major role in the metabolism of 1,2-dichloroethane following oral exposure. 

Saturation of biotransformation enzymes was apparent at this dose since only 60% of the administered

radiolabel was recovered as urinary metabolites, and 29% of the administered radiolabel was associated

with unchanged parent compound in the expired air.  As with inhalation, it appeared that saturation of

1,2-dichloroethane metabolism occurred when blood levels reached 5–10 µg/mL blood or after

administration of $25 mg/kg 1,2-dichloroethane (D'Souza et al.1988; Reitz et al. 1982; Spreafico et al.

1980).  This blood threshold level again correlated with observed toxicity in animal studies (NCI 1978),

as discussed above.
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Although the saturable pathways appear to be the same for both oral and inhalation exposure, oral

administration of 1,2-dichloroethane by gavage results in saturation at lower administered doses than

inhalation exposure.  Reitz et al. (1982) demonstrated that administration of 150 mg/kg 1,2-dichloro-

ethane by gavage resulted in a 1.3-fold higher absolute dose to the animals than 150 ppm via inhalation

(which is approximately equal to 502 mg/kg).  Gavage administration produced approximately twice as

much total metabolite as inhalation, and peak levels of 1,2-dichloroethane in blood were almost five times

higher following gavage versus inhalation.  Gavage administration may not represent typical oral

exposure in humans.  Gavage administration results in large bolus doses absorbed at one time thereby

leading to spikes in blood levels and a more pronounced expression of toxicity.  Oral exposure to

1,2-dichloroethane by humans will most likely occur via ingestion of contaminated drinking water in

small doses spread out over the course of a day.  In such instances, biotransformation processes will

probably not become saturated; thus, the risk for adverse effects is not as high as would be predicted from

gavage administration of equivalent doses.

3.4.3.3 Intraperitoneal Exposure

In female albino mice given 1,2-dichloroethane intraperitoneally, the metabolism of 1,2-dichloroethane

appeared to be initiated by hydrolytic dehalogenation followed by reduction to yield 2-chloroethanol

(Yllner 1971b).  This was then converted to 2-chloroacetic acid by microsomal oxidation.  Final

metabolites identified in the urine of these animals in percent radioactivity recovered included

S-carboxymethyl-L-cysteine (44–46% free; 0.5–5% conjugated), thiodiacetic acid (33–34%),

S,S'-ethylene-bis-cysteine (1.0%), which are indicative of glutathione conjugation, in addition to

chloroacetic acid (6–23%) and 2-chloroethanol (0–0.8%) (see Figure 3-3).

3.4.3.4 Other Routes of Exposure

The pathways of 1,2-dichloroethane metabolism have been elucidated primarily by in vitro studies in

isolated rat hepatic microsomes.

In one in vitro study, 1,2-dichloroethane was metabolized mainly to chloroacetaldehyde by hepatic

nuclear cytochrome P-450 (Casciola and Ivanetich 1984).  Guengerich et al. (1980) proposed a pathway

involving microsomal cytochrome P-450 (in the presence of oxygen and nicotinamide adenine

dinucleotide phosphate [reduced form] [NADPH]) and MFO to explain the production of

chloroacetaldehyde.  1,2-Dichloroethane undergoes oxygen insertion to yield an unstable chlorohydrin,
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which spontaneously dechlorinates to form 2-chloroacetaldehyde that can react with macromolecules. 

2-Chloroacetaldehyde can also be reduced to chloroethanol or be further oxidized to chloroacetic acid. 

Guengerich et al. (1991) demonstrated that cytochrome P-450 2E1 is the primary oxidation catalyst of

1,2-dichloroethane in humans.

Conjugation of 1,2-dichloroethane with glutathione is proposed to be a major metabolic pathway in vivo

(Yllner 1971b); this has been confirmed by the in vitro studies of Livesey and Anders (1979), Anders and

Livesey (1980), and Jean and Reed (1989).  This pathway is outlined on the right side of Figure 3-3.  The

depletion of hepatic glutathione by 1,2-dichloroethane has been demonstrated in vitro (Albano et al.

1984).  Johnson (1967) demonstrated that, in vitro, conjugation of 2-chloroacetic acid with glutathione

also proceeded by a nonenzymatic process, yielding S-carboxymethylglutathione.  This compound

subsequently degraded to yield glycine, glutamic acid, and S-carboxymethylcysteine.  S-carboxy-

methylcysteine may then be further oxidized to thiodiglycolic acid.  Both S-carboxymethylcysteine and

thiodiglycolic acid were found as urinary metabolites in rats and mice given 1,2-dichloroethane in vivo

(Spreafico et al. 1980; Yllner 1971b).  This scheme is also supported by studies with 1,2-dibromoethane

(Nachtomi et al. 1966; Van Bladeren 1983).

3.4.4 Elimination and Excretion

3.4.4.1 Inhalation Exposure

Women inhaling approximately 15.6 ppm 1,2-dichloroethane present in the workplace air eliminated the

compound unchanged in the expired air.  Similar observations were also reported in women exposed via

dermal contact to liquid 1,2-dichloroethane.  In both cases, the amount of 1,2-dichloroethane in the

expired air was greater immediately following exposure and decreased gradually with time (Urusova

1953).

Elimination of 1,2-dichloroethane following inhalation exposure in rats occurred primarily via the

excretion of soluble metabolites and unchanged parent compound in the urine and carbon dioxide in the

expired air (Reitz et al. 1982; Spreafico et al. 1980).  Urinary metabolites accounted for 84% of the

absorbed dose, unchanged fecal 1,2-dichloroethane accounted for 2%, and carbon dioxide accounted for

7% of the absorbed dose following the inhalation of 150 ppm by rats (Reitz et al. 1982).  The primary

urinary metabolites identified in rats following inhalation exposure were thiodiacetic acid (70%) and

thiodiacetic acid sulfoxide (26–28%).  The rapidity of elimination is demonstrated by the fact that a few
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hours after exposure, 1,2-dichloroethane was not detected in blood and was detected only to a small

extent 48 hours after exposure in various tissues (liver, kidney, lung, spleen, forestomach, stomach,

carcass) (Reitz et al. 1982).

Spreafico et al. (1980) studied the kinetics of 1,2-dichloroethane excretion in rats following inhalation

exposure of 50 or 250 ppm 1,2-dichloroethane for 5 hours.  They determined that elimination was

monophasic with the half-times of 12.7 and 22 minutes at 50 and 250 ppm exposure, respectively.  The

disappearance of 1,2-dichloroethane was dose-dependent since the percentage of parent compound

recovered in the expired air increased exponentially with dose.  This was presumably a reflection of the

saturable metabolic processes.  Spreafico et al. (1980) also determined that elimination of 1,2-dichloro-

ethane from adipose tissue was slower than elimination of 1,2-dichloroethane from the blood, liver, and

lung.

3.4.4.2 Oral Exposure

No studies were located regarding excretion in humans after oral exposure to 1,2-dichloroethane.

Elimination of 1,2-dichloroethane following oral administration in rats was also rapid and occurred

primarily via excretion of soluble metabolites in the urine, and unchanged parent compound and carbon

dioxide in the expired air (Mitoma et al. 1985; Payan et al. 1993; Reitz et al. 1982; Spreafico et al. 1980). 

Reitz et al. (1982) conducted a complete 14C-balance study in male Osborne-Mendel rats and found that

urinary metabolites accounted for 60% of the radioactivity administered as a single oral dose of 150 mg
14C-1,2-dichloroethane/kg body weight.  Unchanged 1,2-dichloroethane in the breath accounted for 29%

and carbon dioxide in the breath accounted for 5% of the administered radioactivity.  The remaining 6%

of the administered radioactivity was recovered in the carcass, feces, and cage washes.  The primary

urinary metabolites identified were the same as those seen following inhalation exposure—thiodiacetic

acid (70%) and thiodiacetic acid sulfoxide (26–28%).  Elimination of 1,2-dichloroethane was 96%

complete within 48 hours.  The results were similar in rats given a single gavage dose of 150 mg/kg

following 2 years of intermittent inhalation exposure to 50 ppm of 1,2-dichloroethane (Cheever et al.

1990).

Mitoma et al. (1985) studied the elimination of single gavage doses of 14C-labeled 1,2-dichloroethane

from rats and mice (doses of 100 and 150 mg/kg, respectively, in corn oil) after pretreatment with

unlabeled compound 5 days per week for 4 weeks.  At 48 hours after administration of the radiolabeled
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compound, expired volatile metabolites, CO2, excreta (feces and urine), and the carcass accounted for

approximately 11.5, 8.2, 69.5, and 7% of administered radioactivity in rats, and 7.7, 18.2, 81.9, and 2.4%

of the administered dose in mice.

Spreafico et al. (1980) studied the kinetics of 1,2-dichloroethane excretion in rats following the oral

administration of 50 mg/kg 1,2-dichloroethane (in corn oil), and found that kinetics were best described

by a two-compartment model.  Withey et al. (1983) reported that administration in water resulted in a

shorter elimination half-time than administration in vegetable oil.  Reitz et al. (1982) also reported a

two-compartment model of elimination following the gavage administration of 150 mg/kg 1,2-dichloro-

ethane.  The initial elimination phase had a half-time of .90 minutes, but elimination became more rapid

when blood levels fell to 5–10 µg/mL, characterized by a half-life of approximately 20–30 minutes.  This

is in contrast, however, to what was observed following inhalation exposure.  Spreafico et al. (1980)

suggested that the oral profile represented both an absorption-distribution phase and an elimination phase,

whereas the inhalation profile reflected only elimination.  This elimination of 1,2-dichloroethane was also

dose-dependent following oral administration in rats, as the percentage of parent compound recovered in

the expired air increased exponentially with dose.  Again, this is a reflection of saturable metabolic

processes.  The rate of elimination from adipose tissue was similar to that from blood and other tissues, in

contrast to the results for inhalation exposure.

These results indicate that 1,2-dichloroethane will most likely not accumulate in nonlipid components of

the human body following repeated exposure by any route, as elimination of the compound is rapid and

complete.  Available data also suggest that 1,2-dichloroethane is not particularly persistent in adipose

tissue following oral exposure (Spreafico et al. 1980), but it may accumulate to some extent in adipose

tissue after inhalation exposure (Spreafico et al. 1980) and/or in breast milk of nursing women (Urusova

1953).

3.4.4.3 Dermal Exposure

1,2-Dichloroethane was eliminated unchanged in the expired air following dermal exposure of nursing

mothers to liquid 1,2-dichloroethane in the workplace (Urusova 1953).  The amount of 1,2-dichloroethane

in the expired air was greatest immediately after skin contact and gradually decreased with time.

No studies were located regarding excretion in animals after dermal exposure to 1,2-dichloroethane.
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3.4.4.4 Other Routes of Exposure

Studies conducted in animals in which 1,2-dichloroethane was administered via other routes (e.g.,

intraperitoneal or intravenous) support the findings of the studies discussed above; excretion of

1,2-dichloroethane via urine and expired air was rapid and complete, and the route of excretion as well as

the form of the chemical excreted were dose-dependent (Spreafico et al. 1980; Yllner 1971b).

Estimates of an elimination constant (ke) for 1,2-dichloroethane were similar between two- and three-

compartment pharmacokinetic models fitted to a time-series of blood concentration data that were

obtained from rats given single intravenous doses (Withey and Collins 1980).  The ke values for

elimination from blood were roughly inversely related to dose; mean values of 0.143, 0.122, 0.091, 0.096,

or 0.097 were obtained at dose levels of 3, 6, 9, 12, or 15 mg/kg, respectively.

3.4.5 Physiologically Based Pharmacokinetic (PBPK)/Pharmacodynamic (PD) Models

Physiologically based pharmacokinetic (PBPK) models use mathematical descriptions of the uptake and

disposition of chemical substances to quantitatively describe the relationships among critical biological

processes (Krishnan et al. 1994).  PBPK models are also called biologically based tissue dosimetry

models.  PBPK models are increasingly used in risk assessments, primarily to predict the concentration of

potentially toxic moieties of a chemical that will be delivered to any given target tissue following various

combinations of route, dose level, and test species (Clewell and Andersen 1985).  Physiologically based

pharmacodynamic (PBPD) models use mathematical descriptions of the dose-response function to

quantitatively describe the relationship between target tissue dose and toxic end points.  

PBPK/PD models refine our understanding of complex quantitative dose behaviors by helping to

delineate and characterize the relationships between: (1) the external/exposure concentration and target

tissue dose of the toxic moiety, and (2) the target tissue dose and observed responses (Andersen et al.

1987; Andersen and Krishnan 1994).  These models are biologically and mechanistically based and can

be used to extrapolate the pharmacokinetic behavior of chemical substances from high to low dose, from

route to route, between species, and between subpopulations within a species.  The biological basis of

PBPK models results in more meaningful extrapolations than those generated with the more conventional

use of uncertainty factors.  
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The PBPK model for a chemical substance is developed in four interconnected steps: (1) model

representation, (2) model parametrization, (3) model simulation, and (4) model validation (Krishnan and

Andersen 1994).  In the early 1990s, validated PBPK models were developed for a number of

toxicologically important chemical substances, both volatile and nonvolatile (Krishnan and Andersen

1994; Leung 1993).  PBPK models for a particular substance require estimates of the chemical substance-

specific physicochemical parameters, and species-specific physiological and biological parameters.  The

numerical estimates of these model parameters are incorporated within a set of differential and algebraic

equations that describe the pharmacokinetic processes.  Solving these differential and algebraic equations

provides the predictions of tissue dose.  Computers then provide process simulations based on these

solutions.  

The structure and mathematical expressions used in PBPK models significantly simplify the true

complexities of biological systems.  If the uptake and disposition of the chemical substance(s) is

adequately described, however, this simplification is desirable because data are often unavailable for

many biological processes.  A simplified scheme reduces the magnitude of cumulative uncertainty.  The

adequacy of the model is, therefore, of great importance, and model validation is essential to the use of

PBPK models in risk assessment.

PBPK models improve the pharmacokinetic extrapolations used in risk assessments that identify the

maximal (i.e., the safe) levels for human exposure to chemical substances (Andersen and Krishnan 1994). 

PBPK models provide a scientifically sound means to predict the target tissue dose of chemicals in

humans who are exposed to environmental levels (for example, levels that might occur at hazardous waste

sites) based on the results of studies where doses were higher or were administered in different species. 

Figure 3-4 shows a conceptualized representation of a PBPK model.

A PBPK model has been developed that quantitates the amount of 1,2-dichloroethane and its metabolites

that reach the blood and target tissues following different exposure routes (D'Souza et al. 1987, 1988).  As

discussed in Section 3.4.3, 1,2-dichloroethane is metabolized by a saturable oxidation pathway and direct

conjugation with glutathione.  The model predicts that inhalation exposures to 1,2-dichloroethane produce

less glutathione-conjugate metabolites in the liver and lung of rats than equivalent oral exposures.  This

prediction offers a possible explanation for why 1,2-dichloroethane is carcinogenic in rats by the oral

route (NCI 1978), but not following inhalation exposures (Maltoni et al. 1980).  This may have important

implications for extrapolating cancer risk from high doses (above MFO saturation) to environmental

exposures (below MFO saturation).  The PBPK model may also be useful for extrapolating toxicity data 
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Figure 3-4.  Conceptual Representation of a Physiologically Based
Pharmacokinetic (PBPK) Model for a 

Hypothetical Chemical Substance

Source: adapted from Krishnan et al. 1994

Note: This is a conceptual representation of a physiologically based pharmacokinetic
(PBPK) model for a hypothetical chemical substance.  The chemical substance is
shown to be absorbed via the skin, by inhalation, or by ingestion, metabolized in the
liver, and excreted in the urine or by exhalation.
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from animals to humans because the level of glutathione in the liver appears to modulate the toxic effects

of 1,2-dichloroethane (see discussion in Section 3.5).  However, this model needs to be tested and

validated.

3.5 MECHANISMS OF ACTION

3.5.1 Pharmacokinetic Mechanisms

The physical properties of 1,2-dichloroethane, particularly its lipophilic nature, high vapor pressure, and

high serum/air partition coefficient, suggest that it is likely to be absorbed across the alveolar membranes

of the lung, mucosal membranes of the gastrointestinal tract, and the skin by passive diffusion.  Once in

the body, it is widely distributed, with the greatest amounts accumulating in the more lipophilic tissues;

this probably also occurs by passive diffusion.

There is compelling evidence that the toxicity and carcinogenicity of 1,2-dichloroethane are associated

with its metabolism to active intermediates.  Studies in rats and mice indicate that 1,2-dichloroethane is

metabolized to 2-chloroacetaldehyde, S-(2-chloroethyl)glutathione, and other putative reactive

intermediates capable of binding covalently to cellular macromolecules (Fabricant and Chalmers 1980;

Jean and Reed 1989).  The ability of a chemical to bind covalently to cellular macromolecules is often

correlated with the induction of toxic and carcinogenic effects.  In addition, 1,2-dichloroethane has been

shown to promote lipid peroxidation in vitro (Sano and Tappel 1990; Tse et al. 1990).  Lipid peroxidation

is also associated with tissue damage.  The lag time between inhalation exposure and onset of effects

reported by Nouchi et al. (1984) in an occupationally exposed 51-year-old male may have been a

reflection, in part, of the time required to metabolize 1,2-dichloroethane to active intermediates.

The level of glutathione present in the liver appears to modulate effects of 1,2-dichloroethane in animals. 

Glutathione is believed to be heavily involved in the biotransformation of 1,2-dichloroethane (Anders and

Livesey 1980; Yllner 1971b).  The metabolic pathway of 1,2-dichloroethane is linear at low doses, but at

higher concentrations, as the P-450 enzymes become saturated, the amount of glutathione conjugate

produced rises disproportionately with increasing administered dose; at very high doses, the GSH

pathway is also saturated, and the glutathione conjugate produced declines disproportionately with

increasing dose (D'Souza et al. 1987).  It has been suggested that 1,2-dichloroethane-induced toxicity

occurs when the biotransformation processes are saturated, thereby allowing higher levels of
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1,2-dichloroethane to circulate throughout the body and conjugate with glutathione instead of being

detoxified and eliminated (D'Souza et al. 1987; Reitz et al. 1982).

This might explain the observation that large drinking water doses fail to produce the same toxic effects

as smaller gavage doses (Munson et al. 1982).  Gavage administration involves the placement of large

bolus doses in the stomach that are absorbed at one time, thereby leading to spikes in blood levels and the

subsequent expression of toxicity.  However, drinking water exposure results in ingestion of contaminated

water in small doses spread out over the course of a day.  In such instances, biotransformation processes

are not as likely to become saturated, and the risk of adverse effects is not as high as would be predicted

from gavage administration of equivalent doses.  The time required for saturation of biotransformation

processes to occur might have contributed to the lag time, observed by Nouchi et al. (1984), between

exposure and onset of toxic effects in an exposed human male, since the exposure dose (unknown) was

undoubtedly high.

3.5.2 Mechanisms of Toxicity

Specific mechanisms for 1,2-dichloroethane-induced toxicity have not been elucidated.  Studies in rats

and mice indicate that 1,2-dichloroethane may be metabolized to 2-chloroacetaldehyde,

S-(2-chloroethyl)glutathione, and other putative reactive intermediates capable of binding covalently to

cellular macromolecules in the liver, kidney, and other tissues (Fabricant and Chalmers 1980; Jean and

Reed 1989; Lock 1989).  1,2-Dichloroethane promoted lipid peroxidation in rat liver cells (Sano and

Tappel 1990) and arterial endothelial and aortic smooth muscle cells (Tse et al. 1990) in vitro, suggesting

another possible mechanism by which this chemical might produce toxic effects. 

Available evidence suggests that toxicity of 1,2-dichloroethane in various tissues is largely mediated by

reactive intermediates formed by conjugation with glutathione (Lock 1989).  High levels of glutathione-

S-transferases, the family of enzymes that catalyze the conjugation of xenobiotics with glutathione, are

present in liver, kidney, intestine, testis, adrenal, and lung, primarily (>95%) in the cytoplasm (Parkinson

1996).  Putative glutathione-dependent metabolites, such as S-(2-chloroethyl)glutathione and

S-(2-chloroethyl)-L-cysteine, are thought to spontaneously rearrange to form electrophilic episulfonium

ions that can bind to cellular macromolecules (Peterson et al. 1988).  Rapid depletion of hepatocellular

glutathione and binding of S-(2-chloroethyl)glutathione and S-(2-chloroethyl)-L-cysteine to liver DNA

and protein have been demonstrated in vitro (Jean and Reed 1989).  Similarly, the renal cortex contains

substantial amounts and high activity of glutathione S-transferases that perform the initial conjugation
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reaction (Lock 1989), and the conjugates S-(2-chloroethyl)glutathione and S-(2-chloroethyl)-L-cysteine

have been identified as nephrotoxic in rats.  Cytochrome P-450, which catalyzes competing metabolic

reactions, has relatively low activity in the kidney, thus shifting the metabolism of 1,2-dichloroethane in

the kidney toward production of toxic metabolites.

Differences in carcinogenic response have been observed between the positive oral gavage study (NCI

1978) and the negative inhalation study (Maltoni et al. 1980) summarized in Sections 3.2.1.7 and 3.2.2.7. 

These inconsistent cancer findings could be attributed to a number of factors, including different strains

of rats and inhalation study limitations, including intermittent exposures, an MTD that was exceeded at

the highest dose tested, and poor survival rates.  The route-related difference in carcinogenic response

may also be explained on the basis of metabolic differences and the saturation of the detoxification/

excretion mechanism occurring between the gavage dose and the longer-term inhalation dose, as proposed

by Reitz et al. (1982) and discussed in Section 3.5.1.  At lower doses, metabolic saturation appeared to

occur sooner after oral administration than after inhalation exposure.  Reitz et al. (1982) also suggested

that the expression of 1,2-dichloroethane-induced toxicity occurred when the biotransformation processes

were saturated, thereby allowing higher levels of 1,2-dichloroethane to circulate throughout the body

instead of being detoxified and eliminated.  The 1,2-dichloroethane inhalation study therefore may not

have produced peak blood levels high enough to saturate the detoxification mechanisms and produce a

detectable incidence of tumors.  Route-related differences in immunologic and several other toxic

responses have similarly been observed, which may also be due to the saturation of the detoxification/

excretion mechanism as a result of the bolus gavage dosing.

3.5.3 Animal-to-Human Extrapolations

The metabolism of 1,2-dichloroethane has not been studied in humans.  The lack of this information

precludes a nonspeculative attempt to discuss potential interspecies differences or similarities in the

toxicity of 1,2-dichloroethane, as well as a determination of which animal species is the most appropriate

model for humans.  Extrapolations of 1,2-dichloroethane oral toxicity data from animals to humans

should consider the type of exposure because, as discussed in Section 3.5.1, some of the differences in

toxic and carcinogenic responses in animal studies can be explained on the basis of saturation of the

detoxification/excretion mechanism due to bolus (gavage) administration.
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3.6 ENDOCRINE DISRUPTION

Recently, attention has focused on the potential hazardous effects of certain chemicals on the endocrine

system because of the ability of these chemicals to mimic or block endogenous hormones, or otherwise

interfere with the normal function of the endocrine system.  Chemicals with this type of activity are most

commonly referred to as endocrine disruptors.  Some scientists believe that chemicals with the ability to

disrupt the endocrine system are a potential threat to the health of humans, aquatic animals, and wildlife. 

Others believe that endocrine disrupting chemicals do not pose a significant health risk, particularly in

light of the fact that hormone mimics exist in the natural environment.  Examples of natural hormone

mimics are the isoflavinoid phytoestrogens (Adlercreutz 1995; Livingston 1978; Mayr et al. 1992).  These

compounds are derived from plants and are similar in structure and action as endogenous estrogen.  While

there is some controversy over the public health significance of endocrine disrupting chemicals, it is

agreed that the potential exists for these compounds to affect the synthesis, secretion, transport, binding,

action, or elimination of natural hormones in the body that are responsible for the  maintenance of

homeostasis, reproduction, development, and/or behavior (EPA 1997).  As a result, endocrine disruptors

may play a role in the disruption of sexual function, immune suppression, and neurobehavioral function. 

Endocrine disruption is also thought to be involved in the induction of breast, testicular, and prostate

cancers, as well as endometriosis (Berger 1994; Giwercman et al. 1993; Hoel et al. 1992).

No studies regarding endocrine disruption in humans and animals after exposure to 1,2-dichloroethane

were located.

No in vitro studies regarding endocrine disruption of 1,2-dichloroethane were located.

3.7 CHILDREN’S SUSCEPTIBILITY

This section discusses potential health effects from exposures during the period from conception to

maturity at 18 years of age in humans, when all biological systems will have fully developed.  Potential

effects on offspring resulting from exposures of parental germ cells are considered, as well as any indirect

effects on the fetus and neonate resulting from maternal exposure during gestation and lactation. 

Relevant animal and in vitro models are also discussed.
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Children are not small adults.  They differ from adults in their exposures and may differ in their

susceptibility to hazardous chemicals.  Children’s unique physiology and behavior can influence the

extent of their exposure.  Exposures of children are discussed in Section 6.6 Exposures of Children.

Children sometimes differ from adults in their susceptibility to hazardous chemicals, but whether there is

a difference depends on the chemical (Guzelian et al. 1992; NRC 1993).  Children may be more or less

susceptible than adults to health effects, and the relationship may change with developmental age

(Guzelian et al. 1992; NRC 1993).  Vulnerability often depends on developmental stage.  There are

critical periods of structural and functional development during both prenatal and postnatal life and a

particular structure or function will be most sensitive to disruption during its critical period(s).  Damage

may not be evident until a later stage of development.  There are often differences in pharmacokinetics

and metabolism between children and adults.  For example, absorption may be different in neonates

because of the immaturity of their gastrointestinal tract and their larger skin surface area in proportion to

body weight (Morselli et al. 1980; NRC 1993); the gastrointestinal absorption of lead is greatest in infants

and young children (Ziegler et al. 1978).  Distribution of xenobiotics may be different; for example,

infants have a larger proportion of their bodies as extracellular water and their brains and livers are

proportionately larger (Altman and Dittmer 1974; Fomon 1966; Fomon et al. 1982; Owen and Brozek

1966; Widdowson and Dickerson 1964).  The infant also has an immature blood-brain barrier (Adinolfi

1985; Johanson 1980) and probably an immature blood-testis barrier (Setchell and Waites 1975).  Many

xenobiotic metabolizing enzymes have distinctive developmental patterns.  At various stages of growth

and development, levels of particular enzymes may be higher or lower than those of adults, and

sometimes unique enzymes may exist at particular developmental stages (Komori et al. 1990; Leeder and

Kearns 1997; NRC 1993; Vieira et al. 1996).  Whether differences in xenobiotic metabolism make the

child more or less susceptible also depends on whether the relevant enzymes are involved in activation of

the parent compound to its toxic form or in detoxification.  There may also be differences in excretion,

particularly in newborns who all have a low glomerular filtration rate and have not developed efficient

tubular secretion and resorption capacities (Altman and Dittmer 1974; NRC 1993; West et al. 1948). 

Children and adults may differ in their capacity to repair damage from chemical insults.  Children also

have a longer remaining lifetime in which to express damage from chemicals; this potential is particularly

relevant to cancer.

Certain characteristics of the developing human may increase exposure or susceptibility while others may

decrease susceptibility to the same chemical.  For example, although infants breathe more air per

kilogram of body weight than adults breathe, this difference might be somewhat counterbalanced by their
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alveoli being less developed, which results in a disproportionately smaller surface area for alveolar

absorption (NRC 1993).

Data on the health effects of 1,2-dichloroethane exposure in children are limited to a single case report of

a 14-year-old boy who swallowed 15 mL of the compound (Yodaiken and Babcock 1973).  The most

immediate signs of toxicity were headache and staggering gait within 2 hours of exposure, followed soon

after by lethargy and vomiting.  During the next few days, the boy developed symptoms of toxicity,

increasing in variety and severity, that involved several organ systems, including adverse hematological

effects, pulmonary edema, cardiac arrest (he was resuscitated), and eventual death on the 5th day after

exposure from massive hepatic necrosis and renal tubular necrosis.  Data from this case report and from

reports of adult humans who died following acute exposure to high levels by inhalation or ingestion are

consistent with animal studies indicating that the main targets of acute toxicity include the central nervous

system, respiratory tract, stomach, liver, and kidneys.  Considering the consistency of effects in acutely

exposed humans and animals, and data showing that the liver, kidney, and immune system are sensitive

targets of lower-dose and longer-term inhalation and oral exposures in animals, it is reasonable to assume

that effects in these tissues would also be seen in similarly exposed adults and children.  

No studies that provide reliable information on adverse developmental effects in humans exposed to

1,2-dichloroethane are available.  A cross-sectional epidemiologic study that investigated whether

elevated levels of routinely sampled organic contaminants in New Jersey public water systems, including

1,2-dichloroethane, were associated with increased prevalences of adverse birth outcomes (Bove 1996;

Bove et al. 1995) was located.  A number of associations between various chemicals and birth outcomes

were found, including a positive association between ingestion of 1,2-dichloroethane in drinking water

and major cardiac birth defects; however, the mixed chemical exposures indicate that the results are only

suggestive, do not establish a cause-and-effect relationship, and should be interpreted with caution. 

Studies in rats, mice, and rabbits indicate that 1,2-dichloroethane is not developmentally toxic following

inhalation or oral gestational exposure, although indications of embryolethality at maternally toxic doses

have been reported (Kavlock et al. 1979; Lane et al. 1982; Payan et al. 1995; Rao et al. 1980).  

Evidence from mouse studies suggests that the specific nature of oral exposure may play a role in the

degree of  immunotoxicity expressed in young animals.  Bolus doses of 1,2-dichloroethane appear to be

more effective in eliciting an immunotoxic response than drinking-water exposures in 5-week-old mice. 

There was a significant, dose-related reduction in IgM response to sheep erythrocytes, and a significant,
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but not dose-related, reduction in delayed-type hypersensitivity response to sheep erythrocytes in

5-week-old CD-1 mice exposed for 14 days by gavage to 4.9 and 49 mg/kg/day (Munson et al. 1982).  In

mice provided 49 mg/kg/day, these effects were accompanied by a 30% decrease in total leukocyte

number.  In contrast, mice given drinking water containing 189 mg/kg/day of 1,2-dichloroethane for

90 days beginning at 5 weeks of age displayed no treatment-related effects on either the antibody-forming

cell response or the delayed-type hypersensitivity response after immunization with sheep erythrocyte

antigens (Munson et al. 1982).  The fact that the animal evidence for oral immunotoxicity of

1,2-dichloroethane includes decreased immune responses in 5-week-old mice provides a limited

indication of the potential susceptibility of children to immunotoxic effects, particularly after bolus

ingestion by children, that could occur, for example, with accidental ingestion of older household

products that contain 1,2-dichloroethane.

Young mice were also susceptible to reduced immune function after brief inhalation exposure to

1,2-dichloroethane.  A single 3-hour exposure to 5–11 ppm of 1,2-dichloroethane induced increased

susceptibility to S. zooepidemicus (i.e., increased mortality following infection) in 4- to 5-week-old

female mice, suggesting reduced pulmonary immunological defenses in the exposed mice (Sherwood et

al. 1987).  No immunological effects were observed at 2.3 ppm.  Young female mice exposed to 11 ppm

also had reduced bactericidal activity in the lungs 3 hours after inhalation challenge with K. pneumoniae. 

In contrast, young male rats (ages ranging from 4 to 5 weeks) that were exposed once to 200 ppm for

5 hours or 100 ppm 5 hours/day for 12 days did not exhibit any increased susceptibility to infection from

these microbes, suggesting that rats may be less susceptible to the detrimental immunological effects of

1,2-dichloroethane than mice and/or that male rodents are less susceptible than females (Sherwood et al.

1987).  The relevance of the young mouse inhalation data to child susceptibility is unknown, particularly

in the light of the observed interspecies differences.  However, the data do suggest that it would be

prudent to prevent 1,2-dichloroethane inhalation exposures in children such as those that might occur

during, and for several days after, using old wallpaper or carpet adhesives that contain 1,2-dichloroethane.

No studies that evaluated for the distribution of 1,2-dichloroethane or its metabolites across the placenta

in humans were located.  However, there is some evidence that 1,2-dichloroethane and/or its metabolites

crosses the placenta after inhalation and oral exposures in animals.  1,2-Dichloroethane was found in

maternal blood (83.6±20.2 mg %), placental tissue (43.0±9.6 mg %), amniotic fluid (55.5±11.1 mg %),

and fetal tissue (50.6±11.5 mg %) after inhalation exposure of female rats to 247±10 ppm 1,2-dichloro-

ethane during pregnancy (Vozovaya 1977).  Additional evidence of transplacental distribution of

1,2-dichloroethane after inhalation exposure is provided by Withey and Karpinski (1985), who found that
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the geometric mean concentration of 1,2-dichloroethane in the fetuses of rats that inhaled 150–2,000 ppm

for 5 hours increased linearly with increasing exposure level.  However, the reliability of the Vozovaya

data is unclear, and the methods for evaluating 1,2-dichloroethane tissue concentrations were not reported

in Withey and Karpinski (1985).  

There is clearer evidence for transplacental distribution of 1,2-dichloroethane and/or its metabolites after

maternal oral exposure.  Payan et al. (1995) evaluated [14C]-1,2-dichloroethane distribution in maternal

rats following a single oral bolus dose of approximately 160 mg/kg on gestation day 12 or 18.  In both

cases, transplacental distribution of radiocarbon was demonstrated by the presence of radioactivity in the

developing conceptus.  A greater accumulation occurred in the developing fetus and placenta 48 hours

after the gestation-day 18 administration than after the gestation-day 12 administration.  At 48 hours after

the gestation-day 18 dosing, the majority of residual radioactivity burden was located in the fetus

(0.167% of administered dose) and the liver (0.156% of administered dose).

No studies regarding 1,2-dichloroethane metabolism in children were located.  The metabolism of

1,2-dichloroethane is well described (see Figure 3-3), and it is reasonable to assume that the metabolic

pathways are, for the most part, the same between adults and children.  However, the expression of

certain enzymes is known to be developmentally regulated, and one of these enzymes may be involved in

1,2-dichloroethane metabolism.  NAT is involved in 1,2-dichloroethane metabolism at a step subsequent

to GSH conjugation (see Figure 3-3).  NAT performs the N-acetylation of S-carboxymethyl-L-cysteine to

N-acetyl-S-carboxymethyl-L-cysteine, a major urinary metabolite.  There are, however, two NATs

(NAT1 and NAT2) that are expressed in humans with separate but overlapping substrate specificities

(Parkinson 1996).  NAT2 is apparently expressed only in the liver and the gut (Parkinson 1996), and is

known to be developmentally regulated (Leeder and Kearns 1997).  Some NAT2 activity is present in the

fetus at 16 weeks, but NAT2 activity is low in virtually 100% of infants, not reaching adult activity levels

until 1 to 3 years of age (Leeder and Kearns 1997).  It is not clear in NTP (1991a), the source of the

metabolism information in Figure 3-3, whether the NAT involved in 1,2-dichloroethane metabolism is

NAT1 or NAT2, although both enzymes N-acetylate some xenobiotics equally well (Parkinson 1996).

1,2-Dichloroethane has been detected in human milk (EPA 1980a; Urusova 1953), indicating that

developing children could possibly be exposed to 1,2-dichloroethane from breast-feeding mothers.  The

importance of this route of developmental exposure is unclear because current data on the concentration

of 1,2-dichloroethane in breast milk are not available.  1,2-Dichloroethane also accumulated in the

adipose tissue of rats after inhalation exposure and was eliminated from fat more slowly than from blood,
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liver, and lung (Spreafico et al. 1980), suggesting the possibility that the maternal body burden of

1,2-dichloroethane in fat could be available for exposure to the fetus or nursing infant for a somewhat

extended period after maternal exposure.  Supporting data for relatively slow elimination of 1,2-dichloro-

ethane from fat are provided in an intravenous exposure study in rats (Withey and Collins 1980).

3.8 BIOMARKERS OF EXPOSURE AND EFFECT

Biomarkers are broadly defined as indicators signaling events in biologic systems or samples.  They have

been classified as markers of exposure, markers of effect, and markers of susceptibility (NAS/NRC 1989).

Due to a nascent understanding of the use and interpretation of biomarkers, implementation of biomarkers

as tools of exposure in the general population is very limited.  A biomarker of exposure is a xenobiotic

substance or its metabolite(s) or the product of an interaction between a xenobiotic agent and some target

molecule(s) or cell(s) that is measured within a compartment of an organism (NAS/NRC 1989).  The

preferred biomarkers of exposure are generally the substance itself or substance-specific metabolites in

readily obtainable body fluid(s), or excreta.  However, several factors can confound the use and

interpretation of biomarkers of exposure.  The body burden of a substance may be the result of exposures

from more than one source.  The substance being measured may be a metabolite of another xenobiotic

substance (e.g., high urinary levels of phenol can result from exposure to several different aromatic

compounds).  Depending on the properties of the substance (e.g., biologic half-life) and environmental

conditions (e.g., duration and route of exposure), the substance and all of its metabolites may have left the

body by the time samples can be taken.  It may be difficult to identify individuals exposed to hazardous

substances that are commonly found in body tissues and fluids (e.g., essential mineral nutrients such as

copper, zinc, and selenium).  Biomarkers of exposure to 1,2-dichloroethane are discussed in Section 3.8.1.

Biomarkers of effect are defined as any measurable biochemical, physiologic, or other alteration within an

organism that, depending on magnitude, can be recognized as an established or potential health

impairment or disease (NAS/NRC 1989).  This definition encompasses biochemical or cellular signals of

tissue dysfunction (e.g., increased liver enzyme activity or pathologic changes in female genital epithelial

cells), as well as physiologic signs of dysfunction such as increased blood pressure or decreased lung

capacity.  Note that these markers are not often substance specific.  They also may not be directly

adverse, but can indicate potential health impairment (e.g., DNA adducts).  Biomarkers of effects caused

by 1,2-dichloroethane are discussed in Section 3.8.2.
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A biomarker of susceptibility is an indicator of an inherent or acquired limitation of an organism's ability

to respond to the challenge of exposure to a specific xenobiotic substance.  It can be an intrinsic genetic

or other characteristic or a preexisting disease that results in an increase in absorbed dose, a decrease in

the biologically effective dose, or a target tissue response.  If biomarkers of susceptibility exist, they are

discussed in Section 3.10. “Populations That Are Unusually Susceptible”.

3.8.1 Biomarkers Used to Identify or Quantify Exposure to 1,2-Dichloroethane

Levels of 1,2-dichloroethane in breath, blood, and urine may be used to indicate exposure to this

chemical.  However, these measurements would have to be made soon after exposure, since 1,2-dichloro-

ethane is rapidly eliminated from the body (see Section 3.4.4).  In addition, it is not possible to establish

from such measurements the precise environmental levels of 1,2-dichloroethane to which these

individuals were exposed.  A number of studies have investigated the relationship between tissue and

environmental levels of 1,2-dichloroethane.  In general, small amounts of 1,2-dichloroethane detected in

the breath and urine (trace–0.2 ppb and 50–140 ng/L, respectively) were associated with exposure to

1,2-dichloroethane in air and water (Barkley et al. 1980; Conkle et al. 1975).  In 2 studies conducted by

Wallace et al. (1984, 1986), levels of 1,2-dichloroethane in breath samples from 350 residents of New

Jersey were consistently below the detection limit; therefore, no conclusions could be drawn from these

studies.  1,2-Dichloroethane was also detected in the breath (14.3 ppm) and breast milk (0.54–0.64 mg %)

of nursing women working in factory premises containing 15.6 ppm 1,2-dichloroethane in air (Urusova

1953).  These data are insufficient to characterize the relationship between environmental exposure to

1,2-dichloroethane and resultant tissue and fluid levels.

Urinary excretion of thioethers is another potentially useful biomarker of exposure to 1,2-dichloroethane. 

Payan et al. (1993) showed that total excreted urinary thioethers increased linearly with increasing oral

dose (for doses between 0.25 and 4.04 mmol/kg [11.9 mg/kg/d and 400 mg/kg/d, respectively]) in male

Sprague-Dawley rats during a 24-hour postadministration period, at a rate of 0.028 mmol thiol group

eliminated per millimole of 1,2-dichloroethane administered.  This occurred in spite of the fact that the

total percentage of orally administered radioactivity excreted in the urine decreased with increasing dose

(possibly due to saturation of certain metabolic pathways leading to urinary metabolites).  Thioethers are

commonly produced by conjugation reactions involving glutathione and comprise the primary urinary

metabolites of 1,2-dichloroethane (see Sections 3.4.3 and 3.4.4).  Increased urinary excretion of thioethers

following exposure to 1,2-dichloroethane has been demonstrated in rats (Igwe et al. 1988; Payan et al.

1993), showing that this end point is sensitive to 1,2-dichloroethane exposure.  As discussed above for the
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parent compound, rapid excretion of 1,2-dichloroethane and metabolites (essentially complete after

48 hours in animal studies) means that measurements would have to be made soon after exposure to be of

any value.  There is an additional problem with use of increased urinary thioether excretion as a

biomarker for 1,2-dichloroethane exposure.  Since many xenobiotics form conjugates with glutathione,

exposure to any number of compounds may increase urinary excretion of total thioethers (Monster 1986). 

Therefore, its use as a biomarker of 1,2-dichloroethane exposure is limited unless exposure to other

compounds can be ruled out.  Payan et al. (1993), however, found that urinary thiodiglycolic acid

(measured by gas chromatography), a thioether compound that is not extractable by alkaline hydrolysis, is

a more sensitive marker of 1,2-dichloroethane exposure than total thioethers.

Kim and Guengerich (1989) found that urinary mercapturic acid was linearly dose-related to

intraperitoneally injected 1,2-dibromoethane in rats, and the urinary excretion of mercapturic acid was

correlated with formation of hepatic and renal DNA adducts.  It is possible that a similar relationship

exists for relevant 1,2-dichloroethane exposures, although the methods proposed by Kim and Guengerich

(1989) would not discriminate between the halogens.

Erve et al. (1996) investigated whether human hemoglobin, alkylated with the episulfonium ion of

S-(2-chloroethyl)glutathione (a 1,2-dichloroethane metabolite via the glutathione-conjugation metabolic

pathway), could be a useful biomarker for human exposure to 1,2-dichloroethane.  They found that the

method was not a very sensitive indicator for exposure, since an approximately 100-fold molar excess of

S-(2-chloroethyl)glutathione over the hemoglobin concentration was required before alkylation was

detectable in vitro.  

3.8.2 Biomarkers Used to Characterize Effects Caused by 1,2-Dichloroethane

The health effects observed in humans exposed to 1,2-dichloroethane are all nonspecific effects and may

be produced from any number of causes, including other causes that do not involve environmental

exposure to xenobiotics such as 1,2-dichloroethane.  Therefore, these effects would not be useful as

indicators of exposure to 1,2-dichloroethane.  Even if other causes could be ruled out, the specific levels

that produce the various effects in humans are not known, so it would not be possible to quantify

exposure based on the observed effects.

The primary targets of 1,2-dichloroethane identified in humans are probably the central nervous system,

liver, and kidney (for a detailed description of the health effects of 1,2-dichloroethane, see Section 3.2). 
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Another likely target is the immune system, for which very limited information was available in humans

but was the most sensitive target of 1,2-dichloroethane in animals.  The effect on the immune system is

immunosuppression.  The observed biomarkers for this effect are reduced ability to fight induced

bacterial infection, reduced immunoglobulin response to sheep erythrocytes, and reduced delayed-type

hypersensitivity response to sheep erythrocytes, all of which show reduced immune system response to a

challenge.  The neurological effects observed included a variety of symptoms such as headache,

irritability, drowsiness, tremors, partial paralysis, and coma.  These effects were accompanied by

histopathological changes in the brain in both humans and animals.  The symptoms that occur at the

lowest levels (such as headache, irritability, drowsiness, and tremors) may be considered biomarkers for

the neurological effects of 1,2-dichloroethane.  However, these suggested biomarkers of effects are

nonspecific to 1,2-dichloroethane-induced toxicity.

Liver damage is a prominent feature of 1,2-dichloroethane exposure.  Biomarkers for hepatotoxicity

observed in humans and animals were alkylation of hepatocellular macromolecules, increased liver

weight, and elevated levels of serum enzymes (ALT, AST, SDH).  Kidney damage is another major effect

of 1,2-dichloroethane; kidney failure has been reported in humans following high-level exposure. 

Biomarkers of renal effects in humans and animals included binding of macromolecules in renal cells and

increased kidney weight.  Glomerular involvement may be indicated by urinary excretion of the

glomerular structural protein fibronectin (Bundschuh et al. 1993).  Discussions of additional biomarkers

of immunological, neurological, hepatic, and renal effects that may be relevant for 1,2-dichloroethane-

induced toxicity can be found in the CDC/ATSDR (1990) and OTA (1990) reports referenced in

Chapter 9. 

3.9 INTERACTIONS WITH OTHER CHEMICALS

No studies regarding interactions of 1,2-dichloroethane with other chemicals in humans were located. 

Based on metabolic data resulting from animal studies, various interactions can be expected to occur. 

Inducers and inhibitors of cytochrome P-450 enzymes, glutathione precursors and depleting agents, and

dietary/nutritional status can all influence the rate of formation and excretion of the various toxic

intermediates resulting from exposure to 1,2-dichloroethane.

Induction of hepatic cytochrome P-450 enzymes by phenobarbital and/or Aroclor 1254 increases the rate

of MFO metabolism of 1,2-dichloroethane in vitro (Hayes et al. 1973; Sipes and Gandolfi 1980). 

Alterations in metabolism could potentially produce profound effects on toxicity.  Enhanced enzymatic
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metabolism of 1,2-dichloroethane also occurs after treatment with ethanol in vitro (Sato et al. 1981). 

Ethanol is an inducer of cytochrome P-450 2E1, the major MFO enzyme involved in 1,2-dichloroethane

metabolism (Guengerich et al. 1991).  However, the effect of the consumption of ethanol before in vitro

exposure to 1,2-dichloroethane varies greatly depending on the actual tissue concentration of ethanol

reached during the metabolism of 1,2-dichloroethane (Sato et al. 1981).  At low tissue ethanol

concentration, cytochrome P-450 activity is stimulated.  At high tissue ethanol concentrations, especially

just before exposure to 1,2-dichloroethane, suppression of 1,2-dichloroethane metabolism occurs (Sato et

al. 1981).  Metabolism of 1,2-dichloroethane (50 ppm in air) was unaffected by chronic co-exposure to

ethanol (5% in drinking water) in a 2-year study in rats (Cheever et al. 1990).  Toxicity was also

unaffected in this study.

Concurrent administration of 0.15% disulfiram in the diet and inhaled 1,2-dichloroethane (10, 153–304,

455 ppm) in animals markedly increased hepatotoxicity much more than would occur with exposure to

1,2-dichloroethane alone (Igwe et al. 1986a, 1988).  Similarly, after chronic co-treatment with 50 ppm of

1,2-dichloroethane by inhalation and 0.05% disulfiram in the diet for 2 years, a series of neoplastic

lesions were produced in rats that were not produced by 1,2-dichloroethane (or disulfiram) alone

(Cheever et al. 1990).  The lesions included intrahepatic bile duct cholangiomas, subcutaneous fibromas,

hepatic neoplastic nodules, interstitial cell tumors in the testes, and mammary adenocarcinomas.

Metabolism studies on rats co-exposed to 1,2-dichloroethane and disulfiram for 2 years showed that

following a 7-hour exposure, blood levels of 1,2-dichloroethane were elevated five-fold by co-treatment

with disulfiram (Cheever et al. 1990).  In addition, the amount of 14C eliminated as unchanged

1,2-dichloroethane in the breath was elevated by disulfiram co-treatment, with a corresponding decrease

in the amount of radioactivity excreted as metabolites in the urine.  These results support the suggestion

that disulfiram reduces the MFO metabolism of 1,2-dichloroethane, leading to accumulation of

1,2-dichloroethane in the blood and toxic effects.  Diethyldithiocarbamate, the reduced form of

disulfiram, is a relatively selective inhibitor of cytochrome P-450 2E1, the primary MFO enzyme

involved in 1,2-dichloroethane metabolism (Guengerich et al. 1991).

Conjugation with glutathione is an important metabolic pathway for 1,2-dichloroethane.  However,

glutathione conjugation with 1,2-dichloroethane has also been hypothesized to produce reactive sulfur

half-mustard metabolites, such as S-(2-chloroethyl) glutathione (D'Souza et al. 1987; Igwe et al. 1986b;

Jean and Reed 1989; Lock 1989; Reitz et al. 1982).  There is considerable evidence supporting the

hypothesis that reactive intermediates formed by glutathione conjugation are responsible for 1,2-dichloro-
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ethane toxicity.  However, studies also show a protective effect of glutathione.  The administration of

glutathione, precursors of glutathione, or amino acids capable of donating a sulfhydryl group for the

biosynthesis of glutathione all decrease the toxic effects and mortality in rats given 1,2-dichloroethane

orally (Heppel et al. 1947).  This protective action of glutathione and precursors also occurs in young rats

exposed to 1,2-dichloroethane by inhalation (Johnson 1967).  It is not clear how the protective effect of

glutathione reported in these studies may be reconciled with the hypothesis that reactive intermediates

formed by glutathione conjugation are responsible for 1,2-dichloroethane-induced toxicity.  By analogy

to 1,2-dibromoethane, however, the protective effect of co-administered glutathione in 1,2-dichloroethane

exposures might be explained by the reaction of S-(2-chloroethyl)glutathione with glutathione, which is a

nonenzymatic reaction occurring at physiological glutathione concentrations (Cmarik et al. 1990),

although work with 1,2-dibromoethane indicates that levels of DNA adducts are correlated with

glutathione content (Kim and Guengerich 1990).  Methionine, p-aminobenzoic acid, aniline, and

sulfanilamide have been shown to protect against toxicity of 1,2-dichloroethane (Heppel et al. 1945).  A

good correlation has been found between the urinary excretion of mercapturic acid and the formation of

DNA adducts in liver and kidney DNA of 1,2-dibromoethane-treated rats (Kim and Guengerich 1989). 

This finding suggests that the extent of formation of adducts may be correlated with the toxic effects of

1,2-dichloroethane.

Nutritional status affects the rate of metabolic formation of toxic intermediates; liver from fasted animals

showed an increased rate of 1,2-dichloroethane metabolism in vitro (Nakajima and Sato 1979) because

fasting induces the formation of cytochrome P-450 2E1 (Johansson et al. 1988), the primary MFO

enzyme involved in oxidation of 1,2-dichloroethane (Guengerich et al. 1991).  Fasting also may lower

hepatic levels of glutathione.  According to the hypothesis that reactive intermediates formed by

glutathione conjugation are responsible for 1,2-dichloroethane-induced toxicity, toxicity would be

reduced under these conditions.  However, the actual effect of fasting on 1,2-dichloroethane toxicity is

unknown.

A few studies that investigated the toxic interactions between 1,2-dichloroethane and other xenobiotic

toxicants were located.  Pretreatment with orally administered 2-hexanone did not potentiate the

nephrotoxicity of 1,2-dichloroethane administered by intraperitoneal injection in rats (Raisbeck et al.

1990).  Co-treatment with 1,1-dichloroethylene produced only a slightly greater-than-additive effect on

lipid droplet changes in rat hepatocytes (EPA 1989b).  A mixture of 1,2-dichloroethane (80 mg/kg) and

carbon tetrachloride (200 mg/kg) administered in a single oral dose to rats produced lower liver

triglyceride levels than observed with carbon tetrachloride alone.  These levels were still increased above
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1,2-dichloroethane-only levels (Aragno et al. 1992).  Studies of in vitro interactions produced more

positive results.  tert-Butyl hydroperoxide potentiated lipid peroxidation induced by 1,2-dichloroethane in

rat liver slices in vitro (Sano and Tappel 1990).  The occurrence of lipid peroxidation is associated with

physical damage to tissues.  There was a synergistic inactivation of plasma alpha-1 proteinase inhibitor

when 1,2-dichloroethane was tested together with the cigarette smoke components acrolein and pyruvic

aldehyde in vitro (Ansari et al. 1988b).  Inactivation of plasma alpha-1 proteinase inhibitor has been

proposed as an important factor in the development of lung emphysema.

Oral administration of 1,2-dichloroethane in drinking water for 16 weeks together with 3 other chemical

carcinogens commonly found at hazardous waste sites (arsenic, vinyl chloride, and trichloroethylene)

resulted in inhibition of the promotion of preneoplastic hepatic lesions and pulmonary hyperplasia and

adenomas (Pott et al. 1998).  The four chemicals, including 1,2-dichloroethane, have been shown to be

individually carcinogenic in laboratory animals, yet they interacted antagonistically to inhibit promotion

of precancerous lesions.  The study is limited, however, by a short exposure duration, small numbers of

test animals, and the use of only male rats; the interactive effect of lifetime exposure to the four chemicals

cannot be inferred with confidence from these results.  The mechanism for this interactive effect has not

been elucidated, but Pott et al. (1998) hypothesized that decreased cell proliferation, increased apoptosis,

or enhanced remodeling of preneoplastic lesions may play a role.  

3.10 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE

A susceptible population will exhibit a different or enhanced response to 1,2-dichloroethane than will

most persons exposed to the same level of 1,2-dichloroethane in the environment.  Reasons may include

genetic makeup, age, health and nutritional status, and exposure to other toxic substances (e.g., cigarette

smoke).  These parameters result in reduced detoxification or excretion of 1,2-dichloroethane, or

compromised function of organs affected by 1,2-dichloroethane.  Populations who are at greater risk due

to their unusually high exposure to 1,2-dichloroethane are discussed in Section 6.7, Populations With

Potentially High Exposures.

The synergistic effect of disulfiram (tetraethylthiuram disulfide) on 1,2-dichloroethane hepatotoxicity and

carcinogenicity in animal studies suggests that individuals exposed concurrently to 1,2-dichloroethane

and disulfiram, either in the rubber industry or medically (disulfiram is used as an anti-alcohol-abuse

drug), have increased risk for liver toxicity (Cheever et al. 1990; Igwe et al. 1986a).  Disulfiram and its

reduced form, diethyldithiocarbamate, are known inhibitors of microsomal MFO enzyme, particularly
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cytochrome P-450 2E1 (Guengerich et al. 1991; Igwe et al. 1985).  It is possible that people exposed to

other MFO inhibitors of like specificity would be at similar risk.

Inactivation of plasma alpha-1-proteinase inhibitor has been proposed to be an important factor in the

development of lung emphysema.  The occurrence of a synergistic inactivation of plasma alpha-1

proteinase inhibitor by 1,2-dichloroethane and cigarette smoke components (acrolein and pyruvic

aldehyde) in vitro suggests that smokers as well as those exposed to passive smoke may be more

susceptible to lung emphysema following repeated exposure to 1,2-dichloroethane (Ansari et al. 1988b). 

Further, those with genetically reduced plasma alpha-1-proteinase inhibitor, who are predisposed to

emphysema, may be at increased risk. 

3.11 METHODS FOR REDUCING TOXIC EFFECTS

This section will describe clinical practice and research concerning methods for reducing toxic effects of

exposure to 1,2-dichloroethane.  However, because some of the treatments discussed may be experimental

and unproven, this section should not be used as a guide for treatment of exposures to 1,2-dichloroethane. 

When specific exposures have occurred, poison control centers and medical toxicologists should be

consulted for medical advice.  The following texts provide specific information about treatment following

exposures to 1,2-dichloroethane:

Ellenhorn, M.J.  1997.  Ellenhorn’s Medical Toxicology: Diagnosis and Treatment of Human
Poisons.  (2nd ed).  Williams and Wilkins, Baltimore.  2047 pp.

The following discussion is based on suggested treatments provided in Ellenhorn (1997) for patients who

were exposed to halogenated solvents, including 1,2-dichloroethane.  Treatment  is largely supportive. 

After dermal or ocular exposure, the exposed surface should be washed immediately with large amounts

of water; for the eye, a 15- to 20-minute rinse is suggested.  Appropriate and timely administration of

ipecac to induce vomiting may help to reduce absorption from the gut if administered within 1 or 2 hours

after the halogenated solvent is ingested.  However, the risk of aspiration of the chemical during vomiting

should be considered, particularly for infants and small children.  After inhalation exposure, provide

oxygen and watch for the need to provide mechanical respiration.

After exposures to high levels of a halogenated solvent, including 1,2-dichloroethane, the patient should

be monitored for respiratory depression, hypoxic encephalopathy, cardiac dysrhythmias, hepatotoxicity,

and renal toxicity (Ellenhorn 1997).  Blood gases should be monitored and good ventilation maintained. 
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Observe for cardiac arrhythmias for a minimum of 24 hours.  In the event of a ventricular arrhythmia,

lidocaine or beta-blockers could be administered.  Monitor serum creatinine, hepatic aminotransferase,

electrolytes, and fluid balance for signs of hepatic or renal failure.  Dialysis may be helpful in the event of

renal failure.  Hepatic failure may be treated with fresh frozen plasma, vitamin K, low protein diet,

neomycin, and lactulose.

A major metabolic pathway of 1,2-dichloroethane involves conjugation with glutathione.  In apparent

opposition to the observation that conjugation with glutathione mediates 1,2-dichloroethane toxicity,

some evidence from animal studies (Heppel et al. 1947; Johnson 1967) suggests that, after acute oral or

inhalation exposure to 1,2-dichloroethane, prompt oral administration of glutathione, precursors of

glutathione, or amino acids involved in donating a sulfhydryl group for the biosynthesis of glutathione

may help to reduce the toxic effects of 1,2-dichloroethane exposure (further details of the animal studies

are provided in Section 3.9).  Ellenhorn (1997) suggested that treatment with N-acetylcysteine may help

to restore depleted glutathione after exposure to a halogenated solvent, although he noted that no clinical

trials had been conducted to confirm the efficacy or safety of this treatment.

3.11.1 Reducing Peak Absorption Following Exposure

Methods for reducing peak absorption of 1,2-dichloroethane after oral exposure include gastric lavage

with activated charcoal, administration of ipecac to induce emesis, and the use of cathartics (Ellenhorn

and Barceloux 1988).  No information regarding ways to reduce absorption after exposure by other routes

was located.

3.11.2 Reducing Body Burden

1,2-Dichloroethane is rapidly eliminated from the body after exposure.  In animals, excretion of

1,2-dichloroethane and its metabolites was essentially complete within 48 hours of exposure (see

Section 3.4.4).  Following inhalation or oral exposure, elimination of 1,2-dichloroethane occurred

primarily via excretion of soluble metabolites in the urine and excretion of unchanged parent compound

and carbon dioxide in the expired air (Reitz et al. 1982).  Increasing the volume of urine production by

consuming a large volume of fluids beginning shortly after exposure may enhance the rate of urinary

excretion of soluble 1,2-dichloroethane metabolites.  The available data suggest that 1,2-dichloroethane

will not accumulate in nonlipid components of the human body, but that it may accumulate to some extent

in adipose tissue and in the breast milk of nursing women.  Excretion of 1,2-dichloroethane may be
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facilitated in nursing women by removing milk using either manual expression or a breast pump.  The

expressed breast milk should be discarded and not fed to infants.  Methods (not specified) to enhance

removal of 1,2-dichloroethane from the body have not been successful (Ellenhorn and Barceloux 1988).

3.11.3 Interfering with the Mechanism of Action for Toxic Effects

The mechanism by which 1,2-dichloroethane produces toxic effects is not entirely understood.  The two

important metabolic pathways for 1,2-dichloroethane both lead to the formation of potentially reactive

intermediates—chloroacetaldehyde by MFO and S-(2-chloroethyl)glutathione by glutathione conjugation

(see Section 3.4.3).  These reactive intermediates could produce toxic effects by binding covalently to

cellular macromolecules.  The MFO biotransformation pathway is saturable, and it has been suggested

that 1,2-dichloroethane-induced toxicity occurs when MFO metabolism is saturated and large amounts of

1,2-dichloroethane conjugate with glutathione (see Section 3.5.1).

If this hypothesis is correct, then stimulation of MFO metabolism might prove effective in reducing

toxicity.  Cytochrome P-450 2E1 is the specific MFO enzyme that catalyzes metabolism of 1,2-dichloro-

ethane (Guengerich et al. 1991).  Theoretically, a drug that very rapidly induces this enzyme and is

administered in a timely manner might have the ultimate effect of reducing 1,2-dichloroethane toxicity.

Although experimental data are lacking that show that rapid P-450 2E1 induction by another chemical

reduces 1,2-dichloroethane toxicity, available data do provide indirect support of this argument.  Co-

treatment with disulfiram, an inhibitor of MFO metabolism (especially P-450 2E1), enhances the toxicity

of 1,2-dichloroethane (see Section 3.10).  Alternatively, administration of drugs that would compete for

glutathione and reduce the amount of glutathione available to conjugate with 1,2-dichloroethane might

also mitigate the toxicity of 1,2-dichloroethane.

However, as evidence of the complexity of 1,2-dichloroethane biotransformation and uncertainty

regarding toxic mechanisms, it may be noted that co-administration of glutathione and precursors with

1,2-dichloroethane had a protective effect (Heppel et al. 1947; Jaeger et al. 1974; Johnson 1967).  These

results are the opposite of those expected from the hypothesis that glutathione-dependent metabolites are

responsible for 1,2-dichloroethane-induced toxicity.  Clearly, a greater understanding of 1,2-dichloro-

ethane bioactivation is necessary to develop methods to interfere with the process.
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3.12 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether

adequate information on the health effects of 1,2-dichloroethane is available.  Where adequate

information is not available, ATSDR, in conjunction with the National Toxicology Program (NTP), is

required to assure the initiation of a program of research designed to determine the health effects (and

techniques for developing methods to determine such health effects) of 1,2-dichloroethane.

The following categories of possible data needs have been identified by a joint team of scientists from

ATSDR, NTP, and EPA.  They are defined as substance-specific informational needs that if met would

reduce the uncertainties of human health assessment.  This definition should not be interpreted to mean

that all data needs discussed in this section must be filled.  In the future, the identified data needs will be

evaluated and prioritized, and a substance-specific research agenda will be proposed.

3.12.1 Existing Information on Health Effects of 1,2-Dichloroethane

The existing data on health effects of inhalation, oral, and dermal exposure of humans and animals to

1,2-dichloroethane are summarized in Figure 3-5.  The purpose of this figure is to illustrate the existing

information concerning the health effects of 1,2-dichloroethane.  Each dot in the figure indicates that one

or more studies provide information associated with that particular effect.  The dot does not necessarily

imply anything about the quality of the study or studies, nor should missing information in this figure be

interpreted as a “data need”.  A data need, as defined in ATSDR’s Decision Guide for Identifying

Substance-Specific Data Needs Related to Toxicological Profiles (ATSDR 1989), is substance-specific

information necessary to conduct comprehensive public health assessments.  Generally, ATSDR defines a

data gap more broadly as any substance-specific information missing from the scientific literature.

Limited information is available on the effects of inhaled 1,2-dichloroethane in humans.  Most of the

information consists of case reports of accidental or occupational exposure to 1,2-dichloroethane vapor. 

These studies are difficult to interpret because exposure concentration usually was not quantified, dermal

exposure to 1,2-dichloroethane was also likely to occur concurrently with inhalation exposure, thereby

contributing to total dose, or co-exposure to other chemicals occurred.  The human health effects

associated with ingested 1,2-dichloroethane are reported in case studies of individuals who drank

1,2-dichloroethane either intentionally or accidentally.  In almost all of the case studies, death occurred 
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Figure 3-5.  Existing Information on Health Effects of 1,2-Dichloroethane
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within a few days following exposure, and many of the systemic effects observed were found upon

autopsy.  No evidence of a relationship between 1,2-dichloroethane and cancer has been reported in

epidemiological studies of petrochemical and other chemical industry workers, but the relevance of these

studies to 1,2-dichloroethane is limited because exposure to various other chemicals also occurred. 

Similarly, evidence that 1,2-dichloroethane in drinking water is associated with colon and rectal cancer is

also limited by the co-exposure to other chemicals.  No information regarding human health effects

following dermal exposure to 1,2-dichloroethane, except for ocular effects produced by direct contact

with the vapor during inhalation exposure was located.

The lethal and systemic effects of 1,2-dichloroethane following acute- and intermediate-duration

inhalation exposures have been studied in a variety of species.  Excessive mortality was noted in most

species examined under these exposure durations.  Health effects associated with chronic-duration

inhalation exposure to 1,2-dichloroethane have been investigated only in rats.  Lethal and systemic effects

of oral exposure have been studied mainly in rats and mice exposed for acute, intermediate, and chronic

durations.  Animal health effects data for dermal exposure to 1,2-dichloroethane are only available for

acute-duration exposure.  The carcinogenic effects of 1,2-dichloroethane have been investigated in rats

and mice following inhalation, oral, and dermal exposure.  Based on the results of available animal

studies, EPA has classified 1,2-dichloroethane as a possible human carcinogen (Group B2) (IRIS 2001).

3.12.2 Identification of Data Needs

Acute-Duration Exposure.    A data need to conduct additional studies via inhalation, oral, and

dermal exposure has been identified.  Information on 1,2-dichloroethane toxicity in humans comes

primarily from a few case reports of humans who died following acute exposure to high levels of

1,2-dichloroethane by inhalation or ingestion (Garrison and Leadingham 1954; Hubbs and Prusmack

1955; Hueper and Smith 1935; Lochhead and Close 1951; Martin et al. 1969; Nouchi et al. 1984;

Schönborn et al. 1970; Yodaiken and Babcock 1973).  Information that may be obtained from such

studies is limited, but for 1,2-dichloroethane, the data were sufficient to identify the central nervous

system, liver, kidney, and possibly cardiovascular system as target organs of high-level exposure from

both oral and inhalation exposure.  Results from acute inhalation and oral exposure studies in animals

generally support the observations in humans.  The dose spacing in these animal studies, however, was

wide and resulted in identification of NOAELs and serious LOAELs for these effects.
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The immune system was identified as the most sensitive target in mice for acute gavage exposure

(Munson et al. 1982) and acute inhalation exposure (Sherwood et al. 1987) to 1,2-dichloroethane, but was

not affected in rats by acute inhalation exposure to up to 20-fold higher concentrations of 1,2-dichloro-

ethane (Sherwood et al. 1987).  The lack of species concordance in the inhalation study in mice and rats

(Sherwood et al. 1987) suggested that extrapolation from animals to humans is uncertain.  The massive

streptococcal challenge and lethality end point used to measure immune response in the mice exposed by

inhalation does not appear to be suitable as the basis for MRL derivation.  Therefore, an acute-duration

inhalation MRL was not derived.  Only one end point showed a significant dose-related immunotoxic

effect in the acute gavage study in mice (Munson et al. 1982), and the higher doses of 1,2-dichloroethane

administered in the drinking water for 90 days were not immunosuppressive in mice (Munson et al.

1982).  These findings precluded acute-duration oral MRL derivation.  Additional studies are needed to

characterize the thresholds for acute immunologic effects and for other end points (e.g., central nervous

system, liver, kidney, cardiovascular) to determine the most sensitive effects of inhalation and oral

exposure and to investigate whether the immunologic effects in mice can be extrapolated across species. 

The additional data would establish the most appropriate basis for deriving an acute inhalation or oral

MRL.

In addition, the reason for the discrepancy in results for immunotoxicity between the acute gavage and the

intermediate drinking water study (Munson et al. 1982) is unknown.  Although the discrepancy may have

been related to the methods of dosing (gavage versus drinking water), another possible explanation is that

younger mice are more susceptible than fully adult mice.  As discussed in more detail in the section on

children’s susceptibility, the mice in the acute study were much younger at the time of immune testing

than were the mice in the intermediate study.  

The primary exposure routes for populations surrounding hazardous waste sites are ingestion of

contaminated water and inhalation of air contaminated by volatilization of 1,2-dichloroethane from waste

sites and from contaminated water used as household water.  Studies to determine acute thresholds for

effects induced by oral exposure, especially via drinking water instead of gavage, and to determine acute

thresholds for effects of inhalation exposure are needed as populations near hazardous waste sites may be

exposed to this chemical for brief periods by these routes.

Very little information was located regarding acute toxicity following dermal exposure in humans or

animals.  1,2-Dichloroethane is well absorbed by this route, both as undiluted chemical and from aqueous

solution (Morgan et al. 1991), and is expected to produce effects in the same tissues affected by exposure
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via other routes.  Acute dermal toxicity data are needed because acute dermal exposure to 1,2-dichloro-

ethane (in household water used for bathing and showering) is a likely route of exposure for humans who

live near hazardous waste sites.

Intermediate-Duration.    A data need to conduct additional studies via inhalation and dermal

exposure has been identified.  There is no information on the health effects of intermediate-duration

exposure to 1,2-dichloroethane in humans.  Available inhalation studies in animals (Heppel et al. 1946;

Spencer et al. 1951) are adequate for identifying main target organs (essentially the same as those affected

by acute inhalation and oral exposure in humans and animals), but do not provide a fully adequate basis

for identifying the most sensitive end points.  Limitations in the intermediate-duration inhalation studies

preclude considering them in MRL derivation.  Additional studies to identify toxicity thresholds

following intermediate-duration inhalation exposure are needed to derive an inhalation MRL specifically

for intermediate-duration exposure.

The MRL for intermediate oral exposure is based on a LOAEL of 58 mg/kg/day for kidney effects in rats

from an adequate 13-week drinking water study in rats and mice (NTP 1991a).  In the same drinking

water study, the most sensitive effect in mice was also renal, but it occurred at a much higher exposure

level, 249 mg/kg/day (NTP 1991a).  A 90-day immunotoxicity study in mice of 1,2-dichloroethane in

drinking water found no effects on the immune system and no effects on liver or kidney weight at the

highest exposure level, 189 mg/kg/day.  Thus, the rat appears to be more sensitive than the mouse to

1,2-dichloroethane exposure in drinking water.  Although few immune-related end points were evaluated

in the rat subchronic drinking water study (leukocyte counts, thymus histology), acute inhalation

exposure did not result in immune effects in rats at exposure levels as much as 20-fold higher than the

effect levels in mice in the same study (Sherwood et al. 1987).  Additional oral studies could identify a

NOAEL, as well as determine if the kidney is the most sensitive target for intermediate-duration exposure

to 1,2-dichloroethane (see data needs sections for acute-duration exposure and for immunotoxicity). 

Because the data were adequate for derivation of an intermediate oral MRL, a data need is not identified

for this route and duration.

Dermal data were not located, but are needed because absorption by this route is expected (Morgan et al.

1991), and intermediate-duration dermal exposure is a likely exposure scenario for humans who live in

the vicinity of a hazardous waste site.



1,2-DICHLOROETHANE 134

3.  HEALTH EFFECTS

Chronic-Duration Exposure and Cancer.    A data need to conduct additional studies via oral and

dermal exposure has been identified.  There is no information on the noncancer health effects of chronic-

duration exposure to 1,2-dichloroethane by any route in humans.  Chronic studies in animals are limited

to one inhalation study in rats (Cheever et al. 1990) and one oral study in rats and mice (NCI 1978) that

were primarily designed to assess carcinogenicity, but provided some information on systemic toxicity.

The inhalation study (Cheever et al. 1990) was used to derive an MRL for chronic-duration exposure but

is limited by the use of a single exposure level (a NOAEL), use of a single species, and lack of sensitive

immunotoxicity end points.  Because the inhalation information was considered adequate for MRL

derivation, there is no data need for additional chronic inhalation studies.

The oral study (NCI 1978) provided an insufficient basis for derivation of an MRL due to limitations such

as dosage adjustments, possible contamination by other chemicals tested in the same laboratory, and poor

survival and small numbers of control animals, as well as concerns regarding the method of exposure,

since it may not be appropriate to base an MRL on an effect level from a gavage oil study due to

toxicokinetic considerations (bolus saturation of the detoxification/excretion mechanism, discussed

elsewhere in this document).  Additional chronic oral toxicity studies are needed because they could

identify critical targets that are different than those detected in shorter-term studies and because toxicity

levels may be considerably lower than in shorter-term studies.

The only chronic dermal study in animals was a carcinogenicity study that did not investigate noncancer

end points (Van Duuren et al. 1979).

Epidemiological studies that have investigated associations between occupational or oral exposure to

1,2-dichloroethane and increased incidences of cancer are inadequate for assessing carcinogenicity of

1,2-dichloroethane in humans due to complicating co-exposures to various other chemicals, as discussed

in the section on epidemiology.  The carcinogenic potential of 1,2-dichloroethane has been examined in

rats and mice following inhalation, oral, and dermal exposure.  No tumors were produced in rats and mice

exposed to 1,2-dichloroethane via inhalation (Cheever et al. 1990; Maltoni et al. 1980).  Limitations of

the inhalation studies included the use of a single, subthreshold exposure level in one study (Cheever et

al. 1990) and exceedance of the maximum tolerated dose in rats, less-than-lifetime study duration, and

poor survival in mice in the other study (Maltoni et al. 1980). 
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1,2-Dichloroethane was carcinogenic after gavage administration (of 97–195 mg/kg/day to rats and

97–299 mg/kg/day to mice), inducing statistically significant increases in forestomach squamous cell

carcinomas, hemangiosarcomas, and subcutaneous fibromas in male rats; mammary gland

adenocarcinomas and hemangiosarcomas in female rats; hepatocellular carcinomas and

alveolar/bronchiolar adenomas in male mice; and alveolar/bronchiolar adenomas, mammary carcinomas,

and endometrial tumors in female mice (NCI 1978).  Limitations of this oral study include the nonnatural

method of administration (gavage) and dosage adjustments during the study.

1,2-Dichloroethane induced lung papillomas following lifetime dermal exposure of female mice (Van

Duuren et al. 1979).  The  results showed an apparent dose-response, with statistical significance at the

high dose.  This study appears adequate to demonstrate the carcinogenic potential of dermal exposure to

1,2-dichloroethane.  In addition, pulmonary adenomas have been induced in mice by intraperitoneal

injection (Stoner 1991; Theiss et al. 1977), and, as discussed previously, by oral administration of

1,2-dichloroethane.

It has been suggested that the route-related differences in carcinogenicity between inhalation and oral

exposure may be associated with saturation of the detoxification/excretion mechanism by gavage dosing.

Reitz et al. (1982) proposed that 1,2-dichloroethane-induced toxicity occurred when the biotransformation

processes were saturated, thereby allowing higher levels of 1,2-dichloroethane to circulate throughout the

body instead of being detoxified and eliminated.  The 1,2-dichloroethane inhalation study, therefore, may

not have produced peak blood levels that were high enough to saturate the detoxification mechanisms and

produce a detectable incidence of tumors.  Metabolic saturation apparently occurs at lower doses after

oral administration (particularly by gavage) than after inhalation exposure.  Additional information on

1,2-dichloroethane from well-conducted animal bioassays using the natural routes of exposure expected

for populations surrounding hazardous waste sites (i.e., drinking water ingestion and inhalation exposure)

are needed to better predict the likelihood of carcinogenicity in humans.

The positive and suggestive carcinogenicity results from animal bioassays (NCI 1978; Stoner 1991;

Theiss et al. 1977; Van Duuren et al. 1979), along with data indicating that 1,2-dichloroethane and certain

metabolites are mutagenic and capable of forming DNA adducts as discussed in the preceding section,

provide sufficient evidence to suggest that 1,2-dichloroethane is a probable human carcinogen.  Because

oral, dermal, and intraperitoneal exposure of experimental animals to 1,2-dichloroethane is associated

with the induction of tumors remote from the site of administration, 1,2-dichloroethane should be

considered potentially carcinogenic by the inhalation route of exposure as well.  The DHHS has
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determined that 1,2-dichloroethane may reasonably be anticipated to be a human carcinogen (NTP 2000). 

IARC has placed 1,2-dichloroethane in Group 2B (possibly carcinogenic to humans) (IARC 2001).  EPA

has classified 1,2-dichloroethane as a Group B2 carcinogen (probable human carcinogen) (IRIS 2001). 

This EPA category applies to chemical agents for which there is sufficient evidence of carcinogenicity in

animals. 

Genotoxicity.    A data need to conduct additional genotoxicity studies has been identified.  No

information regarding the genotoxicity of 1,2-dichloroethane in humans following oral, inhalation,

dermal, or parenteral exposure is available.  However, a great deal of data are available regarding the

genotoxic effects of 1,2-dichloroethane in human cells in vitro; prokaryotic organisms, fungi, and

nonhuman mammalian cells in vitro; and insects, rats, and mice in vivo. 

The ability of 1,2-dichloroethane to bind to DNA in rats and mice in vivo has been well established, not

only in the liver, but also in other organs such as the kidney and lung (Baertsch et al. 1991; Banerjee

1988; Cheever et al. 1990; Hellman and Brandt 1986; Inskeep et al. 1986; Prodi et al. 1986).  DNA

binding has also been reported in D. melanogaster in vivo (Fossett et al. 1995).  DNA damage has been

demonstrated in vivo in mice (Sasaki et al. 1998; Storer and Conolly 1983, 1985; Taningher et al. 1991). 

Genotoxicity assays for clastogenic effects in mice in vivo obtained mixed results, with a positive effect

on sister chromatid exchange in bone marrow cells (Giri and Hee 1988), but no effect on micronucleus

formation (Armstrong and Galloway 1993; Jenssen and Ramel 1980; King et al. 1979; Sasaki et al. 1994),

and in D. melanogaster, gave positive results for chromosomal aberration (Ballering et al. 1993) and a

marginally positive response for chromosomal recombination (Rodriguez-Arnaiz 1998).  Negative results

were obtained in a cell transformation assay (Milmann et al. 1988).

The only in vivo assay for the mutagenicity of 1,2-dichloroethane in mammalian cells (mouse/spot test)

produced a marginal response (Gocke et al. 1983), and a mouse host-mediated assay produced negative

results in Escherichia coli (King et al. 1979).  However, there is abundant evidence that 1,2-dichloro-

ethane produces both somatic and sex-linked recessive lethal mutations in D. melanogaster in vivo

(Ballering et al. 1994; King et al. 1979; Kramers et al. 1991; Nylander et al. 1978; Romert et al. 1990;

Vogel and Nivard 1993).  In addition, in vitro studies provide strong support for the mutagenicity of

1,2-dichloroethane.  Results of in vitro assays for point mutations were positive in human cells (Crespi et

al. 1985; Ferreri et al. 1983), marginally positive in a single assay in animal cells (Tan and Hsie 1981),

and positive in nearly all of the assays in bacteria, with or without metabolic activation (Barber et al.

1981; Brem et al. 1974; Buijs et al. 1984; Cheh et al. 1980; Hemminki et al. 1980; Kanada and Uyeta
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1978; King et al. 1979; Milman et al. 1988; Moriya et al. 1983; Nestmann et al. 1980; Rannug and Beije

1979; Rannug et al. 1978; Roldan-Arjona et al. 1991; Simula et al. 1993; Thier et al. 1993; Van Bladeren

et al. 1981), although not in a single assay in fungi (Crebelli and Carere 1988).  The results of these

bacterial mutagenicity assays suggest that 1,2-dichloroethane is a very weak, direct-acting mutagen that

can be activated to a more effective species by glutathione and glutathione S-transferases (DeMarini and

Brooks 1992). 

Additional evidence from in vitro studies supports the in vivo results regarding the DNA binding, DNA

damaging, and clastogenic effects of 1,2-dichloroethane.  Results were positive for DNA binding in

animal cells (Banerjee 1988; Banerjee and Van Duuren 1979; Banerjee et al. 1980; Prodi et al. 1986),

unscheduled DNA synthesis (i.e., DNA repair activity) in human (Perocco and Prodi 1981) and animal

cells (Milman et al. 1988; Williams et al. 1989), and mitotic segregation aberrations leading to aneuploidy

in fungi (Crebelli et al. 1984).  Negative results were obtained for intrachromosomal recombination in a

single assay in animal cells (Zhang and Jenssen 1994, but positive results were reported for micronucleus

formation in human cells (Doherty et al. 1996; Tafazoli et al. 1998).  Thus, both in vitro and in vivo

genotoxic effects of 1,2-dichloroethane include gene mutations, DNA binding and damage, and

clastogenic effects.

The DNA binding is an alkylation of DNA that occurs following biotransformation of 1,2-dichloroethane. 

Inhalation exposure of rats to very high concentrations of 1,2-dichloroethane for short durations produced

greater amounts of DNA binding in liver and lung than do longer-duration inhalation to low

concentrations (Baertsch et al. 1991), and oral gavage doses were more potent in causing DNA damage in

liver than were comparable inhalation doses in mice (Storer et al. 1984).  These observations are

consistent with the hypothesis that the toxicity of 1,2-dichloroethane is associated with saturation of MFO

enzymes.  The major identified DNA adduct is S-[2-(N7-guanyl)ethyl]glutathione in rat liver following a

single intraperitoneal injection of 14C-1,2,-dichloroethane, and it is one of several DNA adducts found in

the kidney, after a single intraperitoneal injection (Inskeep et al. 1986).

Although genotoxicity in humans could be investigated directly by examining peripheral lymphocytes

obtained from exposed workers for clastogenic effects, the utility of such studies is likely to be limited

due to the workers’ exposures to other chemicals.  Additional in vivo studies examining the importance of

the route of administration on 1,2-dichloroethane-induced quantitative genotoxicity data (i.e., adducts) in

animals are needed since the available information indicates route-dependent effects (inhalation doses are

less potent than oral gavage) (Storer et al. 1984).  DNA adduct and monoclonal antibody dosimetry work
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also are needed to provide quantitative genotoxicity data, and perhaps could be used as a biomarker of

exposure to 1,2-dichloroethane.

Reproductive Toxicity.    A data need to conduct additional reproductive studies via dermal exposure

has been identified.  A single study on reproductive effects of exposure to 1,2-dichloroethane in humans

is suggestive of a decrease in duration of gestation (Zhao et al. 1989), but should be interpreted with

caution since co-exposure to other chemicals occurred in most cases and the adequacy of the study design

could not be evaluated because of reporting deficiencies.  Results of animal studies indicate that this

chemical is unlikely to cause female reproductive impairment at doses that are not maternally toxic. 

Although some inhalation studies found that exposure to 1,2-dichloroethane prior to mating and

continuing into gestation caused pre-implantation loss and embryolethality in rats (Vozovaya 1974, 1977;

Zhao et al. 1989), the methods used by these investigators were not well reported and the reliability of the

data is uncertain.  In contrast to these findings, a well-designed and reported study of reproductive

toxicity found no adverse effects on the fertility of rats exposed by inhalation to 10-fold higher

concentrations of 1,2-dichloroethane in a one-generation reproduction study (Rao et al. 1980).  In the

absence of an apparent explanation for the discrepancy, greater credence should be given to the well-

designed and reported study.  One- and two-generation reproduction studies found no chemical-related

effects on fertility indices in long-term oral studies in mice and rats (Alumot et al. 1976; Lane et al. 1982),

but exposure to higher oral doses caused increases in nonsurviving implants and resorptions in rats that

also experienced maternal toxicity (30% decreased body weight gain) (Payan et al. 1995).  Histological

examinations of the testes, ovaries, and other male and female reproductive system tissues were

performed in intermediate- and chronic-duration inhalation and oral animal studies with negative results

(Cheever et al. 1990; Daniel et al. 1994; NCI 1978; NTP 1991a; van Esch et al. 1977), although

reproductive performance was not evaluated in these studies.  

Although 1,2-dichloroethane appears to have induced embryotoxic effects in one adequate animal study

conducted by the oral route, the overall indication of the data is that this chemical is unlikely to impair

reproduction at doses that are not highly toxic.  No data are available regarding the potential reproductive

toxicity of dermal exposure, so there is a need for studies.

Developmental Toxicity.    A data need to conduct additional developmental studies via inhalation,

oral, and dermal exposure has been identified.  The only studies regarding developmental effects in

humans are epidemiologic investigations of adverse birth outcomes that found increased OR for exposure

to 1,2-dichloroethane in public drinking water and major cardiac defects (but not neural tube defects)
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(Bove 1996; Bove et al. 1995), and for residence within the census tract of NPL sites contaminated with

1,2-dichloroethane and neural tube defects (but not heart defects) (Croen et al. 1997).  Primary routes of

exposure in these epidemiologic studies may have been both oral and inhalation (including inhalation of

1,2-dichloroethane volatilized from household water).  The OR for cardiac defects for 1,2-dichloroethane

(detected versus not detected in drinking water) was 2.8 (95% CI 1.11–6.65; 6 exposed cases) (Bove

1996; Bove et al. 1995).  The crude odds ratio for neural tube defects was 2.8 (95% CI 1.0–7.2;

14 exposed cases) (Croen et al. 1997).  In these studies, the study populations were also simultaneously

exposed to elevated levels of other contaminants.  Because of the mixed chemical exposure, lack of dose-

response information, and inconsistency between the findings of the two studies, the associations with

1,2-dichloroethane are only suggestive, do not establish a cause-and-effect relationship, and should be

interpreted with caution.

The weight of evidence from available inhalation and oral studies in rats, mice, and rabbits indicates that

1,2-dichloroethane is not fetotoxic or teratogenic, although indications of embryo and fetal lethality at

maternally toxic doses have been reported (Kavlock et al. 1979; Lane et al. 1982; Payan et al. 1995; Rao

et al. 1980).  The reliability of the reports of increased embryo and pup mortality following intermediate-

duration inhalation of lower (not maternally toxic) concentrations of 1,2-dichloroethane (Vozovaya 1977;

Zhao et al. 1989) is uncertain, due to the lack of statistical analysis, inadequate description of methods,

and uncertainties in the reported results.  The possibility of induction of cardiac malformations by

1,2-dichloroethane, as suggested by the epidemiologic data, was not adequately addressed in the animal

studies because their conventional teratology protocols did not include detailed examinations of dissected

hearts.  Given the suggestive evidence of an association between exposure to 1,2-dichloroethane in

drinking water and major cardiac defects in human offspring, and evidence of heart malformations in

epidemiology and animal cardiac teratogenicity studies of dichloroethylene and trichloroethylene

(Dawson et al. 1993; Goldberg et al. 1990), which are metabolized to some of the same reactive

intermediates as is 1,2-dichloroethane, it would be informative to have studies specifically designed to

investigate the potential for induction of developmental heart malformations by 1,2-dichloroethane.  In

addition, the possibility of neurodevelopmental effects, also suggested by the epidemiological data, needs

to be investigated, particularly because 1,2-dichloroethane is known to affect the central nervous system.

Immunotoxicity.    A data need to conduct additional immunotoxicity studies via inhalation, oral, and

dermal exposure has been identified.  Immunological effects reported in humans exposed to 1,2-dichloro-

ethane are limited to splenic lesions in a single case of accidental ingestion (Hubbs and Prusmack 1955). 

In mice, this chemical had immunosuppressive effects following both acute inhalation and acute oral
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exposure.  A single 3-hour inhalation exposure to 5 or 11 ppm increased the susceptibility of female mice

to bacterial infection, and to 11 ppm decreased the bactericidal activity of the lungs.  No change in

bactericidal activity was seen in male rats after a single 5-hour inhalation exposure to 200 ppm or

12 5-hour exposures to 100 ppm  (Sherwood et al. 1987).  Other immune function end points studied in

the rats were also negative.  The relevance of the end point (lethality due to massive streptococcal

challenge) in mice to immune function is known, but its suitability as a basis for MRL derivation is

uncertain.  Gavage administration of 4.9 and 49 mg/kg/day of 1,2-dichloroethane to mice for 14 days

reduced humoral (immunoglobulin response to sheep red blood cells) and cell-mediated (delayed-type

hypersensitivity response to sheep erythrocytes) immunity.  Only the humoral response was dose-related. 

In addition, the leukocyte number was decreased by 30% at the high dose (Munson et al. 1982).  The

immune system was the most sensitive target for short-term exposure to 1,2-dichloroethane by both the

inhalation and gavage routes in mice, as compared with end points in other studies in mice and in other

species.  The other studies, however, had limitations including wide spacing of the exposure

concentrations, such that only NOAELs and serious LOAELs were identified.  

In contrast to the acute oral study, higher doses of 1,2-dichloroethane (189 mg/kg/day) administered to

mice in their drinking water for 90 days did not affect humoral and cell-mediated immunity (Munson et

al. 1982), as assessed by some of the Tier I and Tier II procedures from the immunotoxicity testing

battery (Luster et al. 1988).  Immune function has not been evaluated in chronic-duration studies of

1,2-dichloroethane, but histopathological examinations failed to detect immune system lesions or

immune-related changes in rats and mice exposed to 1,2-dichloroethane by inhalation or oral (gavage or

drinking water) routes for intermediate or chronic durations (Cheever et al. 1990; NCI 1978; NTP 1991a). 

Leucocyte counts were not affected in intermediate-duration drinking water and gavage studies in rats

(NTP 1991a).  The acute data provide limited evidence that the immune system is a sensitive target of

1,2-dichloroethane in mice, but not rats.  Because of the apparent interspecies differences in animal

immunotoxicity, it is unclear whether the immune system could be a target of 1,2-dichloroethane in

humans following acute exposure by inhalation or ingestion.

The mechanism by which 1,2-dichloroethane may produce immunological effects is not known, but it is

possible that these effects were produced by reactive intermediates resulting from conjugation with

glutathione (Reitz et al. 1982).  Glutathione conjugation and MFO metabolism are the two primary

pathways of 1,2-dichloroethane metabolism.  It has been shown that MFO metabolism of 1,2-dichloro-

ethane is saturable and that direct glutathione conjugation occurs to a much greater extent after saturation

of MFO metabolism.  Gavage administration, which involves the placement of large bolus doses in the
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stomach that are absorbed at one time, could lead to saturation of MFO metabolism and the subsequent

expression of toxicity.  Drinking water exposure, which results in multiple daily ingestions of small

doses, may not provide large enough doses to saturate MFO metabolism, even when the aggregate daily

dose is fairly large.  Therefore, even though immunological effects might be expected in humans

ingesting large doses of undiluted 1,2-dichloroethane, it is uncertain whether immunological effects

would occur in humans exposed to 1,2-dichloroethane in the drinking water at hazardous waste sites. 

Another possible explanation for the different outcomes of acute and intermediate oral exposure is that

1,2-dichloroethane may induce its own metabolism during the longer exposure period, thus reducing the

dose to the immune cells.  An additional possibility, related to age of the mice at the time of immune

function testing, was mentioned in the section on acute exposure and is discussed in detail in the section

on children’s susceptibility. 

Both the oral and the inhalation acute immunotoxicity studies found immunosuppressive effects at levels

of 1,2-dichloroethane low enough to enable identification of the immune system as the most sensitive

target for acute exposure by both routes of exposure, but neither study provided the data sufficient for

deriving an MRL (the lethality assay in the inhalation study was not considered suitable, and the oral

study showed a dose-response in only one end point and was limited by use of gavage).  In addition,

dose-response information for other potential targets of toxicity was not adequate.  Additional studies are

needed to determine the immunologic potential of acute inhalation and oral (drinking water) exposure and

to better characterize the threshold for immunologic effects by both routes of exposure relative to

thresholds for other effects in order to provide the data needed to establish the most appropriate basis for

deriving acute inhalation and oral MRLs.

No data were located regarding the potential immunotoxicity of dermal exposure.

Neurotoxicity.    A data need to conduct additional neurotoxicity studies via inhalation, oral, and

dermal exposure has been identified.  Neurological symptoms and signs in people acutely exposed to high

levels of 1,2-dichloroethane by inhalation (Nouchi et al. 1984) or ingestion (Hubbs and Prusmack 1955;

Lochhead and Close 1951; Yodaiken and Babcock 1973) included headache, irritability, drowsiness,

tremors, partial paralysis, and coma.  Autopsies of people who died following acute exposure to this

chemical revealed morphological changes in the brain, such as hyperemia, edema, hemorrhage, myelin

degeneration, diffuse changes in the cerebellum, shrunken appearance and pyknotic nuclei in the Purkinje

cell layer of the cerebellum, and parenchymous changes in the brain and spinal cord (Hubbs and 
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Prusmack 1955; Hueper and Smith 1935; Lochhead and Close 1951; Nouchi et al. 1984).  The results of

animal studies confirm that the central nervous system is a target of high concentrations of 1,2-dichloro-

ethane.  Symptoms similar to those reported in humans, such as tremors, abnormal posture, uncertain gait,

and narcosis, were observed after high-level acute vapor exposures (Heppel et al. 1945; NTP 1991a;

Spencer et al. 1951).  In addition, clinical signs of neurotoxicity and mild necrosis in the cerebellum were

found in rats administered 240–300 mg/kg/day of 1,2-dichloroethane by gavage for 13 weeks (NTP

1991a).  No clinical signs or neurological lesions were seen in rats exposed through their drinking water

up to 492 mg/kg/day or mice exposed up to 4,210 mg/kg/day for 13 weeks (NTP 1991a), and no brain

lesions were seen in rats intermittently exposed to 50 ppm for 2 years (Cheever et al. 1990).  No studies

regarding the potential neurotoxicity of dermal exposure were located.  The discrepancy in results

between gavage and drinking water administration may be due to saturation of the detoxification/

excretion mechanism by the bolus gavage dosing.  These data do not sufficiently characterize the

potential for 1,2-dichloroethane to induce more subtle neurotoxic effects following low-level prolonged

exposure by inhalation, oral, or dermal exposure.  Intermediate-duration neurotoxicity studies in animals,

using sensitive functional and neuropathological tests at inhalation and oral exposure levels significantly

lower than those resulting in morbidity and death, would assist in the characterization of the neurotoxic

potential of 1,2-dichloroethane.

Epidemiological and Human Dosimetry Studies.    A data need has been identified.  Most of the

available information on the adverse noncancer effects of 1,2-dichloroethane in humans comes from cases

of acute poisoning by inhalation or ingestion (Garrison and Leadingham 1954; Hubbs and Prusmack

1955; Hueper and Smith 1935; Lochhead and Close 1951; Martin et al. 1969; Nouchi et al. 1984;

Schönborn et al. 1970; Yodaiken and Babcock 1973) and epidemiological studies of exposure to drinking

water contaminants, residence near hazardous waste sites, or employment in the chemical industry

(discussed later in this section).  Limitations inherent in the case studies include unquantified exposure

and the high-dose nature of the exposures.  Despite their inadequacies, the available human case studies

indicate that 1,2-dichloroethane can cause neurotoxic, nephrotoxic, and hepatotoxic effects, and death due

to cardiac arrhythmia.  These observations are similar to those in high-dose animal studies, but other,

more sensitive effects seen in animals at low levels of exposure have not been investigated in humans.  

Epidemiologic investigations of adverse birth outcomes found an increased OR for exposure to

1,2-dichloroethane in public drinking water and major cardiac defects (but not neural tube defects) (Bove

1996; Bove et al. 1995), and an increased OR for residence within the census tract of NPL sites

contaminated with 1,2-dichloroethane and neural tube defects (but not heart defects) (Croen et al. 1997). 



1,2-DICHLOROETHANE 143

3.  HEALTH EFFECTS

The study populations also were simultaneously exposed to elevated levels of other contaminants. 

Because of the mixed chemical exposure, lack of dose-response information, and inconsistency between

the findings of the two studies, the associations with 1,2-dichloroethane are only suggestive, and do not

establish a cause-and-effect relationship.  The animal data do not indicate that 1,2-dichloroethane is

teratogenic, but conventional teratology protocols were used that do not include detailed examinations of

dissected hearts.  Increased rates of premature births were reported in workers exposed in a Chinese

synthetic fiber factory (Zhao et al. 1989).  The study included women exposed throughout pregnancy and

unexposed wives of men exposed for at least 1 year before their wives became pregnant, and included

relatively small numbers of exposed workers.  It was generally deficient in reporting of study design and

accounting for possible confounders, including other chemicals in the factory.  In general, the adequate

one- and two-generation reproductive studies in animals did not report effects except at high,

maternotoxic exposure levels.

Epidemiological studies of workers in the chemical industry suggest that exposure to chemical

manufacturing processes that involve 1,2-dichloroethane is associated with an increased incidence of

brain tumors (Austin and Schnatter 1983a, 1983b; Reeve et al. 1983; Teta et al. 1989; Waxweiler et al.

1983), nonlymphatic leukemia (Ott et al. 1989), stomach cancer, and leukemia (Hogstedt et al. 1979), and

with increased deaths due to pancreatic cancer and lymphatic and hematopoietic cancers (Benson and

Teta 1993) among chemical plant workers.  Increased risk of breast cancer was reported among men

working at jobs associated with exposure to gasoline or gasoline combustion products containing

1,2-dichloroethane (Hansen 2000), and the risk of several cancer types was increased in residents living

proximal to a Montreal municipal waste site that emitted volatile organic substances including

1,2-dichloroethane (Goldberg et al. 1995).  These studies involved exposure to other chemicals and did

not deal with 1,2-dichloroethane exposure exclusively.  Isacson et al. (1985) reported an association

between the presence of 1,2-dichloroethane in drinking water and an increased incidence of colon and

rectal cancer in men aged 55 years or older, but other organic chemicals were present in the drinking

water.  Studies in animals are adequate to support the determination that 1,2-dichloroethane may

reasonably be anticipated to be a human carcinogen.

Well-controlled epidemiological studies of people living in areas where 1,2-dichloroethane has been

detected in water or near industries or hazardous waste sites releasing 1,2-dichloroethane, and/or of

people exposed in the workplace, could add to and clarify the existing database on 1,2-dichloroethane-

induced human health effects.  In the United States, however, about 98% of the 1,2-dichloroethane

produced is used (usually captively) to manufacture vinyl chloride (Anonymous 1998), which is a more
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potent toxicant and carcinogen than is 1,2-dichloroethane.  Other uses of 1,2-dichloroethane also involve

manufacture of other chemicals.  Therefore, it may not be possible to identify a cohort of workers

exposed predominantly to 1,2-dichloroethane.  Previous studies of 1,2-dichloroethane from hazardous

waste sites or drinking water have not been able to establish anything more than a weak association

between a health effect and 1,2-dichloroethane due to the presence of many other chemicals at the sites or

in the water, small numbers of cases with the health effect, and difficulties in controlling for all of the

variables that may confound the results for a general population study.  At present, the only known health

effects of 1,2-dichloroethane in humans, seen in cases of acute high exposure, are neurotoxicity,

nephrotoxicity, hepatotoxicity, and effects on the cardiovascular system.  A particularly sensitive end

point of acute inhalation or gavage exposure to 1,2-dichloroethane in mice (but not rats) is immunological

effects.  No data regarding this end point are available for humans.

Biomarkers of Exposure and Effect.    

Exposure.  A data need has been identified.  Proposed biomarkers for exposure to 1,2-dichloroethane

include levels of parent compound in the breath, blood, urine, and breast milk; levels of thioethers in the

urine; and levels of thiodiglycolic acid in the urine (Igwe et al. 1988; Payan et al. 1993; Spreafico et al.

1980; Urusova 1953).  However, use of the parent compound as a biomarker would only be possible soon

after exposure, and the other proposed biomarkers are not specific for 1,2-dichloroethane.  If

epidemiological studies are conducted in which there is a correlation between 1,2-dichloroethane

exposure and specific adverse health effects, then it may be possible to correlate these health effects

quantitatively with changes in tissue and/or body levels of 1,2-dichloroethane.

Effect.  Biomarkers of effect for 1,2-dichloroethane include serum enzyme levels indicative of liver

damage (ALT, AST, SDH), increased liver or kidney weight (size), and DNA adduct formation for liver

and kidney effects (Brondeau et al. 1983; Inskeep et al. 1986; Nouchi et al. 1984; Prodi et al. 1986). 

Another potential biomarker would be tests for immunosuppression, but immune effects have been

demonstrated only in mice in acute exposure studies (Munson et al. 1982; Sherwood et al. 1987). 

Because they have not been seen in humans, rats, or even mice exposed for an intermediate duration, the

relevance of these effects to humans is uncertain.  None of these biomarkers are specific for 1,2-dichloro-

ethane.  These biomarkers are indicative of effects, but dosimetry has not been worked out for any of

them.  Because immunological effects of 1,2-dichloroethane have been seen only in mice, it is uncertain

whether immunosuppression would occur in humans exposed to this chemical.
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Absorption, Distribution, Metabolism, and Excretion.    A data need to assess the toxicokinetics

of 1,2-dichloroethane following inhalation, oral, and dermal exposure has been identified.  Case reports of

toxic effects subsequent to inhalation or oral exposure suggest that 1,2-dichloroethane is absorbed

following exposure by these routes (Garrison and Leadingham 1954; Hueper and Smith 1935; Lochhead

and Close 1951; Martin et al. 1969; Nouchi et al. 1984; Schönborn et al. 1970; Yodaiken and Babcock

1973).  Inhalation exposure of lactating women in the workplace resulted in distribution of 1,2-dichloro-

ethane to their milk (Urusova 1953).  Animal studies were sufficient to characterize the rate and extent of

absorption following inhalation, oral, and dermal exposure (Morgan et al. 1991; Reitz et al. 1980, 1982;

Spreafico et al. 1980).  Distribution, metabolism, and excretion have also been well studied in animals

exposed by the inhalation or oral routes (D'Souza et al. 1987, 1988; Reitz et al. 1982; Spreafico et al.

1980), and are qualitatively similar across these routes.  Metabolism is saturable in animals, but the

precise levels at which saturation phenomena come into play have not been determined and appear to

differ between oral (gavage) and inhalation exposures (Reitz et al. 1982).  Additional studies investigating

the saturation of MFO metabolism by inhaled and ingested 1,2-dichloroethane would enable better

understanding of the metabolism of this compound.  Based on the elimination of virtually all radiolabel

from inhalation or gavage administration of 1,2-dichloroethane to rats within 48 hours, Reitz et al. (1982)

concluded that the potential for 1,2-dichloroethane to accumulate with repeated exposure is minimal.  The

rate of elimination of the parent compound from adipose tissue was similar to that from blood following

gavage administration to rats, but was slower following a single inhalation exposure or intravenous

injection (Spreafico et al. 1980; Withey and Collins 1980), raising the possibility that 1,2-dichloroethane

may accumulate to some extent in adipose tissue and in breast milk of nursing women.  More quantitative

information on the presence of 1,2-dichloroethane in fat and breast milk would be useful to assess the

ability of 1,2-dichloroethane to accumulate in fat and the potential hazard to nursing infants.  Further

study into the long-term fate of low-level 1,2-dichloroethane exposure in humans and animals and the

potential for accumulation in humans would also provide valuable information.

Toxicity data in humans and animals suggest similar target organs in each.  Toxicokinetic studies have

not been performed in humans.  The database with regard to comparative toxicokinetics across species is

limited as most studies have been performed in rats (D'Souza et al. 1987, 1988; Morgan et al. 1991; Reitz

et al. 1980, 1982; Spreafico et al. 1980).  Only one set of studies included mice (D’Souza et al. 1987,

1988), and these studies were conducted to validate PBPK modeling, primarily for levels of the direct

GSH conjugate in selected tissues of concern for carcinogenicity (liver and lung).  More information on

the toxicokinetics of 1,2-dichloroethane in other animal species would be useful for more fully assessing

interspecies differences and the implications for human exposure.  The database with regard to
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comparative toxicokinetics across routes does include comparative toxicokinetics across acute inhalation

and gavage (oil) administration (Reitz et al. 1980; Spreafico et al. 1980).  The vehicle used in oral

administration studies appears to play a role in the time course of absorption.  Withey et al. (1983)

reported that 1,2-dichloroethane is absorbed more rapidly by the gastrointestinal tract following gavage

administration in water than in corn oil; the estimated area under the curve (based on data for up to

300 minutes postdosing) was also much greater for the water than the oil vehicle).  Information on

toxicokinetics for repeated or longer-term continuous exposure is not available.

Comparative Toxicokinetics.    Toxicity data in humans and animals suggest similar target organs in

each.  Toxicokinetic studies have not been performed in humans.  The database with regard to

comparative toxicokinetics consists primarily of studies in rodents (D'Souza et al. 1987, 1988; Morgan et

al. 1991; Reitz et al. 1980, 1982; Spreafico et al. 1980).  More information on the toxicokinetics of

1,2-dichloroethane in other animal species would be useful for more fully assessing interspecies

differences and the implications for human exposure.

Methods of Reducing Toxic Effects.    A data need has been identified.  It appears that

1,2-dichloroethane is absorbed across the alveolar membrane, gastrointestinal epithelium, and skin by

passive means.  Methods to reduce absorption following oral and dermal exposure are available, but must

be applied soon after exposure (Ellenhorn and Barceloux 1988).  The available data suggest that

1,2-dichloroethane does not accumulate in the nonlipid components of the human body, but that it may

accumulate to some extent in adipose tissue and in the breast milk of nursing women.  Methods to

enhance removal of 1,2-dichloroethane from the body have not been successful (Ellenhorn and Barceloux

1988); determination of successful methods is needed.  The mechanism of action of 1,2-dichloroethane is

not clearly understood but involves complex toxifying and detoxifying reactions with glutathione (Jaeger

et al. 1974; NTP 1991a).  Reactive metabolites of P-450 metabolism are detoxified by conjugation with

glutathione, but direct conjugation of unmetabolized 1,2-dichloroethane with glutathione produces

reactive and toxic intermediates, which are in turn detoxified through additional reaction or conjugation

with glutathione.  Nevertheless, limited evidence that administration of glutathione and its precursors may

have a protective effect against 1,2-dichloroethane toxicity in animals has been reported (Heppel et al.

1947; Jaeger et al. 1974; Johnson 1967).  Further elucidation of the toxic mechanisms might enable

identification of methods for reducing the toxic effects.

Endocrine Disruption.    A data need to conduct additional studies on the endocrine system via dermal

exposure has been identified.
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A human study that reported increased rates of premature births in female workers and in wives of male

workers at a Chinese synthetic fiber factory (Zhao et al. 1989) should be viewed with caution because of

the deficient reporting of design, apparent lack of control for possible confounding environmental and

behavioral factors, small number of subjects, and co-exposure to other chemicals.  No assays of endocrine

function are available.  Some studies in animals, however, provide data regarding a lack of effect of

1,2-dichloroethane on the histology of endocrine tissues and on reproduction.  Histological examinations

of endocrine tissues were performed in animals exposed by inhalation or oral administration with

essentially negative results (Cheever et al. 1990; Daniel et al. 1994; Heppel et al. 1946; NCI 1978; NTP

1991a; Spencer et al. 1951; van Esch et al. 1977).  The examinations in these studies were generally

limited to the adrenal gland and/or pancreas, although the pituitary, thyroid, and parathyroid glands were

also evaluated following chronic inhalation and oral exposures.  The only endocrine-related finding was

calcification of the adrenal medulla in one of two monkeys exposed to 1,2-dichloroethane by inhalation in

an intermediate-duration study (Heppel et al. 1946), but no controls were examined, and adrenal effects

have not been reported in other long-term inhalation studies by these and other investigators.  Histological

examinations of pertinent reproductive tissues in animals in inhalation and oral studies revealed no

changes (Cheever et al. 1990; Daniel et al. 1994; NCI 1978; NTP 1991a; van Esch et al. 1977), and

adequately conducted studies of reproductive function in animals exposed to 1,2-dichloroethane by

inhalation or oral routes (Alumot et al. 1976; Lane et al. 1982; Rao et al. 1980), although not definitive,

strongly indicate that 1,2-dichloroethane is unlikely to impair reproduction at levels that are not

maternally toxic.  In an early NCI (1978) bioassay that had a number of limitations including dosage

adjustments, possible contamination by other chemicals tested in the same laboratory, poor survival, and

small control groups, gavage treatment with 1,2-dichloroethane in corn oil was associated with

statistically significant increases in multiple tumor types, including mammary gland adenocarcinoma in

female rats and mice and endometrial tumors in female mice.  The finding of tumors in two endocrine-

sensitive tissues is suggestive.  On the other hand, the mechanism of carcinogenicity for 1,2-dichloro-

ethane appears to involve alkylation of DNA, and statistically significant increased incidences were also

observed for tumors of the forestomach, circulatory system, subcutaneous tissue, liver, and lung in the

NCI (1978) study.  The oral and inhalation data for noncancer effects in animals do not suggest that

1,2-dichloroethane has endocrine disrupting activity.  No data are available for the dermal route, so there

is a need for screening data (e.g., reproductive and other endocrine histopathology in a dermal study).

Children’s Susceptibility.    A data need to conduct additional studies relevant to children’s

susceptibility via oral, inhalation, and dermal exposure has been identified.  Data on the effects of

1,2-dichloroethane exposure in children are limited to a single case report of a 14-year-old boy who
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swallowed 15 mL of the compound (Yodaiken and Babcock 1973).  The most immediate signs of toxicity

were headache and staggering gait within 2 hours of exposure, followed soon after by lethargy and

vomiting.  During the next few days, the boy developed symptoms of toxicity, increasing in variety and

severity, that involved several organ systems, including adverse hematological effects, pulmonary edema,

cardiac arrest (he was resuscitated), and eventual death on the 5th day after exposure from massive hepatic

necrosis and renal tubular necrosis.  Data from this case report and from reports of adult humans who died

following acute exposure to high levels by inhalation or ingestion are consistent with animal studies

indicating that main targets of acute toxicity include the central nervous system, respiratory tract,

stomach, liver, and kidneys.  Considering the consistency of effects in acutely exposed humans and

animals, and data showing that the liver and kidney are sensitive targets of lower-dose and longer-term

inhalation and oral exposures in animals, it is reasonable to assume that effects in these tissues would also

be seen in similarly exposed adults and children.  

Evidence from mouse studies suggests that the specific nature of oral exposure or the age of the animals

at the time of the immune testing may play a role in the degree of immunotoxicity expressed in young

animals.  Repeated gavage administration for 14 days of 1,2-dichloroethane appears to be more effective

in eliciting an immunotoxic response than 90-day drinking-water exposure in 5-week-old mice (Munson

et al. 1982).  While this difference could be due to the saturation of detoxifying/excretion pathways by

bolus gavage dosing, an alternative explanation is that young mice may be more sensitive to 1,2-dichloro-

ethane than adult mice.  The mice used for both the acute (14-day) and the 90-day studies were 5 weeks

old at the start of dosing, so at the time of testing, the mice in the 14-day study were 7 weeks old, but the

mice in the 90-day study were 17 weeks old.  The decreased immune response in mice exposed at

5–7 weeks of age provides a limited indication of the potential susceptibility of children to immunotoxic

effects.  Because no immunotoxic effects were seen in young rats exposed to much higher inhalation

concentrations of 1,2-dichloroethane than those that produced immunosuppression in mice (Sherwood et

al. 1987), and because there are no reports of immune effects in humans exposed to this chemical, the

relevance of the data in young mice to children is uncertain.  Studies that also evaluate for other

toxicological end points after exposures in immature animals are needed, particularly for known targets of

toxicity such as the liver and kidney.  Appropriate comparative studies are needed to document the

toxicological potential and metabolism of 1,2-dichloroethane and to assess whether children and adults

are equally susceptible, especially after longer-term exposures.

No studies that provide reliable information on adverse developmental effects in humans exposed to

1,2-dichloroethane are available.  A cross-sectional epidemiologic study that investigated whether
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elevated levels of routinely sampled organic contaminants in New Jersey public water systems, including

1,2-dichloroethane, were associated with increased prevalences of adverse birth outcomes (Bove 1996;

Bove et al. 1995) was located.  A number of associations between various chemicals and birth outcomes

were found, including a positive association between ingestion of 1,2-dichloroethane in drinking water

and major cardiac birth defects (but not neural tube defects).  Similarly, a study that investigated

residence within the census tract of NPL sites contaminated with 1,2-dichloroethane reported an

association with neural tube (but not heart defects) (Croen et al. 1997).  The mixed chemical exposures in

these studies, and the lack of concordance on end point, indicate that the results are only suggestive, do

not establish a cause-and-effect relationship, and should be interpreted with caution.

Studies in rats, mice, and rabbits indicate that 1,2-dichloroethane is not developmentally toxic following

inhalation or oral gestational exposure, although fetolethality has been reported at maternolethal exposure

levels following inhalation exposure (Kavlock et al. 1979; Lane et al. 1982; Payan et al. 1995; Rao et al.

1980).  Embryolethality was reported at relatively low exposure levels in another inhalation study

(Vozovaya 1977), but the reliability of these results cannot be evaluated due to limitations in reporting

and data analysis.

No studies that evaluated for the distribution of 1,2-dichloroethane or its metabolites across the placenta

in humans were located.  However, there is some evidence that 1,2-dichloroethane and/or its metabolites

crosses the placenta after inhalation and oral exposures in animals.  1,2-Dichloroethane was found in

maternal blood (83.6±20.2 mg %), placental tissue (43.0±9.6 mg %), amniotic fluid (55.5±11.1 mg %),

and fetal tissue (50.6±11.5 mg %) after inhalation exposure of female rats to 247±10 ppm 1,2-dichloro-

ethane during pregnancy (Vozovaya 1977).  Additional evidence of transplacental distribution of

1,2-dichloroethane after inhalation exposure is provided by Withey and Karpinski (1985), who found that

the geometric mean concentration of 1,2-dichloroethane in the fetuses of rats that inhaled 150–2,000 ppm

for 5 hours increased linearly with increasing exposure level.  However, the reliability of the Vozovaya

data is unclear, and the methods for evaluating 1,2-dichloroethane tissue concentrations were not reported

in Withey and Karpinski (1985).  

There is clearer evidence for transplacental distribution of 1,2-dichloroethane and/or its metabolites after

maternal oral exposure.  Payan et al. (1995) evaluated [14C]-1,2-dichloroethane distribution in maternal

rats following a single oral bolus dose of approximately 160 mg/kg on gestation day 12 or 18.  In both

cases, transplacental distribution of radiocarbon was demonstrated by the presence of radioactivity in the

developing conceptus.  A greater accumulation occurred in the developing fetus and placenta 48 hours
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after the gestation day 18 administration than after the gestation day 12 administration.  At 48 hours after

the gestation day 18 dosing, the majority of residual radioactivity burden was located in the fetus (0.167%

of administered dose) and the liver (0.156% of administered dose).

No studies regarding 1,2-dichloroethane metabolism in children were located.  The metabolism of

1,2-dichloroethane is well described (NTP 1991a; WHO 1995), and it is reasonable to assume that the

metabolic pathways are, for the most part, the same between adults and children.  However, the

expression of certain enzymes is known to be developmentally regulated, and one of these enzymes may

be involved in 1,2-dichloroethane metabolism.  NAT is involved in 1,2-dichloroethane metabolism at a

step subsequent to GSH conjugation.  NAT performs the N-acetylation of S-carboxymethyl-L-cysteine to

N-acetyl-S-carboxymethyl-L-cysteine, a major urinary metabolite.  There are, however, two NATs

(NAT1 and NAT2) that are expressed in humans with separate but overlapping substrate specificities

(Parkinson 1996).  NAT2 is apparently expressed only in the liver and the gut (Parkinson 1996), and is

known to be developmentally regulated (Leeder and Kearns 1997).  Some NAT2 activity is present in the

fetus at 16 weeks, but NAT2 activity is low in virtually 100% of infants, not reaching adult activity levels

until 1–3 years of age (Leeder and Kearns 1997).  It is not clear in NTP (1991a) or WHO (1995) whether

the NAT involved in 1,2-dichloroethane metabolism is NAT1 or NAT2, although both enzymes

N-acetylate some xenobiotics equally well (Parkinson 1996).  The impact of lower rates of N-acetylation

of S-carboxymethyl-L-cysteine in terms of potential health effects also is unclear.

1,2-Dichloroethane has been detected in human milk (EPA 1980a; Urusova 1953), indicating that

developing children could possibly be exposed to 1,2-dichloroethane from breast-feeding mothers.  The

importance of this route of developmental exposure is unclear because current data on the concentration

of 1,2-dichloroethane in breast milk are not available.  1,2-Dichloroethane was also accumulated in the

adipose tissue of rats after inhalation exposure and was eliminated from fat more slowly than from blood,

liver, and lung (Spreafico et al. 1980), suggesting the possibility that the maternal body burden of

1,2-dichloroethane in fat could be available for exposure to the fetus or nursing infant for a somewhat

extended period after maternal exposure.  Supporting data for relatively slow elimination of 1,2-dichloro-

ethane from fat are provided in an intravenous exposure study in rats (Withey and Collins 1980). 

Nevertheless, 1- and 2-generation reproductive studies of 1,2-dichloroethane, administered by inhalation

or drinking water exposure to rats and mice, in which the pups were exposed through the milk of the

treated dams, showed no adverse effects on survival, body weight, gross appearance of tissues and organs

(Lane et al. 1982; Rao et al. 1980), or histological appearance of the liver, kidneys, ovaries, uterus, and

testes (Rao et al. 1980) in the pups at 21 days of age.
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Child health data needs relating to exposure are discussed in 6.8.1 Identification of Data Needs:

Exposures of Children.

3.12.3 Ongoing Studies

The role of 1,2-dichloroethane and two other common groundwater contaminants, individually and in

combination, in the development of hepatic angiosarcoma will be studied by Dr. Wendy A. Pott at the

Foothills Campus of Colorado State University (FEDRIP 2000).  The long-term objectives of this project

are (1) to evaluate the carcinogenic effects of subchronic exposure to 1,2-dichloroethane, arsenic, and

vinyl chloride, which are implicated as etiologic agents in the development of angiosarcoma; and (2) to

use data from these studies with PBPK/PD models and statistical and mathematical modeling techniques

for the purpose of health-risk characterization.  Specific aims of the project include (1) evaluating whether

synergistic carcinogenic activity may result when arsenic is combined with 1,2-dichloroethane; (2)

developing PBPK/PD models for target tissue dosimetry of single chemicals and combinations of

chemicals following exposure to arsenic, vinyl chloride, and/or 1,2-dichloroethane; and (3) developing

cell turnover and carcinogenesis models and integrating them with PBPK/PD models to characterize

cancer risks associated with exposure to arsenic, vinyl chloride, and/or 1,2-dichloroethane.  These goals

will be accomplished using a medium-term angiosarcoma bioassay to investigate the effects of each of the

chemicals, alone and in combination, in inducing hepatic angiosarcoma.  Data gathered from these

experiments will be used to develop models to determine cancer risks and safe drinking-water levels of

these chemicals.
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4.1 CHEMICAL IDENTITY

The chemical formula, structure, synonyms, and identification numbers for 1,2-dichloroethane are listed

in Table 4-1. 

4.2 PHYSICAL AND CHEMICAL PROPERTIES

The physical and chemical properties of 1,2-dichloroethane are located in Table 4-2. 



1,2-DICHLOROETHANE 154

4.  CHEMICAL AND PHYSICAL INFORMATION

C C

H

H

Cl Cl

H

H

Table 4-1.  Chemical Identity of 1,2-Dichloroethane

Characteristic Information Reference

Chemical Name 1,2-Dichloroethane Budavari et al. 1996

Synonym(s) Ethylene dichloride;
dichloroethane; EDC;
Dutch liquid

Budavari et al. 1996

Registered trade name(s) No data

Chemical formula C2H4Cl2 Budavari et al. 1996

Chemical structure Budavari et al. 1996

Identification numbers:

CAS registry 107-06-2 Lide 1998

NIOSH RTECS KI0525000 HSDB 2001

EPA hazardous waste U077 HSDB 2001

OHM/TADS 7216717 HSDB 2001

DOT/UN/NA/IMCO shipping 1184 HSDB 2001

HSDB 65 HSDB 2001

NCI C00511 HSDB 2001

CAS = Chemical Abstracts Services; DOT/UN/NA/IMCO = Department of Transportation/United
Nations/North America/International Maritime Dangerous Goods Code; EPA = Environmental Protection
Agency; HSDB = Hazardous Substances Data Bank; NCI = National Cancer Institute; NIOSH = National
Institute for Occupational Safety and Health; OHM/TADS = Oil and Hazardous Material/Technical
Assistance Data system; RTECS = Registry of Toxic Effects of Chemical Substances
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Table 4-2.  Physical and Chemical Properties of 1,2-Dichloroethane 

Property Information Reference

Molecular weight 98.96 Lide 1998

Color Colorless Lewis 1993

Physical state Heavy liquid Budavari et al. 1996

Melting point -35.5 EC Lide 1998

Boiling point 83.5 EC Lide 1998

Density:

   at 20 EC 1.23 g/cm3 Lide 1998

Odor Pleasant odor Budavari et al. 1996

Odor threshold:

   Water 20 mg/L Verschueren 1996

   Air   12 ppm
  50 ppm
100 ppm

Verschueren 1996
Torkelson and Rowe 1981
Weiss 1980

Solubility:

  Water at 20 EC 8.69x103 mg/L Verschueren 1996

  Organic solvent(s) Miscible with alcohol,
chloroform and ether

Budavari et al. 1996

Partition coefficients:

   Log Kow 1.48 Hansch et al. 1995

   Log Koc 1.28
1.52
1.62

Chiou et al. 1980
Sabljic et al. 1995
Borisover and Graber 1997

Vapor pressure 79.1 mmHg at 25 EC Daubert et al. 1989

Henry’s law constant 
at 20 EC

1.1x10-3atm-m3/mol Staudinger and Roberts 1996

Autoignition temperature 413 EC Weiss 1980
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Table 4-2.  Physical and Chemical Properties of 1,2-Dichloroethane (continued)

Property Information Reference

Flashpoint 13 EC (closed cup)
18 EC (open cup)

Budavari et al. 1996
Budavari et al. 1996

Conversion factors:

  ppm (v/v) to mg/m3

    in air (25 EC)
ppm(v/v)x4.05 = mg/m3 Torkelson 1994

  mg/m3 to ppm (v/v)
    in air (25 EC)

mg/m3x0.247 = ppm(v/v) Torkelson 1994

Explosive limits 6-16% v/v in air Lewis 1993
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5.1 PRODUCTION

1,2-Dichloroethane does not occur naturally (IARC 1979).  It is produced commercially either by direct

chlorination or by oxychlorination.  Direct chlorination is carried out in the liquid or vapor phase over

iron, aluminum, copper, or antimony chloride catalysts at 60 EC.  Oxychlorination is carried out in a fixed

or fluidized bed reactor at 220 EC with a suitable solid chloride catalyst (Sundaram et al. 1994).  

Currently, there are 12 domestic manufacturers of 1,2-dichloroethane; production occurs at 16 sites

located predominantly in Texas, Kentucky, and Louisiana (Anonymous 1998; SRI 1998).  Domestic

producers and their annual capacities as of February 16, 1998 are listed in Table 5-1 (Anonymous 1998). 

U.S. production totals for 1,2-dichloroethane in 1984, 1985, 1986, 1990, 1992, 1993, and 1994 were 7.3,

12.1, 12.9, 13.8, 15.2, 17.9, and 16.8 billion pounds, respectively (USITC 1985, 1986, 1987, 1991, 1993,

1994, 1995).  In 1986, sales were nearly 800 million pounds and were valued at .66 million dollars

(USITC 1987).  By 1994, sales had reached 2.8 billion pounds and were valued at .317 million dollars

(USITC 1995).  Sales of 1,2-dichloroethane on the open market in 1986 were .6% of the total

1,2-dichloroethane produced (USITC 1987), indicating that the producers captively consumed >90% of

production (EPA 1985a).  Currently, .85% of total production is used captively (USITC 1995).

According to the Toxics Release Inventory (TRI), 41 facilities manufactured or processed

1,2-dichloroethane in 1999 (TRI99 2001).  All of these facilities reported the range of the maximum

amounts of 1,2-dichloroethane that they have on site.  A summary of these data are presented in

Table 5-2.  The data listed in the TRI should be used with caution since only certain types of facilities are

required to report.  This is not an exhaustive list.

5.2 IMPORT/EXPORT

In 1996, 2.5 billion pounds of 1,2-dichloroethane were exported while 316 million pounds were imported

to the United States (Anonymous 1998).  This trend in import/export volume was also observed from

1992 to 1996 when the average amount of 1,2-dichloroethane exported was 2.1 billion pounds annually

and the average amount imported was 267 million pounds annually (Anonymous 1998). 
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Table 5-1.  United States Production of 1,2-Dichloroethanea,b

Manufacturer Location
Annual capacity 
(millions of pounds)

Borden Chemicals and Plastics Geismar, Louisiana 745

CONDEA Vista Company Lake Charles, Louisiana 1,400

Dow Chemical U.S.A. Freeport, Texas
Plaquemine, Louisiana

 4,500
2,300

Formosa Plastics Corporation U.S.A. Baton Rouge, Louisiana
Point Comfort, Texas

 525
1,900

Geon Company LaPorte, Texas 4,000

Georgia Gulf Corporation Plaquemine, Louisiana 1,760

Occidental Chemical Corporation
Electrochemicals and 
Proprietary Products Division

Electrochemicals

Convent, Louisiana
Deer Park, Texas

Ingleside, Texas

 1,500
1,950

 1500

Oxymar Ingleside, Texas  3,000

PHH Monomers Lake Charles, Louisiana 1,400

PPG Industries, Inc.
Chemicals Group

Lake Charles, Louisiana 1,600

Vulcan Materials Company
Vulcan Chemicals Division

Geismar, Louisiana 500

Westlake Monomers Corporation Calvert City, Kentucky  1,950

Total 30,530

aDerived from Anonymous 1998
bEstimates as of February 16, 1998
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Table 5-2.  Facilities that Produce, Process, or Use 1,2-Dichloroethane

Statea
Number of
facilities

Range of maximum
amounts on site in
poundsb Activities and usesc

CA 2 100–99,999 10

IA 1 1,000–9,999 1

KY 3 1,000–49,999,999 1, 2, 3

LA 11 1,000–999,999,999 1, 3, 4, 10

MI 3 1,000–99,999 1, 8

MO 3 100–9,999,999 1, 3, 8

PA 2 10,000–999,999 1

PR 2 10,000–99,999 2, 3

SC 1 100,000–999,999 1

TX 13 0–999,999,999 1, 2, 3, 4, 8, 10

Source: TRI99 2001

aPost office state abbreviations used
bRange represents maximum amounts on site reported by facilities in each state
cActivities/Uses:

1.  Produce
2.  Import
3.  Onsite use/processing
4.  Sale/Distribution
5.  Byproduct

6.  Impurity
7.  Reactant
8.  Formulation Component
9.  Article Component

10.  Repackaging
11.  Chemical Processing Aid
12.  Manufacturing Aid 
13.  Ancillary/Other Uses



1,2-DICHLOROETHANE 160

5.  PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL

5.3 USE

1,2-Dichloroethane is currently used as a chemical intermediate and as a solvent in closed systems (Dow

Chemical Company 1989b).  It is also added to leaded gasoline as a lead scavenger; however, this use has

declined significantly as leaded gasoline use has attenuated (Vulcan Materials Company 1989).  In the

United States, about 98% of the 1,2-dichloroethane produced is used to manufacture vinyl chloride

(Anonymous 1998).  Smaller amounts of 1,2-dichloroethane are used in the synthesis of vinylidene

chloride, 1,1,1-trichloroethane, trichloroethene, tetrachloroethene, aziridines, and ethylene diamines and

in chlorinated solvents (Anonymous 1998; EPA 1985a).

Formerly, 1,2-dichloroethane was used in varnish and finish removers, in soaps and scouring compounds,

in organic synthesis for extraction and cleaning purposes, in metal degreasers, in ore flotation, and in

paints, coatings, and adhesives (Archer 1979; Budavari et al. 1996; Dow Chemical Company 1989b; EPA

1985a).  It was also formerly used as a grain, household, and soil fumigant (Archer 1979; CMA 1989;

Dow Chemical Company 1989b; EPA 1985a; Vulcan Materials Company 1989).

5.4 DISPOSAL

1,2-Dichloroethane can be removed from water by treatment with granulated activated carbon, by

aeration (air stripping), and by boiling.  One of the main drawbacks of granulated activated carbon

removal is that the spent carbon must be further processed by desorbing the chemical with steam or

thermal carbon regeneration and concomitant incineration of the desorbed chemicals.  Recently,

granulated active carbon treatment has been combined with bioremediation technologies to increase the

removal capacity of 1,2-dichloroethane from groundwater (Stucki and Thuer 1994).   Boiling is an

effective treatment on a short-term emergency basis when low concentrations are spilled in water.  Air

stripping removes 1,2-dichloroethane simply and inexpensively from water.  However, these processes

should be used with caution, as they result in the transfer of the contaminant directly to air (EPA 1985a,

1987d).  



1,2-DICHLOROETHANE 161

6.  POTENTIAL FOR HUMAN EXPOSURE

6.1 OVERVIEW

1,2-Dichloroethane’s production, storage, and use as a synthetic feedstock (Anonymous 1998; EPA

1985a), as a lead scavenger in leaded gasoline, and as a solvent in closed systems (Dow Chemical

Company 1989b) may result in its release to the environment.  The use of 1,2-dichloroethane as a lead

scavenger has decreased significantly in recent years as leaded gasoline use has declined.  The largest

environmental releases of 1,2-dichloroethane occur to air.  1,2-Dichloroethane released to surface water

and soil is expected to volatilize rapidly to the atmosphere where it will be degraded by photochemically-

produced hydroxyl radicals.  The half-life for this reaction is about 73 days, calculated from its measured

rate constant (Arnts et al. 1989; Atkinson et al. 1989), and the overall atmospheric lifetime of

1,2-dichloroethane is >5 months (EPA 1993).  Hydrolysis and photolysis do not appear to be significant

in determining the environmental fate of 1,2-dichloroethane.  Although biodegradation occurs slowly, it is

the primary degradation process for 1,2-dichloroethane in soils and waters.  1,2-Dichloroethane has been

detected in ambient air, surface water, groundwater, drinking water, human breath, urine, and milk

samples.  Concentrations in environmental media are generally greatest near source areas (e.g., industrial

point sources, hazardous waste sites).

1,2-Dichloroethane has been identified in at least 570 of the 1,585 hazardous waste sites that have been

proposed for inclusion on the EPA National Priorities List (NPL) (HazDat 2001).  However, the number

of sites evaluated for 1,2-dichloroethane is not known.  The frequency of these sites can be seen in

Figure 6-1.  Of these sites, 569 are located within the United States and 1 is located in the Commonwealth

of Puerto Rico (not shown).

Inhalation of 1,2-dichloroethane in ambient or workplace air is generally the main route of human 

exposure to the compound.  Estimates of populations potentially exposed to 1,2-dichloroethane in

workplace environments range from 80,000 to 1.4 million workers (NIOSH 1976a, 1984a).  The

estimated size of the general population potentially exposed to low levels of the compound through

inhalation of polluted ambient air around industrial sites was .15 million people (Kellam and Dusetzina

1980).  Ingestion of contaminated drinking water and food may also be important routes of exposure. 
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Figure 6-1.  Frequency of NPL Sites with 1,2-Dichloroethane Contamination
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6.2 RELEASES TO THE ENVIRONMENT

There are no known natural sources of 1,2-dichloroethane.  Releases of this compound to the environment

may result from the manufacture, use, storage, distribution, and disposal of 1,2-dichloroethane.  Older

consumer goods containing 1,2-dichloroethane that are still in use or have been discarded as waste also

represent potential emission sources.  1,2-Dichloroethane may also be released to the environment from

the microbial degradation of other chlorinated alkanes.  For example, 1,2-dichloroethane is a known

product of the anaerobic biodegradation of 1,1,2,2-tetrachloroethane (Chen et al. 1996; Lorah and Olsen

1999). 

6.2.1 Air

Emissions to the atmosphere comprise the largest component of all releases of 1,2-dichloroethane to the 

environment.  According to the Toxics Release Inventory (TRI) (Table 6-1), an estimated total of

546,039 pounds of 1,2-dichloroethane, amounting to 88.8% of the total on-site environmental release,

was discharged to air from manufacturing and processing facilities in the United States in 1999

(TRI99 2001).  The TRI data should be used with caution because only certain types of facilities are

required to report.  This is not an exhaustive list.

1,2-Dichloroethane has been identified in air samples collected at 39 of the 570 NPL hazardous waste

sites where it was detected in some environmental media (HazDat 2001).

6.2.2 Water

Industrial releases of 1,2-dichloroethane to surface waters are relatively minor compared to releases to the

atmosphere.  According to the TRI (Table 6-1), an estimated total of 904 pounds of 1,2-dichloroethane,

amounting to 0.1% of the total on-site environmental release, was discharged to water from

manufacturing and processing facilities in the United States in 1999 (TRI99 2001).  The TRI data should

be used with caution because only certain types of facilities are required to report.  This is not an

exhaustive list.

In England and Wales, 1,2-dichloroethane was detected in 17% of industrial waste water effluent samples

at an average concentration of 117 µg/L, and in 9.5% of treated sewage at an average concentration of

1.39 µg/L (Stangroom et al. 1998).  1,2-Dichloroethane has been identified in surface water samples 
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Table 6-1.  Releases to the Environment from Facilities that Produce, Process, or Use 1,2-Dichloroethane

Reported amounts released in pounds per yeara

Stateb
Number of
facilities Airc Water

Underground
injection Land

Total 
on-site
released

Total 
off-site
releasee 

Total on
and  
off-site
release

AL 2 18 No data No data No data 18 10,453 10,471

AR 4 10,143 70 0 0 10,213 150,574 160,787

CA 2 264 No data No data No data 264 83 347

GA 1 No data No data No data No data No data No data No data

IA 2 307 No data No data No data 307 No data 307

IL 4 20,529 No data No data 0 20,529 147 20,676

IN 2 26,070 5 No data 5 26,080 No data 26,080

KS 1 3,549 38 No data No data 3,587 No data 3,587

KY 3 21,557 47 No data 0 21,604 255 21,859

LA 19 222,595 343 51,116 2,972 277,026 2,472 279,498

MA 1 1,178 No data No data No data 1,178 No data 1,178

MI 3 162 No data No data No data 162 No data 162

MO 3 28,815 25 No data 5 28,845 No data 28,845

MS 1 7,420 No data 1,040 No data 8,460 No data 8,460

NC 2 5,466 1 No data No data 5,467 952 6,419
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Table 6-1.  Releases to the Environment from Facilities that Produce, Process, or Use 1,2-Dichloroethane
(continued)

Reported amounts released in pounds per yeara

Stateb
Number of
facilities Airc Water

Underground
injection Land

Total on-site
released

Total off-
site
releasee

Total on
and  
off-site
release

NE 1 255 No data No data 0 255 No data 255

NJ 1 18 0 No data 0 18 2 20

NY 2 524 255 No data No data 779 72,446 73,225

OH 3 86 1 No data No data 87 49 136

PA 6 25,244 No data No data No data 25,244 No data 25,244

PR 3 470 No data No data No data 470 No data 470

SC 2 27,661 No data No data No data 27,661 0 27,661

TX 18 143,703 119 13,309 1 157,132 445,871 603,003

VA 1 5 No data No data No data 5 No data 5

WI 1 No data No data No data No data No data No data No data

Total 89 546,039 904 65,465 2,983 615,391 683,304 1,298,695

Source:  TRI99 2001

aData in TRI are maximum amounts released by each facility.
bPost office state abbreviations are used.
cThe sum of fugitive and stack releases are included in releases to air by a given facility.
dThe sum of all releases of the chemical to air, land, water, and underground injection wells.
eTotal amount of chemical transferred off-site, including to publicly owned treatment works (POTW).
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collected at 89 sites and groundwater samples collected at 492 of the 570 NPL hazardous waste sites

where it was detected in some environmental media (HazDat 2001).

6.2.3 Soil

Industrial releases of 1,2-dichloroethane to soil are relatively minor compared to releases to the

atmosphere.  According to the TRI (Table 6-1), an estimated total of 2,983 pounds of 1,2-dichloroethane,

amounting to 0.5% of the total on-site environmental release, was discharged to land from manufacturing

and processing facilities in the United States in 1999 (TRI99 2001).  An additional 65,465 pounds of

1,2-dichloroethane, amounting to 10.6% of the total on-site environmental release, was injected

underground.  The TRI data should be used with caution because only certain types of facilities are

required to report.  This is not an exhaustive list.

1,2-Dichloroethane has been identified in soil samples at 166 sites and sediment samples at 42 of the

570 NPL hazardous waste sites where it was detected in some environmental media (HazDat 2001).

6.3 ENVIRONMENTAL FATE

1,2-Dichloroethane released to the environment partitions to the atmosphere.  Reaction with

photochemically produced hydroxyl radicals is the primary degradation mechanism of 1,2-dichloroethane

in the atmosphere.  1,2-Dichloroethane released to soil or water surfaces is expected to volatilize quickly. 

Biodegradation occurs slowly in water and soil surfaces.  Hydrolysis and photolysis are not expected to

be important environmental fate processes for 1,2-dichloroethane.

6.3.1 Transport and Partitioning

Releases of 1,2-dichloroethane to the environment as a result of industrial activity are primarily to the

atmosphere (see Section 6.2).  1,2-Dichloroethane released to the atmosphere may be transported long

distances before being washed out in precipitation or degraded.  For example, Pearson and McConnell

(1975) attributed the presence of chlorinated organic compounds, including 1,2-dichloroethane, in upland

waters to long-range aerial transport and deposition in precipitation.

Based on a Henry’s law constant of 1.1x10-3 atm-m3/mol at 20 EC (Staudinger and Roberts 1996),

1,2-dichloroethane is expected to volatilize rapidly from water surfaces.  An estimated volatilization
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half-life of 28–29 minutes was reported for 1,2-dichloroethane present at a concentration of 1 mg/L in an

open water column held at 25 EC and stirred at 200 revolutions per minute (Dilling  1977; Dilling et al.

1975).  Removal of 90% of the compound under the same conditions occurred in 96 minutes.  However,

an evaporation half-life of 10 days was estimated using the EXAMS model for a eutrophic lake. 

Volatilization losses were shown to be the dominant fate process following a chemical spill in the Rhine

River in Germany (Brüeggemann et al. 1991).  

No information was found regarding partitioning of 1,2-dichloroethane from the water column onto

sediments.  However, structural analogs of the compound (i.e., dichloromethane, trichloromethane, and

1,1,1-trichloroethane) do not concentrate selectively onto sediments (Dilling et al. 1975; Pearson and

McConnell 1975).  Based on log Koc values of 1.28–1.62 (Borisover and Graber 1997; Chiou et al. 1980;

Sabljic et al. 1995), 1,2-dichloroethane is not expected to adsorb to suspended solids and sediment in the

water column.  An experimental bioconcentration factor of 2 indicates that 1,2-dichloroethane will not

bioconcentrate in fish and aquatic organisms (Banerjee and Baughman 1991) and is not expected to

bioaccumulate in the food chain (Farrington 1991).

1,2-Dichloroethane released to land surfaces is expected to volatilize rapidly to the atmosphere or leach

into groundwater.  Volatilization losses occur at a much slower rate for 1,2-dichloroethane present in sub-

surface soil.  Jury et al. (1990) modeled the rate of volatilization of 1,2-dichloroethane from soil at a

depth of 1 m to mimic the type of contamination that may occur from landfill leachate.  When water

evaporation was not taken into account, the yearly loss of 1,2-dichloroethane amounted to 7.1% from a

sandy soil.  Yearly volatilization losses increased to 30% when water evaporation was considered.  Based

on log Koc values of 1.28–1.62 (Borisover and Graber 1997; Chiou et al. 1980; Sabljic et al. 1995),

1,2-dichloroethane is expected to have very high mobility in soil surfaces and should be available for

transport into groundwater.  In a laboratory experiment conducted with a sandy loam, approximately 50%

of an initial concentration of 0.81 mg/L of 1,2-dichloroethane applied to the soil surface was volatilized. 

The remainder percolated through the soil column to a depth of 140 cm, suggesting that leaching into

groundwater may occur (Wilson et al. 1981).  Environmental surveys conducted by EPA have detected

1,2-dichloroethane in groundwater sources in the vicinity of contaminated sites (EPA 1985a).  Large

spills of 1,2-dichloroethane may contaminate groundwater because of the high density of this compound,

which makes it sink into the aquifer in a vertical gravity-driven process (Corapcioglu and Hossain 1990).
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6.3.2 Transformation and Degradation

6.3.2.1 Air

In the atmosphere, 1,2-dichloroethane is degraded by reaction with photochemically produced hydroxyl

radicals.  An experimental rate constant of 2.2x10-13 cm3/molecule-second at 25 EC (Arnts et al. 1989;

Atkinson et al. 1989) corresponds to a half-life of 73 days using an average atmospheric hydroxyl radical

concentration of 5x105 molecule/cm3.  The estimated atmospheric lifetime of 1,2-dichloroethane was

reported to be >5 months with formyl chloride, chloroacetyl chloride, hydrogen chloride, and

chloroethanol reported as degradation products (EPA 1993).  1,2-Dichloroethane is not expected to

undergo significant atmospheric removal by oxidation with ozone or nitrate radicals, and it will not

undergo removal by direct photolysis. 

6.3.2.2 Water

In groundwater and surface water, biodegradation is the primary degradation process for the removal of

1,2-dichloroethane.  Abiotic degradation processes, such as oxidation and hydrolysis, are too slow to be

environmentally significant. 

Bacteria isolated from a mixture of activated sludge from waste water treatment plants and 1,2-dichloro-

ethane-polluted soils have used 1,2-dichloroethane as a sole carbon source (Janssen et al. 1984; Stucki

et al. 1983).  Approximately 14% degradation of 5 mg/L 1,2-dichloroethane occurred after 14 days

incubation in laboratory experiments using a domestic waste water inoculum (Tabak et al. 1981).  The

reported loss was corrected for 27% volatilization loss in 10 days from control flasks.  Reported

degradation losses (corrected for volatilization) for 10 mg/L of the compound were 15% at 7 days and

30% at 14 days.  Following a 24-hour incubation at 25 EC under aerobic conditions, 1,2-dichloroethane

was degraded (approximately 10%) by a strain of Pseudomonas fluorescens bacteria isolated from soil

and water contaminated with various chlorinated hydrocarbons, including 1,2-dichloroethane

(Vandenbergh and Kunka 1988).  1,2-Dichloroethane was not biodegraded after 35 days under anaerobic

conditions in sediment-water test systems (Jafvert and Wolfe 1987) and was not biodegraded by bacteria

isolated from groundwater after 8–16 weeks incubation (Wilson et al. 1983).  However, recent reviews

indicate that the biodegradation of 1,2-dichloroethane to ethene in anaerobic waters is a probable fate

process (Kuhn and Suflita 1989; Saint-Fort 1991).  The biodegradation half-life of 1,2-dichloroethane in

aerobic water was reported as 100 days and the half-life in anaerobic water was reported as 400 days, but
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no details on the kinetic experiments used to establish these half-lives were reported (Capel and Larson

1995).  The half-life represents the calculated time for loss of the first 50% of the substance, but the time

required for the loss of half of that which remains may be substantially longer, and the rate of

disappearance may decline further as time progresses.  1,2-Dichloroethane was 97% biodegraded in

laboratory studies using aerobic groundwater microcosms obtained from a Superfund site in California

over a 6-day incubation period (Cox et al. 1998).  In the field, however, the biodegradation half-life of

1,2-dichloroethane in groundwater can range from less than a year to 30 years depending on the

conditions (Bosma et al. 1998). 

A growing body of evidence indicates that the co-metabolism of 1,2-dichloroethane (the biodegradation

of 1,2-dichloroethane from which the degrading organism gains no energetic benefit) occurs under

aerobic conditions (see Section 6.3.2.3).  Pure cultures of methanotrophic (methane using) bacteria

obtained from both polluted and nonpolluted sources degraded 1,2-dichloroethane in the presence of

methane and oxygen (Oldenhuis et al. 1989).  Aquifer solids obtained at an in situ biorestoration field

study mineralized 1,2-dichloroethane to carbon dioxide in the presence of dissolved oxygen and methane

(Lanzarone and McCarty 1990).  Concentrated cell suspensions of methanogenic bacteria incubated at

37 or 55 EC for 24–96 hours reductively dechlorinated 1,2-dichloroethane to ethene, chloroethane, and

ethane (Holliger et al. 1990).

The experimental first-order rate constants for the hydrolysis of 1,2-dichloroethane under neutral

conditions were reported as 2.1x10-8 second-1 and 1.8x10-8 second-1 at 25 EC (Barbash and Reinhard 1989;

Jeffers et al. 1989).  These values correspond to half-lives of 65 and 72 years.  A more recent study

determined that the hydrolysis half-life of 1,2-dichloroethane was 4.9x104 years at pH 9 and 15 EC

(Miyamoto and Urano 1996).  Barbash and Reinhard (1989) found that the presence of 5.1x10-4 molar

(16 ppm) solution of hydrogen sulfide anion decreased the hydrolytic half-life to 6 years.  Although still a

slow process, this latter reaction may occur in hypoxic groundwater where hydrogen sulfide occurs

naturally.  

6.3.2.3 Sediment and Soil

As in surface water, direct photolysis of 1,2-dichloroethane on soil surfaces and hydrolysis in moist soil

and sediment are not expected to be important environmental fate processes.  The primary transformation

process for 1,2-dichloroethane in sediment and soil is biodegradation.
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Incubation of 1,2-dichloroethane at a starting concentration of 100 ppb with an unsaturated calcareous

soil resulted in 15–23% mineralization to carbon dioxide after 4 weeks, under aerobic conditions, and

3.3–3.4% mineralization under anaerobic conditions (Watwood et al. 1991).  1,2-Dichloroethane (2 µmol)

was completely dechlorinated to ethane by anaerobic microcosms and enrichment cultures derived from

river sediment over a 2-week incubation period (Loffler et al. 1997).  A first-order biodegradation rate

constant of 0.013 day-1 was determined for 1,2-dichloroethane in an anaerobic sediment slurry

(Peijnenburg et al. 1998).  This rate constant corresponds to a biodegradation half-life of about 52 days. 

It was noted that degradation followed first-order kinetics for at least two successive half-lives in this

study.  

The presence of methane or increasing the proportion of methanotrophs can increase the rate of aerobic

biodegradation of 1,2-dichloroethane in soil.  In laboratory experiments conducted with different soil

types (sand, sandy clay, silty loam, clay, and Lincoln fine sand), soils exposed to methane biodegraded

1,2-dichloroethane to carbon dioxide (Henson et al. 1988; Speitel and Closmann 1991).  Based on these

results, it was estimated that the bioremediation of soil contaminated with 100 ppm 1,2-dichloroethane

could be complete within several months if methane is present (Speitel and Closmann 1991).  Methane

oxidizing cultures from soil of a California landfill readily biodegraded 1,2-dichloroethane, but toluene

and phenol oxidizing cultures were not able to degrade this compound (Chang and Alvarez-Cohen 1995). 

As the concentration of 1,2-dichloroethane increases in a soil surface, the degree of biodegradation that

takes place may decrease due to microbial toxicity at the enhanced contaminant level.  In a respirometer

study of microbial toxicity to an agricultural soil, it was determined that a concentration of 0.51 mg of

1,2-dichloroethane per gram of soil resulted in a 50% respiratory inhibition (Regno et al. 1998).

6.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT

1,2-Dichloroethane has been detected at low levels (ppb) in ambient urban and rural air, in indoor air

samples of residences located near hazardous waste disposal sites, and in surface water, groundwater, and

drinking water.  Quantitative concentration information is presented in the following sections.

6.4.1 Air

1,2-Dichloroethane has been detected in ambient air samples taken over the north Atlantic Ocean at

concentrations of 0.061–0.12 µg/m3 (0.015–0.030 ppb) (Class and Ballschmiter 1986) and in trace
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amounts in the southern Black Forest in southwestern Germany (concentration unspecified) (Juttner

1986).  The reported average surface level background concentration of the compound in ambient air at

mid-latitudes is 0.168 µg/m3 (Singh et al. 1982).

1,2-Dichloroethane has been found at higher concentrations in ambient air samples from urban areas of

the United States.  In a review of .950 potential papers on volatile organic compounds (VOCs) in air

published from 1970 to 1987, a database of median daily atmospheric concentrations by site type was

compiled (EPA 1988b).  The median daily atmospheric concentration of 1,2-dichloroethane in urban sites

was 0.049 µg/m3 (0.012 ppb) (1,214 samples) and 1.0 µg/m3 (0.26 ppb) (182 samples) for source-

dominated samples; it was not detected in 648 samples from suburban, rural, or remote sites. 

1,2-Dichloroethane was detected at 83 urban locations across the United States at a median concentration

of 0.04 µg/m3 (0.01 ppb) (Kelly et al. 1994).  The average concentration of 1,2-dichloroethane in seven

urban locations in 1980–1981 ranged from 0.405 to 6.07 µg/m3 (0.100 to 1.50 ppb) (Singh et al. 1982). 

The mean concentrations of 1,2-dichloroethane in 1,412 samples of ambient air from 23 sites in

12 Canadian cities from 1988–1990 ranged from 0.070 to 0.28 µg/m3 (0.017 to 0.069 ppb) with an overall

mean of 0.13 µg/m3 (0.032 ppb) (WHO 1995).  Mean urban air concentrations of 1,2-dichloroethane

measured during field experiments in March 1984 in Downey, California, Houston, Texas, and Denver,

Colorado were 0.40 µg/m3 (0.010 ppb), 1.82 µg/m3 (0.45 ppb), and 0.089 µg/m3 (0.022 ppb), respectively

(Singh et al. 1992).  In a 1987 survey of 35 homes in the Kanawha Valley, West Virginia, the mean

concentration of 1,2-dichloroethane was 20.8 µg/m3 (5.15 ppb) with a maximum concentration of

140 µg/m3 (34.6 ppb) (Cohen et al. 1989).  A component of the Total Exposure Assessment Methodology

(TEAM) compared the outdoor concentration of toxic substances to the corresponding overnight indoor

concentration.  The results of this monitoring study indicated that 1,2-dichloroethane was detected in 30%

of the indoor samples (median concentration: 0.025 µg/m3) and 37% of the outdoor samples (median

concentration: 0.025 µg/m3) in Greensboro, North Carolina (fall, 1980); 89% of the indoor samples

(3.6 µg/m3) and 100% of the outdoor samples (2.2 µg/m3) in Baton Rouge, Louisiana (winter, 1981); 18%

of the indoor (0.04 µg/m3) and 40% of the outdoor samples (0.045 µg/m3) in Houston, Texas (summer,

1981); 64% of the indoor (0.22 µg/m3) and 54% of the outdoor samples (0.21 µg/m3) in Los Angeles,

California (winter, 1984); 4.3% of the indoor samples (0.03 µg/m3) and none of the outdoor samples in

Los Angeles, California (summer, 1984); 20% of the indoor (0.12 µg/m3) and none of the outdoor

samples in Antioch/Pittsburgh, California (summer, 1984) (Pellizzari et al. 1986).  1,2-Dichloroethane

was detected in only 1 of the 349 samples drawn from 11 cities in the 1990 Urban Air Toxics Monitoring

Program (UATMP) at a concentration of 0.32 µg/m3 (0.080 ppb) (EPA 1991c).  In a survey of homes in

North Carolina, 1,2-dichloroethane was detected at a concentration of 0.40 µg/m3 (0.10 ppb) in 1 out of
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25 homes of smokers and was not detected in the homes of nonsmokers (Heavner et al. 1995).  In a

survey of New Jersey and Pennsylvania residences, 1,2-dichloroethane was detected in the homes of

nonsmokers at a mean concentration of 0.03 µg/m3 (0.007 ppb) and in the homes of smokers at a mean

concentration of 0.32 µg/m3 (0.079 ppb) (Heavner et al. 1996).  The maximum concentration of

1,2-dichloroethane reported in nonsmoking households was 0.54 µg/m3 (0.13 ppb), while the maximum

concentration in households where at least one family member smoked was 9.72 µg/m3 (2.40 ppb).  

1,2-Dichloroethane has also been detected in samples of ambient air collected in the vicinity of hazardous

waste disposal sites.  Trace amounts of 1,2-dichloroethane were found in samples of outdoor ambient air

from two of nine residences in the Love Canal area of Niagara, New York (Barkley et al. 1980).  It was

also detected in indoor ambient air samples from two of the nine residences surveyed, at concentrations of

0.10 µg/m3 (0.025 ppb) and 0.13 µg/m3 (0.032 ppb).  In addition, it has been found in ambient air samples

from three of five hazardous waste sites surveyed in New Jersey at average concentrations of 0.04, 1.1,

and 0.12 µg/m3 (0.01, 0.28, and 0.030 ppb) (LaRegina et al. 1986).  Another possible source of indoor air

pollution is through volatilization from contaminated potable water in domestic shower and bath systems

(Andelman 1985). 1,2-Dichloroethane was detected at concentrations of 146 µg/m3 (36 ppb) and

81 µg/m3 (20 ppb) in the ambient air at municipal landfill sites in Canada (Brosseau and Heitz 1994). 

1,2-Dichloroethane was detected in 11.4% of the vented air samples obtained from the Fresh Kills landfill

in New York at an average concentration of 0.77 mg/m3 (0.19 ppm) (EPA 1996).

6.4.2 Water

In a survey of 14 heavily industrialized river basins in the United States, 1,2-dichloroethane was detected

at a frequency of 53% in 204 surface water samples collected (EPA 1977a); reported concentrations in

domestic surface waters used as drinking water sources ranged from trace amounts to 4.8 µg/L (Brown

et al. 1984).  1,2-Dichloroethane has also been found in samples of urban runoff from Eugene, Oregon, at

a concentration of 4 µg/L (Cole et al. 1984).  1,2-Dichloroethane was detected in 26% of the river

samples obtained from Osaka, Japan, at a mean concentration of 0.09 µg/L (Yamamoto et al. 1997). 

1,2-Dichloroethane was detected in the Tees estuary in England in 1992 at concentrations of

0.72–4.02 µg/L, with the highest levels measured near an industrialized area where 1,2-dichloroethane

and vinyl chloride monomer were produced (Dawes and Waldock 1994).

Groundwater samples taken from 178 hazardous waste disposal sites contained 1,2-dichloroethane at

29.1% frequency (Plumb 1987).  1,2-Dichloroethane was detected in the groundwater of the Du Pont
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Necco Park Landfill in Niagara Falls, New York at concentrations of 14–4,250 µg/L (Lee et al. 1995). 

Reported concentrations of 1,2-dichloroethane in domestic groundwater supplies used for drinking water

ranged from trace amounts to 400 µg/L (Brown et al. 1984).  1,2-Dichloroethane was detected in 10 of

943 groundwater samples across the United States at concentrations that ranged from 0.95 to 9.80 µg/L

with median concentrations ranging from 0.57 to 2.9 µg/L (Westrick et al. 1984).  The disposal of organic

chemicals in trenches at a waste disposal site near Ottawa, Canada resulted in 1,2-dichloroethane

groundwater concentrations ranging from 3.9 to 58.0 µg/L in 30% of samples taken from a 37-well

monitoring network in 1988 (Lesage et al. 1990).  The concentration of 1,2-dichloroethane in the leachate

samples from hazardous waste landfills in Germany ranged from 40 to 830 µg/L (Först et al. 1989). 

1,2-Dichloroethane was identified, not quantified, in groundwater wells of Eau Claire, Wisconsin (Canter

and Sabatini 1994).  1,2-Dichloroethane was detected in 17% of groundwater samples obtained from

479 waste disposal sites in the United States (Barbee 1994).  1,2-Dichloroethane was detected in 27 of

82 samples of groundwater at the Darling Hill Dump, Vermont at an average concentration of 3.7 µg/L

and a maximum concentration of 240 µg/L (EPA 1992a).  The maximum concentration of 1,2-dichloro-

ethane in groundwater at the Fallon Naval Air Station, Fallon, Nevada was 1,400 µg/L (Kelley et al.

1998).  Groundwater from a former petro-chemical refinery in California contained 1,2-dichloroethane at

concentrations ranging from 1 to 9 µg/L (EPA 1992b).  1,2-Dichloroethane was detected at

concentrations of 0.8–32.8 µg/L in groundwater near the Lower Llobregat aquifer in Spain (Ventura et al.

1997).

1,2-Dichloroethane was found in drinking water samples from a number of urban and rural locations in

the United States.  This compound has been detected in drinking water samples from New Orleans,

Miami, Philadelphia, and Cincinnati (Clark et al. 1986; Suffet et al. 1980).  Private drinking water wells

in Wisconsin contained >7 µg/L 1,2-dichloroethane in 2 of 7 wells surveyed (Krill and Sonzogni 1986);

in Iowa, 3 public well water supplies contained concentrations of 4–19 µg/L (EPA 1985g), and in Kansas,

1 of 103 farmstead wells contained 1,2-dichloroethane at an average concentration of 1.25 µg/L during

1985–1986 (Steichen et al. 1988).  1,2-Dichloroethane was detected at concentrations of 1–64 µg/L in

56 private drinking water wells in Rhode Island (Rhode Island Department of Health 1989).  It was also

detected at 0.050 µg/L in drinking water samples from three of nine residences surveyed in the Love

Canal area of Niagara, New York (Barkley et al. 1980).  1,2-Dichloroethane was detected in 0.5% of the

drinking water wells studied between 1984 and 1990 in California at a maximum concentration of

24 µg/L (Lam et al. 1994b). 
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6.4.3 Sediment and Soil

The concentration of 1,2-dichloroethane in sediment samples obtained from the Southampton Water

estuary, England over an 18-month period ranged from 0.070 to 11 ppb (Bianchi et al. 1991). 

1,2-Dichloroethane was not detected in sediment downstream from two facilities in Canada that

manufactured this compound (Oliver and Pugsley 1986).  The mean concentration of 1,2-dichloroethane

in soil near 20 homes in the Netherlands was 11 mg/kg, while samples in the vicinity of a garage and

waste site contained <5 and 30 mg/kg, respectively (WHO 1995).  1,2-Dichloroethane was detected in

soil from Claire, Michigan near seven industrial facilities at concentrations of 6–19 µg/kg (EPA 1992c). 

6.4.4 Other Environmental Media

In a market basket survey of over 500 samples of table-ready and prepared foods (including cereals,

oils/dressings, vegetables, baked goods, nuts, dairy products, jams/candy, meats/meat dishes, fruits,

infant/toddler blends, and beverages), 1,2-dichloroethane was detected in a whiskey sample at a

concentration of 30 ng/g (Daft 1988, 1989, 1991).  1,2-Dichloroethane has been detected in plain granola

samples at 0.31 and 12 ng/g, shredded wheat cereal samples at 8.2 ng/g (Heikes 1987), wheat grain

samples at 0–180 ng/g, and bleached flour samples at 0–6.5 ng/g (Heikes and Hopper 1986). 

1,2-Dichloroethane has also been qualitatively detected as a volatile component in chickpeas (Rembold

et al. 1989).

1,2-Dichloroethane was formerly used as a fumigant, but is not currently registered for use in agricultural

products in the United States, Canada, and the United Kingdom.  1,2-Dichloroethane was not detected in 

24 samples of rice analyzed in 1992 (WHO 1995) and was not detected in an FDA survey of 234 table

ready foods (Heikes et al. 1995).  In a survey of foods from Tokyo, Japan, 1,2-dichloroethane was not

detected in bean sprouts, colas, juice, rice, lactic beverages, plain yogurt, tofu, or ice milk (Miyahara et al.

1995).  It was detected at mean concentrations of 1.3 ng/g in butter, 0.2 ng/g (ppb) in cake, 0.03 ng/g in

ice cream, and 0.03 ng/g in store-bought milk (Miyahara et al. 1995). 
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6.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE

The greatest source of exposure to 1,2-dichloroethane for most of the U.S. population is inhalation of the

compound in contaminated air.  Other potential routes of human exposure include ingestion of

1,2-dichloroethane in contaminated drinking water or food items and dermal absorption (EPA 1985a;

Gold 1980).  Since 1,2-dichloroethane is not currently registered for use in agricultural products in the

United States, the potential exposure from ingesting contaminated food sources has likely decreased. 

Ingestion of drinking water contaminated with 1,2-dichloroethane is expected to be an important route of

exposure for only 4–5% of the population (HSDB 2001).  However, for populations with drinking water

supplies containing >6 µg/L of the compound, oral and dermal routes are expected to be more important

than inhalation (EPA 1985a).  The estimated daily intake of 1,2-dichloroethane in Japan attributed to food

ingestion is 0.004 mg/day (Miyahara et al. 1995).  Since the levels of 1,2-dichloroethane in food products

of Japan are similar to those in the United States, the daily intake value may also be similar. 

The National Occupational Hazard Survey (NOHS), conducted by NIOSH from 1972 to 1974, estimated

that 1.35 million workers in 111,222 plants were potentially exposed to 1,2-dichloroethane in the

workplace in 1970 (NIOSH 1976a).  These estimates were derived from observations of the actual use of

1,2-dichloroethane (5% of total estimate), the use of trade-name products known to contain 1,2-dichloro-

ethane (3%), and the use of generic products suspected of containing the compound (92%).  The largest

numbers of exposed workers were employed in medical and other health services, automotive dealerships

and service stations, and wholesale trade industries.  The occupational groups with the largest numbers of

exposed workers were automobile mechanics, registered nurses, heavy equipment mechanics, janitors,

and machinists.

Preliminary data from a second workplace survey, the National Occupational Exposure Survey (NOES),

conducted by NIOSH from 1980 to 1983, indicated that 77,111 workers (including 32,891 females) in

1,526 plants were potentially exposed to 1,2-dichloroethane in the workplace in 1980 (NIOSH 1984a). 

The largest numbers of exposed workers were employed in the apparel and other textile products,

chemical and allied products, business services, and petroleum and coal products industries as machine

operators, assemblers, production inspectors, checkers, and examiners.  The estimates were based on

direct observation by the surveyor of the actual use of the compound (68%) and observation of the use of

trade name products known to contain 1,2-dichloroethane (32%).
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Neither the NOHS database nor the NOES database contains information on the frequency, level, or

duration of exposure of workers to any of the chemicals listed therein.  They provide only estimates of

workers potentially exposed to the chemicals.  There was a large potential for exposure to 1,2-dichloro-

ethane in the workplace during its previous use as a grain fumigant, solvent, and diluent in open-system

operations (NIOSH 1978a).

1,2-Dichloroethane was detected at a mean concentration of 0.09 µg/m3 in workplaces where smoking is

not permitted and at a mean concentration of 0.03 µg/m3 in workplaces where smoking is permitted

(Heavner et al. 1996).  These data are in contrast with the findings from the same study that showed a

significantly higher concentration of 1,2-dichloroethane in the air of homes in which at least one family

member smoked (see Section 6.4.1).

Exposure of the population to 1,2-dichloroethane through releases to ambient air from a number of

specific emission sources has been estimated (Kellam and Dusetzina 1980).  The estimates, which are

probably too high because of the current limited use of leaded fuels, are presented in Table 6-2.  The EPA

Total Exposure Assessment Methodology (TEAM) studies measured personal and outdoor exposures of

about 800 people to 25 volatile organic compounds, including 1,2-dichloroethane (Wallace 1991).  The

people were selected to represent more than one million residents in a wide variety of urban, suburban,

and rural areas.  The mean measured exposure to 1,2-dichloroethane, which was based on a 24-hour

exposure of .750 people in 6 urban areas, was reported to be 0.5 µg/m3.  The outdoor air concentration

based on backyard measurements in 175 homes in 6 urban areas was 7 µg/m3 (Wallace 1991).  

In addition to industrial releases of 1,2-dichloroethane to ambient air, the general population may have

been exposed to this compound in indoor air through volatilization from consumer products and from

potable water (Andelman 1985).  1,2-Dichloroethane was detected in the volatile emissions of cleaning

agents and pesticides, recently glued wallpaper, and recently glued carpet at concentrations of

236 µg/m3 (58.2 ppb), 48±7.3 µg/m3 (12±1.8 ppb), and 15±1 µg/m3 (3.7±0.25 ppb), respectively (Wallace

et al. 1987).  Since 1,2-dichloroethane is no longer used in consumer products like cleaning agents and

adhesives, this route of exposure is expected to be low today.

1,2-Dichloroethane has been detected in the expired breath and urine of humans in a number of studies,

following exposure of the test subjects to the compound in ambient air and drinking water (Barkley et al.

1980; EPA 1982a; Wallace et al. 1984). 
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Table 6-2.  Estimated Population Exposure to 1,2-Dichloroethane Through 
Releases to Ambient Air From a Number of Specific Emission Sourcesa

Emission source Estimated population exposed Ambient air concentration (ppb)

1,2-Dichloroethane
manufacturing plants

12,500,000   0.01 to $10

Chemical production
facilities

2,621,000   0.01–0.99

Gasoline service stationsb 1,000,000   0.01–0.029

Automobile emissions 13,000,000   0.01–0.029

Automobile refueling 30,000,000 <0.01

aDerived from Kellam and Dusetzina 1980
bEmissions from gasoline stations are in decline.
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6.6 EXPOSURES OF CHILDREN

This section focuses on exposures from conception to maturity at 18 years in humans.  Differences from

adults in susceptibility to hazardous substances are discussed in 3.7 Children’s Susceptibility.

  

Children are not small adults.  A child’s exposure may differ from an adult’s exposure in many ways. 

Children drink more fluids, eat more food, breathe more air per kilogram of body weight, and have a

larger skin surface in proportion to their body volume.  A child’s diet often differs from that of adults. 

The developing human’s source of nutrition changes with age: from placental nourishment to breast milk

or formula to the diet of older children who eat more of certain types of foods than adults.  A child’s

behavior and lifestyle also influence exposure.  Children crawl on the floor, put things in their mouths,

sometimes eat inappropriate things (such as dirt or paint chips), and spend more time outdoors.  Children

also are closer to the ground, and they do not use the judgment of adults to avoid hazards (NRC 1993).

There are no exposure studies or body burden measurements of 1,2-dichloroethane in children. 

1,2-Dichloroethane has been detected in both ambient outdoor and indoor air as discussed in

Section 6.4.1 and inhalation of contaminated air likely represents the greatest route of potential exposure

for children.  1,2-Dichloroethane has also been detected in drinking water, and therefore, ingestion of

contaminated water is a possible source of exposure.  1,2-Dichloroethane been detected in human milk at

concentrations ranging from 0.195 to 0.63 mg/100 mL of milk (EPA 1980a; Urusova 1953).  Therefore, it

is possible that children may be exposed to 1,2-dichloroethane from breast-feeding mothers, although no

details of the analytical methodology were reported and, the sample size was not provided in this study. 

Current data on the concentration of 1,2-dichloroethane in breast milk are not available.  1,2-Dichloro-

ethane was formerly used in certain consumer household products such as cleaning agents and adhesives. 

The use of any household products that contained 1,2-dichloroethane to clean floors or glue carpets may

result in exposure since children often crawl on floors and play on carpets.  The potential for exposure is

expected to diminish with time since 1,2-dichloroethane volatilizes fairly rapidly.  This is expected to be a

relatively minor route of exposure since most of these products have probably been used up or discarded

from the majority of households.

1,2-Dichloroethane has been detected in several food products as discussed in Section 6.4.4, but

consumption of these products should not disproportionately affect children.  No data are available

regarding the weight-adjusted intake of 1,2-dichloroethane. 1,2-Dichloroethane was formerly used as a

fumigant, but is not currently registered for use in agricultural products in the United States, Canada, or
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the United Kingdom.  Therefore, it is expected that exposure to 1,2-dichloroethane through food sources

will continue to decrease.

Children are unlikely to be exposed to 1,2-dichloroethane from parents’ clothing or other objects removed

from the workplace because of its volatility.  It is possible that exposure may arise from the exhaled

breath of parents who are occupationally exposed to 1,2-dichloroethane, but no quantitative data are

available to confirm this.  1,2-Dichloroethane has been detected in humans in a number of studies,

following exposure of the test subjects to the compound in ambient air and drinking water (Barkley et al.

1980; EPA 1982a; Wallace et al. 1984). 

There have been no documented exposures of children to1,2-dichloroethane from pica.  Children are

unlikely to be exposed to 1,2-dichloroethane from pica since the majority of 1,2-dichloroethane released

to the environment is emitted to the atmosphere.  Furthermore, much of the 1,2-dichloroethane released to

soil is expected to volatilize to air or leach into subsurface soil and groundwater. 

6.7 POPULATIONS WITH POTENTIALLY HIGH EXPOSURES

Human exposure to 1,2-dichloroethane is expected to be highest among certain occupational groups (e.g.,

chemical and allied products industry workers) (NIOSH 1984a) and members of the general population

living in the vicinity of industrial point emission sources (EPA 1985a) and hazardous waste sites. 

1,2-Dichloroethane has been detected in both ambient air and water in low concentrations (Fusillo et al.

1985; Isacson et al. 1985; Juttner 1986; McDonald et al. 1988; Singh et al. 1982).  No information was

found regarding the number of people potentially exposed around hazardous waste sites.  It was estimated

that .15 million people living in the vicinity of manufacturing and formulation plants were potentially

exposed to concentrations ranging from 0.01 to $10 ppb 1,2-dichloroethane in ambient air in the late

1970s (Kellam and Dusetzina 1980).

6.8 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether

adequate information on the health effects of 1,2-dichloroethane is available.  Where adequate

information is not available, ATSDR, in conjunction with the National Toxicology Program (NTP), is
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required to assure the initiation of a program of research designed to determine the health effects (and

techniques for developing methods to determine such health effects) of 1,2-dichloroethane. 

 

The following categories of possible data needs have been identified by a joint team of scientists from

ATSDR, NTP, and EPA.  They are defined as substance-specific informational needs that if met would

reduce the uncertainties of human health assessment.  This definition should not be interpreted to mean

that all data needs discussed in this section must be filled.  In the future, the identified data needs will be

evaluated and prioritized, and a substance-specific research agenda will be proposed. 

6.8.1 Identification of Data Needs

Physical and Chemical Properties.    The physical and chemical properties of 1,2-dichloroethane

are well characterized to permit estimation of its environmental fate (see Chapter 4).  No additional

studies are needed at this time.

Production, Import/Export, Use, Release, and Disposal.    Information on the production and

use of 1,2-dichloroethane is available (Anonymous 1998; Archer 1979; Dow Chemical Company 1989b;

SRI 1998).  Import and export data on 1,2-dichloroethane are also available (Anonymous 1998).  More

information regarding the amount of 1,2-dichloroethane that is disposed of at hazardous waste sites or

abandoned would be useful.  No current data are available on the amount of 1,2-dichloroethane disposed

of annually.

According to the Emergency Planning and Community Right-to-Know Act of 1986, 42 U.S.C.

Section 11023, industries are required to submit chemical release and off-site transfer information to the

EPA.  The TRI, which contains this information for 1999, became available in 2001.  This database will

be updated yearly and should provide a list of industrial production facilities and emissions.

Environmental Fate.    The partitioning of 1,2-dichloroethane into air, water, and soil is well

established (Brüeggemann et al. 1991; Chiou et al. 1980; Dilling 1977; Dilling et al. 1975; EPA 1981,

1985a; Jeng et al. 1992; Jury et al. 1990; Pearson and McConnell 1975; Wilson et al. 1981). 

1,2-Dichloroethane is highly mobile in soil and is expected to leach into groundwater.  Available

laboratory data are sufficient to estimate its atmospheric lifetime, but information on degradation rates in

soil and water are limited.  Recent data indicates that 1,2-dichloroethane will biodegrade slowly in soil,

water, and groundwater under both aerobic and anaerobic conditions.  Additional data regarding the
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degradation rates of 1,2-dichloroethane in soil and water would be helpful in assessing its environmental

fate.

Bioavailability from Environmental Media.    1,2-Dichloroethane has been measured in the breath,

blood, urine, and adipose tissue of humans (Barkley et al. 1980; EPA 1980a, 1982a; Wallace et al. 1989). 

Thus, it can be concluded that 1,2-dichloroethane is bioavailable from the environment.  Good

quantitative data that correlate varying levels in the environment with levels in the body and associated

health effects are lacking.  Data are lacking regarding the extent to which 1,2-dichloroethane can be

absorbed from various media (e.g., soil). 

The health effects observed in humans following exposure to 1,2-dichloroethane are those generally

associated with exposure to chlorinated hydrocarbons.  Therefore, it may not be possible to correlate the

exact levels of 1,2-dichloroethane in the environment with observed health effects in humans.  The

methodology to predict exposure levels of 1,2-dichloroethane from observed health effects is lacking.

Food Chain Bioaccumulation.    The limited experimental data on bioconcentration of 1,2-dichloro-

ethane in aquatic organisms (Banerjee and Baughman 1991; Farrington 1991) and the physical and

chemical properties of this compound indicate that bioconcentration and biomagnification are not likely

to occur.  However, experimental data on food chain biomagnification will aid in determining the

potential for human exposure to 1,2-dichloroethane.

Exposure Levels in Environmental Media.    1,2-Dichloroethane has been detected at low levels

(ppb) in ambient urban and rural air (Class and Ballschmiter 1986; Cohen et al. 1989; EPA 1988b, 1991c;

Juttner 1986; Kelly et al. 1994; Pellizzari et al. 1986; Singh et al. 1982, 1992), in outdoor and indoor air

samples of residences located near hazardous waste disposal sites (Andelman 1985; Barkley et al. 1980;

Heavner et al. 1996; LaRegina et al. 1986), and in surface water (Brown et al. 1984; EPA 1977a;

Yamamoto et al. 1997), groundwater (Barbee 1994; Brown et al. 1984; Lesage et al. 1990; Plumb 1987;

Westrick et al. 1984), drinking water (Barkley et al. 1980; Clark et al. 1986; Kelley 1985; Krill and

Sonzogni 1986; Lam et al. 1994b; Steichen et al. 1988; Suffet et al. 1980), sediment (Bianchi et al. 1991;

Oliver and Pugsley 1986), and food stuffs (Draft 1988, 1989, 1991; Gold 1980; Heikes and Hopper 1986,

Heikes 1987; Miyahara et al. 1995; Rembold et al. 1989).  Data on estimated human intake from all

media have not been located.



1,2-DICHLOROETHANE 182

6.  POTENTIAL FOR HUMAN EXPOSURE

Reliable monitoring data for the levels of 1,2-dichloroethane in contaminated media at hazardous waste

sites are needed so that the information obtained on environmental levels of 1,2-dichloroethane can be

used in combination with the known body burden of 1,2-dichloroethane to assess the potential risk of

adverse health effects in populations living in the vicinity of hazardous waste sites.

Exposure Levels in Humans.    Recent estimates of the size of the population occupationally

exposed to 1,2-dichloroethane are not available, and monitoring data on workplace exposure levels

(NIOSH 1984a) are generally inadequate.  General population exposure estimates have been prepared by

the EPA (1985a) for inhalation of the compound in ambient air, which is believed to be the most

important route of exposure.  However, the general population may also be exposed to low concentrations

of 1,2-dichloroethane through ingestion of contaminated water and/or food.  The use of old consumer

products that contained 1,2-dichloroethane represents a possible, but most likely inconsequential potential

exposure route.  Quantitative information about the size of the exposed populations and the levels of

exposure are generally incomplete.  This information is necessary for assessing the need to conduct health

studies on these populations.

Exposures of Children.    There is no information available on the exposure of children to

1,2-dichloroethane.  Children are most likely to be exposed to 1,2-dichloroethane via inhalation of

ambient air.  Ingestion of drinking water and food may also yield childhood exposures.  Contact with

older household products that contained 1,2-dichloroethane is possible, but is unlikely to be a major

source of exposure since 1,2-dichloroethane is no longer used in most consumer products.  Children are

unlikely to be exposed to 1,2-dichloroethane from pica.  Accurate data on the levels of 1,2-dichloroethane

in children are needed to identify ways to reduce the potential exposure risks.

Child health data needs relating to susceptibility are discussed in 3.12.2 Identification of Data Needs:

Children’s Susceptibility.

Exposure Registries.    No exposure registries for 1,2-dichloroethane were located.  This substance is

not currently one of the compounds for which a subregistry has been established in the National Exposure

Registry.  The substance will be considered in the future when chemical selection is made for

subregistries to be established.  The information that is amassed in the National Exposure Registry

facilitates the epidemiological research needed to assess adverse health outcomes that may be related to

exposure to this substance.
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6.8.2 Ongoing Studies

A spectroscopic investigation of the factors that affect the mobility of 1,2-dichloroethane in soil and clay

surfaces is being conducted by Dr. Farmer of the University of California, Riverside (FEDRIP 1999). 

This project, which is sponsored by the U.S. Department of Agriculture, should provide additional

information regarding the movement and leaching potential of 1,2-dichloroethane in soil surfaces.  No

long-term research projects or other ongoing studies of occupational or general population exposures

were identified. 

As part of the Third National Health and Nutrition Evaluation Survey, the Environmental Health

Laboratory Sciences Division of the National Center for Environmental Health and Injury Control,

Centers for Disease Control, will be analyzing human blood samples for 1,2-dichloroethane and other

volatile organic compounds.  These data will give an indication of the frequency of occurrence and

background levels of these compounds in the general population.
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The purpose of this chapter is to describe the analytical methods that are available for detecting, 

measuring, and/or monitoring 1,2-dichloroethane, its metabolites, and other biomarkers of exposure and

effect to 1,2-dichloroethane.  The intent is not to provide an exhaustive list of analytical methods.  Rather,

the intention is to identify well-established methods that are used as the standard methods of analysis. 

Many of the analytical methods used for environmental samples are the methods approved by federal

agencies and organizations such as EPA and the National Institute for Occupational Safety and Health

(NIOSH).  Other methods presented in this chapter are those that are approved by groups such as the

Association of Official Analytical Chemists (AOAC) and the American Public Health Association

(APHA).  Additionally, analytical methods are included that modify previously used methods to obtain

lower detection limits and/or to improve accuracy and precision.

7.1 BIOLOGICAL MATERIALS

Table 7-1 lists the analytical methods used for determining 1,2-dichloroethane in biological fluids and

tissues.  Gas chromatography/mass spectrophotometry (GC/MS) is the most commonly used analytical

method for measuring 1,2-dichloroethane in breath, blood, and urine samples (Ashley et al. 1992; Barkley

et al. 1980; Wallace et al. 1984, 1986).  Sensitivity is in the low- to sub-ppb range.  For blood samples,

recovery is >74%  (Ashley et al. 1992).  Precision is adequate (<30% relative standard deviation [RSD])

(Ashley et al 1992).  Recovery data were not reported for breath or urine samples.

Glutathione-S-transferase (GST) was suggested as a biological marker to detect 1,2-dichloroethane in

human erythrocytes (Ansari et al. 1987).  1,2-Dichloroethane inactivates GST in human erythrocytes.  A

dose-dependent reduction in GST with levels of 1,2-dichloroethane in human erythrocytes in situ was

reported.  However, because a similar response is also reported for acrolein, propylene oxide, styrene

oxide, and ethylene dibromide, it is not possible to use measurement of GST activity in human

erythrocytes to monitor exposure to 1,2-dichloroethane alone (Ansari et al. 1987).

The presence of metabolites of 1,2-dichloroethane, such as 2-chloroethanol and monochloroacetic acid, in

blood and urine could be used as an indicator of exposure to 1,2-dichloroethane (Monster 1986). 

However, similar metabolites may be found following exposure to other volatile organic compounds. 

This method is not presently used to determine exposure to 1,2-dichloroethane.  Levels of thioethers

could be determined analytically in the urine.  No analytical measurement for these metabolites are given.
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Table 7-1.  Analytical Methods for Determining 1,2-Dichloroethane in Biological Samples

Sample matrix Preparation method
Analytical
method

Sample detection
limit

Percent
recovery Reference

Breath Collect exhaled air in Tenax
cartridge

GC/MS-thermal
desorption in a 
fused silica 
capillary column

1 µg/m3 No data Wallace et al. 1984,
1986

Breath Collect exhaled air in Tenax
cartridge

GC/MS-thermal
desorption

0.12 µg/m3 No data Wallace et al. 1984

Human erythrocytes Separate erythrocytes from
blood; wash and hemolyze;
collect GST enzyme

GST activity; not
specified

No data No data Ansari et al. 1987

Blood/urine Heat at 50 EC; purge with
helium; trap on Tenax GC
sorbent

GC/MS No data No data Barkley et al. 1980

Blood Purge-and-trap blood sample GC/MS 0.012 ppb 74–116 Ashley et al. 1992

GC = gas chromatography; GST = glutathione-S-transferase; MS = mass spectrophotometry
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A pilot study attempted to show a correlation between the levels of halogenated compounds found in the

environment and levels measured in blood and urine.  The results, however, were not statistically

significant (Barkley et al. 1980).  The lack of correlation was attributed to differences in body metabolism

between the individuals and small sample size.  However, the applicability of GC/MS towards correlating

environmental levels with body burden levels, given a large enough sample size, was demonstrated.

More information on methods for the analysis of 1,2-dichloroethane in biological materials, including

sample preparation techniques can be found in the references cited in Table 7-1.

7.2 ENVIRONMENTAL SAMPLES

Table 7-2 lists the methods used for analyzing 1,2-dichloroethane in environmental samples.  GC/MS and

GC combined with electron capture detection (ECD) are the most commonly used analytical methods for

detecting 1,2-dichloroethane in air (Class and Ballschmiter 1986; Driss and Bouguerra 1991; EPA 1999d;

Grimsrud and Rasmussen 1975; Hoyt and Smith 1991; Hsu et al. 1991; Jonsson and Berg 1980; Kessels

et al. 1992; Kirshen and Almasi 1992; McClenny et al. 1991; NIOSH 1994; Pleil et al. 1988; Wallace et

al. 1984), water, including drinking water, waste water, and tap water (EPA 1982b, 1984c, 1997; Garcia

et al. 1992; Otson and Williams 1982; Wallace et al. 1984), sediment (Hiatt 1981), fish (Easley et al.

1981; Hiatt 1981), and food (Daft 1987, 1988, 1989, 1991; Heikes 1987; Heikes and Hopper 1986).  Air

samples are generally collected on filters and desorbed or collected in canisters.  For measuring

1,2-dichloroethane in air samples, sensitivity is in the sub-ppb to low-ppt range for both GC/MS and

GC/ECD.  Recovery (>90%) and precision (3% RSD) are good (Hsu et al. 1991; Jonsson and Berg 1980).

Purge-and-trap extraction methods are generally used when measuring volatile compounds such as

1,2-dichloroethane in water samples.  Sensitivity is in the low-to-sub-ppb and low-ppt range for GC/MS

and GC/ECD.  High performance gas chromatography (HRGC)/MS has also been used to measure the

compound in water with similar sensitivity.  Recovery and precision data were not reported.  HRGC, with

dual detection by ECD and flame ionization detectors (FID) or GC/FID can also be used to measure

1,2-dichloroethane in drinking water and tap water (Driss and Bouguerra 1991; Kessels et al. 1992). 

Sensitivity for HRGC/ECD-FID is in the sub-ppb range with excellent recovery (100%) (Kessels et al.

1992).  Sensitivity data were not reported for GC/FID; however, recoveries were adequate (77.5%) (Driss

and Bouguerra 1991).  For both methods, precision was good (3.1-21% RSD) (Driss and Bouguerra 1991;

Kessels et al. 1992).  
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Table 7-2.  Analytical Methods for Determining 1,2-Dichloroethane in Environmental Samples

Sample matrix Preparation method
Analytical
method

Sample detection
limit

Percent
recovery Reference

Air Collect whole air sample in
canister; preconcentrate volatile
organics from air; treatment of
water vapor

GC/MS 0.3 ppb No data McClenny et al.
1991

Air Draw ambient air through a
cartridge containing
approximately 1–2 g of Tenax. 
Certain volatile organic
compounds are trapped on the
Tenax while highly volatile
organic compounds and most
inorganic atmospheric
constituents pass through the
cartridge

GC/MS  In general the
detection limit should
be 20 ng or less

No data EPA 1999d
(Method TO-1)

Air Draw ambient air through a
cartridge containing
approximately 0.4 g of a carbon
molecular sieve (CMS)
adsorbant.  Volatile organic
compounds are captured on the
adsorbant while major inorganic
atmospheric constituents pass
through (or are only partially
retained) 

GC/MS  No data 85 EPA 1999d 
(Method TO-2)

Air Purge-and-trap GC/ECD/FID  For many compounds
detection limits of 1–5
ng are found using
FID

100 EPA 1999d 
(Method TO-3)
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Table 7-2.  Analytical Methods for Determining 1,2-Dichloroethane in Environmental Samples (continued)

Sample matrix Preparation method
Analytical
method

Sample detection
limit

Percent
recovery Reference

Air Draw a sample of ambient air
through a sampling train
comprised of components that
regulate the rate and duration of
sampling into a pre-evacuated
SUMMA passivated canister 

GC/MS >1 ppb 90–110 EPA 1999d 
(Method TO-14A)

Workplace air Place the front and back sorbent
sections of the sampler tube in
separate vials.  Discard the glass
wool and foam plugs.  Add 1 mL
carbon disulfide to each vial

GC/FID 0.2 mg/m3 No data NIOSH 1994
(Method 1003)

Air and soil gas Collect air or soil gas sample in
evacuated canister or Tedlar bag
through a cryogenically cooled
trap to freeze out and
preconcentrate volatile
compounds; heat trap and
transfer volatile analyte to
cryogenically cooled column

HRGC/PID-ECD
or ELCD

0.05 ppb (ELCD);
0.19 ppb (ECD)

No data Kirshen and
Almasi 1992

Drinking water Purge-and-trap GC/MS 5 ng/L No data Wallace et al. 1984

Drinking water Liquid-liquid extraction using
n-pentane

HRGC/ECD 2.6 µg/L No data Garcia et al. 1992

Water and waste
water

Purge-and-trap GC 0.03 µg/L 1.04–1.06C
97.8 

EPA 1982b, 1984c
(Method 601)

Water and waste
water

Purge-and-trap GC/PID 0.03 µg/L No data EPA 1997 
(Method 8021B)
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Sample matrix Preparation method
Analytical
method

Sample detection
limit

Percent
recovery Reference
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Water and waste
water 

Purge-and-trap GC/MS  0.06 µg/L No data EPA 1997 
(Method 8260B)

Water and waste
water

Grab sample GC/MS 4.7 µg/L 1.02+0.45C
99 

EPA 1982b, 1984c
(Method 624)

Water and waste
water

Purge-and-trap GC/MS 10 µg/L 7.7 µg/L EPA 1984c
(Method 1624B)

Water and waste
water

Modified purge-and-trap GC/HECD and
FID simultaneous

0.1 µg/L (FID);
<0.1 µg/L (HECD)

78 (FID); 
79 (HECD)

Otson and
Williams 1982

Water, waste water,
and solid waste

Purge-and-trap GC/MS 5 µg/kg
(soil/sediment);
0.5 µg/kg (wastes);
5 µg/L (water) 

No data EPA 1997 
(Method 8240B)

Water and waste
water

Purge-and-trap GC 0.002µg/L No data EPA 1997 
(Method 8010B)

Drinking water Purge-and-trap extraction
technique

HRGC/ECD-FID 0.03 µg/L (ECD);
0.07 µg/L (FID)

100 (ECD);
104–116 (FID)

Kessels et al. 1992

Tap Water Purge-and-trap extraction
technique

GC/FID No data 77.5 Driss and
Bouguerra 1991

Water, solid waste,
and tissue

Vacuum distillation extraction
technique

GC/MS  No data No data EPA 1997 
(Method 5032)
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Sample matrix Preparation method
Analytical
method

Sample detection
limit

Percent
recovery Reference
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Fish Add fish tissue to reagent grade
water; disrupt cells ultrasonically;
analyze sample by a purge-and -
trap method

GC/MS 10 µg/kg 85±11 Easley et al. 1981

Fish Spiked samples of ground fish
tissue; vaporize VOCs from fish
under vacuum and condense in
purge-and-trap

GC/MS No data 85±11a Hiatt 1981

Fish Homogenize fish sample;
remove residual moisture by
vacuum distillation

GC/MS-fused
silica capillary
column

No data No data Hiatt 1983

Sediment Spiked samples; vaporize VOCs
under vacuum and condense in
purge-and-trap

GC/MS No data 96±17a Hiatt 1981

Grains, legumes,
spices, citrus fruits,
beverages, dairy
products, meat

Acidified acetone-water
extraction; isooctane back
extraction

GC/ECD No data 14–75 Daft 1987, 1988,
1989, 1991

Table ready foods Stirred with water;  purge-and-
trap on Tenax GC; hexane
desorption

GC/ECD 6 ppb 85–104 Heikes 1987;
Heikes and
Hopper 1986

aReported as percent spike recoveries for 25 ppb spikes

ECD = electron capture detector; ELCD = electrolytic conductivity detector; FID = flame ionization detector; GC = gas chromatography;
HECD = Hall electron capture detector; HRGC = high resolution gas chromatography; MS = mass spectrometry; PID = photoionization detector;
VOCs = volatile organic carbon compounds
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The EPA recommends GC/MS for the determination of 1,2-dichloroethane in water and waste water; this

method can detect 1,2-dichloroethane levels of $0.03 µg/L (EPA 1997).  Under EPA's Contract

Laboratory Program, all contract laboratories are required to maintain certain levels of performance to

meet specific quantitation levels (EPA 1988c).  For volatiles such as 1,2-dichloroethane, the Contract

Required Quantitation Level (CRQL) for water and low soil/sediment is 5 µg/L (EPA 1986a).  Complete

descriptions of these techniques can be found in the references cited in Table 7-2.

GC/MS is adequate for measuring 1,2-dichloroethane in fish samples with sensitivities in the low-ppb

range.  Good recoveries (>85%) were achieved (Easley et al. 1981; Hiatt 1981).  Sensitivity data were not

reported for measuring 1,2-dichloroethane in sediment; however, good recovery (96%) was obtained

(Hiatt 1981). 

GC/ECD is generally used to measure 1,2-dichloroethane in foodstuffs (Daft 1987, 1988, 1989, 1991;

Heikes 1987; Heikes and Hopper 1986).  For table-ready foods, sensitivity is in the low-ppb range with

good recoveries achieved (>85%) (Heikes 1987; Heikes and Hopper 1986).  Precision data were not

reported.

7.3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether

adequate information on the health effects of 1,2-dichloroethane is available.  Where adequate

information is not available, ATSDR, in conjunction with the National Toxicology Program (NTP), is

required to assure the initiation of a program of research designed to determine the health effects (and

techniques for developing methods to determine such health effects) of 1,2-dichloroethane. 

 

The following categories of possible data needs have been identified by a joint team of scientists from

ATSDR, NTP, and EPA.  They are defined as substance-specific informational needs that if met would

reduce the uncertainties of human health assessment.  This definition should not be interpreted to mean

that all data needs discussed in this section must be filled.  In the future, the identified data needs will be

evaluated and prioritized, and a substance-specific research agenda will be proposed. 
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7.3.1 Identification of Data Needs

Methods for Determining Biomarkers of Exposure and Effect.    The activity of the biomarker

GST in blood (Ansari et al. 1987) cannot be used reliably as an indication of exposure to 1,2-dichloro-

ethane because similar effects have been noted following exposure to other organic compounds.  No

method is routinely used to monitor 1,2-dichloroethane metabolites in human urine.  Although it has been

suggested that measurement of 2-chloroethanol and monochloroacetic acid in urine may provide evidence

of exposure to chlorinated hydrocarbons (Monster 1986), these metabolites are not specific to

1,2-dichloroethane.  Methods are available to detect and quantify 1,2-dichloroethane in human breath,

blood, and urine (Ashley et al. 1992; Barkley et al. 1980; Wallace et al. 1984).  There are no quantitative

techniques available to correlate the concentration of 1,2-dichloroethane measured in expired air, blood,

or urine to levels of environmental exposure or health effects.

Methods for Determining Parent Compounds and Degradation Products in Environmental
Media.    Methods are available to detect 1,2-dichloroethane in air (Class and Ballschmiter 1986; Driss

and Bouguerra 1991; EPA 1999d; Grimsrud and Rasmussen 1975; Hoyt and Smith 1991; Hsu et al. 1991;

Jonsson and Berg 1980; Kessels et al. 1992; Kirshen and Almasi 1992; McClenny et al. 1991; NIOSH

1994; Pleil et al. 1988; Wallace et al. 1984), water, including drinking water, waste water, and tap water

(EPA 1997; Garcia et al. 1992; Otson and Williams 1982; Wallace et al. 1984), sediment (Hiatt 1981),

fish (Easley et al. 1984; Hiatt 1981), and food (Daft 1987, 1988, 1989, 1991; Heikes 1987; Heikes and

Hopper 1986).  The standardized methods can detect 1,2-dichloroethane levels of $5 ppt in air and of

$2 ng/L in water.  In addition, numerous techniques for the analysis of 1,2-dichloroethane are reported in

the open literature.

The known degradation products of 1,2-dichloroethane that contain chlorine are volatile organic

compounds and are often detected and quantified along with 1,2-dichloroethane in monitoring

experiments (although they probably arose from anthropogenic sources).  Thus, experimental methods

used to detect 1,2-dichloroethane are sufficient to quantify its chlorinated degradation products.  

7.3.2 Ongoing Studies

No ongoing studies were located regarding techniques for measuring or detecting 1,2-dichloroethane in

biological materials or environmental samples.
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The Environmental Health Laboratory Sciences Division of the National Center for Environmental Health

and Injury Control, Centers for Disease Control, is developing methods for the analysis of 1,2-dichloro-

ethane and other volatile organic compounds in blood.  These methods use purge and trap methodology,

high resolution gas chromatography, and magnetic sector mass spectrometry that permit detection limits

in the low parts per trillion (ppt) range.
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8.  REGULATIONS AND ADVISORIES

The international, national, and state regulations and guidelines pertaining to 1,2-dichloroethane in air,

water, and food are summarized in Table 8-1.

MRLs for inhalation and oral exposure to 1,2-dichloroethane were derived by ATSDR (see Section 2.5 of

this toxicological profile).  An MRL of 0.6 ppm for chronic-duration inhalation exposure (15–364 days)

is based on a NOAEL for liver histopathology in rats (Cheever et al. 1990).  An MRL of 0.2 mg/kg/day

for intermediate-duration oral exposure (15–364 days) to 1,2-dichloroethane is based on a LOAEL for

increased absolute and relative kidney weights in rats (NTP 1991a).

No oral RfD or inhalation RfC toxicity values have been derived for 1,2-dichloroethane by the EPA (IRIS

1999).  EPA has determined that 1,2-dichloroethane is a probable human carcinogen (B2 classification)

and derived a slope factor (q1*) of 0.091 (mg/kg/day)-1 for cancer risk associated with exposure to

1,2-dichloroethane (IRIS 1999).  Similarly, the International Agency for Research on Cancer (IARC) has

classified 1,2-dichloroethane as a Group 2B carcinogen (possibly carcinogenic to humans) (IARC 1987).

1,2-Dichloroethane is on the list of chemicals appearing in "Toxic Chemicals Subject to Section 313 of

the Emergency Planning and Community Right-to-Know Act of 1986" (EPA 1987a).
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8.  REGULATIONS AND ADVISORIES

Table 8-1.  Regulations and Guidelines Applicable to 1,2-Dichloroethane

Agency Description Information References

INTERNATIONAL

Guidelines:

IARC Carcinogenicity classification Group 2Ba IARC 2001

WHO Inhalation carcinogenic potency
(50,000-fold less than the
estimated carcinogenic potential) 

0.36–2.0 µg/m3       
           

WHO 2001a

Drinking water (lifetime cancer
risk of 10-5)

30 µg/L WHO 2001b

NATIONAL

Regulations and
Guidelines:

a. Air

ACGIH TLV–TWA 10 ppm ACGIH 2000

NIOSH REL (10-hour TWA) 1 ppm NIOSH 2001

STEL 2 ppm

IDLH 50 ppm

Potential occupational carcinogen

OSHA PEL (8-hour TWA) 50 ppm OSHA 2001b

PEL (ceiling) 100 ppm

PEL (maximum peak above
ceiling concentration for an
8-hour shift for a maximum
duration of 5 minutes in any
3-hours)

200 ppm

PEL (8-hour TWA) for
construction industry

50 ppm OSHA 2001c
29CFR1926.55

PEL (8-hour TWA) for shipyard
industry

50 ppm OSHA 2001a
29CFR1915.1000

USC HAP USC 2001
42USC7412

b. Water

EPA Drinking water standard 5x10-3 mg/L EPA 2001g
40CFR141.32
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8.  REGULATIONS AND ADVISORIES

Table 8-1.  Regulations and Guidelines Applicable to 1,2-Dichloroethane
(continued)

Agency Description Information References

NATIONAL (cont.)

EPA Groundwater monitoring
Suggest method
PQL

8010 8240
0.5 µgL 5 µgL

EPA 2001f
40CFR264
Appendix IX

MCLG 0 mg/L EPA 2001h
40CFR141.50

MCL 5x10-3 mg/L EPA 2001i
40CFR141.61

Water pollution—hazardous
substance designation

EPA 2001m
40CFR116.4

Water programs—determination
of reportable quantity

100 pounds EPA 2001n
40CFR117.3

Water quality criteria for human
health for consumption of:

Water and organism
Organism only

0.38 µg/Lb

99 µg/Lb

EPA 2001a

c. Food

FDA Bottled water—concentration limit 5x10-3 mg/L FDA 2000d
21CFR165.110

Chemicals used to wash or to
assist in the peeling of fruits and
vegetables

not to exceed 
0.2 ppm

FDA 2000f
21CFR173.315
(a)(3)

Food additives permitted for
direct addition—adjuvants for
pesticide use dilutions

FDA 2000b
21CFR172.710

Food additives permitted in feed
and drinking water of animals:

Used as a solvent in the 
extraction processing of 
animal byproducts for use 
in animal feeds

Maximum quantity of the 
additive permitted to remain 
on the extracted byproducts

Extracted animal byproduct 
added as a source of protein 
to all rations consistent with 
good feeding practices

not to exceed
300 ppm

not to exceed 13%
of the total ration

FDA 2000e
21CFR573.440
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8.  REGULATIONS AND ADVISORIES

Table 8-1.  Regulations and Guidelines Applicable to 1,2-Dichloroethane
(continued)

Agency Description Information References

NATIONAL (cont.)

FDA Indirect food additives
—adhesives and components of
coatings

FDA 2000g
21CFR175.105
(c)(5)

Indirect food additives
—polycarbonate resins

FDA 2000c
21CFR177.1580(b)

Secondary direct food additive for
human consumption

30 ppm FDA 2000a
21CFR173.230

d. Other

ACGIH Carcinogenicity classification A4c ACGIH 2000

DOT Reportable quantity 100 pounds DOT 2001
49CFR172.101
Appendix A

EPA Carcinogenicity classification Group B2d EPA 2001b

Cancer slope factor (oral) 9.1x10-2 IRIS 2001

Carcinogenic drinking water unit
risk

6.7x10-3 (µg/L)-1

Carcinogenic inhalation unit risk 2.6x10-5 (µg/m3)-1

Chemical information rules
—chemical lists and reporting
periods

Effective date
Reporting date

08/04/95
10/03/95

EPA 2001c
40CFR712.30

Community Right-to-Know; toxic
chemical release reporting
—effective date

01/01/87 EPA 2001d
40CFR372.65

Health and environmental
protection standards at uranium
and thorium mill tailings—listed
constituent

EPA 2001e
40CFR192
Appendix I

Identification and listing of
hazardous waste

U077 EPA 2000
40CFR261.33(f)

Reportable quantity 100 pounds EPA 2001j
40CFR302.4

RfC not established IRIS 2001

RfD not established
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Table 8-1.  Regulations and Guidelines Applicable to 1,2-Dichloroethane
(continued)

Agency Description Information References

NATIONAL (cont.)

EPA Risk specific doses
Unit risk
RsD

2.6x10-5 µg/L
3.8x10-1 µg/L

EPA 2001k
40CFR266
Appendix V

TSCA—health and safety data
reporting

Effective date
Sunset date

06/01/87
06/01/87

EPA 2001l
40CFR716.120

STATE

Regulations and
Guidelines:

a. Air

California Toxic air contaminant California 2001

California REL 95 µg/m3

Colorado Fence line air quality criteria for
remediation:

Cancer
Noncancer

0.10  µg/m3

4.9  µg/m3

Colorado 2000

Kansas Ambient air quality standard 0.8 tons/year CDC 1999b

New Jersey Required use of a MSHA/NIOSH
approved supplied-air respirator

$1 ppm New Jersey
Department of
Health 1994

b. Water

Alabama MCL 0.5 mg/L ADEM 2000

Alaska MCL 0.005 mg/L ADEC 2000

Groundwater clean-up level 0.005 mg/L

Arizona Drinking water guideline 0.38 µg/L HSDB 2001

Arkansas MCL 0.5 mg/L APCEC 2000

California Drinking water standard 0.5 µg/L HSDB 2001

Connecticut Notification threshold
concentration:

Drinking water well
Groundwater

1 µg/L
1 µg/L

CDEP 2000b

Florida Drinking water standard 3 µg/L HSDB 2001
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8.  REGULATIONS AND ADVISORIES

Table 8-1.  Regulations and Guidelines Applicable to 1,2-Dichloroethane
(continued)

Agency Description Information References

STATE (cont.)

Georgia Instream concentration 98.6 µg/L GDNR 2000

Hawaii MCL 0.005 mg/L Hawaii Department
of Health 1997

Maine Drinking water guideline 5  µg/L HSDB 2001

Massachusetts MCL 0.05 mg/L FSTRAC 1999a

Minnesota Drinking water guideline 4 µg/L HSDB 2001

New Jersey Drinking water standard 2 µg/L HSDB 2001

South Dakota Human health standards
contaminant level

5x10-3 mg/L FSTRAC 1999b

c. Other

California Carcinogenicity classification California 2001

Cancer potency factor (oral) 7.0x10-2 mg/kg/day

Cancer potency factor
(inhalation)

2.2x10-5 (µg/m3)-1

Colorado Chronic fence line criteria
Cancer
Noncancer

0.1 µg/m3

4.9 µg/m3

Colorado 2000

Hazardous air pollutant (HAP) list 1.000 fm305e Colorado 2001

Connecticut Hazardous waste contaminant
level

0.5 mg/L CDEP 1996

aGroup 2B: possible human carcinogen
bThis criterion is based on carcinogenicity of 10-6 risk.  Alternate risk levels may be obtained by moving the decimal
point (e.g., for a risk level of 10-5, move the decimal point in the recommended criterion one place to the right).
cA4: not classifiable as a human carcinogen
dGroup B2: not classifiable as a human carcinogen
efm305: method 305 fraction measure factor

ACGIH = American Conference of Governmental Industrial Hygienists; ADEC =  Alaska Department of Environmental
Conservation; ADEM = Alabama Department of Environmental Management; APCEC = Arkansas Pollution Control
and Ecology Commission; CDC = Center for Disease Control; CDEP = Connecticut Department of Environmental
Protection; CFR = Code of Federal Regulations; DOT = Department of Transportation; EPA = Environmental
Protection Agency; FDA = Food and Drug Administration; FSTRAC = Federal–State Toxicology Risk Analysis
Committee; GDNR = Georgia Department of Natural Resources; HAP = hazardous air pollutant; HSDB = Hazardous
Substances Data Bank; IARC = International Agency for Research on Cancer; IDLH = immediately dangerous to life
and health; IRIS = Integrated Risk Information System; MCL = maximum contaminant level; MCLG = maximum
contaminant level goal; MSHA = Mining Safety and Health Administration; NIOSH = National Institute of Occupational
Safety and Health; OSHA = Occupational Safety and Health Administration; PEL = permissible exposure limit;
PQL = practical quantity limit; REL = recommended exposure limit; RfC = oral reference concentration; RfD = oral
reference dose; RsD = risk specific dose; STEL = short-term exposure limit; TLV = threshold limit value;
TSCA = Toxic Substances Control Act; TWA = time-weighted average; USC = United States Code; WHO = World
Health Organization
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Absorption—The taking up of liquids by solids, or of gases by solids or liquids.

Acute Exposure—Exposure to a chemical for a duration of 14 days or less, as specified in the
Toxicological Profiles.

Adsorption—The adhesion in an extremely thin layer of molecules (as of gases, solutes, or liquids) to the
surfaces of solid bodies or liquids with which they are in contact.

Adsorption Coefficient (Koc)—The ratio of the amount of a chemical adsorbed per unit weight of organic
carbon in the soil or sediment to the concentration of the chemical in solution at equilibrium.

Adsorption Ratio (Kd)—The amount of a chemical adsorbed by a sediment or soil (i.e., the solid phase)
divided by the amount of chemical in the solution phase, which is in equilibrium with the solid phase, at a
fixed solid/solution ratio.  It is generally expressed in micrograms of chemical sorbed per gram of soil or
sediment.

Benchmark Dose (BMD)—Usually defined as the lower confidence limit on the dose that produces a
specified magnitude of changes in a specified adverse response.  For example, a BMD10  would be the
dose at the 95% lower confidence limit on a 10% response, and the benchmark response (BMR) would be
10%. The BMD is determined by modeling the dose response curve in the region of the dose response
relationship where biologically observable data are feasible.   

Benchmark Dose Model—A statistical dose-response model applied to either experimental toxicological
or epidemiological data to calculate a BMD.

Bioconcentration Factor (BCF)—The quotient of the concentration of a chemical in aquatic organisms at
a specific time or during a discrete time period of exposure divided by the concentration in the
surrounding water at the same time or during the same period.

Biomarkers—Broadly defined as indicators signaling events in biologic systems or samples.  They have
been classified as markers of exposure, markers of effect, and markers of susceptibility.

Cancer Effect Level (CEL)—The lowest dose of chemical in a study, or group of studies, that produces
significant increases in the incidence of cancer (or tumors) between the exposed population and its
appropriate control.

Carcinogen—A chemical capable of inducing cancer.

Case-Control Study—A type of epidemiological study which examines the relationship between a
particular outcome (disease or condition) and a variety of potential causative agents (such as toxic
chemicals).  In a case-controlled study, a group of people with a specified and well-defined outcome is
identified and compared to a similar group of people without outcome.

Case Report—Describes a single individual with a particular disease or exposure.  These may suggest
some potential topics for scientific research but are not actual research studies.
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Case Series—Describes the experience of a small number of individuals with the same disease or
exposure.  These may suggest potential topics for scientific research but are not actual research studies.

Ceiling Value—A concentration of a substance that should not be exceeded, even instantaneously.

Chronic Exposure—Exposure to a chemical for 365 days or more, as specified in the Toxicological
Profiles.

Cohort Study—A type of epidemiological study of a specific group or groups of people who have had a
common insult (e.g., exposure to an agent suspected of causing disease or a common disease) and are
followed forward from exposure to outcome.  At least one exposed group is compared to one unexposed
group.

Cross-sectional Study—A type of epidemiological study of a group or groups which examines the
relationship between exposure and outcome to a chemical or to chemicals at one point in time.

Data Needs—Substance-specific informational needs that if met would reduce the uncertainties of human
health assessment.

Developmental Toxicity—The occurrence of adverse effects on the developing organism that may result
from exposure to a chemical prior to conception (either parent), during prenatal development, or
postnatally to the time of sexual maturation.  Adverse developmental effects may be detected at any point
in the life span of the organism.

Dose-Response Relationship—The quantitative relationship between the amount of exposure to a
toxicant and the incidence of the adverse effects.

Embryotoxicity and Fetotoxicity—Any toxic effect on the conceptus as a result of prenatal exposure to a
chemical; the distinguishing feature between the two terms is the stage of development during which the
insult occurs.  The terms, as used here, include malformations and variations, altered growth, and in utero
death.

Environmental Protection Agency (EPA) Health Advisory—An estimate of acceptable drinking water
levels for a chemical substance based on health effects information.  A health advisory is not a legally
enforceable federal standard, but serves as technical guidance to assist federal, state, and local officials.

Epidemiology—Refers to the investigation of factors that determine the frequency and distribution of
disease or other health-related conditions within a defined human population during a specified period.  

Genotoxicity—A specific adverse effect on the genome of living cells that, upon the duplication of
affected cells, can be expressed as a mutagenic, clastogenic or carcinogenic event because of specific
alteration of the molecular structure of the genome.

Half-life—A  measure of rate for the time required to eliminate one half of a quantity of a chemical from
the body or environmental media.

Immediately Dangerous to Life or Health (IDLH)—The maximum environmental concentration of a
contaminant from which one could escape within 30 minutes without any escape-impairing symptoms or
irreversible health effects.
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Incidence—The ratio of individuals in a population who develop a specified condition to the total number
of individuals in that population who could have developed that condition in a specified time period. 

Intermediate Exposure—Exposure to a chemical for a duration of 15–364 days, as specified in the
Toxicological Profiles.

Immunologic Toxicity—The occurrence of adverse effects on the immune system that may result from
exposure to environmental agents such as chemicals.

Immunological Effects—Functional changes in the immune response.

In Vitro—Isolated from the living organism and artificially maintained, as in a test tube.

In Vivo—Occurring within the living organism.

Lethal Concentration(LO) (LCLO)—The lowest concentration of a chemical in air which has been reported
to have caused death in humans or animals.

Lethal Concentration(50) (LC50)—A calculated concentration of a chemical in air to which exposure for a
specific length of time is expected to cause death in 50% of a defined experimental animal population.

Lethal Dose(LO) (LDLO)—The lowest dose of a chemical introduced by a route other than inhalation that
has been reported to have caused death in humans or animals.

Lethal Dose(50) (LD50)—The dose of a chemical which has been calculated to cause death in 50% of a
defined experimental animal population.

Lethal Time(50) (LT50)—A calculated period of time within which a specific concentration of a chemical is
expected to cause death in 50% of a defined experimental animal population.

Lowest-Observed-Adverse-Effect Level (LOAEL)—The lowest exposure level of chemical in a study, or
group of studies, that produces statistically or biologically significant increases in frequency or severity of
adverse effects between the exposed population and its appropriate control.

Lymphoreticular Effects—Represent morphological effects involving lymphatic tissues such as the
lymph nodes, spleen, and thymus.

Malformations—Permanent structural changes that may adversely affect survival, development, or
function.

Minimal Risk Level (MRL)—An estimate of daily human exposure to a hazardous substance that is
likely to be without an appreciable risk of adverse noncancer health effects over a specified route and
duration of exposure.

Modifying Factor (MF)—A value (greater than zero) that is applied to the derivation of a minimal risk
level (MRL) to reflect additional concerns about the database that are not covered by the uncertainty
factors. The default value for a MF is 1.

Morbidity—State of being diseased; morbidity rate is the incidence or prevalence of disease in a specific
population.
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Mortality—Death; mortality rate is a measure of the number of deaths in a population during a specified 
interval of time.

Mutagen—A substance that causes mutations.  A mutation is a change in the DNA sequence of a cell’s
DNA.  Mutations can lead to birth defects, miscarriages, or cancer.

Necropsy—The gross examination of the organs and tissues of a dead body to determine the cause of
death or pathological conditions.

Neurotoxicity—The occurrence of adverse effects on the nervous system following exposure to a
chemical.

No-Observed-Adverse-Effect Level (NOAEL)—The dose of a chemical at which there were no
statistically or biologically significant increases in frequency or severity of adverse effects seen between
the exposed population and its appropriate control.  Effects may be produced at this dose, but they are not
considered to be adverse.

Octanol-Water Partition Coefficient (Kow)—The equilibrium ratio of the concentrations of a chemical in
n-octanol and water, in dilute solution.

Odds Ratio (OR)—A means of measuring the association between an exposure (such as toxic substances
and a disease or condition) which represents the best estimate of relative risk (risk as a ratio of the
incidence among subjects exposed to a particular risk factor divided by the incidence among subjects who
were not exposed to the risk factor).  An odds ratio of greater than 1 is considered to indicate greater risk
of disease in the exposed group compared to the unexposed.

Organophosphate or Organophosphorus Compound—A phosphorus containing organic compound and
especially a pesticide that acts by inhibiting cholinesterase.

Permissible Exposure Limit (PEL)—An Occupational Safety and Health Administration (OSHA)
allowable exposure level in workplace air averaged over an 8-hour shift of a 40-hour workweek.

Pesticide—General classification of chemicals specifically developed and produced for use in the control
of agricultural and public health pests.

Pharmacokinetics—The science of quantitatively predicting the fate (disposition) of an exogenous
substance in an organism. Utilizing computational techniques, it provides the means of studying the
absorption, distribution, metabolism and excretion of chemicals by the body.

Pharmacokinetic Model—A set of equations that can be used to describe the time course of a parent
chemical or metabolite in an animal system.  There are two types of pharmacokinetic models: data-based
and physiologically-based.  A data-based model divides the animal system into a series of compartments
which, in general, do not represent real, identifiable anatomic regions of the body whereby the
physiologically-based model compartments represent real anatomic regions of the body.

Physiologically Based Pharmacodynamic (PBPD) Model—A type of physiologically-based dose-
response model which quantitatively describes the relationship between target tissue dose and toxic end
points.  These models advance the importance of physiologically based models in that they clearly
describe the biological effect (response) produced by the system following exposure to an exogenous
substance. 
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Physiologically Based Pharmacokinetic (PBPK) Model—Comprised of a series of compartments
representing organs or tissue groups with realistic weights and blood flows.  These models require a
variety of physiological information: tissue volumes, blood flow rates to tissues, cardiac output, alveolar
ventilation rates and, possibly membrane permeabilities.  The models also utilize biochemical information
such as air/blood partition coefficients, and metabolic parameters.  PBPK models are also called
biologically based tissue dosimetry models.

Prevalence—The number of cases of a disease or condition in a population at one point in time. 

Prospective Study—A type of cohort study in which the pertinent observations are made on events
occurring after the start of the study.  A group is followed over time.

q1*—The upper-bound estimate of the low-dose slope of the dose-response curve as determined by the
multistage procedure.  The q1* can be used to calculate an estimate of carcinogenic potency, the
incremental excess cancer risk per unit of exposure (usually µg/L for water, mg/kg/day for food, and
µg/m3 for air).

Recommended Exposure Limit (REL)—A National Institute for Occupational Safety and Health
(NIOSH) time-weighted average (TWA) concentrations for up to a 10-hour workday during a 40-hour
workweek.

Reference Concentration (RfC)—An estimate (with uncertainty spanning perhaps an order of magnitude)
of a continuous inhalation exposure to the human population (including sensitive subgroups) that is likely
to be without an appreciable risk of deleterious noncancer health effects during a lifetime.  The inhalation
reference concentration is for continuous inhalation exposures and is appropriately expressed in units of
mg/m3 or ppm.

Reference Dose (RfD)—An estimate (with uncertainty spanning perhaps an order of magnitude) of the
daily exposure of the human population to a potential hazard that is likely to be without risk of deleterious
effects during a lifetime.  The RfD is operationally derived from the no-observed-adverse-effect level
(NOAEL-from animal and human studies) by a consistent application of uncertainty factors that reflect
various types of data used to estimate RfDs and an additional modifying factor, which is based on a
professional judgment of the entire database on the chemical.  The RfDs are not applicable to
nonthreshold effects such as cancer.

Reportable Quantity (RQ)—The quantity of a hazardous substance that is considered reportable under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).  Reportable
quantities are (1) 1 pound or greater or (2) for selected substances, an amount established by regulation
either under CERCLA or under Section 311 of the Clean Water Act.  Quantities are measured over a
24-hour period.

Reproductive Toxicity—The occurrence of adverse effects on the reproductive system that may result
from exposure to a chemical.  The toxicity may be directed to the reproductive organs and/or the related
endocrine system.  The manifestation of such toxicity may be noted as alterations in sexual behavior,
fertility, pregnancy outcomes, or modifications in other functions that are dependent on the integrity of
this system.

Retrospective Study—A type of cohort study based on a group of persons known to have been exposed at
some time in the past.  Data are collected from routinely recorded events, up to the time the study is
undertaken.  Retrospective studies are limited to causal factors that can be ascertained from existing
records and/or examining survivors of the cohort.
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10.  GLOSSARY

Risk—The possibility or chance that some adverse effect will result from a given exposure to a chemical.

Risk Factor—An aspect of personal behavior or lifestyle, an environmental exposure, or an inborn or
inherited characteristic, that is associated with an increased occurrence of disease or other health-related
event or condition.

Risk Ratio—The ratio of the risk among persons with specific risk factors compared to the risk among
persons without risk factors.  A risk ratio greater than 1 indicates greater risk of disease in the exposed
group compared to the unexposed.

Short-Term Exposure Limit (STEL)—The American Conference of Governmental Industrial Hygienists
(ACGIH) maximum concentration to which workers can be exposed for up to 15 min continually.  No
more than four excursions are allowed per day, and there must be at least 60 min between exposure
periods.  The daily Threshold Limit Value - Time Weighted Average (TLV-TWA) may not be exceeded.

Target Organ Toxicity—This term covers a broad range of adverse effects on target organs or
physiological systems (e.g., renal, cardiovascular) extending from those arising through a single limited
exposure to those assumed over a lifetime of exposure to a chemical.

Teratogen—A chemical that causes structural defects that affect the development of an organism.

Threshold Limit Value (TLV)—An American Conference of Governmental Industrial Hygienists
(ACGIH) concentration of a substance to which most workers can be exposed without adverse effect. 
The TLV may be expressed as a Time Weighted Average (TWA), as a Short-Term Exposure Limit
(STEL), or as a ceiling limit (CL).

Time-Weighted Average (TWA)—An allowable exposure concentration averaged over a normal 8-hour
workday or 40-hour workweek.

Toxic Dose(50) (TD50)—A calculated dose of a chemical, introduced by a route other than inhalation,
which is expected to cause a specific toxic effect in 50% of a defined experimental animal population.

Toxicokinetic—The study of the absorption, distribution and elimination of toxic compounds in the
living organism.

Uncertainty Factor (UF)—A factor used in operationally deriving the Minimal Risk Level (MRL) or
Reference Dose (RfD) or Reference Concentration (RfC) from experimental data.  UFs are intended to
account for (1) the variation in sensitivity among the members of the human population, (2) the
uncertainty in extrapolating animal data to the case of human, (3) the uncertainty in extrapolating from
data obtained in a study that is of less than lifetime exposure, and (4) the uncertainty in using lowest-
observed-adverse-effect level (LOAEL) data rather than no-observed-adverse-effect level (NOAEL) data. 
A default for each individual UF is 10; if complete certainty in data exists, a value of one can be used;
however a reduced UF of three may be used on a case-by-case basis, three being the approximate
logarithmic average of 10 and 1.

Xenobiotic—Any chemical that is foreign to the biological system.
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ATSDR MINIMAL RISK LEVEL AND WORKSHEETS

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) [42 U.S.C.

9601 et seq.], as amended by the Superfund Amendments and Reauthorization Act (SARA) [Pub. L.

99–499], requires that the Agency for Toxic Substances and Disease Registry (ATSDR) develop jointly

with the U.S. Environmental Protection Agency (EPA), in order of priority, a list of hazardous substances

most commonly found at facilities on the CERCLA National Priorities List (NPL); prepare toxicological

profiles for each substance included on the priority list of hazardous substances; and assure the initiation

of a research program to fill identified data needs associated with the substances.

The toxicological profiles include an examination, summary, and interpretation of available toxicological

information and epidemiologic evaluations of a hazardous substance.  During the development of

toxicological profiles, Minimal Risk Levels (MRLs) are derived when reliable and sufficient data exist to

identify the target organ(s) of effect or the most sensitive health effect(s) for a specific duration for a

given route of exposure.  An MRL is an estimate of the daily human exposure to a hazardous substance

that is likely to be without appreciable risk of adverse noncancer health effects over a specified duration

of exposure.  MRLs are based on noncancer health effects only and are not based on a consideration of

cancer effects.  These substance-specific estimates, which are intended to serve as screening levels, are

used by ATSDR health assessors to identify contaminants and potential health effects that may be of

concern at hazardous waste sites.  It is important to note that MRLs are not intended to define clean-up or

action levels.

MRLs are derived for hazardous substances using the no-observed-adverse-effect level/uncertainty factor

approach.  They are below levels that might cause adverse health effects in the people most sensitive to

such chemical-induced effects.  MRLs are derived for acute (1–14 days), intermediate (15–364 days), and

chronic (365 days and longer) durations and for the oral and inhalation routes of exposure.  Currently,

MRLs for the dermal route of exposure are not derived because ATSDR has not yet identified a method

suitable for this route of exposure.  MRLs are generally based on the most sensitive chemical-induced end

point considered to be of relevance to humans.  Serious health effects (such as irreparable damage to the

liver or kidneys, or birth defects) are not used as a basis for establishing MRLs.  Exposure to a level

above the MRL does not mean that adverse health effects will occur.
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MRLs are intended only to serve as a screening tool to help public health professionals decide where to

look more closely.  They may also be viewed as a mechanism to identify those hazardous waste sites that

are not expected to cause adverse health effects.  Most MRLs contain a degree of uncertainty because of

the lack of precise toxicological information on the people who might be most sensitive (e.g., infants,

elderly, nutritionally or immunologically  compromised) to the effects of hazardous substances.  ATSDR

uses a conservative (i.e., protective) approach to address this uncertainty consistent with the public health

principle of prevention.  Although human data are preferred, MRLs often must be based on animal studies

because relevant human studies are lacking.  In the absence of evidence to the contrary, ATSDR assumes

that humans are more sensitive to the effects of hazardous substance than animals and that certain persons

may be particularly sensitive.  Thus, the resulting MRL may be as much as a hundredfold below levels

that have been shown to be nontoxic in laboratory animals.

Proposed MRLs undergo a rigorous review process:  Health Effects/MRL Workgroup reviews within the

Division of Toxicology, expert panel peer reviews, and agencywide MRL Workgroup reviews, with

participation from other federal agencies and comments from the public.  They are subject to change as

new information becomes available concomitant with updating the toxicological profiles.  Thus, MRLs in

the most recent toxicological profiles supersede previously published levels.  For additional information

regarding MRLs, please contact the Division of Toxicology, Agency for Toxic Substances and Disease

Registry, 1600 Clifton Road, Mailstop E-29, Atlanta, Georgia 30333.
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MINIMAL RISK LEVEL (MRL) WORKSHEETS

Chemical name: 1,2-Dichloroethane
CAS number(s): 107-06-2
Date: May 11, 2001
Profile status: Draft 3
Route: [X ] Inhalation [ ] Oral
Duration: [ ] Acute [ ] Intermediate [X] Chronic
Key to figure: 48
Species: Rat

MRL:  0.6 [ ] mg/kg/day [X] ppm [ ] mg/m3

Reference: Cheever KL, Cholakis JM, el-Hawari AM, et al.  1990.  Ethylene dichloride: The influence of
disulfiram or ethanol on oncogenicity, metabolism, and DNA covalent binding in rats.  Fundam Appl
Toxicol 14: 243-261.

Experimental design: Groups of 50 male and 50 female Sprague-Dawley rats were exposed to 50 ppm
1,2-dichloroethane for 7 hours/day, 5 days/week for 2 years.  Additional rats were similarly exposed to
50 ppm with either 0.05% disulfiram in the diet or 5% ethanol in the drinking water.  Signs of toxicity,
body weight and food consumption were evaluated during the study, and comprehensive gross and
histological examinations were performed at the end of the exposure period. 

Effects noted in study and corresponding doses: The only effect associated with exposure to
1,2-dichloroethane alone was a slight increase in the incidence of unspecified basophilic focal cellular
changes in the pancreas in female rats.  The significance of the pancreatic changes is unclear because the
incidence was not reported, dose-response cannot be assessed because only one exposure level was tested,
the effect was induced in only one sex, and the study was designed to evaluate carcinogenicity.

Effects due to combined exposure to 1,2-dichloroethane and disulfuram included increased kidney lesions
(chronic nephropathy, calculi of the renal pelvis, and hyperplasia of the pelvic epithelium) in males,
increased liver lesions (mostly bile duct cysts) in both sexes, and increased tumor incidences in both sexes
(intrahepatic bile duct cholangiomas in males and females, mammary neoplasms in females, testicular
interstitial cell tumors in males).  No significant increases in tumor incidences were found after exposure
to either 1,2-dichloroethane alone or in combination with ethanol.  Congestion of the mesenteric lymph
node was reported in both disulfuram-only and disulfuram/1,2-dichloroethane combined treatment groups
to a similar extent and appears to be related to disulfuram exposure.  Disulfuram, a known inhibitor of the
microsomal aldehyde dehyderogenase system, apparently produced an overall decrease in the rate of
biotransformation, leading to increased blood levels of 1,2-dichloroethane which may have contributed to
the carcinogenic effect of combined exposure.

Dose and end point used for MRL derivation:

The 50 ppm exposure concentration is a NOAEL for histopathology in the liver and other tissues.

[X ] NOAEL [ ] LOAEL
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Uncertainty factors used in MRL derivation:

[X] 3 for interspecies extrapolation since a dosimetric adjustment was applied to the exposure
concentration

[X] 10 for human variability
[X] 3 used as a modifying factor to account for database deficiencies    

Was a conversion factor used from ppm in food or water to a mg/body weight dose?

Not applicable. 

Was a conversion used from intermittent to continuous exposure? 

No conversion from intermittent to continuous exposure was used since blood levels of
1,2-dichloroethane reach equilibrium within 2 to 3 hours of the onset of inhalation exposure (see
Section 2.3.1.1).

If an inhalation study in animals, list conversion factors used in determining human equivalent dose:

The human equivalent concentration (NOAEL[HEC]) was determined following U.S. EPA (1994; Methods
for Derivation of Inhalation Reference Concentrations and Application of Inhalation Dosimetry), Section
4.3.6.2 (Remote (Extrarespiratory) Effects) for exposure to Category 3 gases.  The equation used for
obtaining the NOAEL[HEC] from the NOAEL (50 ppm) is as follows: 

NOAEL[HEC] = NOAEL[ADJ] x [(Hb/g)A)/(Hb/g)H )]

where,

NOAEL[HEC] = human equivalent NOAEL (ppm)
NOAEL[ADJ] = exposure-adjusted NOAEL (ppm) [no adjustment was used]
(Hb/g)A and (Hb/g )H = blood/gas partition coefficient for animals (A) and humans (H)

(unitless)

The following default value was used:

(Hb/g)A / (Hb/g)H = 1 (unitless).

Empirical blood/gas partition coefficients were available for rats and humans (Gargas et al. 1989). 
However, the default value of 1 was used for both rat and human blood/gas partition coefficients, since
(Hb/g)A > (Hb/g)H (U.S. EPA 1994).

The NOAEL[HEC] was calculated as follows:

NOAEL[HEC] = 50 ppm x (1) = 50 ppm

Application of an uncertainty factor of 90 (3 for interspecies extrapolation, 10 for human variability, and
3 for database deficiencies) results in a chronic duration inhalation MRL of 0.6 ppm.
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Other additional studies or pertinent information that lend support to this MRL: 

The MRL is based on a free-standing NOAEL for liver histopathology.  Although other concentrations of
1,2-dichloroethane were not tested, there is confidence in the NOAEL due to the number of animals
(50/sex) and scope of histological examinations.  Additionally, the liver is a documented target of
1,2-dichloroethane toxicity in several acute and intermediate-duration inhalation studies (Heppel et al.
1946; Spencer et al. 1951), as well as in a number of studies of orally-exposed animals.  Limitations in
the acute and intermediate inhalation studies preclude considering them as the basis for derivation of an
MRL for intermediate-duration inhalation exposure, but the weight-of-evidence indicates that NOAELs
for hepatotoxicity in the intermediate-duration studies are higher than the chronic liver NOAEL. 
Consequently, the chronic-duration inhalation MRL of 0.6 ppm is also expected to be protective of toxic
effects after intermediate duration inhalation exposures to 1,2-dichloroethane.

Agency Contact (Chemical Manager): Malcolm Williams
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MINIMAL RISK LEVEL (MRL) WORKSHEETS

Chemical name: 1,2-Dichloroethane
CAS number(s): 107-06-2
Date: May 11, 2001
Profile status: Draft 3
Route: [ ] Inhalation [X] Oral
Duration: [ ] Acute [X] Intermediate [ ] Chronic
Key to figure: 25
Species: Rat

MRL:  0.2 [X] mg/kg/day [ ] ppm [ ] mg/m3

Reference:  NTP.  1991a.  Toxicity studies of 1,2-dichloroethane (ethylene dichloride) (CAS No.
107-06-2) in F344/N rats, Sprague Dawley rats, Osborne-Mendel rats and B6C3F1 mice (drinking water
and gavage studies).  Research Triangle Park, NC: U.S. Department of Health and Human Services,
Public Health Service, National Institute of Health, National Toxicology Program.  NIH Publication No.
91-3123.  

Experimental design: Groups of F344/N rats, Sprague-Dawley rats, Osborne-Mendel rats, and B6C3F1
mice (10 animals/sex/strain) were exposed to drinking water containing 0, 500, 1,000, 2,000, 4,000, or
8,000 ppm of 1,2-dichloroethane for 13 weeks.  The high concentration was close to the solubility limit
for 1,2-dichloroethane in water.  Reported estimates of intake from the water were 0, 49-60, 86-99,
146-165, 259-276, and 492-518 mg/kg/day in the male rats and 0, 58-82, 102-126, 172-213, 311-428, and
531-727 mg/kg/day in the female rats.  Intake estimates in the mice were 0, 249, 448, 781, 2,710, and
4,207 mg/kg/day in males and 0, 244, 647, 1,182, 2,478, and 4,926 mg/kg/day in females.  Additional
groups of F344/N rats (10/sex) were administered 1,2-dichloroethane by gavage on 5 days/week for
13 weeks to compare toxicity resulting from bolus administration with that of the continuous exposure in
drinking water.  Gavage doses were 0, 30, 60, 120, 240, and 480 mg/kg in the male rats and 0, 18, 37, 75,
150, and 300 mg/kg in the female rats.  Signs of toxicity, body weight, food and water consumption,
hematology, and serum chemistry were evaluated throughout the study, and comprehensive gross and
histological examinations were performed at the end of the exposure period.     

Effects noted in study and corresponding doses:   Rat drinking water studies:  Dose-related decreased
water consumption occurred in all strains and both sexes.  There was >10% reduction in body weight gain
at $259 mg/kg in male F344/N rats, 518 mg/kg in male Sprague-Dawley rats, and 492 mg/kg in male
Osborne-Mendel rats.  There were no significant reductions in body weight gain in female rats of any
strain.  Liver weight and/or liver:body weight ratio significantly increased at $147 mg/kg in F344/N
males and 102, 320, and 601 mg/kg in females; at $60 mg/kg in Sprague-Dawley males and 531 mg/kg in
females; and at $88 mg/kg in Osborne-Mendel males.  Kidney weight and/or kidney:body weight ratio
significantly increased at $58 and $86 mg/kg in F344/N females and males, respectively; at $60 and
$76 mg/kg in Sprague-Dawley males and females, respectively; and at $82 and $88 mg/kg in
Osborne-Mendel females and males, respectively.  There was a dose-related increase in the incidence of
renal tubular regeneration (minimal to mild) in F344/N females at $58 mg/kg/day; incidences
progressively increased from 1/10 at 102 mg/kg/day to 9/10 at 601 mg/kg/day.  

Mouse drinking water study:  No mortality except in 90% of high-dose females.  Body weight gain
significantly reduced in high-dose males.  Increased liver weight/liver:body weight ratio, significant at
$249 mg/kg/day in males and $647 mg/kg/day in females.  Increased kidney weight and kidney:body
weight ratio, significant at $448 mg/kg/day in males and $244 mg/kg/day in females.  Increased tubular
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regeneration (minimal to moderate) in males, increasing in incidence from 1/10 at 249 mg/kg/day to
9/10 at $4,207 mg/kg/day.  Karyomegaly, dilatation, protein casts, and mineralization in kidneys also
occurred in males at 4,207 mg/kg/day.

Rat gavage study: Deaths occurred in all males at $240 mg/kg and 90% of females at 300 mg/kg; clinical
signs preceding death included tremors, salivation, and emaciation.  Pathology in moribund/dead animals
included necrosis in the thymus and cerebellum.  Small but significant changes in various hematological
parameters occurred in higher dose groups and were considered to be indicative of dehydration and
attributed to significantly reduced in water consumption (60% compared to controls).  No effects on
growth at sublethal doses.  Other effects included minimal to mild hyperplasia and inflammation of the
forestomach epithelium (sometimes with foci of necrosis and mineralization) in 5/10 males at 240 mg/kg,
3/10 males at 480 mg/kg, and 3/10 females at 300 mg/kg.  Liver weight and liver:body weight ratio
significantly increased in males at 120 mg/kg (no data from higher doses due to mortality) and females at
all doses (appears dose-related).  Kidney weight and/or kidney:body weight ratio significantly increased
in males at $30 mg/kg and $75 mg/kg in females.  Kidney weight changes appeared to be dose-related,
but no renal histopathological changes were observed.

Dose and end point used for MRL derivation:

The lowest dose in female rats, 58 mg/kg/day, is a LOAEL for kidney effects.  The increased kidney
weight is considered to be an early-stage adverse effect because dose-related renal histopathology (tubular
regeneration, indicative of previous tubular injury with subsequent repair) developed at higher doses in
the same strain of rats.  

[X ] NOAEL [ ] LOAEL

Uncertainty factors used in MRL derivation:

[X]  3 for use of a minimal LOAEL
[X] 10 for interspecies extrapolation
[X] 10 for human variability

Was a conversion factor used from ppm in food or water to a mg/body weight dose?

Estimated daily doses were reported by the investigators.

Was a conversion used from intermittent to continuous exposure? 

Not applicable.

If an inhalation study in animals, list conversion factors used in determining human equivalent dose:

Not applicable.
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Other additional studies or pertinent information that lend support to this MRL: 

1,2-Dichloroethane is acutely nephrotoxic in humans following both inhalation and ingestion; renal
effects observed in people who died following acute high-level exposure included diffuse necrosis,
tubular necrosis, and kidney failure (Hueper and Smith 1935; Lochhead and Close 1951; Nouchi et al.
1984; Yodaiken and Babcock 1973).  Renal effects (e.g., increased kidney weight and tubular epithelial
degeneration) were also found in animals following high-level acute- and intermediate-duration inhalation
exposure (Heppel et al. 1946; NTP 1991a; Spencer et al. 1951).  Reports of increased relative kidney
weight in rats that were treated with $75 or 90 mg/kg/day by gavage for 90 days (Daniel et al. 1994; van
Esch et al. 1977) are supportive of the 58 mg/kg/day LOAEL used to derive the MRL.

Agency Contact (Chemical Manager): Malcolm Williams
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USER'S GUIDE

Chapter 1

Public Health Statement

This chapter of the profile is a health effects summary written in non-technical language.  Its intended
audience is the general public especially people living in the vicinity of a hazardous waste site or
chemical release.  If the Public Health Statement were removed from the rest of the document, it would
still communicate to the lay public essential information about the chemical.

The major headings in the Public Health Statement are useful to find specific topics of concern.  The
topics are written in a question and answer format.  The answer to each question includes a sentence that
will direct the reader to chapters in the profile that will provide more information on the given topic.

Chapter 2

Relevance to Public Health

This chapter provides a health effects summary based on evaluations of existing toxicologic,
epidemiologic, and toxicokinetic information.  This summary is designed to present interpretive,
weight-of-evidence discussions for human health end points by addressing the following questions.

1. What effects are known to occur in humans?

2. What effects observed in animals are likely to be of concern to humans?

3. What exposure conditions are likely to be of concern to humans, especially around hazardous
waste sites?

The chapter covers end points in the same order they appear within the Discussion of Health Effects by
Route of Exposure section, by route (inhalation, oral, dermal) and within route by effect.  Human data are
presented first, then animal data.  Both are organized by duration (acute, intermediate, chronic).  In vitro
data and data from parenteral routes (intramuscular, intravenous, subcutaneous, etc.) are also considered
in this chapter.  If data are located in the scientific literature, a table of genotoxicity information is
included.

The carcinogenic potential of the profiled substance is qualitatively evaluated, when appropriate, using
existing toxicokinetic, genotoxic, and carcinogenic data.  ATSDR does not currently assess cancer
potency or perform cancer risk assessments.  Minimal risk levels (MRLs) for noncancer end points (if
derived) and the end points from which they were derived are indicated and discussed.

Limitations to existing scientific literature that prevent a satisfactory evaluation of the relevance to public
health are identified in the Chapter 3 Data Needs section.



1,2-DICHLOROETHANE B-2

APPENDIX B

Interpretation of Minimal Risk Levels

Where sufficient toxicologic information is available, we have derived minimal risk levels (MRLs) for
inhalation and oral routes of entry at each duration of exposure (acute, intermediate, and chronic).  These
MRLs are not meant to support regulatory action; but to acquaint health professionals with exposure
levels at which adverse health effects are not expected to occur in humans.  They should help physicians
and public health officials determine the safety of a community living near a chemical emission, given the
concentration of a contaminant in air or the estimated daily dose in water.  MRLs are based largely on
toxicological studies in animals and on reports of human occupational exposure.

MRL users should be familiar with the toxicologic information on which the number is based.  Chapter 2,
"Relevance to Public Health," contains basic information known about the substance.  Other sections such
as Chapter 3 Section 3.9, "Interactions with Other Substances,” and Section 3.10, "Populations that are
Unusually Susceptible" provide important supplemental information.

MRL users should also understand the MRL derivation methodology.  MRLs are derived using a
modified version of the risk assessment methodology the Environmental Protection Agency (EPA)
provides (Barnes and Dourson 1988) to determine reference doses for lifetime exposure (RfDs).  

To derive an MRL, ATSDR generally selects the most sensitive end point which, in its best judgement,
represents the most sensitive human health effect for a given exposure route and duration.  ATSDR
cannot make this judgement or derive an MRL unless information (quantitative or qualitative) is available
for all potential systemic, neurological, and developmental effects.  If this information and reliable
quantitative data on the chosen end point are available, ATSDR derives an MRL using the most sensitive
species (when information from multiple species is available) with the highest NOAEL that does not
exceed any adverse effect levels.  When a NOAEL is not available, a lowest-observed-adverse-effect
level (LOAEL) can be used to derive an MRL, and an uncertainty factor (UF) of 10 must be employed. 
Additional uncertainty factors of 10 must be used both for human variability to protect sensitive
subpopulations (people who are most susceptible to the health effects caused by the substance) and for
interspecies variability (extrapolation from animals to humans).  In deriving an MRL, these individual
uncertainty factors are multiplied together.  The product is then divided into the inhalation concentration
or oral dosage selected from the study.  Uncertainty factors used in developing a substance-specific MRL
are provided in the footnotes of the LSE Tables.

Chapter 3

Health Effects

Tables and Figures for Levels of Significant Exposure (LSE)

Tables (3-1, 3-2, and 3-3) and figures (3-1 and 3-2) are used to summarize health effects and illustrate
graphically levels of exposure associated with those effects.  These levels cover health effects observed at
increasing dose concentrations and durations, differences in response by species, minimal risk levels
(MRLs) to humans for noncancer end points, and EPA's estimated range associated with an upper- bound
individual lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000.  Use the LSE tables and figures for a
quick review of the health effects and to locate data for a specific exposure scenario.  The LSE tables and
figures should always be used in conjunction with the text.  All entries in these tables and figures
represent studies that provide reliable, quantitative estimates of No-Observed-Adverse-Effect Levels
(NOAELs), Lowest-Observed-Adverse-Effect Levels (LOAELs), or Cancer Effect Levels (CELs).
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The legends presented below demonstrate the application of these tables and figures.  Representative
examples of LSE Table 3-1 and Figure 3-1 are shown.  The numbers in the left column of the legends
correspond to the numbers in the example table and figure.

LEGEND
See LSE Table 3-1

(1) Route of Exposure One of the first considerations when reviewing the toxicity of a substance using
these tables and figures should be the relevant and appropriate route of exposure.  When sufficient
data exists, three LSE tables and two LSE figures are presented in the document.  The three LSE
tables present data on the three principal routes of exposure, i.e., inhalation, oral, and dermal (LSE
Table 3-1, 3-2, and 3-3, respectively).  LSE figures are limited to the inhalation (LSE Figure 3-1)
and oral (LSE Figure 3-2) routes.  Not all substances will have data on each route of exposure and
will not therefore have all five of the tables and figures.

(2) Exposure Period Three exposure periods - acute (less than 15 days), intermediate (15–364 days),
and chronic (365 days or more) are presented within each relevant route of exposure.  In this
example, an inhalation study of intermediate exposure duration is reported.  For quick reference to
health effects occurring from a known length of exposure, locate the applicable exposure period
within the LSE table and figure.

(3) Health Effect The major categories of health effects included in LSE tables and figures are death,
systemic, immunological, neurological, developmental, reproductive, and cancer.  NOAELs and
LOAELs can be reported in the tables and figures for all effects but cancer.  Systemic effects are
further defined in the "System" column of the LSE table (see key number 18).

(4) Key to Figure Each key number in the LSE table links study information to one or more data points
using the same key number in the corresponding LSE figure.  In this example, the study represented
by key number 18 has been used to derive a NOAEL and a Less Serious LOAEL (also see the 2
"18r" data points in Figure 3-1).

(5) Species The test species, whether animal or human, are identified in this column.  Chapter 2,
"Relevance to Public Health," covers the relevance of animal data to human toxicity and
Section 3.4, "Toxicokinetics," contains any available information on comparative toxicokinetics. 
Although NOAELs and LOAELs are species specific, the levels are extrapolated to equivalent
human doses to derive an MRL.

(6) Exposure Frequency/Duration The duration of the study and the weekly and daily exposure
regimen are provided in this column.  This permits comparison of NOAELs and LOAELs from
different studies.  In this case (key number 18), rats were exposed to 1,1,2,2-tetrachloroethane via
inhalation for 6 hours per day, 5 days per week, for 3 weeks.  For a more complete review of the
dosing regimen refer to the appropriate sections of the text or the original reference paper, i.e.,
Nitschke et al. 1981.

(7) System This column further defines the systemic effects.  These systems include: respiratory,
cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal, and dermal/ocular. 
"Other" refers to any systemic effect (e.g., a decrease in body weight) not covered in these systems. 
In the example of key number 18, 1 systemic effect (respiratory) was investigated.



1,2-DICHLOROETHANE B-4

APPENDIX B

(8) NOAEL A No-Observed-Adverse-Effect Level (NOAEL) is the highest exposure level at which no
harmful effects were seen in the organ system studied.  Key number 18 reports a NOAEL of 3 ppm
for the respiratory system which was used to derive an intermediate exposure, inhalation MRL of
0.005 ppm (see footnote "b").

(9) LOAEL A Lowest-Observed-Adverse-Effect Level (LOAEL) is the lowest dose used in the study
that caused a harmful health effect.  LOAELs have been classified into "Less Serious" and
"Serious" effects.  These distinctions help readers identify the levels of exposure at which adverse
health effects first appear and the gradation of effects with increasing dose.  A brief description of
the specific end point used to quantify the adverse effect accompanies the LOAEL.  The respiratory
effect reported in key number 18 (hyperplasia) is a Less serious LOAEL of 10 ppm.  MRLs are not
derived from Serious LOAELs.

(10) Reference The complete reference citation is given in Chapter 9 of the profile.

(11) CEL A Cancer Effect Level (CEL) is the lowest exposure level associated with the onset of
carcinogenesis in experimental or epidemiologic studies.  CELs are always considered serious
effects.  The LSE tables and figures do not contain NOAELs for cancer, but the text may report
doses not causing measurable cancer increases.

(12) Footnotes Explanations of abbreviations or reference notes for data in the LSE tables are found in
the footnotes.  Footnote "b" indicates the NOAEL of 3 ppm in key number 18 was used to derive an
MRL of 0.005 ppm.

LEGEND

See Figure 3-1

LSE figures graphically illustrate the data presented in the corresponding LSE tables.  Figures help the
reader quickly compare health effects according to exposure concentrations for particular exposure
periods.

(13) Exposure Period The same exposure periods appear as in the LSE table.  In this example, health
effects observed within the intermediate and chronic exposure periods are illustrated.

(14) Health Effect These are the categories of health effects for which reliable quantitative data exists. 
The same health effects appear in the LSE table.

(15) Levels of Exposure concentrations or doses for each health effect in the LSE tables are graphically
displayed in the LSE figures.  Exposure concentration or dose is measured on the log scale "y" axis. 
Inhalation exposure is reported in mg/m3 or ppm and oral exposure is reported in mg/kg/day.

(16) NOAEL In this example, 18r NOAEL is the critical end point for which an intermediate inhalation
exposure MRL is based.  As you can see from the LSE figure key, the open-circle symbol indicates
to a NOAEL for the test species-rat.  The key number 18 corresponds to the entry in the LSE table. 
The dashed descending arrow indicates the extrapolation from the exposure level of 3 ppm (see
entry 18 in the Table) to the MRL of 0.005 ppm (see footnote "b" in the LSE table).

(17) CEL Key number 38r is 1 of 3 studies for which Cancer Effect Levels were derived.  The diamond
symbol refers to a Cancer Effect Level for the test species-mouse.  The number 38 corresponds to
the entry in the LSE table.
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(18) Estimated Upper-Bound Human Cancer Risk Levels This is the range associated with the
upper-bound for lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000.  These risk levels are
derived from the EPA's Human Health Assessment Group's upper-bound estimates of the slope of
the cancer dose response curve at low dose levels (q1*).

(19) Key to LSE Figure The Key explains the abbreviations and symbols used in the figure.
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1
6 Table 3-1.  Levels of Significant Exposure to [Chemical x] – Inhalation

Key to
figurea Species

Exposure
frequency/
duration System

NOAEL
(ppm)

LOAEL (effect)

ReferenceLess serious (ppm) Serious (ppm)

2 6 INTERMEDIATE EXPOSURE

5 6 7 8 9 10

3 6 Systemic 9 9 9 9 9 9

4 6 18 Rat 13 wk
5 d/wk
6 hr/d

Resp 3b 10 (hyperplasia) Nitschke et al.
1981

CHRONIC EXPOSURE

11

Cancer 9

38 Rat 18 mo
5 d/wk
7 hr/d

20 (CEL, multiple
organs)

Wong et al. 1982

39 Rat 89–104 wk
5 d/wk
6 hr/d

10 (CEL, lung tumors,
nasal tumors)

NTP 1982

40 Mouse 79–103 wk
5 d/wk
6 hr/d

10 (CEL, lung tumors,
hemangiosarcomas)

NTP 1982

a The number corresponds to entries in Figure 3-1.

12
6 b Used to derive an intermediate inhalation Minimal Risk Level (MRL) of 5 x 10-3 ppm; dose adjusted for intermittent exposure and divided by

an uncertainty factor of 100 (10 for extrapolation from animal to humans, 10 for human variability).
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ACRONYMS, ABBREVIATIONS, AND SYMBOLS

ACGIH American Conference of Governmental Industrial Hygienists
ADI Acceptable Daily Intake
ADME Absorption, Distribution, Metabolism, and Excretion
AFID alkali flame ionization detector
AFOSH Air Force Office of Safety and Health
AML acute myeloid leukemia
AOAC Association of Official Analytical Chemists
atm atmosphere
ATSDR Agency for Toxic Substances and Disease Registry
AWQC Ambient Water Quality Criteria
BAT Best Available Technology
BCF bioconcentration factor
BEI Biological Exposure Index
BSC Board of Scientific Counselors
C Centigrade
CAA Clean Air Act
CAG Cancer Assessment Group of the U.S. Environmental Protection Agency
CAS Chemical Abstract Services
CDC Centers for Disease Control and Prevention
CEL Cancer Effect Level
CELDS Computer-Environmental Legislative Data System
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CFR Code of Federal Regulations
Ci curie
CL ceiling limit value
CLP Contract Laboratory Program
cm centimeter
CML chronic myeloid leukemia
CNS central nervous system
CPSC Consumer Products Safety Commission
CWA Clean Water Act
d day
Derm dermal
DHEW Department of Health, Education, and Welfare
DHHS Department of Health and Human Services
DNA deoxyribonucleic acid
DOD Department of Defense
DOE Department of Energy
DOL Department of Labor
DOT Department of Transportation
DOT/UN/ Department of Transportation/United Nations/
NA/IMCO North America/International Maritime Dangerous Goods Code
DWEL Drinking Water Exposure Level
ECD electron capture detection
ECG/EKG electrocardiogram



1,2-DICHLOROETHANE C-2

APPENDIX C

EEG electroencephalogram
EEGL Emergency Exposure Guidance Level
EPA Environmental Protection Agency
F Fahrenheit
F1 first-filial generation
FAO Food and Agricultural Organization of the United Nations
FDA Food and Drug Administration
FEMA Federal Emergency Management Agency
FIFRA Federal Insecticide, Fungicide, and Rodenticide Act
FPD flame photometric detection
fpm feet per minute
ft foot
FR Federal Register
g gram
GC gas chromatography
Gd gestational day
gen generation
GLC gas liquid chromatography
GPC gel permeation chromatography
HPLC high-performance liquid chromatography
hr hour
HRGC high resolution gas chromatography
HSDB Hazardous Substance Data Bank 
IDLH Immediately Dangerous to Life and Health
IARC International Agency for Research on Cancer
ILO International Labor Organization
in inch
IRIS Integrated Risk Information System  
Kd adsorption ratio
kg kilogram
kkg metric ton
Koc organic carbon partition coefficient
Kow octanol-water partition coefficient
L liter
LC liquid chromatography
LCLo lethal concentration, low
LC50 lethal concentration, 50% kill
LDLo lethal dose, low
LD50 lethal dose, 50% kill
LT50 lethal time, 50% kill
LOAEL lowest-observed-adverse-effect level
LSE Levels of Significant Exposure
m meter
MA trans,trans-muconic acid
MAL Maximum Allowable Level
mCi millicurie
MCL Maximum Contaminant Level
MCLG Maximum Contaminant Level Goal
mg milligram
min minute
mL milliliter
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mm millimeter
mm Hg millimeters of mercury
mmol millimole
mo month
mppcf millions of particles per cubic foot
MRL Minimal Risk Level
MS mass spectrometry
NAAQS National Ambient Air Quality Standard
NAS National Academy of Science
NATICH National Air Toxics Information Clearinghouse
NATO North Atlantic Treaty Organization
NCE normochromatic erythrocytes
NCI National Cancer Institute
NIEHS National Institute of Environmental Health Sciences
NIOSH National Institute for Occupational Safety and Health
NIOSHTIC NIOSH's Computerized Information Retrieval System
NFPA National Fire Protection Association
ng nanogram
NLM National Library of Medicine
nm nanometer
NHANES National Health and Nutrition Examination Survey
nmol nanomole
NOAEL no-observed-adverse-effect level
NOES National Occupational Exposure Survey
NOHS National Occupational Hazard Survey
NPD nitrogen phosphorus detection
NPDES National Pollutant Discharge Elimination System
NPL National Priorities List
NR not reported
NRC National Research Council
NS not specified
NSPS New Source Performance Standards
NTIS National Technical Information Service
NTP National Toxicology Program
ODW Office of Drinking Water, EPA
OERR Office of Emergency and Remedial Response, EPA
OHM/TADS Oil and Hazardous Materials/Technical Assistance Data System
OPP Office of Pesticide Programs, EPA
OPPTS Office of Prevention, Pesticides and Toxic Substances, EPA
OPPT Office of Pollution Prevention and Toxics, EPA
OSHA Occupational Safety and Health Administration
OSW Office of Solid Waste, EPA
OTS Office of Toxic Substances
OW Office of Water
OWRS Office of Water Regulations and Standards, EPA
PAH Polycyclic Aromatic Hydrocarbon
PBPD Physiologically Based Pharmacodynamic 
PBPK Physiologically Based Pharmacokinetic 
PCE polychromatic erythrocytes
PEL permissible exposure limit
PID photo ionization detector
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pg picogram
pmol picomole
PHS Public Health Service
PMR proportionate mortality ratio
ppb parts per billion
ppm parts per million
ppt parts per trillion
PSNS Pretreatment Standards for New Sources
REL recommended exposure level/limit
RfC Reference Concentration
RfD Reference Dose
RNA ribonucleic acid
RTECS Registry of Toxic Effects of Chemical Substances
RQ Reportable Quantity
SARA Superfund Amendments and Reauthorization Act
SCE sister chromatid exchange
sec second
SIC Standard Industrial Classification
SIM selected ion monitoring
SMCL Secondary Maximum Contaminant Level
SMR standard mortality ratio
SNARL Suggested No Adverse Response Level
SPEGL Short-Term Public Emergency Guidance Level
STEL short term exposure limit
STORET Storage and Retrieval
TD50 toxic dose, 50% specific toxic effect
TLV threshold limit value
TOC Total Organic Compound
TPQ Threshold Planning Quantity
TRI Toxics Release Inventory
TSCA Toxic Substances Control Act
TRI Toxics Release Inventory
TWA time-weighted average
U.S. United States
UF uncertainty factor
VOC Volatile Organic Compound
yr year
WHO World Health Organization
wk week

> greater than
> greater than or equal to
= equal to
< less than
< less than or equal to
% percent
α alpha
β beta
γ gamma
δ delta
µm micrometer
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µg microgram
q1

* cancer slope factor
– negative
+ positive
(+) weakly positive result
(–) weakly negative result
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INDEX

absorption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 94-98, 107, 115, 116, 126, 127, 133, 145, 146, 172
ACGIH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192, 194, 196
acute dermal exposure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
acute inhalation exposure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 18, 23, 37, 43, 132, 133
acute oral exposure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 72, 140
adenocarcinoma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
adipose tissue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94, 95, 99, 106, 107, 118, 127, 145, 146, 150, 178
aerobic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165-167, 177
Agency for Toxic Substances and Disease Registry (see ATSDR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 10
AHH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
air . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-6, 8, 9, 11, 12, 38-40, 43, 45, 86, 87, 94-96, 98, 103, 105-108, 111, 115, 120, 123, 127, 

132, 154, 155, 159, 160, 162, 165, 167-170, 172-179, 182-185, 189, 191, 192, 195, 196
ALT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 41, 76, 122, 144
ambient air . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 12, 160, 167-169, 173, 174, 176, 179, 184, 185, 195
anaerobic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162, 165, 167, 177
AST . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 41, 122, 144
ATSDR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 10, 12, 21, 22, 122, 129, 176, 177, 188, 191
bioaccumulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100, 178
bioavailability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
bioconcentration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 164, 178
biomagnification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
biomarker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119-121, 138, 144, 189
birth weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
blood . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 12, 14, 23, 38, 40, 50, 74, 75, 94-101, 103, 104, 106-109, 112, 113, 115, 117-120, 

123, 126, 135, 140, 144, 145, 149, 150, 178, 180-183, 189, 190
body weight effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43, 79, 86
breast milk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 11, 95, 97, 98, 100, 107, 118, 120, 127, 128, 144-146, 150, 175
cancer . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 5, 9, 17, 22, 48, 83-85, 87, 109, 113, 115, 131, 134, 143, 151, 153, 191, 192, 194-196
carcinogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 9, 17, 131, 135, 136, 143, 191, 192, 196
carcinogenic . . . . . . . . . . . . . . . . . . . . . . 12, 17, 21, 22, 49, 50, 84, 85, 87, 109, 111, 113, 125, 131, 134-136, 151, 191, 192, 194
carcinogenicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 43, 48, 84, 85, 87, 88, 111, 125, 134-136, 145, 147, 192, 194, 196
cardiovascular effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 38, 73
children . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 7, 11, 101, 115-118, 126, 147, 148, 150, 151, 175, 176, 179
Department of Health and Human Services (see DHHS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 17
dermal effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43, 78, 86
DHHS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 17, 135
diet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 75, 123, 127, 175
DNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 87-93, 112, 119, 121, 124, 135-137, 144, 147
drinking water . . . . . . . . . . 3, 4, 7, 9, 11-15, 19, 72-85, 97, 104, 112, 116, 117, 123, 125, 131-133, 135, 138-144, 149, 150, 160,

167, 169, 170, 172, 173, 175, 176, 178, 179, 183, 185, 186, 189, 192-196
endocrine effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42, 43, 78
endometriosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
Environmental Protection Agency (see EPA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 8, 12, 153, 196
EPA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 5, 8, 9, 12, 17, 22, 85, 95, 114, 118, 124, 129, 131, 136, 150, 153, 156, 159, 

160, 164, 165, 168-173, 175-179, 181, 183-186, 188, 189, 191-196
exposure levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 22, 23, 40, 43, 50, 81, 83, 103, 133, 142, 143, 149, 178, 179
FDA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 171, 193, 194, 196
Fedrip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151, 180
fiber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 143, 147
fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 164, 183, 186-189
Food and Drug Administration (see FDA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 196
gas chromatography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121, 181-183, 187, 190
gastrointestinal effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39, 73
general population . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 119, 144, 160, 172, 173, 176, 179, 180
genotoxic effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23, 50, 87, 88, 91, 136, 137
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gestational age . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
half-life . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 107, 119, 160, 165-167
hematological effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39, 40, 74, 80, 81, 116, 148
Henry’s law . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154, 163
hepatic effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 40, 41, 75, 76
hepatocellular carcinomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 84, 135
hydrolysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 121, 160, 163, 165, 166
hydroxyl radical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165
IARC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 17, 136, 156, 191, 192, 196
IgM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 116
immunoglobulin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 80, 122, 140
immunological effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 44, 45, 79, 80, 117, 139-141, 144
insects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136
Integrated Risk Information System (see IRIS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
intermediate oral exposure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133, 141
International Agency for Research on Cancer (see IARC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 191, 196
IRIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85, 131, 136, 191, 194, 196
kidney disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 6
kidney effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 37, 77, 78, 133, 144
LD50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 72
leukemia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 143
liver . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 6, 8, 12, 13, 18, 19, 23, 37, 40, 41, 48, 49, 74-76, 84, 85, 88, 89, 93, 94, 97-101, 106, 

109-112, 116, 118, 119, 121, 122, 124, 125, 131-133, 136, 137, 144, 145, 147, 148, 150, 191
lung . . . . . . . . 5, 8, 12, 17, 37, 38, 48, 73, 84, 88, 89, 94, 97-99, 101, 106, 109, 111, 112, 119, 125, 126, 135-137, 145, 147, 150
lymph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
lymphatic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 143
lymphoreticular effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 44, 79, 87
mass spectrometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187, 190
metabolites . . . . . . . . . . . . . . . . . . . 17, 49, 94, 95, 101, 103-107, 109, 112, 113, 117-121, 123, 127, 128, 135, 146, 149, 181, 189
milk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 8, 11, 95, 97, 98, 100, 107, 118, 120, 127, 128, 144-146, 150, 160, 171, 175
Minimal Risk Level (see MRL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
monkey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
MRL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 13, 18-20, 22, 41, 77, 132-134, 140, 141, 191
musculoskeletal effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 75
NAS/NRC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
National Priorities List (see NPL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 12, 160
National Toxicology Program (see NTP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129, 176, 188
neoplastic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74, 123
neurobehavioral . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
neurodevelopmental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
neurotransmitter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
NIOSH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 153, 160, 172, 173, 176, 179, 181, 183, 185, 189, 192, 195, 196
NOAEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 18, 19, 21, 38, 41, 43, 45-48, 72, 75, 78-83, 133, 134, 191
NOES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172, 173
NPL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 12, 15, 83, 139, 142, 149, 160-163
NTP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72-82, 102, 118, 129, 133, 136, 138, 140, 142, 146, 147, 150, 176, 177, 188, 191
Occupational Safety and Health Administration (see OSHA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 196
ocean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
ocular effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43, 78, 79, 86, 131
odds ratio (see OR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 83, 139
OR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-23, 38-49, 72-84, 86-88, 91, 94-98, 100, 101, 103, 105-110, 113-120, 122-129, 

131-134, 136, 138-151, 156, 158-160, 162-168, 171-173, 175-177, 179-181, 183-185, 189, 191, 193
OSHA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 9, 192, 196
partition coefficients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154
PBPD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
PBPK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108-110, 145, 151
pharmacodynamic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
pharmacokinetic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101, 108-111
photolysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 160, 163, 165, 166
precipitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
produce . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 13-15, 38-40, 46, 72, 80, 81, 91, 109, 112, 113, 121-123, 128, 132, 135, 140, 158
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APPENDIX D

reference dose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
regulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 9, 191-193, 195, 196
renal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 13, 19, 37, 41, 42, 49, 76-78, 86, 112, 116, 121, 122, 126, 127, 133, 148
renal effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 41, 42, 76, 77, 122
reportable quantity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193, 194
RfD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191, 194, 196
salmon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
sediment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163-167, 171, 178, 183, 186-189
serum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 40, 41, 77, 95, 111, 122, 127, 144
sheep . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 19, 80, 116, 117, 122, 140
sheep red blood cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 140
soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4, 9, 11, 12, 159, 160, 163-167, 171, 176-178, 180, 185, 186, 188
solubility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74, 97, 154
Superfund . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
time-weighted average (see TWA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
toxicokinetic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19-21, 134, 145, 146
Toxics Release Inventory (see TRI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156, 162
TRI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156, 162, 163, 177
triglycerides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
tumors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 17, 48, 49, 84, 86, 87, 113, 123, 134, 135, 143, 147
TWA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192, 196
urine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 8, 94, 96, 104-108, 110, 120, 123, 127, 144, 160, 173, 178, 181-183, 189
vapor phase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
vapor pressure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95, 111, 154
vegetables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171, 193
volatility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176
volatilization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 76, 132, 163-165, 169, 173
WHO . . . . . . . . . . . . . . . . . . . . . . . 4-6, 12-14, 23, 37, 39, 41, 43, 45, 46, 48-50, 72-77, 79, 80, 98, 109, 115-117, 125, 126, 129, 

131, 133, 141, 147-150, 168, 171, 175, 176, 192, 196
World Health Organization (see WHO) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
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1,2-DICHLOROETHENE 1

1. PUBLIC HEALTH STATEMENT

This public health statement tells you about 1,2-dichloroethene and the effects of exposure.

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in

the nation. These sites make up the National Priorities List (NPL) and are the sites targeted for

long-term federal cleanup activities. Cis-1,2-dichloroethene has been found in at least 146 of the

1,430 current or former NPL sites. Trans- 1,2-dichloroethene has been found in at least 563 of

the 1,430 current or former NPL sites. In 336 of the NPL sites, 1,2-dichloroethene was found

but the isomer was not specified. However, it’s unknown how many NPL sites have been

evaluated for this substance. As more sites are evaluated, the sites with 1,2-dichloroethene may

increase. This information is important because exposure to this substance may harm you and

because these sites may be sources of exposure.

When a substance is released from a large area, such as an industrial plant, or from a container,

such as a drum or bottle, it enters the environment. This release does not always lead to

exposure. You are exposed to a substance only when you come in contact with it. You may be

exposed by breathing, eating, or drinking the substance or by skin contact.

If you are exposed to 1,2-dichloroethene, many factors determine whether you’ll be harmed.

These factors include the dose (how much), the duration (how long), and how you come in

contact with it. You must also consider the other chemicals you’re exposed to and your age, sex,

diet, family traits, lifestyle, and state of health.
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1 .1 WHAT IS 1,2-DICHLOROETHENE?

1,2-Dichloroethene is also called 1,2-dichloroethylene. It is a highly flammable, colorless

liquid with a sharp, harsh odor. You can smell very small amounts of 1,2-dichloroethene in

air (beginning at a level of about 17 parts per million or ppm). There are two forms of

1,2-dichloroethene; one form is called cis-1,2-dichloroethene and the other is called

trans- 1,2-dichloroethene. Sometimes both forms are present as a mixture. 1,2-Dichloroethene

is used most often to produce solvents and in chemical mixtures.

1,2-Dichloroethene enters the environment through industrial activity of people. This

chemical has been found in air, water, and soil. 1,2-Dichloroethene is released to the

environment from chemical factories that make or use this chemical, from landfills and

hazardous waste sites containing this chemical, from chemical spills, from burning of objects

made of vinyl, and from breakdown of other chlorinated chemicals.

1.2 WHAT HAPPENS TO 1,2-DICHLOROETHENE WHEN IT ENTERS

THE ENVIRONMENT?

1,2-Dichloroethene evaporates rapidly. When released to moist soil surfaces or to lakes,

rivers, and other bodies of water, most of it evaporates into the air. Once in the air, it usually

takes about 5-12 days for half of any amount of it to break down (half-life in air).

1,2-Dichloroethene that is below soil surfaces in landfills or hazardous waste sites may

dissolve in water, seep deeper into the soil, and possibly contaminate groundwater. Some

1,2-dichloroethene may escape as a vapor. Once in groundwater, it takes about 13-48 weeks

for half of a given amount to break down (half-life in water). There is a slight chance that

small amounts of the 1,2-dichloroethene found in landfills will eventually break down into

vinyl chloride, which is believed to be a more hazardous chemical.
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1.3 HOW MIGHT I BE EXPOSED TO 1,2-DICHLOROETHENE?

You might be exposed to 1,2-dichloroethene by breathing contaminated air or by drinking

contaminated tap water. If the tap water in your home is contaminated, you could also be

breathing 1,2-dichloroethene vapors while cooking, bathing, or washing dishes. There are no

known products you can buy that contain 1,2-dichloroethene. People who are most likely to

be exposed live near landfills and hazardous waste sites that contain this chemical, work at

factories where this chemical is made or used, work at 1,2-dichloroethene contaminated

landfills, or work as firefighters. Job-related exposure results from breathing in 1,2-dichloroethene

from workplace air or from touching contaminated chemicals or materials. According

to a survey conducted between 1981 and 1983 by the National Institute for Occupational

Safety and Health (NIOSH), an estimated 215 people in the United States may have been

exposed to 1,2-dichloroethene while working.

People who live in cities or suburbs are more likely to be exposed than people living in rural

areas. Most people who are exposed to 1,2-dichloroethene through air or water are exposed

to very low levels, in the range of parts per million (ppm) to parts per billion (ppb).

1.4 HOW CAN 1,2-DICHLOROETHENE ENTER AND LEAVE MY BODY?

1,2-Dichloroethene can enter the body through your lungs when you breathe air contaminated

with it, through your stomach and intestines when you eat food or drink water contaminated

with it, or through your skin upon contact with the chemical.

When 1,2-dichloroethene enters the body, the blood and other tissues absorb it. It is broken

down to other compounds in the liver. Animal studies have looked at how quickl.y the

compound enters and leaves the body and what may happen to it in the body. These animal

studies describe effects at levels far greater than those levels at which most people would be

exposed. No studies show specifically how 1,2-dichloroethene enters a person’s body and

how it is changed or removed by the body.
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1.5 HOW CAN 1,2-DICHLOROETHENE AFFECT MY HEALTH?

Breathing high levels of trans-1,2-dichloroethene can make you feel nauseous, drowsy, and

tired. Breathing very high levels of its vapor can kill you. When animals breathed high

levels of trans-1,2-dichloroethene for short or longer periods of time, their livers and lungs

were damaged. The effects were more severe with longer exposure times. Animals that

breathed very high levels of trans-1,2-dichloroethene had damaged hearts. Animals given

extremely high doses of cis- or trans-1,2-dichloroethene by mouth died. Lower oral doses of

cis-1,2-dichloroethene caused effects on the blood, such as decreased numbers of red blood

cells, and effects on the liver.

The long-term human health effects after exposure to low concentrations of 1,2-dichloroethene

are not known. Results of a recent animal study suggest that an exposed fetus may not grow

as quickly as one that is not exposed. No studies have been done to see whether cancer in

people or animals is caused by exposure to 1,2-dichloroethene; exposure has not been shown

to affect fertility in people or animals.

1.6 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN

EXPOSED TO 1,2-DICHLOROETHENE?

Methods are available to measure concentrations of 1,2-dichloroethene in blood, urine, and

tissues. However, these methods are not routinely used to determine whether a person has

been exposed to this compound, because the expected breakdown products resulting from

exposure to 1,2-dichloroethene may also result from exposure to other chemicals.

1.7 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO

PROTECT HUMAN HEALTH?

The federal government has developed regulatory standards and guidelines to protect people

from possible health effects of 1,2-dichloroethene in water and air. The EPA has established
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water quality guidelines to protect both aquatic life and people who eat fish and shellfish.

The EPA Office of Drinking Water has set a drinking water regulation that states that water

delivered to any user of a public water system shall not exceed 0.07 milligrams per liter

(mg/L) for cis- 1,2-dichloroethene and 0.1 mg/L for trans- 1,2-dichloroethene. For very short term

exposures (1 day) for children, EPA advises that concentrations in drinking water should

not be more than 4 mg/L for cis- 1,2-dichloroethene or 20 mg/L for trans-1,2-dichloroethene.

For l0-day exposures for children, EPA advises that drinking water concentrations should not

be more than 3 mg/L for cis-1,2-dichloroethene or 2 mg/L for trans-1,2-dichloroethene. For

industrial or waste disposal sites, any release of 1,000 pounds or more must be reported to the

EPA.

The National Institute for Occupational Safety and Health (NIOSH) and the American

Conference of Governmental Industrial Hygienists (ACGIH) have established guidelines for

occupational exposure to cis- or trans- 1,2-dichloroethene. Average concentrations should not

exceed 200 ppm in the air.

1.8 WHERE CAN I GET MORE INFORMATION?

If you have any more questions or concerns, contact your community or state health or

environmental quality department or:

Agency for Toxic Substances and Disease Registry
Division of Toxicology
1600 Clifton Road NE, E-29
Atlanta, Georgia 30333
Phone: 404-639-6000

This agency can also tell you where to find occupational and environmental health clinics.

These clinics specialize in recognizing, evaluating, and treating illness resulting from exposure

to hazardous substances.
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2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and

other interested individuals and groups with an overall perspective of the toxicology of 1,2-

dichloroethene.  It contains descriptions and evaluations of toxicological studies and epidemiological

investigations and provides conclusions, where possible, on the relevance of toxicity and toxicokinetic

data to public health.

There are two geometric isomers of 1,2-dichloroethene, the cis form and the trans form. Isomers of an

organic substance are different structures with the same molecular formula. In this case, the cis and

trans forms have the chlorine atoms in different positions around the double bond. Each of these

geometric isomeric forms has slightly different physical, chemical, and biological properties, because

of their different molecular structures. These properties determine how the compound may affect the

health of exposed individuals and how 1,2  dichloroethene behaves in air, water, and soil. The trans

isomer is the more common industrial product.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near

hazardous waste sites, the information in this section is organized first by route of exposure

-inhalation, oral, and dermal; and then by health effect--death, systemic, immunological,

neurological, reproductive, developmental, genotoxic, and carcinogenic effects. These data are

discussed in terms of three exposure periods-acute (14 days or less), intermediate (15-364 days), and

chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in

figures. The points in the figures showing no-observed-adverse-effect levels (NOAELs) or lowest

observed-adverse-effect levels (LOAELs) reflect the actual doses (levels of exposure) used in the

studies. LOAELS have been classified into “less serious” or “serious” effects. “Serious” effects are



1,2-DICHLOROETHENE 8

2. HEALTH EFFECTS

those that evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute

respiratory distress or death). “Less serious” effects are those that are not expected to cause significant

dysfunction or death, or those whose significance to the organism is not entirely clear. ATSDR

acknowledges that a considerable amount of judgment may be required in establishing whether an end

point should be classified as a NOAEL, “less serious” LOAEL, or “serious” LOAEL, and that in some

cases, there will be insufficient data to decide whether the effect is indicative of significant dysfunction.

However, the Agency has established guidelines and policies that are used to classify these end points.

ATSDR believes that there is sufficient merit in this approach to warrant an attempt at distinguishing

between “less serious” and “serious” effects. The distinction between “less serious” effects and “serious”

effects is considered to be important because it helps the users of the profiles to identify levels of

exposure at which major health effects start to appear. LOAELs or NOAELs should also help in

determining whether or not the effects vary with dose and/or duration, and place into perspective the

possible significance of these effects to human health.

The significance of the exposure levels shown in the LSE tables and figures may differ depending on

the user’s perspective. Public health officials and others concerned with appropriate actions to take at

hazardous waste sites may want information on levels of exposure associated with more subtle effects

in humans or animals (LOAEL) or exposure levels below which no adverse effects (NOAELs) have

been observed. Estimates of levels posing minimal risk to humans (Minimal Risk Levels or MRLs)

may be of interest to health professionals and citizens alike.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have

been made for 1,2-dichloroethene. An MRL is defined as an estimate of daily human exposure to a

substance that is likely to be without an appreciable risk of adverse effects (noncarcinogenic) over a

specified duration of exposure. MRLs are derived when reliable and sufficient data exist to identify

the target organ(s) of effect or the most sensitive health effect(s) for a specific duration within a given

route of exposure. MRLs are based on noncancerous health effects only and do not consider

carcinogenic effects, MRLs can be derived for acute, intermediate, and chronic durationexposures for

inhalation and oral routes. Appropriate methodology does not exist to develop MRLs for dermal

exposure.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA

1990a), uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges
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additional uncertainties inherent in the application of the procedures to derive less than lifetime MRLs.

As an example, acute inhalation MRLs may not be protective for health effects that are delayed in

development or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma,

or chronic bronchitis. As these kinds of health effects data become available and methods to assess levels

of significant human exposure improve, these MRLs will be revised.

A User’s Guide has been provided at the end of this profile (see Appendix B). This guide should aid in

the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

2.2.1 Inhalation Exposure

2.2.1.1 Death

A single fatality was reported to have occurred after inhalation of 1,2dichloroethene vapor in a small

enclosure (Hamilton 1934). Neither the level and duration of exposure associated with the fatality nor

the symptoms of toxicity were reported. The isomeric composition of the vapor was not reported. No

further information regarding lethal effects in humans following inhalation of 1,2-dichloroethene could

be located in the literature.

The lethality of a single exposure by inhalation of trans-1,2-dichloroethene has been determined in mice

(Gradiski et al. 1978). The lethal concentration resulting in 50% fatalities (LC50) was 21,723 ppm trans-

1,2-dichloroethene, presented in Table 2-l and in Figure 2-1, and was for a single 6-hour exposure. The

cause of death was not reported.

No other studies were located regarding lethality following inhalation exposure to cis- or

trans- 1 ,2dichloroethene in any animal species.

2.2.1.2 Systemic Effects

No studies were located regarding gastrointestinal, endocrine, dermal, or ocular effects in humans or

animals after inhalation exposure to cis- or trans-1,2-dichloroethene. The highest NOAEL values and all

LOAEL values from each reliable study for each systemic effect in each species and duration category are

recorded in Table 2-1 and plotted in Figure 2-l.
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Respiratory Effects.  No studies were located regarding respiratory effects in humans following

inhalation exposure to cis- or trans-1,2-dichloroethene.

Pathologic changes in the lung have been described in rats exposed to trans-1,2-dichloroethene (Freundt

et al. 1977). The pathology consisted of pulmonary capillary hyperemia, and alveolar septal distention. As

shown in Table 2-l and Figure 2-1, after repeated exposure to 200 ppm effects in the lung were more

severe than effects that occurred after a single exposure. This is the only reported study of lung pathology

in animals exposed to trans-1,2-dichloroethene. This study had several weaknesses: several of the control

rats also developed pulmonary capillary hyperemia and alveolar septal distention, a small number of

animals were examined, and the upper respiratory tract was not examined for pathology. Also, a statistical

evaluation of the histological data was not presented. Corroborative evidence for toxicity of trans-1,2-

dichloroethene to the lung has not been reported.

No studies were located regarding the effects of cis-1,2-dichloroethene on the respiratory tract of any

animal species.

Cardiovascular Effects. No studies were located regarding cardiovascular effects in humans

following inhalation exposure to cis- or trans-1,2-dichloroethene.

Pathological changes in the heart have been observed in rats exposed to trans-1,2-dichloroethene (Freundt

et al. 1977). The changes were described as severe fibrous swelling of the myocardium and hyperemia.

As shown in Table 2-l and Figure 2- 1, the effects were evident after an 8-hour exposure to 3,000 ppm but

not after exposures to lower levels. Corroborative evidence for heart toxicity of trans-1,2-dichloroethene

has not been reported.

No studies were located regarding the effects of cis-1,2-dichloroethene on the cardiovascular system of

any animal species.

Hematological Effects. No studies were located regarding hematological effects in humans

following inhalation of cis- or trans-1 ,2dichloroethene.

Effects on composition of the blood and plasma have been observed in rats exposed to

trans-1,2-dichloroethene (Freundt et al. 1977). A reduction in the number of erythrocytes was
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observed after an 8-hour exposure to 1,000 ppm trans-1,2-dichloroethene. No studies were located

regarding hematological effects in animals after inhalation exposure to cis- 1,2dichloroethene.

Musculoskeletal Effects. No studies were located regarding musculoskeletal effects in humans

following inhalation exposure to cis- or trans-1,2-dichloroethene.

Histological examination of muscle tissue revealed no compound-related effects in rats exposed to 200,

1,000 or 3,000 ppm trans-1,2dichloroethene for up to 16 weeks (Freundt et al. 1977).

Hepatic Effects. No studies were located regarding hepatic effects in humans following inhalation

of cis- or trans-1,2-dichloroethene.

Pathological changes in the liver, consisting of fatty accumulation of liver lobules and Kupffer cells,

have been observed in a small group of rats exposed to trans-1,2-dichloroethene (Freundt et al. 1977).

Five of six rats exposed to 200 ppm for 8 hours had livers that appeared normal when stained for fat

accumulation, but one rat showed evidence of fat deposition. Although fat accumulation was not

observed in the control rats for the 200 ppm exposure group, control rats for other exposure groups

also showed histopathological evidence of fat accumulation in Kupffer cells. However, the incidence

and severity of fat accumulation did increase with increasing exposure levels and duration. This study

is the basis of an acute-duration inhalation MRL of 0.2 ppm for trans-1,2-dichloroethene, as explained

in the footnote to Table 2-l and in Appendix A. In the same study, rats were exposed to 200 ppm

trans-1,2-dichloroethene for 8 hours per day, 5 days per week for either 8 or 16 weeks. Fatty

accumulation was found in hepatocytes (liver lobules). This LOAEL of 200 is the basis for the

intermediate-duration inhalation MRL of 0.2 ppm for trans-1,2-dichloroethene, as explained in the

footnote to Table 2-l and in Appendix A.

A single 8-hour exposure to cis- or trans-1,2-dichloroethene at 200 ppm has been shown to increase

hexobarbital sleeping time and zoxazolamine paralysis time in rats (Freundt and Macholz-1978).

These effects were more pronounced at higher 1,2-dichloroethene concentrations; the effects due to the

cis isomer are stronger than those of the trans isomer. These effects suggest inhibition of the mixed

function oxidase system.
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Renal Effects. No studies were located regarding renal effects in humans following inhalation

exposure to cis- or trans- 1,2-dichloroethene.

Histological examination of the kidney revealed no compound-related effects in rats exposed to 200,

1,000 or 3,000 ppm trans-1,2-dichloroethene for up to 16 weeks (Freundt et al. 1977). No studies

were located regarding renal effects in animals after inhalation exposure to cis-1,2-dichloroethene.

Body Weight Effects. No studies were located regarding body weight effects in humans

following inhalation of cis- or trans-1,2-dichloroethene.

Weight gain in pregnant rats was inversely related to dose from 2,000 to 12,000 ppm

trans-1,2-dichloroethene, and was concomitant with the reduced food consumption of dams at

2,000 ppm on gestational days 13-15 in the developmental study of Hurtt et al. (1993). No studies

were located regarding body weight effects in animals after inhalation exposure to cis-1,2-dichloroethene.

Other Systemic Effects. No studies were located regarding other systemic effects in humans

following inhalation of cis- or trans-1,2-dichloroethene.

Several other systemic effects were found in the study of Hurtt et al. (1993). Brown-stained periocular

hair was observed in all rats exposed to trans-1,2-dichloroethene at concentrations of

2,000-12,000 ppm. This effect was also observed in 1 of 24 control rats. Reduced food consumption

of dams was observed on gestational days 13-15 at a concentration of 2,000 ppm. No studies were

located regarding other systemic effects in animals after inhalation exposure to cis-1 ,2dichloroethene.

2.2.1.3 Immunological and Lymphoreticular Effects

Detailed studies were not located regarding the immunological or lymphoreticular effects-in humans or

animals after inhalation exposure to cis- or trans-1 ,2dichloroethene.

Freundt et al. (1977), however, reported that inhalation exposure of rats to trans-1,2-dichloroethene at

a concentration of 200 ppm or greater caused slight to severe fatty degeneration of Kupffer cells.

Kupffer cells are highly phagocytic macrophages involved in protecting the systemic circulation from
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gastrointestinal bacteria. In addition, decreased leukocyte (white blood cell) counts were observed in rats

after an 8-hour exposure to 200 and 1,000 ppm trans-1 ,2dichloroethene, and pneumonic infiltration was

observed after 8 and 16 weeks exposure to 200 ppm, suggesting that inhalation of trans- 1,2-

dichloroethene may have adverse immunological effects.

2.2.1.4 Neurological Effects

Inhalation of high concentrations of vaporized trans-1,2-dichloroethene depresses the central nervous

system in humans. Low levels of trans-1,2dichloroethene have been reported to cause neurological effects

(Lehmann and Schmidt-Kehl 1936). Inhalation of 6.8-8.8 mg/L (1,700-2,220 ppm) of trans-1,2-

dichloroethene for 5 minutes, or of 4.8 mg/L (1,200 ppm) for 10 minutes, reportedly caused nausea,

drowsiness, fatigue, vertigo, and intracranial pressure in two human subjects. It is uncertain whether the

human subjects were exposed to a vapor or an aerosol; however, based on information on the volatility of

trans-1,2-dichloroethene, it was likely a vapor (see Chapter 3). Also, the degree of purity of the trans

isomer and the precise concentrations are unclear.

The effects of inhaled cis- or trans-1,2-dichloroethene on the nervous system have not been extensively

examined in animals. Hurtt et al. (1993) reported increased incidences of lethargy and salivation in

pregnant rats exposed to 12,000 ppm trans-1,2-dichloroethene. Behavioral changes have been observed in

mice exposed acutely (4 hours) to 1,2dichloroethene (form not specified) (De Ceaurriz et al. 1983). The

reported changes consisted of a dose-related decrease in the duration of immobility in the “behavioral

despair” swimming test. A 45% decrease in the total duration of immobility occurred at a concentration of

1,720 ppm. The neurological significance of changes in the duration of swimming immobility is not

known. Frantik et al. (1994) studied inhibition of propagation and maintenance of the electrically evoked

seizure discharge in rats and mice. The air concentration evoking a 30% depression in the duration of

hindlimb tonic extension in rats was 1,810 ppm and the air concentration evoking a 30% increase in the

latency for hindlimb tonic extension in mice was

3,400 pp.

2.2.1.5 Reproductive Effects

No studies were located regarding reproductive effects in humans after inhalation exposure to cis- or

trans- 1,2-dichloroethene.



1,2-DICHLOROETHENE 19

2. HEALTH EFFECTS

Significant increases in the mean number of resorptions per litter were seen in rats exposed to 6,000

and 12,000 ppm of trans-1,2-dichloroethene for 6 hours per day on days 7-16 of gestation (Hurtt et al.

1993). The authors interpreted this increase as not being treatment related because resorption values

were within the range of historical controls. No studies were located regarding reproductive effects in

animals after inhalation exposure to cis-1,2-dichloroethene.

2.2.1.6 Developmental Effects

No studies were located regarding developmental effects in humans after inhalation exposure to cis- or

trans- 1,2-dichloroethene.

Inhalation exposure to trans-1,2-dichloroethene has been shown to affect fetal weight in animals. Hurtt

et al. (1993) administered trans-1,2-dichloroethene to pregnant rats 6 hours daily, on days 7-16 of

gestation, at 0, 2,000, 6,000, or 12,000 ppm. Mean fetal weights were significantly reduced in the

litters of the dams exposed to 12,000 ppm. However, the reduced mean fetal weights probably

resulted from reduced food consumption and reduced weight gain, which were seen in the pregnant

rats in this study. No studies were located regarding developmental effects in animals after inhalation

exposure to cis-1,2-dichloroethene.

2.2.1.7 Genotoxic Effects

No studies were located regarding in vivo genotoxic effects in humans or animals after inhalation

exposure to cis- or trans- 1,2-dichloroethene.

Genotoxicity studies (in vitro) are discussed in Section 2.5.

2.2.1.8 Cancer

No studies were located regarding cancer in humans or animals after inhalation exposure to cis- or

trans-1,2-dichloroethene.
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2.2.2 Oral Exposure

2.2.2.1 Death

No studies were located regarding lethality in humans from ingestion of cis- or trans-1,2-dichloroethene.

Lethal effects of orally-administered trans-1,2-dichloroethene in rats and mice have been investigated.

Acute-duration dose levels exceeding 1,000 mg/kg are lethal in both species: 7 of 10 rats died

following exposure to 1,130 mg/kg/day trans-1,2-dichloroethene (Freundt et al. 1977), and 2 of 6 rats

died following exposure to 4,900 mg/kg/day cis-1,2-dichloroethene (McMillan 1986). In mice, LD50

values ranging from 2,200 mg/kg/day (males) to 2,400 mg/kg/day (females) were reported from

trans-1,2-dichloroethene exposure (Munson et al. 1982). The difference in these values among and

between rats and mice could be attributable to a number of different factors, including species

differences, strain differences, age of animals, physiological status (e.g., fasting), experimental

conditions, and vehicle used to dissolve the chemical. Symptoms associated with lethal oral doses

included decreased activity, ataxia, suppressed or total loss of righting reflex, and depressed respiration

(Barnes et al. 1985; Hayes et al. 1987). Necropsy revealed severe pulmonary capillary hyperemia and

alveolar septal distension, along with fibrous swelling and hyperemia of cardiac muscle in several rats

(Hayes et al. 1987), and hyperemia of the mucosal surface of the stomach and small intestine in mice

(Barnes et al. 1985). In a 16day study, increased mortality was observed in rats exposed to

970 mg/kg/day cis-1,2-dichloroethene; 2 of 20 rats died within the first week of dosing (McCauley et

al. 1990). Although the cause of death was not reported, the rats displayed central nervous system

depression and secretions around the nose and mouth. In a 90-day study of cis-1,2-dichloroethene, 3

of 10 male rats treated with 290 mg/kg/day, 4 of 10 male rats treated with 870 mg/kg/day, and 1 of 10

female rats treated with both 32 and 97 mg/kg/day died within the first week of dosing. The incidence

of these deaths was not statistically significant when compared with controls (l/20); no other rats died

during the 90-day treatment, and the authors could not specifically relate the death to the chemical

exposure (McCauley et al. 1990). The LD 5O values, the highest NOAEL values, and all reliable

LOAEL values for death in each species in the acute-duration category are recorded in Table 2-2 and

plotted in Figure 2-2.
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2.2.2.2 Systemic Effects

No studies were located regarding ocular effects in humans or animals after oral exposure to cis- or

trans-1,2-dichloroethene. The highest NOAEL values and all LOAEL values from each reliable study

for each systemic effect in each species and duration category are recorded in Table 2-2 and plotted in

Figure 2-2.

Respiratory Effects. No studies were located regarding respiratory effects in humans following

oral exposure to cis- or trans- 1,2-dichloroethene.

The effects of orally administered 1,2-dichloroethene on the respiratory tract of animals have not been

examined extensively. As shown in Table 2-2 and Figure 2-2, male mice have been shown to tolerate

exposure to 387 mg/kg body weight per day of trans-1,2-dichloroethene administered in drinking water

for up to 90 days without developing histopathological changes in the lung (Barnes et al. 1985). The only

change reported in this study was a slight decrease (11%) in lung weight in female mice at 452

mg/kg/day. No change in lung weight occurred in male rats exposed to 3,114 mg/kg/day trans-

1,2dichloroethene for 90 days (Hayes et al. 1987). Pulmonary capillary hyperemia and alveolar septal

distention have been observed in rats given lethal doses of trans-1,2-dichloroethene (Freundt et al. 1977).

It is not clear whether this pathology represents a primary effect of the chemical on the lung or is

secondary to disruption of cardiovascular function prior to death. It is notable that similar changes have

been observed in rats exposed by inhalation to trans-1,2-dichloroethene (see

Section 2.2.1.2).

Cardiovascular Effects. No studies were located regarding cardiovascular effects in humans

following oral exposure to cis- or trans-1,2-dichloroethene.

Female rats exposed to 1,130-l ,400 mg/kg trans-1 ,2dichloroethene through oral gavage (single

exposure) showed changes in cardiac muscle structure along with swelling and hyperemia (Freundt et

al. 1977). No cardiovascular effects were noted in rats exposed to 1,900 mg/kg/day cis-1,2-dichloroethene

for 14 days or 870 mg/kg/day cis-1,2-dichloroethene for 90 days (McCauley et al. 1990).

Gastrointestinal Effects. No studies were located regarding gastrointestinal effects in humans

following oral exposure to cis- or trans- 1,2-dichloroethene.
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Mice that received lethal doses of trans- 1,2-dichloroethene had hyperemia of the stomach and small

intestines (Barnes et al. 1985). No gastrointestinal effects were noted in rats exposed to

1,900 mg/kg/day cis-1,2-dichloroethene for 14 days or 870 mg/kg/day cis- 1 ,2dichloroethene for

90 days (McCauley et al. 1990).

Hematological Effects. No studies were located regarding hematological effects in humans

following oral exposure to cis- or trans- 1 ,2-dichloroethene.

McMillan (1986) reported unchanged values of electrolytes, total blood cell counts, and total leukocyte

counts, as compared to controls, from 14-day administration of a 50% mixture of the l,2dichloroethene

cis and trans isomers (480 mg/kg/day) in rats. In contrast, the same dose, administered over 30

days, resulted in a significant depression of the total blood cell count, the red blood cell count,

peripheral blood hemoglobin, and hematocrit levels.

No significant changes in hematological parameters occurred in rats (Hayes et al. 1987) or mice

(Barnes et al. 1985) following oral exposure to trans-1,2-dichloroethene. As shown in Table 2-2 and

Figure 2-2, rats tolerated repeated doses of 3,114 mg/kg/day (males) and 2,809 mg/kg/day (females) of

trans-1 ,2dichloroethene in drinking water (emulsified with emulphor, a polyethoxylated vegetable oil)

for 90 days without exhibiting significant hematological abnormalities (Barnes et al. 1985; Hayes et al.

1987). In contrast, dose-related hematotoxicity was the most evident effect in rats exposed orally by

gavage to cis-1,2-dichloroethene in corn oil (McCauley et al. 1990). Decreased red blood cell count

and hematocrit levels were observed in female rats exposed to 290 mg/kg/day for 14 days. No such

changes were detected in female rats after exposure to 97 mg/kg/day or in male rats at all dose levels.

Based on this value, an acute-duration oral MRL of 1 mg/kg/day was calculated for cis-1,2-

dichloroethene as described in the footnote to Table 2-2 and in Appendix A. Similarly, decreased

hematocrit levels were found in male rats exposed to 97 mg/kg/day cis-1,2-dichloroethene for 90 days and

decreased hemoglobin levels were reported in both sexes at 290 mg/kg/day. The NOAEL level was 32

mg/kg/day. This. value was used for derivation of an intermediate-duration oral MRL –for cis-1,2-

dichloroethene of 0.3 mg/kg/day as described in the footnote to Table 2-2 and in Appendix A.

Musculoskeletal Effects. No studies were located regarding musculoskeletal effects in humans

following oral exposure to cis- or trans- 1,2-dichloroethene.
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Histological examination of muscle tissue revealed no compound-related effects in rats exposed to 1,900

or 870 mg/kg/day of cis-1,2-dichloroethene for 14 or 90 days, respectively (McCauley et al. 1990), or in

rats exposed by gavage to 1,600 mg/kg/day of trans-1,2-dichloroethene (Freundt et al. 1977).

Hepatic Effects. No studies were located regarding hepatic effects in humans following oral

exposure to cis- or trans- 1,2-dichloroethene.

Liver pathology has been demonstrated in rats exposed orally to lethal or near lethal doses (e.g., 70%

lethal dose) of trans- 1,2-dichloroethene. At 1,130 mg/kg/day of trans- 1,2-dichloroethene, 2 of 10 rats

had severe fatty infiltration of the liver lobules and Kupffer cells; however, these effects were not seen

in the rats given higher doses (Freundt et al. 1977). The pathology is similar to that observed in rats

exposed by the inhalation route (i.e., fatty degeneration of the Kupffer cells and liver lobules) (Freundt

et al. 1977). However, for oral exposure, the effects occurred only after exposure to lethal dose levels.

As shown in Table 2-2 and Figure 2-2, repeated exposure to lower levels of trans-1,2-dichloroethene in

drinking water for 90 days was tolerated by mice and did not result in liver pathology. However, at

175 mg/kg/day increased serum alkaline phosphatase was seen, indicating some degree of hepatic

damage (Barnes et al. 1985).

McMillan (1986) examined the hepatic toxicity of cis- and trans-1,2-dichloroethene in rats after oral

and intraperitoneal administration, respectively. At an exposure level of 4,400 mg/kg (single dose) of

trans-1,2-dichloroethene, a significant increase in plasma alanine aminotransferase was noted, and at

2,500 mg/kg (single dose) of cis-1,2-dichloroethene, a significant increase in plasma sorbitol

dehydrogenase activity was noted. Intermediate exposure (30 days) did not result in any treatmentrelated

lesions in the liver. However, significantly elevated liver weights were noted at 480 mg/kg/day

of a mixture of the cis and trans isomers for 30 days.

Biochemical changes in the liver have been reported in mice and rats exposed to cis- and

trans-1,2-dichloroethene (Barnes et al. 1985; Jenkins et al. 1972). However, a connection between

these biochemical changes and the pathology or impaired liver function has not been established. As

such, the effects can not be classified as adverse or as being indicative of liver toxicity. Changes in

hepatic alkaline phosphatase, tyrosine transaminase, glucose-6-phosphatase, and plasma alanine

transaminase activities have been observed in rats exposed to single oral doses of 400 or 1,500 mg/kg
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of cis- or trans-1,2dichloroethene (Jenkins et al. 1972). Although the changes observed in these enzyme

activities were significant, the validity of the study is limited by the lack of dose-related patterns of the

changes, the use of only three or four rats per treatment group, and the lack of reporting of animal

responses to dosing. A dose-related decrease in the levels of serum glutamicoxaloacetic transaminase

(SGOT) and serum glutamic-pyruvic transaminase (SGPT) was observed in female mice exposed to 23-

452 mg/kg/day of trans-1,2-dichloroethene in the drinking water for 90 days (Barnes et al. 1985).

Increased serum levels of these hepatic enzymes are usually indicative of liver damage; the toxicological

significance of decreased levels is unknown. Increased serum alkaline phosphatase and increased relative

liver weights were seen in male mice exposed to 175 mg/kg/day of trans-1,2-dichloroethene for 90 days.

No such effects were noted in female mice. Based on a NOAEL of 17 mg/kg/day, an intermediate-

duration oral MRL for trans-1,2-dichloroethene of 0.2 mg/kg/day was calculated as described in the

footnote to Table 2-2 and in Appendix A.

The effect of 90-day exposure to trans-1,2-dichloroethene (17-452 mg/kg/day in drinking water) on

hepatic microsomal drug metabolism was assessed by Barnes et al. (1985). In contrast to findings

with inhalation exposure studies, oral exposure to trans-1,2-dichloroethene had no effect on the

duration of hexobarbital-induced narcosis. In addition, no significant changes were found in hepatic

microsomal cytochrome P-450 or cytochrome bg specific content. However, a decrease in microsomal

aniline hydroxylase activity was reported in all exposed groups. A significant decrease in hepatic

glutathione levels occurred in males after 90 days of exposure to 387 mg/kg/day.

A dose-related increase in relative liver weight was observed in rats exposed for 14 and 90 days to

cis-1,2-dichloroethene (McCauley et al. 1990). In the 90-day study, effects were significant at

97 mg/kg/day and above. Slight increases in serum cholesterol were observed in the female rats in the

14-day study, and slight decreases in SGOT were observed in the 90-day study. The increased liver

weight and biochemical changes cannot be considered adverse because they were not associated with

histopathological liver lesions.

Renal Effects. No studies were located regarding renal effects in humans following oral exposure

to cis- or trans- 1,2-dichloroethene.

The effects of 1,2-dichloroethene on the kidney have not been examined extensively in laboratory

animals. The few studies that have been reported provide evidence to suggest that the kidney is
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probably not a primary target for toxicity of trans-1,2-dichloroethene. As presented in Table 2-2 and

Figure 2-2, animals tolerated repeated exposure to trans-1 ,2dichloroethene in drinking water without

adverse effects on the kidney. A dose-related increase in absolute and relative kidney weight occurred

in female rats treated with trans-1,2-dichloroethene for 90 days, but no histopathological lesions were

identified (Hayes et al. 1987). No detectable chemically-induced changes in blood urea nitrogen or

serum creatinine levels were found in animals exposed to trans-1,2-dichloroethene in either the 14-day

or 90-day exposure study (Barnes et al. 1985; Hayes et al. 1987).

A significant increase in rat kidney weight was reported from a 16-day oral exposure to a 50% mixture

of the 1,2-dichloroethene isomers (480 mg/kg/day) (McMillan 1986). An increase in absolute and

relative kidney weight, along with a decrease in blood urea nitrogen, was also found in female rats

exposed for 14 days to 970 mg/kg/day of cis-1,2-dichloroethene, and in male rats orally exposed to

1,900 mg/kg/day of cis-1,2-dichloroethene (McCauley et al. 1990). However, these changes did not

occur in female rats exposed to 870 mg/kg/day of the cis isomer or less for 90 days. In male rats

exposed to 870 mg/kg/day of cis-1,2-dichloroethene for 90 days, a significant increase in relative

kidney weight and decreases in blood urea nitrogen and creatinine levels occurred. No changes

occurred in males exposed to 1,900 mg/kg/day or less for 14 days. The toxicological significance of

decreased blood urea nitrogen and creatinine levels is not clear since increases in these parameters are

usually associated with renal toxicity. Furthermore, no histological evidence of kidney pathology was

observed. In the absence of histological and clinical evidence of renal toxicity, the toxicological

significance of the increased kidney weight is not known.

Endocrine Effects. No studies were located regarding endocrine effects in humans following oral

exposure to cis-or trans-1,2-dichloroethene.

Histological examination revealed no compound-related effects in the thyroid in rats exposed to

cis-1,2-dichloroethene at doses up to 1,900 or 870 mg/kg/day for 14 or 90 days, respectively

(McCauley et all 1990).

Dermal Effects. No studies were located regarding dermal effects in humans following oral

exposure to cis- or trans- 1,2-dichloroethene.
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Histological examination revealed no compound-related effects on the skin of rats exposed to cis-1,2-

dichloroethene at doses up to 1,900 or 870 mg/kg/day for 14 or 90 days, respectively (McCauley et al.

1990).

Body Weight Effects. No studies were located regarding body weight effects in humans following oral

exposure to cis- or trans-1 ,2dichloroethene.

Body weight was not altered either by 21 or 210 mg/kg/day of trans-1,2-dichloroethene administered

for 14 days to mice by gavage (Barnes et al. 1985). In rats, body weight was not altered by a 16day

exposure to a 50% mixture of the 1,2-dichloroethene isomers (480 mg/kg/day) (McMillan 1986), nor

by exposure to trans-1,2-dichloroethene (353-3,114 mg/kg/day) in drinking water for 90 days (Hayes

et al. 1987). Significant changes in body weight gain were observed in both male and female rats

treated with cis-1,2-dichloroethene for 14 days (McCauley et al. 1990). The changes were not

dose-related; increased body weight gain occurred at 97 and 290 mg/kg/day and decreased body

weight gain occurred at 970 and 1,900 mg/kg/day. The toxicological significance of these binodal

body weight changes over a 14-day treatment period is not clear, although it could be due to decreased

food intake at higher doses. In the 90-day study, only the male rats receiving the highest dose of

cis-1,2-dichloroethene (870 mg/kg/day) had significantly decreased body weight gain when compared

with control males.

Other Systemic Effects. No studies were located regarding other systemic effects in humans

following oral exposure to cis-or trans-1,2-dichloroethene.

In female rats, a significant increase in water consumption was seen at 97 mg/kg/day. The authors

stated that since cis-1,2-dichloroethene was administered by gavage, this effect must be considered to

be compound-related and not associated with water palatability. They additionally noted that

determining whether this effect is related to the compound’s influence on the renal, central nervous

system, or other-organ system will require more data (McCauley et al. 1990).

2.2.2.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological effects in humans following oral exposure to cis- or

trans- 1,2-dichloroethene.
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The effect of orally-administered trans-1,2-dichloroethene on the immune system has been investigated

in rats and mice. No effects were seen on the spleen (Freundt et al. 1977; McCauley et al. 1990) or

on leukocyte counts (Barnes et al. 1985; McMillan 1986; Munson et al. 1982) in rats or mice. Barnes

et al. (1985) reported increased leukocyte count and decreased relative thymus weight in female mice

exposed to 224 mg/kg/day of trans-1,2-dichloroethene for 90 days. Mice exposed to

trans-1,2-dichloroethene (up to 220 mg/kg/day by gavage) for 14 days showed no significant changes

in cell-mediated or humoral immunity (Munson et al. 1982; Shopp et al. 1985). Repeated exposure of

mice to trans-1,2dichloroethene in drinking water for 90 days had no effect on the cell-mediated

immune status of either sex or on the humoral immune status of females (Shopp et al. 1985). A

suppression in humoral immune status, as measured by spleen cell antibody production directed against

sheep erythrocytes, was observed in male mice treated with each of three doses (17, 175, and

387 mg/kg/day) of trans- 1,2-dichloroethene. Although the suppression was significant, it was not

severe enough to depress the functional ability of the humoral immune system, as indicated by a

normal spleen cell response to B cell mitogen lipopolysaccharide and normal hemagglutination titers.

The highest NOAEL values for immunological effects in mice in each duration category are recorded

in Table 2-2 and plotted in Figure 2-2.

Immunological effects were noted from exposure to 1,900 mg/kg/day of cis-1,2-dichloroethene in rats

for 14 days, while an increase in absolute and relative thymus weights was noted in female rats

exposed to 870 mg/kg/day for 90 days (McCauley et al. 1990).

2.2.2.4 Neurological Effects

No studies were located regarding neurological effects in humans following oral exposure to cis- or

trans- 1,2-dichloroethene.

The neurological effects of cis- and trans-1,2-dichloroethene in animals have not been extensively

examined, though acute exposure and stimuli/response research do provide insight. Signs of central

nervous system depression have been observed in rats and mice at the terminal stages after receiving

lethal doses of cis- and trans-1,2-dichloroethene (Barnes et al. 1985; Hayes et al. 1987; McCauley et

al. 1990). Central nervous system depression (not further specified) was reported in rats treated with

cis-1,2-dichloroethene at 1,900 mg/kg/day for 14 days (McCauley et al. 1990). The highest NOAEL
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value and the LOAEL values from each reliable study with neurological end points are presented in

Table 2-2 and plotted in Figure 2-2.

Dose-related conditioned taste aversion to saccharin was produced in mice exposed to a mixture of cis

and trans-1,2-dichloroethene (Kallman et al. 1983). This neurobehavioral test will detect both

neurological and non-neurological effects that are perceived by the test animal to be adverse. The

nature of the adverse stimuli that results in taste aversion has not been identified.

2.2.2.5 Reproductive Effects

No studies were located regarding reproductive effects in humans following oral exposure to cis- or

trans- 1,2-dichloroethene.

Neither acute nor intermediate exposures (14 and 90 days) have caused histological changes in

reproductive organs of rats exposed to levels of cis-1,2-dichloroethene up to 1,900 mg/kg/day

(McCauley et al. 1990). Rats exposed by gavage showed no treatment-related lesions in mammary

glands, clitoral glands, ovaries, uterus, seminal vesicles, prostate, testes or preputial glands. No

treatment-related histopathological lesions in the reproductive organs were seen in rats exposed to

trans-1,2-dichloroethene for up to 90 days (Barnes et al. 1985; Hayes et al. 1987).

No studies were located regarding the following effects in humans or animals following oral exposure

to cis- or trans-1,2-dichloroethene:

2.2.2.6 Developmental Effects

2.2.2.7 Genotoxic Effects

Genotoxicity studies- are discussed in Section 2.5.

2.2.2.8 Cancer
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2.2.3 Dermal Exposure

2.2.3.1 Death

No studies were located regarding lethal effects in humans following dermal exposure to cis- or

trans- 1.2-dichloroethene.

No deaths were reported from application of trans-1,2-dichloroethene at 5,000 mg/kg body weight on

clipped, intact skin of 2 male and 3 female rabbits (Brock 1990). Table 2-3 summarizes the

significant dermal exposure studies, presenting the highest NOAEL values and all LOAEL values from

each important study. No studies were located regarding lethal effects in animals following dermal

exposure to cis- 1,2-dichloroethene.

2.2.3.2 Systemic Effects

No dermal exposure studies of cis- or trans-1,2 dichloroethene were located regarding respiratory,

cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal, or endocrine effects in

humans or animals.

Dermal Effects. No studies were located regarding dermal effects in humans following dermal

exposure to cis- or trans- 1,2-dichloroethene.

Dermal effects have been shown in laboratory animals exposed dermally to trans-1,2-dichloroethene.

Application of 170 mg/kg (0.5 mL) of trans-1,2dichloroethene for 24 hours to clipped, intact skin of

1 female and 5 male rabbits under an occlusive wrapping produced mild or moderate erythema at all

observation times (24, 48 and 72 hours) (Brock 1990). In a separate experiment (Brock 1990),

5,000 mg/kg of trans-1,2-dichloroethene was applied to the clipped, intact skin of 2 male and 3 female

rabbits. Severe dermal irritation was observed, but no clinical signs of toxicity other than body weight

loss were found. No studies were located regarding dermal effects in animals following dermal

exposure to cis- 1,2-dichloroethene.
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Ocular Effects. An early study by Lehmann and Schmidt-Kehl (1936) reported a slight burning of

the eyes in two human subjects exposed for 30 minutes to concentrations between 830 and 2,220 ppm

of trans-1,2-dichloroethene in air. The subjects were exposed under controlled conditions, not as an

occupational accident. It is not certain whether the subjects were exposed to a vapor or to an aerosol

of this chemical. The accuracy of the reported exposure levels is questionable because of the

insensitivity of the methods used in 1936 to measure the concentration of 1,2dichloroethene in air.

Also, the degree of purity of the trans isomer used is uncertain. No studies were located regarding

ocular effects in humans following dermal exposure to cis-1,2-dichloroethene.

Severe corneal opacity, moderate iritis, conjunctivitis and lacrimation have been shown in rats after

direct eye exposure to trans-1,2-dichloroethene. Trans-1,2-dichloroethene (0.01 mL) was placed in the

lower conjunctival sac of two female rabbits and 20 seconds later, the eyes of one rabbit were washed

with tap water while the eyes of the other rabbit remained unwashed. Severe cornea1 opacity was

observed in the washed eye and moderate iritis and conjunctivitis were observed in both treated eyes;

however, all irritation was resolved by day 3 (Brock 1990). Airborne exposure to trans-1,2-dichloroethene

caused lacrimation in rats at 2,000 ppm (Hurtt et al. 1993). No studies were located regarding

ocular effects in animals following dermal exposure to cis-1,2-dichloroethene.

Body Weight Effects. No studies were located regarding body weight effects in humans

following dermal exposure to cis- or trans- 1,2-dichloroethene.

Brock (1990) applied 5,000 mg/kg trans-1,2-dichloroethene to the clipped, intact skin of 2 male and

3 female rabbits. Loss of body weight (amount unspecified) was observed. No studies were located

regarding body weight effects in animals following dermal exposure to cis-1,2-dichloroethene.
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No studies were located regarding the following effects in humans or animals following dermal

exposure to cis- or trans- 1,2-dichloroethene:

2.2.3.3 Immunological and Lymphoreticular Effects

2.2.3.4 Neurological Effects

2.2.3.5 Reproductive Effects

2.2.3.6 Developmental Effects

2.2.3.7 Genotoxic Effects

Genotoxicity studies are discussed in Section 2.5.

2.2.3.8 Cancer

2.3 TOXICOKINETICS

1,2-Dichloroethene appears to be absorbed quickly by the lungs. One study reported that

approximately 75% of the inhaled chemical was absorbed through the lungs in humans.

1,2-Dichloroethene is metabolized in the liver, by hepatic microsomal cytochrome P-450, to form

dichloroethanol and dichloroacetic acid. Animal studies have shown that metabolism of the cis isomer

occurs faster than metabolism of the trans isomer, and the cis isomer frequently inhibits activity or

destroys cytochrome P-450 levels, while the trans isomer frequently increases the enzyme levels. No

information is available on the excretion of 1.2-dichloroethene in humans or animals.

2.3.1 Absorption

2.3.1.1 Inhalation Exposure

In tests for partitioning between human blood and air (Gargas et al. 1989), the results show a relatively

high affinity of 1,2-dichloroethene for blood (cis- 1,2-dichloroethene - blood:air partition coefficient =
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9.58 [±0.70] and trans-1,2-dichloroethene = 6.04 [±0.38]). Several other studies appear to support the

conclusion that 1,2dichloroethene is absorbed relatively quickly by the lungs. Sato and Nakajima (1979)

reported blood:air partition coefficients (ratio concentrations in blood and air at 37 °C) of 9.2 and 5.8 for

cis and trans isomers of 1,2-dichloroethene, respectively. Both isomers of 1,2-dichloroethene in inspired

air achieve an equilibrium with the whole animal within 1.5-2 hours (Filser and Bolt 1979). Gargas et al.

(1988, 1989) determined 1iquid:air and tissue:air partition coefficients for cis- and trans-1,2-

dichloroethene. Partition coefficients were determined with 0.9% saline; olive oil; and blood, liver,

muscle, and fat tissues from rats. The partition coefficients for cis-1,2-dichloroethene are: blood = 21.6

(±2.0), 0.9% saline = 3.25 (±0.12), olive oil = 278 (±6), fat = 227 (±11), liver = 15.3 (±11), and muscle =

6.09 (±1.02). The coefficients for trans-1,2-dichloroethene are: blood = 9.58 (±0.94), 0.9% saline = 1.41

(±0.04), olive oil = 178 (±6), fat = 148 (±11), liver = 8.96 (±0.61), and muscle = 3.52 (±0.54). Lehmann

and Schmidt-Kehl (1936) reported that 72-75% of inhaled trans-1,2-dichloroethene is absorbed through

the lungs in humans. Further insight is provided by Anderson et al. (1980), who reported that trans-1,2-

dichloroethene follows mixed-form uptake kinetics, with a composite of a slow first-order and a saturable

uptake process.

No studies were located regarding the rate and extent of cis- or trans-1,2dichloroethene absorption for

the following:

2.3.1.2 Oral Exposure

2.3.1.3 Dermal Exposure

2.3.2 Distribution

No studies were located regarding the distribution of cis- and trans-1,2-dichloroethene following

exposure by any routes.

2.3.3 Metabolism

Metabolism of 1,2-dichloroethene is initially catalyzed by hepatic microsomal cytochrome P-450

(Costa and Ivanetich 1982, 1984). Although there is no direct evidence, studies on the synthesis of the

epoxides suggest that this metabolism involves epoxidation of the ethylene double bond, forming
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dichlorinated epoxides (Figure 2-3). Dichlorinated epoxides, in turn, can undergo a non-enzymatic

rearrangement. Studies on the metabolism of 1,2-dichloroethene by hepatic microsomes and

hepatocytes provide evidence to suggest that dichloroacetaldehyde is the predominant metabolite of

microsomal cytochrome P-450 and that it, in turn, is extensively converted to dichloroethanol and

dichloroacetate by cytosolic and/or mitochondrial aldehyde and alcohol dehydrogenases present in

hepatocytes (Costa and Ivanetich 1982, 1984; Leibman and Ortiz 1977). This is consistent with the

report that both the cis and trans isomers of 1,2-dichloroethene were converted to dichloroethanol and

dichloroacetic acid by perfused rat liver (Bonse et al. 1975).

Similarities and differences have been observed in the metabolism of cis- and trans-1,2-dichloroethene.

Both isomers have been shown to bind to the active site of hepatic cytochrome P-450 (Costa and

Ivanetich 1982). In addition, classic inhibitors of cytochrome P-450 have been shown to inhibit the

production of dichloroacetaldehyde from both isomers. The binding and metabolism of 1,2-

dichloroethene do not appear to be specific for any one form of cytochrome P-450. The cis isomer had a

4-fold greater rate of turnover in hepatic microsomes in vitro than the trans isomer. This is consistent

with studies on isolated perfused rat livers, where metabolism of the cis isomer occurred at a greater

rate than metabolism of the trans isomer (Bonse et al. 1975). In addition, differences between cis- and

trans-1,2-dichloroethene in the rates of formation of dichloroethanol and dichloroacetic acid have been

reported in rat hepatocytes (Costa and Ivanetich 1984).

Several reports suggest that 1,2dichloroethene can alter cytochrome P-450 and mixed-function oxidase

activities. McMillan (1986) reported depression of cytochrome P-450 dependent microsomal

metabolism by both isomers of 1,2-dichloroethene, while Paolini et al. (1992) reported the induction of

cytochrome P-450 enzymes by trans-1,2-dichloroethene. Freundt and Macholz (1978) demonstrated

that each of the isomers of 1,2dichloroethene competitively inhibited the metabolism of hexobarbital

in vivo following a single 8-hour inhalation exposure of rats to 200 ppm of these isomers. The effects

of the cis isomer were more potent than those of the trans isomer. In addition, trans-1,2-dichloroethene

competitively inhibited the oxidative N-demethylation of aminopyrine and the O-demethylation

of p-nitroanisole by hepatic microsomes. Bronzetti et al. (1984) demonstrated that an intraperitoneal

injection of the trans isomer can increase cytochrome P-450 levels (consistent with the work of Paolini

1992) and aminopyrine N-demethylase activity in mice, while injection of the cis isomer more

frequently tended to inhibit activity or destroy the enzyme.
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The metabolic elimination of 1,2-dichloroethene has been described as a saturable, dose-dependent

process (Filser and Bolt 1979). In rats exposed to atmospheric concentrations of 1,2-dichloroethene

that exceed a “point of saturation,” elimination proceeds by zero-order kinetics (rate independent of the

concentration of the compound); below saturation, first-order kinetics apply (Filser and Bolt 1979).

Pharmacokinetic studies on 1,2dichloroethene elimination in the gas phase of a closed inhalation

exposure system show that cis-1,2-dichloroethene has a higher rate of first-order clearance than the

trans isomer. The cis isomer also exhibits a higher rate of metabolic elimination under saturation

conditions, in comparison to the trans isomer. This observation is consistent with the higher rate of

metabolism of the cis isomer relative to the trans isomer by rat liver microsomes (Costa and Ivanetich

1982) and by isolated perfused liver (Bonse et al. 1975).

2.3.4 Excretion

No studies were located regarding the excretion of 1,2-dichloroethene in humans or animals following

exposure by any routes.

2.4 MECHANISMS OF ACTION

Both cis- and trans-1,2-dichloroethene are volatile, lipophilic molecules that easily move through the

respiratory and gastrointestinal systems. Based on their molecular size and lipophilicity, they probably

pass through membranes by simple (passive) diffusion. Toxicokinetic evidence shows they have a

high affinity for lipids and blood, but little accumulation in tissues. Both the cis and trans isomers of

1,2-dichloroethene are converted to dichloroethanol and dichloroacetic acid by rat liver (Bonse et al.

1975, with the cis isomer exhibiting a higher rate of metabolism than the trans isomer (Costa and

Ivanetich 1982).

1,2-Dichloroethene isomers inhibit liver enzymes involved in metabolism and may increase the “toxic”

response to other chemicals (Bolt et al. 1980; McMillan 1986). Reactive metabolites of 1,2-dichloro

ethene modify the heme moiety of hepatic microsomal cytochrome P-450, resulting in a loss of both

cytochrome P-450 and heme (Costa and Ivanetich 1982). This modification could account for the

observed in vivo and in vitro inhibition of other cytochrome P-450 substances by 1,2-dichloroethene.

Compounds, such as carbon monoxide, that inactivate or inhibit the cytochrome P-450 system, should
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also inhibit the metabolism of 1,2-dichloroethene. 1,2Dichloroethene is oxidized to its epoxide, which

is relatively stable (Bolt et al. 1980). Its lack of genotoxicity is related to this stability.

The differences in metabolism, and possibly toxicity, between the cis and tram isomers have been

partially explained by differences in the stereochemistry of the epoxides formed. The asymmetrical

metabolites appear to be more electrophilic and also more mutagenic (Greim et al. 1975; Henschler

1977). The cis isomer is more actively metabolized than the tram isomer, because the trans isomer is a

more stable form and the proximity of the two chlorine atoms in the cis isomer increases the binding to

other molecules with which it reacts (Henschler 1977).

Physiologically based pharmacokinetic modeling (PBPK) has been used to explain metabolic rates for

1,2-dichloroethene. A model that included suicide enzyme inhibition-resynthesis has been used to

describe the metabolism of 1,2-dichloroethene in the rat (Gargas et al. 1990). In this model, metabolism

results in the inactivation of cytochrome P-450, which could result in an increase or decrease in the

toxicity of 1,2dichloroethene.

2.5 RELEVANCE TO PUBLIC HEALTH

Inhalation, oral, and dermal routes of exposure to 1,2dichloroethene are of concern to humans because

1,2-dichloroethene has been found in air, drinking water, and soil (Shah and Singh 1988; Westrick et al.

1984; VIAR 1987). Toxicokinetic data are very limited for both human and animal exposures. Partition

coefficients suggest that 1,2-dichloroethene has a much stronger affinity for blood and fats than for air.

Although the compound is relatively lipophilic, there is no good evidence for accumulation in important

organs such as liver, brain, kidney, and adipose tissue. Tissue saturation should not be found at

anticipated exposure levels. 1,2Dichloroethene is likely to be metabolized to more hydrophilic by-

products, and, therefore, eliminated quickly by the kidneys as metabolites.

The most significant effects of 1,2-dichloroethene exposure are hematological and hepatic. At high levels

of exposure, clinical symptoms that have been reported in humans exposed to 1,2dichloroethene in air

include nausea, drowsiness, fatigue, intracranial pressure and ocular irritation. One fatality has been

reported. No information is available on oral toxicity for 1,2dichloroethene in humans. No information is

available on the relative toxicities of the cis and trans isomers of 1,2dichloroethene in humans.
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Pathological lesions of the heart, liver, and lungs have been reported in rats exposed to

trans-1,2-dichloroethene in air. Ataxia and respiratory depression occur in the terminal stages prior to

death in animals. Since these conditions have not been observed in humans, their relevance to public

health is not known.

A variety of genotoxicity tests have been performed for 1,2-dichloroethene. The predominant results

are negative, and no carcinogenicity studies were found in the literature. Federal and international

agencies have given 1,2dichloroethene a non-cancer rating or a “not classifiable” rating.

Minimal Risk Levels for 1,2-Dichloroethene.

MRLs have been derived for acute and intermediate exposure to the cis and trans isomers of

1,2-dichloroethene; no chronic studies are available from which to derive MRLs for chronic exposure.

The derivation of each MRL is discussed fully in Appendix A.

Inhalation MRLs.

• An MRL of 0.2 ppm has been derived for acute-duration exposure (14 days or less) and for

intermediate-duration inhalation exposure (15-364 days) to trans- 1,2-dichloroethene.

The acute MRL is based on a LOAEL of 200 ppm for trans-1,2-dichloroethene over an 8-hour period

that caused fatty degeneration of the liver (Freundt et al. 1977). Longer periods of exposure at

200 ppm showed increased numbers and severity of response. The intermediate MRL is based on the

same study and effects (Freundt et al. 1977) in which rats were exposed to 200 ppm

trans-1,2-dichloroethene for 8 hours per day, 5 days per week for 8 or 16 weeks. An uncertainty

factor of 1,000 is used: 10 for using a LOAEL, 10 for extrapolation from animals to humans, and 10

for human variability.

No chronic inhalation MRL has been derived for trans-1,2-dichloroethene because no study tested

1,2-dichloroethene for a sufficiently long period of time. No acute-, intermediate- or chronic-duration

MRLs have been derived for cis-1,2-dichloroethene because of lack of data.
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Oral MRLs.

Studies of oral exposure to 1,2-dichloroethene exist to develop oral MRLs for both the cis and trans

isomers.

• An MRL of 1 mg/kg/day has been derived for acute-duration oral exposure (14 days or less)

to cis- 1.2-dichloroethene.

This MRL for the cis isomer is based on a NOAEL of 97 mg/kg/day for decreased red blood cell

counts and hematocrit levels in female rats exposed to 97 mg/kg/day cis-1,2-dichloroethene for

14 days (McCauley et al. 1990). An uncertainty factor of 100 is used: 10 for extrapolation from

animals to humans, and 10 for human variability. Hematological effects have also been noted in other

oral studies (Barnes et al. 1985).

No acute oral MRL has been derived for trans- 1,2-dichloroethene.

Separate intermediate-duration oral MRLs were derived for exposure to the cis and trans isomers.

• An MRL of 0.3 mg/kg/day has been derived for intermediate-duration oral exposure to
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al. 1985). An uncertainty factor of 100 was developed for the MRL, using factors of 10 for animal-to-

human extrapolation and 10 to protect sensitive individuals. In this study, serum alkaline phosphatase

levels were significantly increased. Though the two highest doses caused increased serum alkaline

phosphatase levels in a non-dose-related manner, the effects are consistent with the fatty accumulation in

hepatocytes. This hepatic intermediate end point is slightly lower than a hematological NOAEL

(decreased hematocrit). Other organs and end points were an order of magnitude less sensitive to cis- 1,2-

dichloroethene than were hepatic and hematologic target organs.

Death. A fatality was reported to have occurred after inhalation of 1,2-dichloroethene in a small

enclosure (Hamilton 1934). Details regarding the exposure levels (cis and trans) in this accident and

the cause of death are not available. No reports of lethality related to oral exposure of humans to

1,2-dichloroethene were located.

Terminal symptoms in animals exposed orally to cis- or trans-1,2-dichloroethene involve central nervous

system depression (e.g., ataxia and loss of righting reflex) and respiratory depression (Barnes et al. 1985;

Hayes et al. 1987; McCauley et al. 1990; Munson et al. 1982). Results of studies in which animals have

inhaled or ingested trans-1,2,-dichloroethene implicate the heart, liver, and lung as potential targets for

toxicity (Barnes et al. 1985; Freundt et al. 1977; Hayes et al. 1987; McMillan 1986). The relative lethal

potency of the cis and trans isomers to each other is not known.

Systemic Effects. Trans-1,2dichloroethene appears to be an ocular irritant in humans. Two human

participants in a self-experimentation study reported mild burning of the eyes after acute exposure to

either vapors or aerosols of trans-1,2-dichloroethene (Lehmann and Schmidt-Kehl 1936). No other

specific systemic effects have been reported in humans. Cis- 1 ,2dichloroethene may induce a similar

toxicological effect; however, no reports were located that specifically implicated cis- 1.2-dichloroethene

as an ocular irritant.

Systemic effects-involving the heart, liver, and lungs have been observed in animals exposed to

trans-1,2-dichloroethene. Evidence for serious adverse effects in these organs consists of only one

study (Freundt et al. 1977). Effects reported in the rat include lung lesions (hyperemia and alveolar

septal distension), fibrous swelling of the myocardium, and fatty degeneration of the liver. All three

effects were observed after inhalation exposures to trans- 1,2-dichloroethene at concentrations of

200 ppm or greater for 8 hours. Liver and lung lesions were observed after gavage dosing, but only
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after near lethal doses were administered. The treatment groups in this study were too small to establish a

high degree of confidence in these findings. However, one additional serious systemic effect was found in

rats-reduced weight gain for pregnant dams exposed to airborne 1,2-dichloroethene (Hurtt et al. 1993).

Exposure of rats (Hayes et al. 1987) or mice (Barnes et al. 1985) to trans-1,2-dichloroethene at doses up

to 3,114 mg/kg/day, in the drinking water for 90 days, did not result in adverse systemic effects.

Increased liver and kidney weights were observed in rats treated orally with cis-1,2-dichloroethene for

14 or 90 days, but these increased organ weights were not accompanied by any histopathological

lesions in either organ (McCauley et al. 1990). Rats exposed to the cis isomer by gavage for 14 and

90 days showed a dose-related decrease in red blood cell count and hematocrit levels (McCauley et al.

1990). Hematotoxicity was not observed in mice or rats exposed to the trans isomer (Barnes et al.

1985; Hayes et al. 1987). The different results in the rat studies could be due to differential toxicity

between the two isomers, as well as to other factors, including initial age of the rats, vehicle

differences, and different exposure methods. Hayes et al. (1987) exposed rats with an initial age of

26 days to the trans isomer in a 1% emulphor drinking water suspension, while McCauley et al.

(1990) treated rats with an initial age of 70 days with the cis isomer in corn oil by gavage. Data

regarding toxic systemic effects of 1,2-dichloroethene in animals are too limited to draw any

conclusions for human exposure.

Respiratory Effects. Pulmonary effects of inhalation and oral exposure to 1,2-dichloroethene have

been shown over a range of exposure levels and for both inhalation and oral routes. No effect levels

are reported from 485 to 2,000 mg/kg/day; however, several studies found pronounced respiratory

effects around 1,000 mg/kg/day or 1,000 ppm (Freundt et al. 1977; McCauley et al. 1990; McMillan

1986). All these values are relatively high.

Cardiovascular Effects. The likelihood of acute exposure to 1,2-dichloroethene is quite small. Only

at high levels (3,000 ppm or 1,100 mg/kg/day) is there animal evidence of swelling of heart muscle

and congestion of blood in and near the heart (Freundt et al. 1977).

Hematological Effects. There are known blood effects of 1,2-dichloroethene, but these occur at

exposure levels above those expected for the general population. Acute- and intermediate-exposure

hematologic studies are the bases for oral MRLs for cis-1,2-dichloroethene (McCauley et al. 1990).
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Musculoskeletal Effects. Animal studies have not reported effects on the musculoskeletal system

(Freundt et al. 1977; McCauley et al. 1990). Thus, it does not appear that musculoskeletal effects are

of concern for human exposure to 1,2-dichloroethene.

Hepatic Effects. Liver effects in animals include fatty degeneration of liver lobules; such effects are

reasonable to anticipate among humans, though exposure levels of greater than 100 mg/kg/day are not

anticipated. Higher exposure levels produced enzyme changes (decreased serum alkaline phosphatase,

serum albumin and blood urea nitrogen or increased plasma enzyme activity) according to some of the

available literature (Freundt et al. 1977; McMillan 1986). Acute- and intermediate-exposure hepatic

studies are the bases for inhalation MRLs for trans-1,2-dichloroethene (Freundt et al. 1977) and for an

oral MRL for tram-1,2dichloroethene (Barnes et al. 1985).

Renal Effects. Reduced kidney function and increased kidney weight are expected with acute high

level exposure (McCauley et al. 1990; McMillan 1986); however, the public health concern is

relatively small because such effects are not known to occur at chronic lower level exposure.

Dermal Effects. Acute exposure of the skin causes effects that are readily reversible. Irritation and

mild effects on skin are the most frequent effects likely to be observed (Brock 1990).

Ocular Effects. Acute exposure causes readily reversible effects such as a slight burning of the eyes

(Lehman and Schmidt-Kehl 1936).

Body Weight Effects. Acute- and intermediate-duration exposure has affected weight gain in pregnant

and young rats (Hurtt et al. 1993; McCauley et al. 1990). In pregnant rats, reduced food consumption

was observed along with reduced weight gain. Intermediate oral exposure caused smaller weight gains

for growing rats.

Immunological and Lymphoreticular Effects. There are no reports of immunological effects

in humans as a result of exposure to cis- or trans-1,2-dichloroethene by any route. Studies in rats and

mice have not shown effects on the spleen, leukocytes, or liver Kupffer cells (Barnes et al. 1985;

Freundt et al. 1977; McMillan 1986; Munson et al. 1982). Studies in mice have demonstrated

perturbations of the humoral immune system (suppressed spleen cell antibody production against sheep

erythrocytes) after exposure to trans-1,2-dichloroethene (Shopp et al. 1985). The observed changes in
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the humoral immune system did not constitute a functional impairment of the humoral immune response

and, therefore, are not considered to be adverse. The data regarding immunological effects of 1,2-

dichloroethene in animals are too limited to draw any conclusion about potential immunological effects in

humans.

Neurological Effects. The central nervous system depressant properties of 1 ,2dichloroethene

represent an important effect in humans. Dizziness, drowsiness, vertigo, and intracranial pressure are

some of the symptoms that have been reported in humans after inhalation of trans-1,2-dichloroethene

(Lehmann and Schmidt-Kehl 1936). These symptoms disappeared quickly after exposure was

terminated. The pharmacological basis for the 1,2-dichloroethene-mediated narcosis has not been

studied.

Central nervous system depression (e.g., ataxia, loss of righting reflex) has been observed in some

animal studies as well, but only at the terminal stages after the administration of lethal doses of both

cis- and trans.-1,2-dichloroethene (Hayes et al. 1987; McCauley et al. 1990; Munson et al. 1982).

A study in rats and mice reported on the air concentrations evoking a depression in the duration of

hindlimb extension (Frantik et al. 1994). A marked species dependent effect was observed in this

study. Therefore, it is difficult to draw any conclusions regarding the significance of this type of

neurological effect in humans.

Reproductive Effects. There are no reports of reproductive effects in humans as a result of

exposure to cis- or trans-1,2-dichloroethene by any route.

It is not known whether reproductive effects may be of concern to humans. One study showed an

increase in resorption rates in rats; however, the authors interpreted this effect as not being treatment

related (Hurtt et al. 1993).

Developmenta! Effects. There are no reports of developmental effects in humans as a result of

exposure to cis- or trans-1,2dichloroethene by any route.

It is not known whether developmental effects may be of concern to humans. Fetal weights were

reduced significantly in a developmental rat study; however, this was probably due to reduced food

consumption in the pregnant rats (Hurtt et al. 1993).
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Genotoxic Effects. Genotoxic effects of cis- and trans-1,2-dichloroethene in humans are unknown.

Mutagenicity of 1,2dichloroethene has been examined in a variety of test systems. In vivo tests (Table 2-

4) indicate that cis-1,2-dichloroethene, but not trans-1,2-dichloroethene, is genotoxic. The cis isomer was

found to be mutagenic in the host-mediated assay using a series of Salmonella tester strains in mice

(Cema and Kypenova 1977). Bronzetti et al. (1984) also found that the cis isomer was mutagenic in

Saccharomyces cerevisiae D7 in a host-mediated assay in mice, with significant increases in convertants

at the trp locus and revertants at the ilv locus. Cantelli-Forti and Bronzetti (1988) also reported that cis-

1,2-dichloroethene was mutagenic in the S. cerevisiae D7 strain in mice. Dose-dependent toxicity

increased in the presence of the mouse, S9 microsomal fraction. In addition, repeated intraperitoneal

injection of cis- 1,2-dichloroethene produced chromosomal aberrations in mouse bone marrow cells

(Cema and Kypenova 1977). Negative results were obtained with trans-1,2-dichloroethene in these

assays.

In vitro tests of genotoxicity of the cis and trans isomers are summarized in Table 2-5. Neither isomer was

genotoxic with or without metabolic activation in Escherichia coli K12 (Greim et al. 1973, in several

strains of S. typhimurium in spot tests (Cema and Kypenova 1977; Mortelmans et al. 1986), or in gene

mutation and gene conversion tests in S. cerevisiue D7 (Galli et al. 1982). However, Bronzetti et al.

(1984) found positive results for gene mutation tests of the cis isomer in S. cerevisiue D7, with metabolic

activation. Neither isomer produced chromosomal aberrations or sister chromatid exchanges in Chinese

hamster cells (Sawada et al. 1987). The cis isomer, but not the trans isomer, induced unscheduled DNA

synthesis in rat hepatocytes (Costa and Ivanetich 1984).

Cancer. To date, cancer effects of cis- and trans-1,2-dichloroethene have not been studied in humans or

animals.

2.6 BIOMARKERS OF EXPOSURE AND EFFECT

Biomarkers are broadly defined as indicators signaling events in biologic systems or samples. They have

been classified as markers of exposure, markers of effect, and markers of susceptibility  (NAS/NRC

1989).
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Due to a nascent understanding of the use and interpretation of biomarkers, implementation of

biomarkers as tools of exposure in the general population is very limited. A biomarker of exposure is

a xenobiotic substance or its metabolite(s), or the product of an interaction between a xenobiotic agent

and some target molecule(s) or cell(s) that is measured within a compartment of an organism (NRC

1989). The preferred biomarkers of exposure are generally the substance itself or substance-specific

metabolites in readily obtainable body fluid(s) or excreta. However, several factors can confound the

use and interpretation of biomarkers of exposure. The body burden of a substance may be the result

of exposures from more than one source. The substance being measured may be a metabolite of

another xenobiotic substance (e.g., high urinary levels of phenol can result from exposure to several

different aromatic compounds). Depending on the properties of the substance (e.g., biologic half-life)

and environmental conditions (e.g., duration and route of exposure), the substance and all of its

metabolites may have left the body by the time samples can be taken. It may be difficult to identify

individuals exposed to hazardous substances that are commonly found in body tissues and fluids (e.g.,

essential mineral nutrients such as copper, zinc, and selenium). Biomarkers of exposure to

1,2-dichloroethene are discussed in Section 2.6.1.

Biomarkers of effect are defined as any measurable biochemical, physiologic, or other alteration within

an organism that, depending on magnitude, can be recognized as an established or potential health

impairment or disease (NAWNRC 1989). This definition encompasses biochemical or cellular signals

of tissue dysfunction (e.g., increased liver enzyme activity or pathologic changes in female genital

epithelial cells), as well as physiologic signs of dysfunction such as increased blood pressure or

decreased lung capacity. Note that these markers are not often substance specific. They also may not

be directly adverse, but can indicate potential health impairment (e.g., DNA adducts). Biomarkers of

effects caused by 1,2-dichloroethene are discussed in Section 2.6.2.

A biomarker of susceptibility is an indicator of an inherent or acquired limitation of an organism’s

ability to respond to the challenge of exposure to a specific xenobiotic substance. It can be an

intrinsic genetic pr other characteristic or a preexisting disease that results in an increase in absorbed

dose, a decrease in the biologically effective dose, or a target tissue response. If biomarkers of

susceptibility exist, they are discussed in Section 2.8, Populations That Are Unusually Susceptible.
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2.6.1 Biomarkers Used to Identify or Quantify Exposure to 1,2-Dichloroethene

There currently are no biomarkers available to quantify exposure to 1,2-dichloroethene.

Methods exist for determining 1,2dichloroethene in blood and biological tissues (see Chapter 6), but

specific levels of 1,2-dichloroethene have not been directly correlated with exposure via any route.

Acetonemia and acetone exhalation were observed in rats after inhalation exposure to halogenated

ethylenes, including cis- and trans-1,2-dichloroethene (Filser et al. 1978). (Acetone is not a metabolite of

1,2dichloroethene exposure, but rather may be caused by stimulation of cellular systems that lead to

increased acetone production.) Acetone exhalation occurred during exposure of rats to a concentration of

trans- 1,2-dichloroethene as low as 50 ppm. This finding cannot, however, be used as a biomarker of

exposure because the amount of acetone exhaled was not correlated with different exposure

concentrations. Furthermore, acetone exhalation is not specific for 1 ,2dichloroethene since acetone can

be found in blood and exhaled air after exposure to other chemicals such as vinyl chloride, vinylidene

fluoride, and perchloroethylene (Filser and Bolt 1980), as well as in patients with

diabetes, hepatic insufficiency, and other metabolic disorders.

2.6.2 Biomarkers Used to Characterize Effects Caused by 1,2-Dichloroethene

There currently are no biomarkers available to characterize effects caused by 1,2-dichloroethene in

humans.

As discussed in Section 2.6.1, acetonemia and acetone exhalation were observed in rats after inhalation

exposure to halogenated ethylenes, including the two isomers of 1,2-dichloroethene (Filser et al. 1978).

Based on results of experiments with vinylidene fluoride, Filser and Bolt (1980) concluded that

metabolites, rather than the parent compounds, were involved in invoking this response. Based on

results of studies with the monohaloacetate metabolites of vinylidene fluoride and vinylidene chloride,

which are known to inhibit enzymes of the citric acid cycle, Filser et al. (1982) suggested that the

production of acetone by the halogenated ethylenes might also result from the inhibition-of the

enzymes of the citric acid cycle. This would lead to an increase in mitochondrial acetyl-coenzyme A

and, consequently, to an alteration in lipid and fatty acid metabolism and ketosis. A similar

mechanism was suggested for 1,2-dichloroethene because the primary metabolite, dichloroacetate, can

also increase ketone levels in the body. If such a mechanism operated, acetone exhalation could

conceivably serve as a biomarker for such effects as fatty degeneration of the liver, which has been
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observed in rats exposed to 1,2-dichloroethene (Freundt et al. 1977). However, acetone exhalation is

extremely common and is associated with some disorders that do not obviously produce any liver

degeneration.

For more information on biomarkers for renal and hepatic effects of chemicals see ATSDRKDC

Subcommittee Report on Biological Indicators of Organ Damage (1990) and for information on

biomarkers for neurological effects see OTA (1990).

2.7 INTERACTIONS WITH OTHER CHEMICALS

No studies were located regarding the health effects in humans or animals exposed to 1,2-dichloroethene

in combination with other chemicals that are likely to be found with 1,2-dichloroethene in the

environment, workplace, or at hazardous waste sites.

As mentioned in Section 2.3.3, both isomers of 1,2-dichloroethene can inhibit the cytochrome P-450-

dependent metabolism of hexobarbital (Freundt and Macholz 1978). Such inhibition has also been shown

to increase hexobarbital sleeping time. Costa and Ivanetich (1982) showed that multiple forms of hepatic

microsomal cytochrome P-450, including the forms induced by P-naphthoflavone and phenobarbital, can

bind and metabolize 1,2-dichloroethene. Thus, 1,2-dichloroethene may potentiate the toxic actions of any

chemical that undergoes detoxication by cytochrome P-450-dependent metabolism by competing for

binding to the active site of cytochrome P-450. Conversely, 1,2-dichloroethene may antagonize the toxic

actions of any chemical that undergoes toxic activation by cytochrome-P-450-dependent metabolism.

2.8 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE

A susceptible population will exhibit a different or enhanced response to 1,2-dichloroethene than will

most persons exposed to the same level of 1,2-dichloroethene in the environment. Reasons include

genetic make-up, developmental stage, age, health and nutritional status (including dietary habits that

may increase susceptibility, such as inconsistent diets or nutritional deficiencies), and substance

exposure history (including smoking). These parameters result in decreased function of the

detoxification and excretory processes (mainly hepatic, renal, and respiratory) or the pre-existing

compromised function of target organs (including effects or clearance rates and any resulting
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end-product metabolites). For these reasons we expect the elderly with declining organ function and

the youngest of the population with immature and developing organs will generally be more vulnerable

to toxic substances than healthy adults. Populations who are at greater risk due to their unusually high

exposure are discussed in Section 5.6, Populations With Potentially High Exposure.

While no populations with unusual susceptibility to the health effects of 1,2-dichloroethene could be

identified, based on the available literature, certain diabetics may be unusually susceptible because of

impairment of glucose metabolism and increased production of acetone. In addition, individuals with

impaired livers, such as alcoholics, and those with exposure to other halogenated hydrocarbons may be

unusually susceptible to 1,2-dichloroethene exposure.

2.9 METHODS FOR REDUCING TOXIC EFFECTS

This section will describe clinical practice and research concerning methods for reducing toxic effects

of exposure to 1,2-dichloroethene. However, because some of the treatments discussed may be

experimental and unproven, this section should not be used as a guide for treatment of exposures to

1,2dichloroethene. When specific exposures have occurred, poison control centers and medical

toxicologists should be consulted for medical advice.

2.9.1 Reducing Peak Absorption Following Exposure

1,2-Dichloroethene is available commercially as the cis or trans isomer or as a mixture. Human

exposure to 1,2dichloroethene may occur by inhalation, ingestion, or by dermal contact. There are

conflicting data regarding the relative toxicity of the two isomers. Vapors are extremely irritating to

the eyes and upper respiratory tract, and once absorbed can cause central nervous system and

respiratory depression. 1,2-Dichloroethene was used as a general anesthetic in humans, and central

nervous system depression is one of its toxic effects (ACGIH 1991). It is recommended that exposed

individuals be moved to fresh air and administered 100% humidified supplemental oxygen. The

potential risk of aspiration, especially for infants, leading to airway and pulmonary damage, usually

outweighs the potential benefit of administering syrup of ipecac to induce emesis (TOMES 1994).

Once in the care of a health professional, gastric lavage can be useful if administered within 1 hour of

the exposure to reduce the amount of absorbed solvent.
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Following ocular contamination, the eyes should be irrigated with copious amounts of room temperature

water or normal (0.9%, w/v, isotonic) saline, for at least 15 minutes. Reversible, corneal opacification has

been described after exposure to 1,2-dichloroethene vapor, and ophthalmologic consultation should

generally be sought after ocular contamination to evaluate the potential ocular damage (Gosselin 1984).

Following acute exposure to many chlorinated solvents, hypotension and cardiac arrhythmias due to

myocardial sensitization have led to ventricular fibrillation and death (TOMES 1994). Unfortunately there

is no specific treatment for 1,2dichloroethene exposure except for supportive measures to combat the

effects of central nervous system, respiratory depression, and cardiac irritability.

2.9.2 Reducing Body Burden

The body does not retain significant amounts of 1,2-dichloroethene. It is largely excreted through the

lungs; thus, prompt and adequate ventilation is the only known way to reduce body burden (ACGIH

1991). There is no currently recognized treatment to enhance elimination, and orthodox treatment for

ingestion is entirely supportive.

2.9.3 Interfering with the Mechanism of Action for Toxic Effects

Clinical effects caused by acute exposure to 1,2-dichloroethene include central nervous system and

respiratory depression, eye and upper respiratory irritation, nausea, vomiting, weakness, tremors, and

epigastric cramps, all of which may resolve rapidly after the exposure ceases. There is one reported

industrial fatality caused by inhalation of vapor in a small enclosure, but the level of exposure, symptoms

of toxicity, and isomeric composition are unknown (ACGIH 1991). Muscular cramping and vomiting

have been relieved by intravenous administration of calcium gluconate (Gosselin 1984). The mechanism

of action for the central nervous system effects of 1,2-dichloroethene has not been clearly established, but

may be related to solvent effects on cellular membranes. Neurotransmitter effects have also been

demonstrated for some solvents, and it is reasonable to speculate that these effects on neurotransmitters

might be mitigated by pharmacologic intervention. However, no such interventions are currently available

for clinical use.

Fatty degeneration of the liver has been reported in animal studies, but 1,2-dichloroethene appears to

have less hepatic and renal toxicity than many other chlorinated hydrocarbons (ACGIH 1991).
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However, ethanol in alcoholic beverages may compete with or enhance the metabolic activation of

solvents and can increase the severity of health effects, particularly liver toxicity. Alcoholic beverages

should be avoided following exposure to 1,2dichloroethene and other solvents.

2.10 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with

the Administrator of EPA and agencies and programs of the Public Health Service) to assess whether

adequate information on the health effects of 1,2-dichloroethene is available. Where adequate

information is not available, ATSDR, in conjunction with the National Toxicology Program (NTP), is

required to assure the initiation of a program of research designed to determine the health effects (and

techniques for developing methods to determine such health effects) of 1,2-dichloroethene.

The following categories of possible data needs have been identified by a joint team of scientists from

ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would

reduce the uncertainties of human health assessment. This definition should not be interpreted to mean

that all data needs discussed in this section must be filled. In the future, the identified data needs will

be evaluated and prioritized, and a substance-specific research agenda will be proposed.

2.10.1 Existing Information on Health Effects of 1,2-Dichloroethene

The existing data on health effects of inhalation, oral, and dermal exposure of humans and animals to

1,2-dichloroethene are summarized in Figures 2-4 and 2-5. The purpose of these figures is to illustrate

the existing information concerning the health effects of 1,2-dichloroethene. Each dot in the figure

indicates that one or more studies provide information associated with that particular effect. The dot

does not necessarily imply anything about the quality of the study or studies, nor should missing

information in this figure be interpreted as a “data need.” A data need, as defined in ATSDR’s

Decision Guide for Identifying Substance-Specific Data Needs Related to Toxicological Profiles

(ATSDR 1989),-is substance-specific information necessary to conduct comprehensive public health

assessments. Generally, ATSDR defines a data gap more broadly as any substance-specific

information missing from the scientific literature.
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There are very few studies or case reports of human exposure to 1,2-dichloroethene by any route of

exposure. One report describes neurologic symptoms in humans following acute inhalation of

trans-1,2-dichloroethene. This property of depressing the central nervous system is an important effect

of 1,2-dichloroethene exposure. Another study reported an industrial fatality related to accidental

inhalation exposure to 1,2-dichloroethene (isomeric composition unknown).

Information has been reported regarding the lethality and toxic effects of trans-1,2-dichloroethene in

animals exposed by the inhalation and oral routes for acute and intermediate durations. For inhalation and

oral exposure routes, toxicity to the heart, liver, blood, and lung has been reported. Central nervous

system depression has been reported in animals given lethal doses of trans-1,2-dichloroethene by the oral

route. Several studies examined the effects of either cis- or trans-1,2-dichloroethene on the immune

systems of mice exposed by inhalation or oral routes. A 14-day and a 90-day gavage study of cis-1,2-

dichloroethene found hematological effects in rats. No information is available on the toxic effects of

chronic exposure to either cis- or trans-1,2-dichloroethene by any route. In addition to central nervous

system effects, inhalation exposure to trans- 1,2-dichloroethene appears to affect development of the fetus

and development of the newborn and young. When inhaled, there also may be effects on reproduction

because of reduced maternal weight gain and reduced litter size. As shown in Figures 2-4 and 2-5, no

information on carcinogenic effects in animals by inhalation, oral, or dermal exposure is available for

either cis- or trans-1,2-dichloroethene. No studies were located regarding genotoxic effects in humans or

animals after inhalation, oral, or dermal exposure to 1,2-dichloroethene, but studies in mice injected

intraperitoneally indicate that the cis isomer may be genotoxic; the trans isomer has shown no indication

of being genotoxic.

2.10.2 Identification of Data Needs

Acute-Duration Exposure. Reliable health effects data for human exposure by any route to 1,2-

dichloroethene were not located. One human fatality was reported, but the cause of death, the length of

exposure, and the concentration and isomeric identity of 1,2-dichloroethene in the air were not described

(Hamilton 1934). Two human volunteers reported mild burning of the eyes after acute dermal exposure to

trans-1,2-dichloroethene (Lehmann and Schmidt-Kehl 1936). However, the methods used in 1936 to

generate and test for exposure levels were relatively insensitive, and it is unclear whether the 1,2-

dichloroethene was in an aerosol or gaseous state. No information was located for systemic toxicity in

humans after oral exposure or for the relative toxicities of the cis and trans
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isomers of 1,2-dichloroethene in humans. The acute lethal levels of trans-1,2-dichloroethene were

established after inhalation exposure in mice and after oral exposure in mice and rats (Barnes et al. 1985;

Freundt et al. 1977; Gradiski et al. 1978; Hayes et al. 1987; Kallman et al. 1983; McMillan 1986; Munson

et al. 1982). An acute-duration inhalation MRL was derived from the Freundt et al. (1977) study, based

on the hepatic effect of fatty degeneration of the liver seen at 200 ppm in rats. A wide range of LD50

values for the trans isomer, 1,300-10,000 mg/kg/day, exists in the present literature. Inhalation LC50 and

oral LD50 values for cis-1,2-dichloroethene are not well defined. One study suggests an LD50 around

5,000 mg/kg/day for the cis isomer (McMillan 1986). Pathological lesions in the heart, liver, and lungs

were reported in rats after acute inhalation exposure to trans-1,2-dichloroethene; however, the study was

limited in size and scope (Freundt et al. 1977). Neurological problems, such as narcosis, lethargy, and

behavioral changes, have been shown with acute inhalation of both cis and trans isomers (De Ceaurriz et

al. 1983; Hurtt et al. 1993). Oral exposure to 1,2-dichloroethene is also associated with central nervous

system depression and other neurological effects (Barnes et al. 1985; Hayes et al. 1987). The finding of

acetone in the air exhaled by 1,2-dichloroethene-exposed rats indicates possible alterations in lipid and

fatty acid metabolism at high exposure levels (Filser and Bolt 1980). This may support the observation of

fatty infiltration of liver in the rat inhalation study. Evidence of target effects for oral acute exposure

exists for both the cis and trans isomers. Hematotoxicity after acute oral exposure to cis- and trans-1,2-

dichloroethene was reported in rats and mice and included adverse effects of decreases in fibrinogen

levels, hematocrit, and erythrocyte counts (Barnes et al. 1985; McCauley et al. 1990). The NOAEL value

for decreased hematocrit in female rats was used for the derivation of an acute oral MRL for

cis-1,2-dichloroethene. Serious respiratory, cardiovascular, and hepatic effects were also noted in rats

exposed orally. Along with the serious responses of pulmonary and fibrous hyperemia, alveolar

distention, cardiac muscle changes, and decreases in blood urea nitrogen, milder hepatic changes were

recorded (Barnes et al. 1985; Freundt et al. 1977; McCauley et al. 1990; McMillan 1986). Limited

data were located for dermal exposure to trans-1,2-dichloroethene indicating mild to moderate,

reversible, dermal and ocular effects (Brock 1990; Hurtt et al. 1993; Lehmann and Schmidt-Kehl

1936). The available toxicity data do not allow a definitive conclusion regarding the relative toxicity

of the cis and tram isomers. However, in vivo and in vitro studies suggest differences in the

metabolism of the two isomers (Filser et al. 1978, 1979, 1982; Gargas et al. 1988, 1989, 1990; Sato

and Nakajima 1979). Furthermore, pharmacokinetic data are insufficient to identify target organs for

either isomer across routes of exposure. Further studies to identify target organs of cis- and

trans-1,2-dichloroethene toxicity and to assess dose-response relationships would be particularly useful



1,2-DICHLOROETHENE 66

2. HEALTH EFFECTS

for inhalation and dermal exposure routes. Additional oral exposure studies would increase the

possibilities of assessing dose-response relationships and target organs. The information is important

for populations living near hazardous waste sites that might be exposed to 1,2-dichloroethene for brief

periods of time.

Intermediate-Duration Exposure. No studies were located regarding intermediate-duration

exposure to 1,2-dichloroethene in humans by any route of exposure. Liver and lung toxicity of

trans-1,2-dichloroethene in rats, similar to that found with acute exposure, was observed after

intermediate-duration inhalation exposure (Freundt et al. 1977). The exposure level that was

associated with capillary hyperemia, alveolar distention and pneumonic infiltration, and fatty

accumulation in liver lobules and Kupffer cells was the same as that tested with acute exposure;

therefore, an intermediate inhalation MRL at the same level as the acute inhalation MRL was derived.

Studies in rats and mice exposed orally to trans-1,2-dichloroethene at doses ranging from 17 to

3,100 mg/kg/day (Barnes et al. 1985; Hayes et al. 1987; McCauley et al. 1990; McMillan 1986; Shopp

et al. 1985) have examined many target organs including the blood, liver, kidneys, lungs, heart and

immune system. Respiratory (lung weight), hematological (blood cell counts), and body weight effects

were reported at doses of 100 to 400 mg/kg/day (Barnes et al. 1985; McCauley et al. 1990; McMillan

1986). Hepatic effects in male mice at 175 mg/kg/day and a NOAEL at 17 mg/kg/day are the basis

for an intermediate-duration oral MRL for trans-1,2-dichloroethene (Barnes et al. 1985). Hematologic

effects at 97 mg/kg/day and a NOAEL at 32 mg/kg/day are the basis of an intermediate-duration oral

MRL for cis-1,2-dichloroethene. A 60-day oral study of trans-1,2-dichloroethene in rats, available as

an abstract, indicated that the lungs, spleen, and kidney are targets (see Section 2.10.3). The full

published report may provide dose-response data when it becomes available. The differences in the

observed effects of cis- and trans-1,2-dichloroethene that were seen in rats in the oral 90-day studies

may be due to differences in toxicity of these isomers as discussed above (see acute-duration exposure)

(Barnes et al. 1985; Hayes et al. 1987; McCauley et al. 1990; McMillan 1986; Shopp et al. 1985). No

studies were located regarding 1,2-dichloroethene toxicity in animals after dermal exposure.

Additional studies regarding 1,2-dichloroethene toxicity after inhalation exposure are necessary, with a

specific need for inhalation studies using the cis isomer. Because people living near hazardous waste

sites may be exposed for longer periods of time, more dose-response data for intermediate-duration

exposures by all routes are important. The target organs-liver, blood, and lungs-should be

emphasized.
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Chronic-Duration Exposure and Cancer. No human or animal data were located regarding

health effects of long-term (chronic) exposure to 1,2-dichloroethene by inhalation, oral, or dermal

routes. Therefore, no chronic MRLs could be derived. There is a need to conduct chronic animal

studies with the isomers of 1,2-dichloroethene by inhalation, oral and dermal routes. These studies

could provide information on subtle toxicological changes in organs/systems and on dose-response

relationships associated with 1,2-dichloroethene toxicity. Furthermore, there are communities around

hazardous sites that may be exposed to low levels of 1,2-dichloroethene for long periods of time.

No studies were located regarding the carcinogenic potential of 1,2-dichloroethene in humans and

animals following inhalation, oral, or dermal exposure. However, genotoxicity studies revealed

mutagenic activity of the cis isomer in the host-mediated assay (Cantelli-Forti and Bronzetti 1988;

Cema and Kypenova 1977; Galli et al. 1982; Greim et al. 1975; Sawada et al. 1987). Furthermore, a

60-day oral study of trans-1,2-dichloroethene in rats, which was available in abstract form, indicated a

high incidence of lymphosarcoma in the lungs (see Section 2.10.3). Although this study has not yet

been published, it raises a concern about the carcinogenicity of 1,2-dichloroethene, which should be

further investigated in long-term oral and inhalation studies of both isomers. In humans, dermal

exposure is less likely than oral or inhalation exposure; however, dermal studies could add valuable

insights about 1 ,2dichloroethene toxicity.

Genotoxicity. No study was located regarding 1,2-dichloroethene genotoxicity in humans. Neither

isomer of 1,2-dichloroethene was mutagenic in in vitro experiments with E. coli, S. typhimurium, and

S. cerevisiae (Cantelli-Forti and Bronzetti 1988; Cema and Kypenova 1977; Galli et al. 1982; Greim et

al. 1975). Neither isomer produced chromosomal aberrations or sister chromatid exchanges in Chinese

hamster cells (Sawada et al. 1987). Reductions in numbers of convertants and revertants (positive

results) were obtained with the cis isomer, but not the trans isomer, in host-mediated assays in mice

(Cantelli-Forti and Bronzetti 1988). Furthermore, repeated intraperitoneal injections of the cis isomer

induced chromosomal aberrations in mouse bone marrow cells (Cema and Kypenova 1977); thus,

cis-1,2-dichloroethene may be a potential mutagen in animals. The weight of evidence ef genotoxicity

is still small; additional studies would help to confirm the existing information or uncover unknown

genetic effects. Chronic animal studies might elucidate the potential for, or isomeric differences in,

cancer development. If an appropriate group of exposed workers could be identified, cytogenetic

testing might help determine 1 ,2dichloroethene’s genotoxic potential in humans.
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Reproductive Toxicity. No studies were located regarding reproductive toxicity of 1,2-dichloroethene

in humans by inhalation, oral, or dermal exposure. No studies were located regarding

reproductive toxicity of 1,2-dichloroethene in animals following dermal exposure. An inhalation study

published in 1993 (Hurtt et al. 1993) is the sole report to address the reproductive effects of

1,2-dichloroethene. In this study, maternal weight gain was reduced, proportional to dose, and

possible increases in resorption were reported. In other studies, histopathological examination of the

reproductive organs of animals exposed orally for 90 days to 1,2-dichloroethene has not shown effects

on reproductive organs (Hayes et al. 1987; McCauley et al. 1990). Further investigation of

reproductive effects, including results of dermal exposure, are necessary for understanding possible

effects suggested by the existing evidence on the reproductive system.

Developmental Toxicity. No studies were located regarding developmental effects in humans

after inhalation, oral, or dermal exposure to cis- or trans-1,2-dichloroethene. No data are available on

developmental effects in animals after oral or dermal exposure to 1,2-dichloroethene. Fetal weights

appear to be reduced after exposure to 1,2-dichloroethene, as shown in an inhalation study (Hurtt et al.

1993). During critical developmental stages (days 7-16 in rats), trans-1,2-dichloroethene exposure was

associated with reduced weight gain in rat pups at a level of 12,000 ppm. Additional developmental

toxicity studies in animals by inhalation, oral, and dermal exposure may provide relevant information

for humans exposed near hazardous waste sites.

Immunotoxicity. No information about 1,2-dichloroethene toxicity to the human immune system

was located. Findings of fatty degeneration of Kupffer cells, decreased numbers of white blood cells,

and pneumonic infiltration in rats after inhalation exposure to trans-1,2-dichloroethene (Freundt et al.

1977), and of suppressed humoral immune status in male mice exposed to trans.-1,2-dichloroethene in

drinking water for 90 days, as measured by mouse spleen cell antibody production (Shopp et al. 1985),

suggest that 1,2-dichloroethene may be immunotoxic. Immunological studies of cis- 1 ,2dichloroethene

and additional studies of trans-1,2-dichloroethene would help determine more definitely the

immunotoxic potential and possible differences between the isomers. No immunotoxicity-data in

animals were located for the dermal route of exposure. New dermal studies would be valuable, both

because no such studies have been reported and because of the potential immuno-dermal effects of

dermal exposure.
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Neurotoxicity. Symptoms of central nervous system depression (vertigo, drowsiness, intracranial

pressure, nausea) were observed in two human volunteers during a 30-minute inhalation exposure to

1,2-dichloroethene. The symptoms disappeared after discontinuation of exposure (Lehmann and

Schmidt-Kehl 1936). No information was located regarding neurotoxicity after exposure by other

routes of exposure in humans. In animals, inhalation exposure to 1,2dichloroethene was associated

with behavioral changes, narcosis, and lethargy at levels ranging from 1,700 to 12,000 ppm (De

Caurriz et al. 1983; Hurtt et al. 1993). Similarly, symptoms of central nervous system depression were

observed in rodents after acute oral exposure to 1,2-dichloroethene (Barnes et al. 1985; Hayes et al.

1987; McCauley et al. 1990; Munson et al. 1982). The observations were restricted to behavioral

tests. Further information regarding 1 ,2dichloroethene neurotoxicity in animals after exposure by

inhalation, oral, and dermal routes would be valuable. Animal studies of the effects of 1,2-dichloroethene

on the morphology of neurons, glial and myelinated cells, and on the synthesis and degradation

of neurotransmitters would permit more accurate assessment of neurotoxic potential of this chemical.

Epidemiological and Human Dosimetry Studies. No epidemiologic studies of populations exposed to 1,2-

dichloroethene were located. The general population might be exposed to low levels of 1,2-

dichloroethene in contaminated urban air or in contaminated drinking water, or possibly by dermal

contact. The occupationally exposed population is relatively small (285 individuals) (NIOSH 1988). The

confounding exposure to other related compounds makes it difficult to perform an epidemiological study

for 1,2-dichloroethene. Animal studies suggest that hematological, hepatic, neurological and reproductive

effects would be the end points of concern (Barnes et al. 1985; Freundt et al. 1977; Hurtt et al. 1993;

McCauley et al. 1990; McMillan 1986). Therefore, if a worker or a population with appropriate exposure

can be identified, epidemiological studies could be designed to study the possibility that similar effects

may be observed in humans. Studies that correlate exposure with blood or urine levels of biomarkers

and/or with effects would be useful in establishing causality. The knowledge of a dose-effect relationship

would be useful for monitoring individuals near hazardous

waste sites for preventive purposes.

Biomarkers of Exposure and Effect.

Exposure. Methods exist for determining 1,2-dichloroethene in blood and biological tissues (Ashley et

al. 1992; Hara et al. 1980; Lin et al. 1982; Raymer et al. 1990; Streete et al. 1992; Uehori et al. 1987),

but specific levels of 1,2-dichloroethene have not been correlated with exposure. Exhalation of
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acetone and the presence of acetone in blood have been noted in rats after inhalation exposure to cis and

trans-1,2-dichloroethene, but the amounts exhaled or the levels in blood have not been correlated with

exposure levels (Freundt et al. 1977). Furthermore, acetonemia is not specific for 1,2-dichloroethene;

increased acetone levels were found after exposure to other chemicals (e.g., vinyl chloride and

perchlorethylene) and in patients with diseases such as diabetes (Filser and Bolt 1980). Studies focusing

on correlating blood or urine levels of 1,2-dichloroethene or its metabolites with exposure levels would be

useful to facilitate future medical surveillance that can lead to early detection.

Effect. No known biomarkers are currently used to characterize effects caused by 1,2-dichloroethene.

Rats exposed by inhalation to halogenated ethylenes, including cis- and trans-1,2-dichloroethene, were

shown to exhale acetone (Filser et al. 1978, 1980; Freundt et al. 1977). Based on these studies, a possible

mechanism for the production of acetone was suggested, whereby a metabolite (dichloroacetate for 1,2-

dichloroethene) inhibits the enzymes of the citric acid cycle, which would lead to an increase in

mitochondrial acetyl-coenzyme A and, consequently, to an alteration in lipid and fatty acid metabolism to

form ketone bodies (Filser et al. 1982). Further studies that support this hypothesis might determine

whether acetone exhalation could serve as a biomarker for such effects as fatty degeneration of the liver,

which was observed in rats exposed by inhalation to trans-1,2-dichloroethene (Freundt et al. 1977).

Absorption, Distribution, Metabolism, and Excretion.  The absorption, distribution,

metabolism and excretion of a chemical can influence its toxicity. Several inhalation studies have

examined the absorption of l,2dichloroethene, and they indicate that 1,2-dichloroethene vapors can be

absorbed through the lung (Filser and Bolt 1979; Gargas et al. 1988, 1989; Lehmann and Schmidt-

Kehl 1936). Studies by Gargas et al. (1988, 1989) and Sato and Nakajima (1979) determined

1,2-dichloroethene partition coefficients between a number of body tissues and show differences

between the cis and trans isomers. The cis isomer has higher partition coefficients (tissue:air) and,

therefore, greater affinity or absorption in biological tissue. These are important properties that

influence toxicological effects. Absorption by the dermal route has not been investigated, although the

lipophilic properties of this chemical make it likely. According to an ongoing study,

trans-1,2-dichloroethene was quickly absorbed from the gastrointestinal tract of rats after oral exposure

(see Section 2.10.3). No other studies on the absorption of 1,2-dichloroethene following oral exposure

were located. The few oral toxicity studies support this conclusion (McCauley et al. 1990; McMillan
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1986). No studies were located regarding the distribution and excretion of 1,2dichloroethene after

inhalation, oral, or dermal exposure.

Cytochrome P-450 has been implicated in the initial step of metabolism of 1,2-dichloroethene in the

liver. Subsequent steps are believed to be catalyzed by cytosolic and/or mitochondrial aldehyde and

alcohol dehydrogenases or related enzymes (Costa and Ivanetich 1982, 1984). Differences in the

metabolism rate and the metabolite profile have been reported for the cis and trans isomers, for

example, the cis isomer had a 4-fold greater turnover rate in hepatic microsomes in vitro than the trans

isomer (Bonse et al. 1975; Costa and Ivanetich 1982, 1984). The metabolism of 1,2-dichloroethene

has not been extensively studied in tissues other than the liver. Distribution studies of cis- and

trans-1,2-dichloroethene and metabolites would help identify those tissues, if any, that accumulate

them. Excretion studies of 1,2-dichloroethene and its breakdown products would be useful for

understanding the metabolic fate of this chemical and determining major routes and rates of excretion.

One important question to be addressed is the difference in metabolism and excretion at low and high

exposure levels.

Comparative Toxicokinetics. Although there are relatively few existing studies for comparative purposes,

some general conclusions can be drawn. The human exposure studies consist of two

 inhalation studies from the 1930s, one of which is too sketchy to use in making any comparisons

(Hamilton 1934; Lehmann and Schmidt-Kehl 1936). When two volunteers were exposed for

 30 minutes to an unknown ratio of cis:trans 1,2-dichloroethene (Lehmann and Schmidt-Kehl 1936),

their neurological responses were consistent with animal studies that show lethargy and drowsiness.

No human toxicokinetic or dosimetry data were located. Among the animal species there is general

consistency for both inhalation and oral exposure routes in the end points identified. Hepatic,

hematological, and neurological end points are found in both rats and mice (Barnes et al. 1985; De

Ceaurriz et al. 1983; McCauley et al. 1990; McMillan 1986). Investigation of 1,2-dichloroethene

toxicokinetics in different animal species and comparison of detected metabolites with those detected

 in occupationally exposed individuals would be useful for determining an appropriate animal model for

studying the toxicokinetics of 1,2-dichloroethene.

Methods for Reducing Toxic Effects. General recommendations for reducing the absorption

and metabolic responses to 1,2-dichloroethene are based on limited mitigation studies and reports

found in the primary and review/consensus literature. Few individuals have received intense exposure
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to 1 ,2-dichloroethene, whether accidental, clinical or occupational. Its neurological, hepatic, hematic,

and respiratory effects are similar to those of other solvents, and therefore, generalized interventions

have been drawn from experience with these other solvents. Supportive measures to combat the

effects of central nervous system, respiratory depression, and cardiac irritability are the clinical

recommendations (TOMES 1994). There is no specific treatment for 1 ,2dichloroethene exposure,

partly because its mechanisms of action are not well defined and the numbers of exposed individuals

needing treatment are small.

2.10.3 Ongoing Studies

Several abstracts of studies in progress were located. A high incidence of lymphosarcoma in the lungs

and histopathological lesions in the spleen and kidneys was reported in rats after 60 days of oral

treatment with l/2, l/20, and l/200 of the reported LD50 for trans-1 ,2dichloroethene (Witmer et al.

1990). Absorption of trans-1,2-dichloroethene has been studied in rats after intravenous and oral

applications (Manning et al. 1990). In these studies, trans-1,2-dichloroethene was quickly absorbed

from the gastrointestinal tract reaching peak blood concentrations in 2-6 minutes after exposure.
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3.1 CHEMICAL IDENTITY

Information regarding the chemical identity of 1,2-dichloroethene is located in Table 3-l.

3.2 PHYSICAL AND CHEMICAL PROPERTIES

Information regarding the physical and chemical properties of 1,2dichloroethene is located in

Table 3-2. There are two isomers of 1,2-dichloroethene, the cis form and the trans form. Some

important characteristics of the two forms are that they possess a high vapor pressure and the vapor is

heavier than air (HSDB 1995). The trans form is sufficiently volatile that 50% evaporates from water

in 22 minutes when stirred at 25 °C; the cis form is similarly volatile (HSDB 1995). Experiments

have shown that the degradation of the trans form is relatively slow due to ultraviolet irradiation,

unless lamps of approximately 15-20 watts are used (Guertler et al. 1994) to allow greater relative

stability of the vapor form in the environment.
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4.  PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL

4.1  PRODUCTION

1,2-Dichloroethene has been produced as a commercial end product by the direct chlorination of

acetylene at about 40 °C or by a technique involving the dehydrochlorination of l,l,2trichloroethane

at 500 °C (HSDB 1995). Such commercial preparations are mixtures of cis- and trans-l,2dichloroethene.

The trans isomer is preferred in most industrial applications, which has tended to limit sales of

the commercially available mixtures (HSDB 1995). 1,2-Dichloroethene is highly flammable and

extremely corrosive, and yields the explosive compound chloroacetylene in the presence of copper or

heated alkaline solutions (HSDB 1995).

Industrial quantities of 1,2-dichloroethene are produced for on-site use in the production of other

chlorinated compounds, which are the final commercial product. Columbia Organics of South

Carolina, and Aldrich Chemical of Milwaukee, Wisconsin, sell research quantities of 1,2-dichloroethene

(cis, trans, and mixture); Columbia Organics also sells cis-1,2-dichloroethene in 55-gallon

drums (Kuney 1988; Van 1988). Complete data about the volume and trends of 1,2-dichloroethene

production in the United States are not available (HSDB 1995). As with many chemicals, especially

those whose production or use involves proprietary information, quantitative estimates of production

are virtually impossible to obtain (Bason and Colbom 1992). Table 4-l lists the facilities in each state

that manufacture or process 1,2-dichloroethene, the intended use, and the range of maximum amount

of 1,2-dichloroethene that is stored at the site. The data listed in Table 4-l are derived from the

Toxics Release Inventory (TR193 1995). Only certain types of facilities were required to report and

therefore this is not an exhaustive list. Twelve facilities were identified as producers or processors of

1,2-dichloroethene, with most of the producers located in Gulf Coast states (Louisiana and Texas).

4.2 IMPORT/EXPORT

No data were found on U.S. imports or exports of 1,2-dichloroethene (HSDB 1995).
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4.3 USE

1,2-Dichloroethene is used primarily as a chemical intermediate in the synthesis of chlorinated solvents

and compounds. It has also been used as a solvent for waxes, resins, acetylcellulose, perfumes, dyes,

lacquers, thermoplastics, fats, and phenols. It is used in the extraction of rubber, as a refrigerant, in

the manufacture of pharmaceuticals and artificial pearls, and in the extraction of oils and fats from fish

and meat (HSDB 1995). It has also been used as a low-temperature extraction solvent for organic

materials such as decaffeinated coffee (HSDB 1995). No information is available about how much, if

any, 1,2-dichloroethene is currently used for solvent purposes. The trans isomer is more widely used

in industry than either the cis isomer or the commercial mixture (Gosselin et a1.1984).

4.4 DISPOSAL

1,2-Dichloroethene may be released from industries in waste water streams; however, these compounds

can be removed from waste water by air stripping (Dilling 1977; Gossett 1987; Shen 1982a).

Improved waste water treatment methods at publicly owned treatment works (POTWs) now use air

stripping processes to remove most 1,2-dichloroethene and other volatile organic compounds (VOCs)

from final effluents and deposit them in sludges or release them in air emissions (Bennett 1989).

Product residues and sorbent media containing 1,2-dichloroethene may be packaged in epoxy-lined

drums and disposed of at an EPA-approved landfill (OHM/TADS 1988). 1,2-Dichloroethene is a

potential candidate for rotary kiln incineration at 820-1,600 °C with residence times of seconds for

liquids and gases, and longer for solids; fluidized bed incineration at 450-980 °C with residence times

of seconds for liquids and gases, and longer for solids; and liquid injection incineration at

650-1,600 °C with residence times of 0.1-2 seconds (HSDB 1995). Care must be exercised to assure

complete combustion to prevent the formation of phosgene. Acid scrubbers are required to control air

emissions. Information regarding the amount disposed of by each method is not available.

Experiments using a vacuum-ultraviolet excimer flow-through reactor to degrade chloro-organic

compounds in water have had promising results (Baum and Oppenlander 1995). After 60 minutes of

irradiation at 172 nm, the level of 1,2-dichloroethene in contaminated groundwater was reduced from

25 mg/L to below the detection limit of 0.1 mg/L. After 180 minutes of irradiation, more than 93% of

the originally organic- bound chlorine atoms were converted to inorganic chloride ions.
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The EPA has identified trans- 1,2dichloroethene as a hazardous waste; its disposal is regulated under

the Resource Conservation and Recovery Act (RCRA). Cis-1,2-dichloroethene has not been identified

as a hazardous waste by the EPA. Specific information on federal regulations concerning hazardous

waste disposal by land treatment, landfilling, incineration, thermal treatment,

chemical/physical/biological treatment, underground injection and deep sea injection appears in the

Code of Federal Regulations (40 CFR 190 to 399). Release of trans-1,2-dichloroethene in waste water

is regulated under the Clean Water Act by the National Pollutant Discharge Elimination System

(NPDES). Information regarding effluent guidelines and standards for trans-1 ,2dichloroethene can be

found in 40 CFR 122, 40 CFR 125, 40 CFR 413.02(i), 40 CFR 414, and 40 CFR 433.11(e).

Pursuant to RCRA Section 3004(g)(5), EPA has restricted the land disposal of trans-1,2-dichloroethene

(EPA 1988b). It may be disposed on land only if prior treatment standards have been met, or if

disposal occurs in units that satisfy the statutory no-migration standard (EPA 1988b). Proper

guidelines and standards are outlined in the Code of Federal Regulations (EPA 1988b). Current

criteria for land treatment or burial are subject to significant revision; prior to implementing land

disposal of waste residue (including waste sludge) environmental regulatory agencies should be

consulted for guidance on acceptable disposal practices (HSDB 1995; OHM/TADS 1988).

Rules and regulations regarding disposal practices are discussed in Chapter 7.
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5.1 OVERVIEW

1,2-Dichloroethene is a compound produced by human industrial activities. Sources of environmental

exposure to 1,2-dichloroethene include: process and fugitive emissions from its production and use as

a chemical intermediate; evaporation from waste water streams, landfills, and solvents; emissions from

combustion or heating of polyvinyl chloride and some vinyl copolymers; formation via anaerobic

biodegradation of some chlorinated solvents; and leaching from landfills. Most of the l,2dichloroethene

released in the environment will eventually enter the atmosphere or groundwater, where it may

be subject to further biotic or abiotic degradation processes.

1 ,2-Dichloroethene is removed from the atmosphere chiefly through reaction with photochemically-

generated oxygenated species (e.g., hydroxyl radicals). The estimated atmospheric lifetimes for cis-

and trans-1,2-dichloroethene due to this removal process are 12 and 5 days, respectively (Goodman

et al. 1986). Precipitation may also remove it; however, most 1,2-dichloroethene thus removed will

probably reenter the atmosphere by volatilization. When released to surface water, volatilization is

expected to be the primary fate process, with an estimated half-life of about 3-6 hours in a model

river (Thomas 1982). When released to soil, 1,2-dichloroethene volatilizes rapidly from moist soil

surfaces and leaches through subsurface soil, where it could become a groundwater contaminant. In

groundwater, 1,2-dichloroethene is susceptible to anaerobic biodegradation. Experimental data indicate

that the anaerobic biodegradation half-life of 1,2-dichloroethene is about 13-48 weeks (Barrio-Lage

et al. 1986). Aerobic or facultative biodegradation processes have also been documented (Vannelli et

al. 1990). Since 1,2-dichloroethene will often be found in mixtures with other chlorinated solvents,

half-lives for degradation processes can be estimated only approximately.

The general population may be exposed to low levels (0.013-0.076 ppb) of 1,2-dichloroethene through

inhalation of contaminated air in urban areas (EPA 1983a). These exposure levels correspond to an

average daily intake of l-6 µg/day assuming an average daily intake of 20 m3 of air. Additional

exposure may occur from contaminated tap water, through consumption, inhalation during showering,

and dermal contact. Occupational exposure may occur by inhalation and/or dermal contact.

According to a 1981-1983 NIOSH survey, an estimated 215 workers in the United States are
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potentially exposed to 1,2-dichloroethene in the workplace (NIOSH 1988). This figure does not

include firefighters and landfill workers.

Cis-1,2-dichloroethene has been identified in at least 146 of the 1,430 current or former EPA National

Priorities List (NPL) hazardous waste sites and trans-1,2-dichloroethene has been identified in at least

563 of the current or former NPL sites. In 336 of the NPL sites, 1,2-dichloroethene was identified but

the isomer was not specified (HazDat 1996). However, the number of sites evaluated for 1,2-dichloro-

ethene is not known. The frequency of these sites can be seen in Figures 5-1, 5-2, and 5-3, for cis,

trans, and unspecified, respectively. Two of the sites where trans-1,2-dichloroethene was found are

located in the Commonwealth of Puerto Rico (not shown) and all other sites are located in the United

States.

5.2 RELEASES TO THE ENVIRONMENT

5.2.1 Air

1,2Dichloroethene may be released to the atmosphere in emissions from production facilities,

contaminated waste waters, contaminated waste disposal sites, and the pyrolysis and combustion of

polyvinyl chloride and some vinyl copolymers. It may also be released during its use as a solvent and

extractant, in organic synthesis, and in the manufacture of perfumes, lacquers, and thermoplastics.

(HSDB 1995; Michal 1976; Shen 1982b). Not enough data are currently available to estimate the total

amount of 1,2-dichloroethene released to the atmosphere.

According to the Toxics Release Inventory (TRI), an estimated total of 29,478 pounds of 1,2-dichloro-

ethene representing >99.9% of the total environmental release was discharged to air from

 manufacturing and processing facilities in the United States in 1993 (TR193 1995). Table 5-l lists the

amounts released from each of these identified facilities. The TRI data should be used with caution

since only certain types of facilities are required to report. Therefore, this is not an exhaustive list.

There is a potential for atmospheric release of 1,2-dichloroethene from hazardous waste sites.

Cis-1,2-dichloroethene has been detected in air samples from 3 of the 146 NPL sites where

cis-1,2-dichloroethene has been identified in some medium (HazDat 1996). Tram+1,2-dichloroethene
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has been detected in air samples from 17 of the 563 NPL sites where trans-1,2-dichloroethene has

been identified in some medium (HazDat 1996). 1,2-Dichloroethene (isomer unspecified) has been

detected in air samples from 15 of the 336 NPL sites where 1,2-dichloroethene has been identified,

without specifying the isomer, in some medium (HazDat 1996).

While there is disagreement in the literature on the persistence of 1,2-dichloroethene released to the

atmosphere, the half-lives would likely be measured in days, allowing for transport over large regional

or even continental areas (Hall et al. 1989; Winer and Atkinson 1987). However, areas like southern

California, where 1,2-dichloroethene is not commonly used as an end product or a chemical

intermediate, have not shown detectable levels of 1,2dichloroethene in ambient air.

5.2.2 Water

1,2-Dichloroethene may be released to surface waters via surface runoff from contaminated waste

disposal sites, waste water from a variety of industrial sources, and from some publicly owned

treatment works (POTWs). 1,2-Dichloroethene may be found in effluents from manufacturing and

processing sites and from industries involved in its use as a solvent and extractant, in its use in organic

synthesis, and in its use in the manufacture of perfumes, lacquers, and thermoplastics (Hawley 1981).

As part of a comprehensive EPA survey of industrial facilities and POTWs, 4,000 samples of waste

water were analyzed. The findings indicate that cis- or trans.-1,2-dichloroethene is sometimes found in

waste water from: petroleum refining; coal mining; foundries; nonferrous metal manufacture; POTWs;

paint and ink formulation; rubber processing; steam electricity generation; leather tanning; iron and

steel manufacture; textile mills; auto and other laundries; explosives factories; and production of

inorganic chemicals, mechanical products, plastics and synthetics, electrical components and

electronics, pharmaceuticals, organic chemicals and plastics, and transportation equipment (EPA

1980b; Shackelford et al. 1983). Effluents from iron, steel, and nonferrous metal manufacturing; and

organics, plastics, and rubber processing exceeded 100 ppb of cis-1,2-dichloroethene. Effluents of iron

and steel manufacturing, electronics, and POTWs also contained trans- 1,2-dichloroethene (see Section

5.4.2) (Shackelford et al. 1983). It has been estimated that between 1982 and 1984, trans-l,2dichloro-

ethene was loaded into the Niagara River at an average of 13.6 pounds per day (Spagnoli 1986).

Insufficient data are available to estimate the amount of 1,2-dichloroethene released to other surface

waters in the United States.
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During the 1980s as steady progress was made in negotiating final discharge permits for POTWs

under EPA’s National Pollutant Discharge Elimination System (NPDES) permitting program, the

incidence of 1,2-dichloroethene inputs to surface waters from point source discharges may have

substantially decreased. Improved levels of waste treatment have the potential to remove virtually all

VOCs from final effluents. These materials will become air emissions or become immobilized in

sludges (Bennett 1989).

According to TRI93 (TRI93 1995), an estimated total of only 28 pounds of 1,2-dichloroethene,

Representing <0.1% of the total environmental release, was discharged to water from manufacturing

and processing facilities in the United States in 1993. Table 5-l lists the amounts released to water

from each of the identified facilities. The TRI data should be used with caution since only certain

types of facilities are required to report; therefore, this is not an exhaustive list.

1,2-Dichloroethene may be released to groundwater as a result of leaching from contaminated waste

disposal sites, and by anaerobic degradation of other more highly chlorinated ethenes and ethanes

present in groundwater (Cline and Viste 1985; HSDB 1995; Parsons et al. 1984; Smith and Dragun

1984). Barber et al. (1988) reported 280 ppb of 1,2-dichloroethene (isomer unspecified) in

groundwater under a sandy rapid infiltration site that had received secondary sewage effluent since

1936.

1,2-Dichloroethene in drinking water may result from raw water source contamination (Otson et al.

1982). There is very little documentation of direct 1,2dichloroethene contamination of groundwater.

Research suggests that most 1,2-dichloroethene detections in groundwater involve biodegradation

processes related to primary pollution from trichloroethylene (TCE) or tetrachloroethylene (PCE) (see

Section 5.3).

In addition to spills or leachates from waste disposal sites, groundwater may be contaminated by

cracked sewer interceptors carrying industrial wastes. Especially after rains, substantial loadings may

leave the interceptor system through infiltration and inflow (I&I) processes and enter groundwater

supplies. Such phenomena have been documented in Europe (Milde et al. 1988) and similar I&I

problems are common in most older U.S. cities.
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There is also a potential for release of 1,2-dichloroethene to water from hazardous waste sites.

Cis-1,2-dichloroethene has been detected in groundwater samples collected at 130 of the 146 NPL

sites, in surface water samples collected at 14 of the 146 NPL sites, and in leachate samples collected

at 8 of the 146 NPL sites where cis-1,2-dichloroethene has been identified in some medium (HazDat

1996). Trans-1,2-dichloroethene has been detected in groundwater samples collected at 487 of the 563

NPL sites, in surface water samples collected at 137 of the 563 NPL sites, and in leachate samples

collected at 48 of the 563 NPL sites where trans-1,2-dichloroethene has been identified in some

medium (HazDat 1996). 1,2-dichloroethene (isomer unspecified) has been detected in groundwater

samples collected at 263 of the 336 NPL sites, in surface water samples collected at 57 of the 336

NPL sites, and in leachate samples collected at 29 of the 336 NPL sites where 1,2-dichloroethene

(isomer unspecified) has been identified in some medium (HazDat 1996).

5.2.3 Soil

Cis- and trans-1,2-dichloroethene are released to soil from the disposal of waste materials containing

these compounds (Barber et al. 1988; Fain et al. 1987). They also may be formed in landfills, aquifers, or

sediments as anaerobic biodegradation products of tetrachloroethene, trichloroethene, 1,l ,l -

trichloroethane, and 1,1,2,2-tetrachloroethane, solvents commonly found in municipal and industrial

landfills (Parsons et al. 1984; Smith and Dragun 1984). In muck and sediment microcosms,

tetrachloroethylene is converted to 1,2-dichloroethene with a preponderance of the cis isomer (Parsons et

al. 1984). Cis-1,2-dichloroethene apparently is the more common isomer found, although it may be

mistakenly reported as the trans isomer. Because it is a priority pollutant, the trans isomer is more

commonly analyzed for, and the analytical procedures used generally do not distinguish between isomers

(Cline and Viste 1995). Insufficient data are available to estimate the amount of 1,2-dichloroethene

released to soil.

According to TRI93 (TRI93 1995), no 1,2-dichloroethene was released to land from manufacturing

and processing facilities in the United States in 1993. Table 5-l lists the amounts released from these

facilities. The TRI data should be used with caution since only certain types of facilities are required

to report; therefore, this is not a comprehensive list.

Available information for aquatic sediments is also very limited. Some researchers feel that the

subsurface behavior of 1,2-dichloroethene would be similar in groundwater, soils, and sediments (Yeh
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and Kastenberg 1991). Most empirical information, however, derives from groundwater remediation

studies, usually involving controlled laboratory microcosm studies. For some highly polluted

waterbodies, for instance the Delaware and Raritan Canal, 1,2-dichloroethene detections in the water

column probably reflect extensive contamination with chlorinated toxics in the sediments (Granstrom

et al. 1984). Analyzing cause-source pathways in such complicated systems can be extremely difficult.

There is also a potential for release of 1,2-dichloroethene to soils and sediments from hazardous waste

sites. Cis-1,2-dichloroethene has been detected in soil samples collected at 12 of the 146 NPL sites, in

sediment samples collected at 1 of the 146 NPL sites where cis-1,2-dichloroethene has been identified

in some medium (HazDat 1996). Trans-1,2-dichloroethene has been detected in soil samples collected

at 179 of the 563 NPL sites, in sediment samples collected at 61 of the 563 NPL sites, in sludge

samples collected at 14 of the 563 NPL sites where trans-1,2-dichloroethene has been identified in

some medium (HazDat 1996). 1,2-Dichloroethene (isomer unspecified) has been detected in soil

samples collected at 76 of the 336 NPL sites, in sediment samples collected at 30 of the 336 NPL sites

where 1,2-dichloroethene (isomer unspecified) has been identified in some medium (HazDat 1996).

5.3 ENVIRONMENTAL FATE

5.3.1 Transport and Partitioning

Occurrence of 1,2-dichloroethene in rainwater samples (Kawamura and Kaplan 1983) indicates thatthis

compound may be removed from the atmosphere by precipitation; however, most of the1,2dichloroethene

so removed is likely to reenter the atmosphere by volatilization. Organics with avapor pressure of >10-4

mmHg should exist almost entirely in the vapor phase in the atmosphere(Eisenreich et al. 1981). Thus,

cis- and trans-1,2-dichloroethene, which have vapor pressures of 215 and 336 mmHg at 25 °C,

respectively (Stevens 1979), are not expected to partition from the vapor phase to particulates in the

atmosphere. Because it is relatively long-lived in the atmosphere, significant transport from source areas

should occur (HSDB 1995).

The dominant removal mechanism for 1,2-dichloroethene in surface waters is volatilization (EPA

1979). Henry’s Law constants are 4.08x10-3  atm-m3/mol at 24.8 °C for cis-1,2-dichloroethene and

9.38x10-3 atm-m3/mol at 24.8 °C for trans-1,2-dichloroethene (Gossett 1987). Based on these values,

the volatilization half-life from a model river 1 m deep, flowing 1 m/second with a wind speed of
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3 m/second is estimated to be 3 hours, using the method of Thomas (1982). Dilling (1977)

experimentally determined that the volatilization half-life in an open beaker containing 1 ppm of test

compound at a solution depth of 6.5 cm under continuous stirring (200 rpm) was 19 minutes for the

cis isomer and 24 minutes for the trans isomer. These values correspond to volatilization half-lives of

5.0 and 6.2 hours, respectively, from a body of water 1 m deep.

In fish, bioconcentration factors (BCFs) ranging between 5 and 23 have been estimated for the

1,2-dichloroethene isomers using linear regression equations based on log Kow, and water solubility

data (Bysshe 1982; Hansch and Leo 1985; Horvath 1982; Lyman et al. 1982). A BCF value of 6 for

the fathead minnow (Pimephales promelas) was estimated in ASTER (1994) using the method of

Veith and Kosian (1983). These estimated BCFs suggest that 1,2-dichloroethene does not

bioconcentrate significantly in aquatic organisms. Based on this information, there is little potential

for biomagnification within aquatic food chains.

Soil adsorption coefficients (Koc) of 32-49 were estimated for the 1,2-dichloroethene isomers using a

linear regression equation based on water solubility data (Lyman 1982) and the structure-activity

relationship developed by Sabljic (1984). These Koc values suggest that adsorption of the

1,2-dichloroethene isomers to soil, sediment, and suspended solids in water is not a significant fate

process. Without significant adsorption to soil, 1,2-dichloroethene can leach into groundwater where

very slow biodegradation should occur (HSDB 1995). The presence of 1,2-dichloroethene in

groundwater, especially under sandy soil (Barber et al. 1988), substantiates its leachability. The

relatively low Koc and high vapor pressure of 1,2-dichloroethene indicate that this compound should

also readily volatilize from moist soil surfaces (Swann et al. 1983).

5.3.2 Transformation and Degradation

5.3.2.1 Air

The dominant atmospheric removal process for 1,2-dichloroethene is predicted to be reaction with

photochemically generated oxygenated species (e.g., hydroxyl radicals) in the troposphere. The

estimated atmospheric lifetimes for cis- and trans-1,2-dichloroethene due to this removal process are

12 and 5 days, respectively (Goodman et al. 1986). These estimates are based on experimentally

determined hydroxyl reaction rate constants of 2.0x10-l2 cm3/molecules-sec at 25 °C for the cis
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isomer and 4.5x10-12 cm3/molecules-sec at 25 °C for the trans isomer. Formyl chloride has been

positively identified as a product of this reaction. Experimental data indicate that the reaction of cis and

trans-1,2-dichloroethene with ozone, nitrate radicals, or singlet oxygen in the troposphere is too

slow to be environmentally significant (Atkinson and Carter 1984; Sanhueza and Heicklen 1975a,

1975b). The half-life resulting from ozone attack of the double bond is 44 days for the trans isomer

and 129 days for the cis isomer (Tuazon et al. 1984). There also is evidence that cis-1 ,2-dichloroethene

will be scavenged by rain (HSDB 1995)

The primary ultraviolet (UV) absorption band for cis-1,2-dichloroethene is at 190 nm, which extends

to about 240 nm (Ausbel and Wijnen 1975). The primary UV absorption band for the trans isomer

also extends to about 240 nm (Dahlberg 1969). A minute amount of light is absorbed in the

environmentally significant range (wavelengths greater than 290-380 nm). However, such absorption

is insufficient for direct photolysis to be a significant fate process in the atmosphere.

Gtirtler et al. (1994) investigated the photochemical decomposition and oxidation of the chloroethenes

in the gas phase by irradiation with a low-pressure mercury lamp in an oxygen atmosphere.

Trans-1,2-dichloroethene slowly disappears after several hours of irradiation at 254 nm. After a period

of restrained degradation, sudden decomposition is observed, probably resulting from the start of a

chain mechanism. Trans-1,2-dichloroethene decomposes more slowly at low concentrations than at

high ones. The primary photooxidation products are formyl chloride and, in small amounts,

monochloro-acetyl chloride and dichloroacetaldehyde. Further photooxidation leads to the formation

of phosgene, additional formyl chloride, formaldehyde, carbon monoxide, carbon dioxide, and

hydrochloric acid.

In polluted urban airsheds, photolytic processes are a major factor in generating free radicals. Several

studies summarized in Hall et al. (1989) emphasize that 1,2-dichloroethene degradation will proceed

2-4 times faster in polluted urban air exposed to UV radiation than with “pure air” contained no free

radical precursors. Tuazon et al. (1988) and Jeffers et al. (1989) provide other convenient summaries

of the reaction chemistry of chloroethenes and OH radicals.
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5.3.2.2 Water

There is relatively little literature dealing with 1,2dichloroethene fate and transport in surface waters.

Since 1,2-dichloroethene is appreciably volatile, the usual assumption is that 1 ,2dichloroethene

introduced into surface waters will rapidly be transferred to the atmosphere (see Section 5.3.1).

Chemical hydrolysis and oxidation are probably not environmentally important fate processes for

1,2-dichloroethene (EPA 1979, 1981a, 1984). Kinetic data pertaining specifically to the abiotic

degradation of the 1,2-dichloroethene isomers in the environment were not located. Direct photolysis

of 1,2dichloroethene is also not likely to be important in sunlit natural waters (EPA 1979) (see

Section 5.3.2.1).

When dealing with surface waters, 1,2-dichloroethene and other chlorinated ethenes generally resist

biodegradation under aerobic conditions (Fogel et al. 1986; Mudder 1981; Mudder and Musterman

1982). However, in one study, the 1,2-dichloroethene isomers were susceptible to aerobic

biodegradation. In this study (Tabak et al. 1981), settled domestic waste water was used as the

inoculum with 5 ppm each of the cis and trans isomers. Losses in 7 days were 54% of the cis isomer

and 67% of the trans isomer. Losses due to volatilization over a lo-day period were 34 and 33% for

the cis and tram isomers, respectively. The inoculum may have contained a facultative methanotroph

capable of degrading the dichloroethenes (Fogel et al. 1986). No information was found regarding

biodegradation in biological waste treatment plants.

There is a growing body of literature dealing with fate and transport processes in groundwater. These

studies are related to programs under the EPA Safe Drinking Water Act that address health risks from

VOC contaminants in community drinking water systems, and to efforts to mitigate pollution at older

waste disposal sites and remediate areas showing smaller-scale spills. While work through the early

1980s focussed on the biodegradation of 1,2-dichloroethene itself, it quickly became apparent that

1,2dichloroethene contamination at many sites was part of a complicated series of biotransformations

where such solvents- as trichloroethylene or tetrachloroethylene were the principle driving-forces

(Vogel et al. 1987).

1,2-Dichloroethene undergoes slow reductive dechlorination under anaerobic conditions (Barrio-Lage

et al. 1986; Fogel et al. 1986). In one study, anoxic microcosms containing uncontaminated organic

sediment and water to simulate the groundwater environment were spiked with 5 mg/L of test
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compound. First-order rate constants were obtained that correspond to half-lives of 88-339 and

132-147 days for the cis and trans isomers, respectively. No degradation occurred in sterile

microcosms; thus, loss of the compounds was assumed to be due entirely to anaerobic biodegradation.

The cis isomer degraded to chloroethane and vinyl chloride (a human carcinogen), while the tram

isomer degraded to vinyl chloride only (Barrio-Lage et al. 1986). When cis- and trans-1,2-dichloroethene

were incubated with methanogenic aquifer material from a site near a landfill, at least 16 weeks

passed before trans isomer degradation began (Wilson et al. 1986). During the same time, the cis

isomer was reduced to <2% of the concentration in the autoclaved control, and vinyl chloride appeared

after only l-2 weeks incubation; therefore, the cis isomer degrades more rapidly. After 40 weeks, the

tram isomer concentration fell to 18% of that in the autoclaved control containing the trans isomer.

Trace amounts of the cis isomer remained in the unsterilized microcosm beyond 40 weeks. Tandoi et

al. (1994) found that an anaerobic enrichment culture, using methanol as an electron donor, rapidly

metabolized cis-1 ,2dichloroethene to vinyl chloride with near zero-order kinetics and apparent

inhibition of subsequent vinyl chloride dechlorination. Trans- 1 ,2dichloroethene was converted to

vinyl chloride more slowly with first order kinetics and an estimated half-life of 9.5 hours and did not

inhibit vinyl chloride dechlorination.

Hopkins and McCarty (1995) performed an evaluation of the aerobic cometabolism of dichloroethene

isomers, using phenol and toluene as the primary substrates, in a shallow aquifer at a pilot test facility.

In an earlier study, a methane substrate was highly successful at transforming trans-1,2-dichloroethene

in groundwater, but removal efficiency was rather low for cis-1,2-dichloroethene. Phenol was found to

be superior to methane for in situ degradation of cis-1,2-dichloroethene, providing up to 90% removal

in one pass at concentrations up to 1 mg/L. Removal of trans-1,2-dichloroethene was 74% when

phenol was used. Semprini (1995) also demonstrated in pilot scale field studies of aerobic

cometabolic transformations that indigenous microbes grown on phenol are more effective at degrading

cis- 1,2-dichloroethene than are microbes grown on methane.

A study was performed on a sand aquifer at an industrial site near the town of St. Joseph; Michigan,

to improve the understanding of the distribution of chlorinated aliphatic hydrocarbons (CAHs) years

after contamination occurred (Semprini 1995). Groundwater concentrations varied significantly with

depth. Relatively high concentrations of CAHs existed at all locations within 20 m of the center of

the plume. The dominant dichloroethene isomer present was the cis isomer, with maximum
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concentrations of the cis and trans isomers of 133 and 3.9 mg/L, respectively. Cis-1,2-dichloroethene

was observed in a transition zone between high and decreasing trichloroethene concentrations.

Anaerobic biotransformation by methanogenic bacteria was the earliest documented research on the

biodegradation of 1,2-dichloroethene. In addition to studies in the United States (Barrio-Lage at al.

1986; Ehlke et al. 1992; Parsons et al. 1984; Silka and Wallen 1988), there has been good

documentation of similar phenomena in sandy aquifers near Berlin, Germany (Kastner 1991; Leschber

et al. 1990) and in groundwater supplies near a landfill in Ottawa, Canada (Lesage et al. 1990). In

addition to anaerobic pathways, laboratory studies suggest that ammonia-oxidizing aerobic bacteria

(Vannelli et al. 1990) and facultative sulfur-bacteria (Bagley and Gossett 1990) can biodegrade

chlorinated aliphatic hydrocarbons. Burback and Perry (1993) demonstrated that 1,2-dichloroethene,

when added singly to groundwater, is catabolized by Mycobacterium vaccae. At 100 ppm,

1,2dichloroethene was catabolized <50%. A wide range of estimates for reaction rates and pollutant

half-lives have been reported. The biodegradation processes appear to be highly site specific, and

influenced by the types of bacteria present, the presence of aerobic or anaerobic conditions, the

presence of other substrates such as methane or sulfide, and the toxicity impacts from the various

metabolites (Janssen et al. 1988).

5.3.2.3 Sediment and Soil

Studies showing that cis- and trans-1,2-dichloroethene degrade in nonsterile groundwater microcosms

(Barrio-Lage et al. 1986; Wilson et al. 1986) suggest that these compounds undergo anaerobic

biodegradation in soil and that this process may be the sole mechanism by which 1,2-dichloroethene

degrades in soil. Hallen et al. (1986) found that when cis- and trans-1,2-dichloroethene were

incubated in a system inoculated with anaerobic sludge from a municipal digester to simulate

anaerobic conditions in a landfill, vinyl chloride appeared within 6 weeks. Biodegradation of

trans- 1,2-dichloroethene was studied in microcosms containing uncontaminated organic sediment from

the Everglades and allowed to stand to ensure oxygen depletion. Under these anoxic conditions, 50%

of the chemical was lost within 6 months (Barrio-Lage et al. 1986). The fact that ethyl chloride as

well as vinyl chloride are produced indicates that there are different pathways in the sequential

dechlorination of cis- 1,2-dichloroethene.
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There are no transformation and degradation studies dealing with sediments. 1,2-Dichloroethene does

not show significant bioconcentration or bioaccumulation tendencies, and outside groundwater would

tend to volatilize and move to the atmosphere. Some researchers feel that the behavior of

1,2dichloroethene in sediments would be similar to patterns documented for soils or groundwater

(Yeh and Kastenberg 1991).

5.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT

5.4.1 Air

1,2Dichloroethene has been frequently detected in air samples from urban locations throughout the

United States and in landfill gas. Data in Table 5-2 represent available air monitoring data for

1,2-dichloroethene. Only one rural air monitoring study was located (Grimsrud and Rasmussen 1975).

Maximum 1,2-dichloroethene concentrations detected in landfill gas ranged from 3,260 ppb (Vogt and

Walsh 1985) in a municipal landfill simulator to 75,600 ppb at two Long Island landfills (Lipsky and

Jacot 1985).

In 1986, EPA carried out an update to its National Ambient Database, with a focus on updating the

coverage for VOCs (Shah and Singh 1988). Based on information from 161 data points, outdoor

1,2-dichloroethene daily ambient air concentrations averaged 0.326 ppb, with a median of 0.037 ppb

and with 75% of the values falling below a concentration of 0.113 ppb.

With steady improvements in the efficiency of waste water treatment plants, the loadings of various

toxics to receiving waters has substantially decreased over the last decade (Bennett 1989). However,

reductions to surface water loadings have often resulted in increased emission to the atmosphere as

volatile constituents of the waste influents are removed through techniques such as air stripping.

Wastes, including organics like 1,2-dichloroethene, will also be transferred to sludges generated from

biotic digestion processes or the use of chemical coagulants. Where sludge drying beds are located.

close to waste water plants, volatile constituents in the residuals will be vented to the air. These

phenomena can present toxic exposure risks to workers at the treatment plants and to populations

living close to these facilities.
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5.4.2 Water

1,2-Dichloroethene has been detected in surface, ground, and drinking waters, as well as in industrial

and municipal effluents, urban runoff, and leachate from landfills throughout the United States.

Table 5-3 shows the available monitoring data for 1,2dichloroethene in these media. In some of the

studies, only one of the 1,2-dichloroethene isomers was monitored; while in several of the studies the

authors did not mention the specific isomer monitored. Concentrations of 1,2-dichloroethene detected

in surface water ranged from 0.43 ppb in the Quinipiac River in Connecticut (Hall 1984) to

1,307.5 ppb in New Jersey (Table 5-3).

1,2-Dichloroethene has been detected in groundwater in several states and U.S. territories including

Colorado, Connecticut, Florida, Maryland, Michigan, Nebraska, New Jersey, Pennsylvania, Puerto

Rico, Washington, and Wisconsin (Table 5-3). Concentrations of 1,2dichloroethene isomers detected

in groundwater ranged from 0.25 to 0.28 ppb (range of average concentrations) from 6 areas near

Miami, Florida (Singh and Orban 1987) to a maximum of 500,000 ppb in Southington, Connecticut

(Hall 1984). Groundwater contamination has been reported at numerous waste disposal sites in the

United States. In a detailed study, the Wisconsin Department of Natural Resources sampled

groundwater at 20 municipal and 6 industrial landfills in Wisconsin. 1,2Dichloroethene was detected

in samples from 5 of 26 landfills at a maximum concentration of 3,900 ppb, and in leachate from 8 of

26 landfills at a maximum concentration of 310 ppb (Friedman 1988).

Since 1,2-dichloroethene can be produced from biodegradation of a variety of VOCs, screening tests

for VOCs or tests for such widely used solvents as TCE or PCE can provide useful screening tools for

follow-up testing for 1,2-dichloroethene. For instance, a study of 19 landfill sites in Wisconsin

showed that while the incidence of 1,2-dichloroethene in all test wells was 19%, approximately

two-thirds of the wells showing detectable VOCs also showed detectable 1,2dichloroethene (Battista

and Connelly 1989). In a study of a western Connecticut manufacturing plant that used large

quantities of high quality trichloroethylene for degreasing, it was found that 7 of 9 monitoring wells

contained 1.2-320.9 ppb of trans-1,2-dichloroethene (Stuart 1983). More localized problems from

leaking underground storage tanks or chemical spills may also show up in screens for VOCs (Stenzel

and Gupta 1985). Where pollution levels are not excessive, remediation or permanent treatment

technologies involving combinations of granular activated carbon or air stripping can remove over
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96% of VOCs such as cis-1,2-dichloroethene (Clark et al. 1988; Lee et al. 1988; Stenzel and Gupta 1985).

In a comprehensive survey of United States drinking water derived from groundwater, 16 of 466

randomly selected sites and 38 of 479 purposely selected sites contained 1,2-dichloroethene. The

maximum concentration was 2 ppb at random sites and 120 ppb at the nonrandom sites (Westrick

et al. 1984). Trans-1,2-dichloroethene was found in Miami, Florida, drinking water at 1 ppb.

Cis-1,2-dichloroethene was found in Miami drinking water at 16 ppb; and in Cincinnati, Ohio, and

Philadelphia, Pennsylvania, drinking water at 0.1 ppb; but was not detected in 7 other drinking waters

surveyed (EPA 1980d).

In a four-city study (Cincinnati, Ohio; St. Louis, Missouri; Atlanta, Georgia; Hartford, Connecticut) to

determine the major source type of priority pollutants in tap water and POTW influents, it was found

that 43, 38, and 28% of commercial sources, industrial sources, and POTW influents, respectively,

contained trans- 1 ,2dichloroethene (EPA 198 lc). The average concentrations from the industrial

sources were between 10 and 100 ppb while the others were <10 ppb. Industrial effluent monitoring

data from Shackelford et al. (1983) was obtained from a database of a comprehensive EPA survey of

4,000 effluent samples from industries and POTWs. This survey was conducted in response to the

consent decree between the National Resources Defense Council and the EPA on June 7, 1976. Data

from this study are presented in Table 5-3.

Over the last decade, the Safe Drinking Water Act has focussed attention on improved controls over

VOC contamination (including 1,2-dichloroethene) of community drinking water systems. Based on

available national statistics, 1,2-dichloroethene has been found in detectable concentrations at less than

5% of the community systems using surface water sources. The figures jumped to 21%, however, for

community systems relying on groundwater (Coniglio et al. 1980). No comparable figures are

available for noncommunity systems, such as truck stops or highway convenience stores in rural areas,

or for domestic groundwater wells.

5.4.3 Sediment and Soil

Available data on 1,2-dichloroethene in soil are limited to those obtained through hazardous waste site

monitoring (Aldis et al. 1983; EPA 1986c, 1987a; Pennington 1983; VIAR 1987). Soil gas pollutants
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in a shallow, unconfined aquifer receiving waste water from metal-plating operations at Picattinny

Arsenal in Morris County, New Jersey, were found to have a maximum cis-1,2-dichloroethene

concentration of 33 ppb in the vadose zone (Smith 1988). 1,2-Dichloroethene has been detected, but

not quantified, in sediment samples at Love Canal, New York (HSDB 1995).

Recent summaries related to data on 1,2dichloroethene in sediments have not been located. In the

early 1980s 1,2-dichloroethene was found at a concentration of >5 ppb (wet weight) in sediment at

4% of 361 stations reported in EPA’s STORET database (Staples et al. 1985). No further summary

information was located on the occurrence of 1,2-dichloroethene in sediments. EPA is in the process

of consolidating all available information on toxics in sediments to comply with provisions of the

Water Resources Development Act of 1992. This will lead to the creation of a National Sediment

Inventory, which should eventually facilitate custom data retrievals and encourage research studies to

analyze available sediment monitoring results (EPA 1993).

5.4.4 Other Environmental Media

Trans-1,2dichloroethene concentrations ranging from 22 to 55 g/L have been detected in municipal

sludge from various treatment plants throughout the United States (Feiler et al. 1980; Naylor and

Loehr 1982).

Few reports exist of 1,2-dichloroethene in biota from U.S. waters. This is because 1,2-dichloroethene

is not a typical biota contaminant (Staples et al. 1985). Nicola et al. (1987) reported mean and

maximum 1,2dichloroethene levels of 0.04 and 0.05 ppm, respectively, in fish tissue from

Commencement Bay in Tacoma, Washington. No fish obtained at the 95 stations in EPA’s STORET

database contained detectable levels of 1,2-dichloroethene (Staples et al. 1985). A BCF of 6 was

estimated for fathead minnows (ASTER 1995) using the method of Veith and Kosian (1983). Using a

log octanol/water partition coefficient of 2.06 for trans-1,2-dichloroethene and a recommended

regression equation (Lyman et al. 1982), a BCF of 22 has been estimated (HSDB 1995). Based on

these estimated BCFs, 1,2-dichloroethene is not expected to bioaccumulate to any appreciable extent.
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The general population is exposed to 1,2-dichloroethene in urban air and drinking water, with higher

possibilities of exposure in community systems relying on groundwater supplies. Contaminated tap

water can cause exposure via ingestion, inhalation, and dermal contact during showering and bathing.

Inhalation is the most probable route of exposure. 1,2-Dichloroethene has been detected in urban air

at average concentrations of 0.013-0.076 ppb (0.052-0.30 µg/m3) (EPA 1983a). These exposure

levels correspond to an average daily intake of l-6 µg 1,2-dichloroethene, assuming an average daily

intake of 20 m3 of air. Risks from inhalation exposures may be of more concern to populations in

regions such as Gulf Coast states that have substantial production facilities for chlorinated polymers

(Hall et al. 1989). An average daily intake of 0.5-5.4 µg from water is calculated assuming a

concentration of 0.23-2.7 ppb (HSDB 1995). Data are insufficient for estimating 1,2-dichloroethene

intake via other routes of exposure.

Ashley et a1.(1994) determined the internal dose of 32 volatile organic compounds in 600 or more

people in the United States who participated in the Third National Health and Nutrition Survey

(NHANES III). Detectable concentrations of cis- and tram-1,2-dichloroethene were found in fewer

than 10% of the samples examined. Their detection limits were 0.013 and 0.014 ppb, respectively.

According to a National Occupational Exposure Survey (NOES) conducted by NIOSH between 1981

and 1983, an estimated 215 workers in the United States are potentially exposed to 1,2-dichloroethene

(mixture of cis and trans isomers); an estimated 61 workers in the United States are potentially

exposed to cis-1,2-dichloroethene (NIOSH 1988). These tentative estimates will be updated as

additional information on trade name compounds containing 1 ,2dichloroethene becomes available.

There was no NOES estimate for the trans isomer. Occupational exposure is by dermal contact with

the vapor and liquid or by inhalation (HSDB 1995). Common operations in which there is potential

industrial exposure to 1,2-dichloroethene include: use as a low-temperature solvent for heat-sensitive

substances in extraction of caffeine, perfume oils, and fats from animal flesh; in rubber and dye

industries in extraction and application; as a direct solvent in gums, waxes, etc.; in solvent mixtures

for ester and ether derivatives, lacquers, resins, thermoplastics, and artificial fibers; in organic synthesis

for polymers and telomeres; and in miscellaneous applications as a liquid dry cleaning agent, cleaning

agent for printed circuit boards, food packaging adhesive, and germicidal fumigant (NIOSWOSHA

1978). The extent of continuing use of 1,2-dichloroethene in these operations is unknown.
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Firefighters and workers at landfill sites may also be exposed to 1,2dichloroethene (Michal 1976;

NIOSWOSHA 1978; Vogt and Walsh 1985). No information was located on exposure levels in other

occupational settings.

5.6 POPULATIONS WITH POTENTIALLY HIGH EXPOSURES

Other than individuals who are occupationally exposed, populations with potentially high exposure

include those living near production and processing facilities, hazardous waste sites, municipal waste

water treatment plants, and municipal landfills. Near production and processing facilities, certain

hazardous waste sites, and municipal landfills, potential exists for exposure to elevated levels of

dichloroethene in air downwind of the sites and in contaminated drinking water from groundwater

downgradient of the sites. Potential exposure levels cannot be estimated with the data available.

5.7 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with

the Administrator of EPA and agencies and programs of the Public Health Service) to assess whether

adequate information on the health effects of 1,2-dichloroethene is available. Where adequate

information is not available, ATSDR, in conjunction with the NTP, is required to assure the initiation

of a program of research designed to determine the health effects (and techniques for developing

methods to determine such health effects) of 1,2-dichloroethene.

The following categories of possible data needs have been identified by a joint team of scientists from

ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would

reduce the uncertainties of human health assessment. This definition should not be interpreted to mean

that all data needs discussed in this section must be filled. In the future, the identified data needs will

be evaluated and prioritized, and a substance-specific research agenda will be proposed.

5.7.1 Identification of Data Needs

Physical and Chemical Properties. The physical and chemical properties of both cis- and

trans-1,2-dichloroethene are well characterized (see Table 3-2) and allow prediction of the transport
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and transformation of the chemicals in the environment. Therefore, no data needs have been identified

at this time.

Current production and import/export volumes and usage data are presently unavailable in the literature.

Much of the information regarding 1,2dichloroethene may be difficult to obtain because many

manufacturing companies maintain confidentiality. In 1977, the estimated production of cis-1,2-

dichloroethene was 500 metric tons. No information was available for the trans isomer or for the mixture

(HSDB 1995). Also, information about future domestic production, and past, present and future imports

and exports is lacking. Furthermore, determining the percentage of 1,2dichloroethene that is used as a

captive intermediate (i.e., the 1,2dichloroethene consumed in closed processes in which the compound is

not isolated), as opposed to its use as a solvent, is critical to estimating the amount released to the

environment. Differences in toxicity and environmental fate also suggest that isomer-specific information

on use and consumption is important. Determination of the levels of 1,2-dichloroethene in consumer

products is essential for estimating the exposure of the general population.

With up-to-date and accurate production, import/export, and use data, the extent of release into the

environment and the potential for human exposure could be more realistically determined. Disposal

methods have been described and appear to be satisfactory.

Because the EPA identified trans-1,2-dichloroethene as a hazardous waste, its disposal is regulated

under the Resource Conservation and Recovery Act (RCRA). Specific information on federal

regulations concerning hazardous waste disposal by land treatment, landfilling, incineration, thermal

treatment, chemical/physical/biological treatment, underground injection, and deep sea injection

appears in the Code of Federal Regulations (40 CFR 190 to 399). Release of trans-1 ,2dichloroethene

in waste water is regulated under the Clean Water Act by the National Pollutant Discharge Elimination

System (NPDES). Information regarding effluent guidelines and standards for trans-1,2-dichloroethene

can be found in 40 CFR 122, 40 CFR 125, 40 CFR 413.02(i), 40 CFR 414, and 40 CFR433.1l(e).

Environmental Fate. 1,2Dichloroethene released to the environment partitions mainly to the

atmosphere (Eisenreich et al. 1981; Swann et al. 1983; Thomas 1982). It is primarily found in the

atmosphere and groundwater (HSDB 1995; TR193 1995). Important sources of 1,2dichloroethene

include industrial releases and degradation products from other solvents such as trichloroethene,
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tetrachlorethene, and vinyl chloride (Parsons et al. 1984; Shen 1982b; Smith and Dragun 1984; Vogel et

al. 1987). 1,2Dichloroethene isomers have predicted atmospheric half-lives of 12 days (cis) and 5 days

(trans) (Goodman et al. 1986). Both isomers react with hydroxyl radicals in the atmosphere, forming for-

my1 chloride, but atmospheric ozone, nitrate radicals and singlet oxygen have little environmental effect

(Atkinson and Carter 1984). In surface waters, the isomers of 1,2dichloroethene are rapidly volatized;

half-lives of 5-6.2 hours are estimated for water 1 m deep (Dilling 1977). The compound is not

significantly bound to soils or sediments (Barber et al. 1988). Soil-groundwater degradation processes are

anaerobic and may involve multiple pathways. Additional information about the long-term atmospheric

fate would be useful, because of the importance of this pathway and the uncertainty of atmospheric

degradation processes.

Bioavailability from Environmental Media. No specific information is available regarding

human inhalation, oral, or dermal absorption of 1,2-dichloroethene from air, water, food, or soil.

Exposure via contaminated drinking water is particularly relevant to humans. Since 1,2-dichloroethene

is a neutral lipophilic chemical with a low molecular weight, it probably is readily absorbed through

the lungs and gastrointestinal tract. The few available toxicity studies of animals exposed to

1,2-dichloroethene support this contention (Filser and Bolt 1979; Gargas et al. 1988, 1989). No

information about human exposure to 1,2-dichloroethene in the environment and the resulting

concentrations in human tissue was located. Studies of absorption of 1,2dichloroethene from air,

water, food, and soil in contaminated environments near hazardous waste sites would allow for

determination of the rate and extent of absorption from each of these media and for comparison of the

potential hazards posed by 1,2-dichloroethene within these media.

Food Chain Bioaccumulation. Few data are available describing the food chain bioaccumulation

of 1,2dichloroethene. Experimental data are unavailable; therefore, it is not known if the

bioconcentration potential is consistent with estimated values obtained from regression equations. The

estimated BCF of 6 for fathead minnows (ASTER 1995; Veith and Kosian 1983) suggests that the

potential for 1,2dichloroethene to bioconcentrate is low for aquatic organisms. Therefore, further

studies on bioaccumulation are not recommended. However, biomagnification studies would enable

scientists to assess the dangers of human exposure to 1,2dichloroethene from fish and seafood.

Data describing exposure levels in air, surface water, drinking water, groundwater, and soil are limited.

1,2-Dichloroethene has been detected in urban and rural air, air near hazardous waste sites, and indoor
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air (Grimsrud and Rasmussen 1975; Lipsky and Jacot 1985; Shah and Singh 1988; Vogt and Walsh

1985). Where it is used as a dry cleaning agent and in the manufacture of other chemicals, indoor air

concentrations of 1,2-dichloroethene are likely to be greater than concentrations in outdoor air.

Information concerning the number of persons potentially exposed to 1,2-dichloroethene near waste sites,

manufacturing and production facilities, and use facilities, however, is not available. In these areas and in

areas of widespread use, the potential for human exposure is high. Monitoring data that showed the

existence of 1,2-dichloroethene in food could not be located. 1,2-Dichloroethene has been detected

infrequently in drinking water supplies. Reliable estimates of human intake of 1,2-dichloroethene via air,

water, and food are not available. Therefore, it is recommended that further studies on human intake of

1,2-dichloroethene from air, water, and food, particularly around hazardous waste sites, be undertaken.

Exposure Levels in Humans. 1,2-Dichloroethene is not a naturally occurring substance.

Monitoring data pertaining to the presence of 1,2-dichloroethene in human urine, breast milk, blood, or

adipose tissue were not located in the available literature. Information on biological media monitoring

of the general populations, particularly populations near waste sites, is necessary for assessing the need

to conduct health studies on these populations.

Exposure Registries. No exposure registries for 1,2-dichloroethene were located. This substance

is not currently one of the compounds for which a subregistry has been established in the National

Exposure Registry. The substance will be considered in the future when chemical selection is made

for subregistries to be established. The information that is amassed in the National Exposure Registry

facilitates the epidemiological research needed to assess adverse health outcomes that may be related

to exposure to this substance.

Production, Import/Export, Use, Release, and Disposal. According to the Emergency

Planning and Community Right-to-Know Act of 1986, 42 U.S.C. Section 11023, industries are

required to submit substance release and off-site transfer information to the EPA. The Toxics Release

Inventory (TRI), which contains this information for 1993, became available in 1995. This database

will be updated yearly and should provide a list of industrial production facilities and emissions.

Exposure Levels in Environmental Media. Reliable monitoring data for the levels of

1,2dichloroethene in contaminated media at hazardous waste sites are needed so that the information
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obtained on levels of 1,2-dichloroethene in the environment can be used in combination with the

known body burden of 1,2-dichloroethene to assess the potential risk of adverse health effects in

populations living in the vicinity of hazardous waste sites.

5.7.2 Ongoing Studies

As part of the Third National Health and Nutrition Evaluation Survey (NHANES III), the

Environmental Health Laboratory Sciences Division of the National Center for Environmental Health,

Centers for Disease Control and Prevention, will be analyzing human blood samples for 1,2-dichloro-

ethene and other volatile organic compounds. These data will give an indication of the frequency of

occurrence and background levels of these compounds in the general population.

No studies on the environmental fate of 1,2dichloroethene are in progress. NIOSH is now updating

its occupational exposure estimates with additional information about exposure to trade name

compounds. No other ongoing studies that would address data needs on general population and

worker exposure to 1,2-dichloroethene were found.
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The purpose of this chapter is to describe the analytical methods that are available for detecting, and/or

measuring, and/or monitoring 1,2-dichloroethene, its metabolites, and other biomarkers of 1,2-dichloro-

ethene exposure and effect. The intent is not to provide an exhaustive list of analytical methods.

Rather, the intention is to identify well-established methods that are used as the standard methods of

analysis. Many of the analytical methods used for environmental samples are the methods approved

by federal agencies and organizations such as EPA and the National Institute for Occupational Safety

and Health (NIOSH). Other methods presented in this chapter are those that are approved by groups

such as the Association of Official Analytical Chemists (AOAC) and the American Public Health

Association (APHA). Additionally, analytical methods are included that modify previously used

methods to obtain lower detection limits, and/or to improve accuracy and precision.

To determine dichloroethenes in various matrixes, most approaches involve purge procedures. Since

these analytes are volatile (bp: 60.3 °C cis; 48.0-48.5 °C trans), removing them from an often complex

matrix has very distinct advantages, particularly for biological and environmental samples. Virtually

all standard methods use purge and trap procedures, in which the compounds are volatilized by passing

an inert gas through a sample solution or suspension and the purged components are trapped on a solid

sorbent for subsequent removal and analysis by gas chromatography (GC). Because of the presence of

halogens, dichloroethenes can be selectively detected using devices such as electron capture, Hall

electrolytic conductivity, or photoionization detectors. The most common detection technique

specified by the standard methods is mass spectrometry (MS), which can readily achieve a high degree

of selectivity and sensitivity.

6.1 BIOLOGICAL SAMPLES

Methods of analysis for 1 ,2dichloroethene in biological materials are presented in Table 6- 1. The

purge and trap method of Lin et al. (1982) is a suitable method for extraction and measurement of cisand

trans- 1,2-dichloroethene in body tissues. However, recovery of trans- 1,2-dichloroethene varies

with the type of body tissue. This finding generally agrees with those of the investigators who have

attempted to measure levels of volatile halocarbons in body tissues. In addition to purge and trap, the

headspace analysis methods of Hara et al. (1980) and Uehori et al. (1987) allow qualitative
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identification of 1,2-dichloroethene in biological materials. A combination of detectors enabled Streete

et al. (1992) to determine dichloroethenes in the headspace of blood, urine, and solid tissues.

Dichloroethenes in breath can be determined by GUMS after collection with a portable spirometer

(Raymer et al. 1990). In this approach, recoveries exceeded 90% for the dichloroethene isomers. The

detection limit for dichloroethenes in human blood has been extended to part-per-trillion levels by

Ashley et al. (1992), using an automated purge and trap technique that suppresses sample foaming

with an antifoaming agent. High resolution GUMS can be used to enhance the contaminant

separation abilities of gas chromatography on blood samples (Ashley et al. 1992; Bonin et al. 1992).

6.2 ENVIRONMENTAL SAMPLES

Analytical methods for determining cis- and trans- 1,2 dichloroethene in environmental samples are

presented in Table 6-2. Analysis of 1,2 dichloroethene in workplace air samples can be determined by

NIOSH method 1003 (NIOSH 1987).

Methodologies appearing in the literature for sampling 1,2-dichloroethene in air are essentially the same

with minor variations. Capillary columns are versatile in separating contaminants of interest, and usually

offer superior resolution and limits of detection (Oxenford et al. 1989). Various detectors are used, such

as flame ionization detectors (FID), electron capture detectors (ECD), Hall electroconductivity detectors

(HECD), and mass spectrometers. Multiple detectors are often employed in series or in parallel to

increase the number and types of compounds detectable by purge and trap methods (Ho 1989; Kessels et

al. 1992). Of the four listed, the FID is the least sensitive to halogenated hydrocarbons, yet it is sensitive

enough for environmental samples.

For 1,2-dichloroethene, adsorption to the solid sorbent is a significant analytical concern because of its

volatility. It may be difficult to completely remove highly volatile compounds such as 1,2-dichloroethene

from the air stream. Solid sorbents other than charcoal appear in some analytical methods; the

most popular is the resin, Tenax GC. In addition to Tenax, Mehran et al. (1990) usedCarbosieve

with capillary chromatography to decrease the analysis time for EPA method 502.2. Pollack and

coworkers (1991) provide for automating the collection and analysis of cis-1,2-dichloroethene by

focusing the sample on a trap consisting of Carbopack-B and Carbosieve S-III instead of on glass

beads. Substituting spray and trap for purge and trap enhances extraction efficiencies by a factor of

2-5 and eliminates difficulties associated with sample foaming (Matz and Kesners 1993).







1,2-DICHLOROETHENE 120

6.  ANALYTICAL METHODS

EPA method 601 (purgeable halocarbons) and EPA method 524 (purgeables) describe analysis of

1,2-dichloroethene in municipal and industrial waste water (EPA 1982). In both methods, a 5 mL grab

sample of water is connected to a purging chamber. This chamber allows an inert gas to bubble

through the water sample; the gas flow is directed through an adsorbent tube. In EPA method 601,

nitrogen or helium.is the purging gas, and the adsorbent column consists of two different adsorbents

and a drying agent. In EPA method 624, helium is the purging gas, and the adsorbent column is made

up of one adsorbent and a drying agent. The collected organics are liberated from the sorbent by

heating the sorbent column while backflushing with an inert gas; these organics are then introduced

into the gas chromatograph. EPA methods 601 and 624 were developed to analyze volatile priority

pollutants. In EPA method 601, analysis by GC uses a Carbopack B column, a Poracil C column, and

a HECD detector. In EPA method 624, analysis by GC uses a Carbopack B column and a mass

spectrometer. Since trans-1,2-dichloroethene is a priority pollutant and cis- 1,2-dichloroethene is not,

only the trans isomer is mentioned in this method.

EPA method 502.1 is used to analyze 1,2-dichloroethene in finished or raw source water (EPA 1986e).

This method is similar to EPA method 601. However, once the compound has been purged from the

water sample to the adsorbent tube, the compound is introduced to the gas chromatograph by rapidly

heating the adsorbent tube, with no intermediate cryogenic trapping.

Numerous researchers have applied modifications of the EPA methods to environmental samples.

EPA’s Master Analytical Scheme (Michael et al. 1991) incorporates automated purge and trap and

capillary chromatography into method 624 to achieve sensitivity of 1 ppb. Method 624 was compared

to purgeable organic chloride analysis by Barber et al. (1992) and found to be superior by virtue of its

contaminant identification capabilities. Eichelberger et al. (1990) modified method 524 by using a

capillary column and an ion trap detector (ITD) to achieve detection levels below 200 ppt. Headspace

sampling coupled with capillary GUMS offers a promising screening tool since it requires minimal

sample preparation (Gryder-Boutet and Kennish 1988). Headspace GUMS can also been used for

determining dichloroethenes in landfill leachate (Forst et al. 1989).

Purge and trap methodology sometimes involves direct trapping of the bubbled compound

cryogenically. Water contamination can become a problem in this method. The cryogenic trap

described in EPA methods 601 and 624 is a specialized item and may not be adaptable to all gas
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chromatographs. The considerations discussed above regarding use of different columns and detectors

also apply here.

The EPA guidelines for contract laboratories include methodology for water and soil sample analysis

(EPA 1987c). The method listed in Table 6-2 is identical to EPA method 502.1 for the purpose of this

discussion (except for the use of a mass spectrometer as the detector). The procedure for analyzing low-

level contamination in soil is also similar to EPA method 502.1, except that the purging gas passes

through a soil sample rather than a water sample. For higher-level soil contamination, the soil sample is

first extracted with methanol. An aliquot of the extract is diluted with water; then the purge and trap

methodology is followed. With respect to dichloroethene recoveries, Hewitt et al. (1991) found a

headspace technique that is comparable to EPA SW-846 method 8240 for soil. It is practical for sample

screening where contaminant identities were not required. The various SW-846 methods for 1,2-

dichloroethene presented in Table 6-2 are similar except for detection method.

EPA method TO-14 uses an evacuated stainless steel canister to collect ambient air samples. Sample

aliquots are analyzed by GUMS. McClenny et al. (1991) report a method detection limit of 0.3 ppb for

this method. A method which represents a significant departure from more traditional methods for

environmental samples is solid-phase microextraction (SPME). Solid phase microextraction uses a coated

fused-silica fiber to collect contaminants from air and water samples. Chai et al. (1993) describe a simple

non-purge and trap technique for determining dichloroethenes in air and water using this approach. The

contaminants on the coated fused-silica fiber can then be thermally desorbed directly into the gas

chromatograph for analysis. Page and Lacroix (1993) show the utility of headspace sampling coupled

with fused-silica fiber adsorption in determining dichloroethenes at the 100 ppt level in foods. Their

method satisfies the detection limit requirements of EPA method 524.2 for chloroethenes. Bauer and

Solyom (1994) have developed a method to directly analyze waters in an ion trap mass spectrometer and

have achieved a limit of detection for trans-1,2-dichloroethene of 0.5 ppt using single ion monitoring of

m/z 96 (Soni et al. 1995).

6.3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with

the Administrator of EPA and agencies and programs of the Public Health Service) to assess whether

adequate information on the health effects of 1,2-dichloroethene is available. Where adequate
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information is not available, ATSDR, in conjunction with the NTP, is required to assure the initiation

of a program of research designed to determine the health effects (and techniques for developing

methods to determine such health effects) of 1,2-dichloroethene.

The following categories of possible data needs have been identified by a joint team of scientists from

ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would

reduce the uncertainties of human health assessment. This definition should not be interpreted to mean

that all data needs discussed in this section must be filled. In the future, the identified data needs will

be evaluated and prioritized, and a substance-specific research agenda will be proposed.

6.3.1 Identification of Data Needs

Methods for Determining Biomarkers of Exposure and Effect. The available database

provides several analytical methods adequate for the measurement of cis- and trans- 1,2dichloroethene

in body tissue (see Section 6.1). Accuracy measurements for 1,2dichloroethene by Lin et al. (1982)

show excellent recovery from adipose tissue but marginal recoveries from kidney and brain tissues.

1,2Dichloroethene was recovered at 88-150% from blood (Ashley et al. 1992). Limits of detection

for all biological matrices ranged from 10 to 50 pg. Additional recovery data in all condensed

biological media are needed. Other than the parent compounds, there are no known biomarkers of

exposure or the effects of exposure that are unique to 1,2-dichloroethene. Consequently, biomarkers of

exposure or the effect of exposure should be identified; standardized analytical methods for their

determination should be identified or developed in response. These biomarkers could allow an easier

route for identification of exposure, especially for some tissues where bioconcentration of

1,2-dichloroethene does not occur.

Methods for Determining Parent Compounds and Degradation Products in

Environmental Media.       Numerous analytical methods exist for analysis of cis- and

trans-1,2-dichloroethene in environmental matrices (see Section 6.2). These analytical methods may be

used to identify areas of 1,2-dichloroethene contamination, and to determine the potential threat to

 human health of 1,2-dichloroethene in the environment. Standardized methods exist for the analysis of

drinking water, waste water, soil and air (APHA 1992; EPA 1986, 1987b; NIOSH 1987).

Standardized methods for analyzing other media such as sediments and surface water will aid in

establishing levels of human exposure to 1,2-dichloroethene. Inhalation is the most probable route of



1,2-DICHLOROETHENE 123

6.  ANALYTICAL METHODS

exposure, and atmospheric exposure is likely to be of greatest concern to humans. However, the

standardized methods for detecting 1,2-dichloroethene in air appear to be weak. For example, its detection

limit of 16 ppm, outlined by the NIOSH technique (NIOSH 1987), is relatively high. Conversely, the

stainless steel canister method of McClenny et al. (1991) purports to have a detection limit of 0.3 ppb and

although not rigorously standardized, shows promise in detecting ambient background levels of 1,2-

dichloroethene. Information regarding the recovery efficiencies of the NIOSH (1987), McClenny (1991),

and Ke et al. (1992b) procedures for detecting 1,2-dichloroethene in air were lacking. Additional data is

needed to assess both accuracy and precision in the analysis of 1,2-dichloroethene in air.

Contamination of surface water, groundwater, and foods in the vicinity of waste sites poses a threat to

humans through oral exposure to 1,2-dichloroethene. Near quantitative recoveries and <.02 ppb

detection limits were reported by Eichelberger et al. (1990). Low part-per-trillion detection limits were

reported by Kessels et al. (1992) and an 0.5 ppt detection limit was reported by Soni et al. (1995).

These recoveries and detection limits for 1,2-dichloroethene in water, coupled with the specificity

offered by capillary gas chromatography and selective detection used by these researchers provide a

means for determining 1,2-dichloroethene at very low levels in water.

Currently, no viable method exists for determining 1,2-dichloroethene in food. The detection limit of

100 µg/kg reported by Page and Lacroix (1993) is at least two orders of magnitude higher than what is

required to be comparable to existing air and water methods for 1,2-dichloroethene. Appreciable

additional work is needed in this area.

6.3.2 Ongoing Studies

The Environmental Health Laboratory Sciences Division of the National Center for Environmental

Health, Centers for Disease Control and Prevention, is developing methods for the analysis of both cisand

trans-1,2-dichloroethene and other volatile organic compounds in blood. These methods use purge

and trap methodology, high resolution gas chromatography, and magnetic sector mass spectrometry

which gives detection limits in the low parts per trillion (ppt) range.

Ongoing studies for developing new analytical methods for 1,2-dichloroethene in environmental

matrices could not be located.
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The international, national, and state regulations and guidelines regarding 1,2-dichloroethene in air,

water, and other media are summarized in Table 7-l.

ATSDR has derived an MRL of 0.2 ppm for both acute-duration inhalation exposure (14 days or less)

and intermediate-duration inhalation exposure (15-365 days) to trans- 1,2-dichloroethene based on a

study by Freundt et al. (1977) that found fatty degeneration of the liver. The acute MRL is based on

an LOAEL of 200 ppm over an 8-hour period, and the intermediate MRL is based on an LOAEL of

200 ppm for 8 hours per day, 5 days per week for 8 or 16 weeks.

ATSDR has derived oral MRLs for both acute- and intermediate-duration exposure. For acute oral

exposure, data supported the derivation of an MRL for cis-1,2-dichloroethene of 1 mg/kg/day;

however, no acute-duration MRL was derived for trans-1,2-dichloroethene. The acute oral MRL for

cis-1,2-dichloroethene is based on a study by McCauley et al. (1990) that found hematological effects

at 290 mg/kg/day and reported a NOAEL of 97 mg/kg/day.

Intermediate-duration oral exposure MRLs were derived for both the cis and trans isomers. The

intermediate duration oral MRL for cis-1,2-dichloroethene is 0.3 mg/kg/day based on a hematological

study (McCauley et al. 1990). For trans-1,2-dichloroethene, the intermediate oral MRL is

0.2 mg/kg/day, based on hepatic effects (Barnes et al. 1985).

EPA has given cis-1,2-dichloroethene a non-cancer rating or a “not classifiable” rating (D) (IRIS

1995). No National Toxicology Program (NTP) or IARC classifications exists.

OSHA requires employers of workers who are occupationally exposed to a mixture of trans- and

cis-1,2-dichloroethene (CAS No. 540-59-0) to institute engineering controls and work practices to

reduce exposure-to and maintain employee exposure at or below permissible exposure limits (PEL).

The employer must use engineering and work practice controls, if feasible, to reduce exposure to or

below an g-hour time-weighted average (TWA) of 200 ppm (790 mg/m3). Respirators must be

provided during the time period necessary to install or implement feasible engineering and work

practice controls (OSHA 1989).
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1,2-Dichloroethene is regulated by the Clean Water Effluent Guidelines as stated in Title 40, Section

400-475, of the Code of Federal Regulations. The point source category for which 1,2-dichloroethene

is controlled as a Total Toxic Organic is electroplating (EPA 1981).

The Resource Conservation and Recovery Act (RCRA) identifies 1,2-dichloroethene as a hazardous

waste when it is discarded as a commercial chemical product, off-spec species, container residue, or

spill residue (EPA 1980a).
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Acute Exposure -- Exposure to a chemical for a duration of 14 days or less, as specified in the
Toxicological Profiles.

Adsorption Coefficient (Koc) -- The ratio of the amount of a chemical adsorbed per unit weight of
organic carbon in the soil or sediment to the concentration of the chemical in solution at equilibrium.

Adsorption Ratio (Kd) -- The amount of a chemical adsorbed by a sediment or soil (i.e., the solid
phase) divided by the amount of chemical in the solution phase, which is in equilibrium with the solid
phase, at a fixed solid/solution ratio. It is generally expressed in micrograms of chemical sorbed per
gram of soil or sediment.

Bioconcentration Factor (BCF) -- The quotient of the concentration of a chemical in aquatic
organisms at a specific time or during a discrete time period of exposure divided by the concentration
in the surrounding water at the same time or during the same period.

Cancer Effect Level (CEL) -- The lowest dose of chemical in a study, or group of studies, that
produces significant increases in the incidence of cancer (or tumors) between the exposed population
and its appropriate control.

Carcinogen -- A chemical capable of inducing cancer.

Ceiling Value -- A concentration of a substance that should not be exceeded, even instantaneously.

Chronic Exposure -- Exposure to a chemical for 365 days or more, as specified in the Toxicological
Profiles.

Developmental Toxicity -- The occurrence of adverse effects on the developing organism that may
result from exposure to a chemical prior to conception (either parent), during prenatal development, or
postnatally to the time of sexual maturation. Adverse developmental effects may be detected at any
point in the life span of the organism.

Embryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as a result of prenatal exposure to a
chemical; the distinguishing feature between the two terms is the stage of development during which the
insult occurred. The terms, as used here, include malformations and variations, altered growth, and in
utero death.

EPA Health Advisory -- An estimate of acceptable drinking water levels for a chemical substance
based on health effects information. A health advisory is not a legally enforceable federal standard,
but serves as technical guidance to assist federal, state, and local officials.

Immediately Dangerous to Life or Health (IDLH) -- The maximum environmental concentration of a
contaminant from which one could escape within 30 min without any escape-impairing symptoms or
irreversible health effects.

Intermediate Exposure -- Exposure to a chemical for a duration of 15-364 days, as specified in the
Toxicological Profiles.
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Immunologic Toxicity -- The occurrence of adverse effects on the immune system that may result
from exposure to environmental agents such as chemicals.

In Vitro -- Isolated from the living organism and artificially maintained, as in a test tube.

In Vivo -- Occurring within the living organism.
Lethal Concentration IO)

Lethal Concentration (LO) (LCLO) -- The lowest concentration of a chemical in air which has been
reported to have cause death in humans or animals.

Lethal Concentration(50) (LC50) -- A calculated concentration of a chemical in air to which exposure
for a specific length of time is expected to cause death in 50% of a defined experimental animal
population.

Lethal Dose(LO) (LDLO) -- The lowest dose of a chemical introduced by a route other than inhalation
that is expected to have caused death in humans or animals.

Lethal Dose(50) (LT50) -- The dose of a chemical which has been calculated to cause death in 50% of
a defined experimental animal population.

Lethal Time(50) (LT50) -- A calculated period of time within which a specific concentration of a
chemical is expected to cause death in 50% of a defined experimental animal population.

Lowest-Observed-Adverse-Effect Level (LOAEL) -- The lowest dose of chemical in a study, or
group of studies, that produces statistically or biologically significant increases in frequency or severity
of adverse effects between the exposed population and its appropriate control.

Malformations -- Permanent structural changes that may adversely affect survival, development, or
function.

Minimal Risk Level -- An estimate of daily human exposure to a dose of a chemical that is likely to
be without an appreciable risk of adverse noncancerous effects over a specified duration of exposure.

Mutagen -- A substance that causes mutations. A mutation is a change in the genetic material in a
body cell. Mutations can lead to birth defects, miscarriages, or cancer.

Neurotoxicity -- The occurrence of adverse effects on the nervous system following exposure to chemical.

No-Observed-Adverse-Effect Level (NOAEL) -- The dose of chemical at which there were no
statistically or biologically significant increases in frequency or severity of adverse effects seen between
the exposed population and its appropriate control. Effects may be produced at this dose, but they are not
considered to be adverse.

Octanol-Water Partition Coefficient (Kow) -- The equilibrium ratio of the concentrations of a
chemical in n-octanol and water, in dilute solution.

Permissible Exposure Limit (PEL) -- An allowable exposure level in workplace air averaged over an
8-hour shift.
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q1* -- The upper-bound estimate of the low-dose slope of the dose-response curve as determined by
the multistage procedure. The q1* can be used to calculate an estimate of carcinogenic potency, the
incremental excess cancer risk per unit of exposure (usually µg/L for water, mg/kg/day for food, and
µg/m3 for air).

Reference Dose (RfD) -- An estimate (with uncertainty spanning perhaps an order of magnitude) of
the daily exposure of the human population to a potential hazard that is likely to be without risk of
deleterious effects during a lifetime. The RfD is operationally derived from the NOAEL (from animal
and human studies) by a consistent application of uncertainty factors that reflect various types of data
used to estimate RfDs and an additional modifying factor, which is based on a professional judgment
of the entire database on the chemical. The RfDs are not applicable to nonthreshold effects such as
cancer.

Reportable Quantity (RQ) -- The quantity of a hazardous substance that is considered reportable
under CERCLA. Reportable quantities are (1) 1 pound or greater or (2) for selected substances, an
amount established by regulation either under CERCLA or under Sect. 311 of the Clean Water Act.
Quantities are measured over a 24-hour period.

Reproductive Toxicity -- The occurrence of adverse effects on the reproductive system that may
result from exposure to a chemical. The toxicity may be directed to the reproductive organs and/or the
related endocrine system. The manifestation of such toxicity may be noted as alterations in sexual
behavior, fertility, pregnancy outcomes, or modifications in other functions that are dependent on the
integrity of this system.

Short-Term Exposure Limit (STEL) -- The maximum concentration to which workers can be
exposed for up to 15 min continually. No more than four excursions are allowed per day, and there
must be at least 60 min between exposure periods. The daily TLV-TWA may not be exceeded.

Target Organ Toxicity -- This term covers a broad range of adverse effects on target organs or
physiological systems (e.g., renal, cardiovascular) extending from those arising through a single limited
exposure to those assumed over a lifetime of exposure to a chemical.

Teratogen -- A chemical that causes structural defects that affect the development of an organism.

Threshold Limit Value (TLV) -- A concentration of a substance to which most workers can be
exposed without adverse effect. The TLV may be expressed as a TWA, as a STEL, or as a CL.

Time-Weighted Average (TWA) -- An allowable exposure concentration averaged over a normal
S-hour workday or 40-hour workweek.

Toxic Dose (TD50) -- A calculated dose of a chemical, introduced by a route other than inhalation,
which is expected to cause a specific toxic effect in 50% of a defined experimental animal population.

Uncertainty Factor (UF) -- A factor used in operationally deriving the RfD from experimental data. UFs
are intended to account for (1) the variation in sensitivity among the members of the human population,
(2) the uncertainty in extrapolating animal data to the case of human, (3) the uncertainty in extrapolating
from data obtained in a study that is of less than lifetime exposure, and (4) the uncertainty in using
LOAEL data rather than NOAEL data. Usually each of these factors is set equal to 10.
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ATSDR MINIMAL RISK LEVEL

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) [42 U.S.C.

9601 et seq.], as amended by the Superfund Amendments and Reauthorization Act (SARA) [Pub. L.

99-4991, requires that the Agency for Toxic Substances and Disease Registry (ATSDR) develop jointly

with the U.S. Environmental Protection Agency (EPA), in order of priority, a list of hazardous substances

most commonly found at facilities on the CERCLA National Priorities List (NPL); prepare toxicological

profiles for each substance included on the priority list of hazardous substances; and assure the initiation

of a research program to fill identified data needs associated with the substances.

The toxicological profiles include an examination, summary, and interpretation of available toxicological

information and epidemiologic evaluations of a hazardous substance. During the development of

toxicological profiles, Minimal Risk Levels (MRLs) are derived when reliable and sufficient data exist to

identify the target organ(s) of effect or the most sensitive health effect(s) for a specific duration for a

given route of exposure. An MRL is an estimate of the daily human exposure to a hazardous substance

that is likely to be without appreciable risk of adverse noncancer health effects over a specified duration

of exposure. MRLs are based on noncancer health effects only and are not based on a consideration of

cancer effects. These substance-specific estimates, which are intended to serve as screening levels, are

used by ATSDR health assessors to identify contaminants and potential health effects that may be of

concern at hazardous waste sites. It is important to note that MRLs are not intended to define clean-up or

action levels.

MRLs are derived for hazardous substances using the no-observed-adverse-effect level/uncertainty factor

approach. They are below levels that might cause adverse health effects in the people most sensitive to

such chemical-induced effects. MRLs are derived for acute (1-14 days), intermediate (15-364 days), and

chronic (365 days and longer) durations and for the oral and inhalation routes of exposure. Currently,

MRLs for the demal route of exposure are not derived because ATSDR has not yet identified a method

suitable for this route of exposure. MRLs are generally based on the most sensitive chemical-induced end

point considered to be of relevance to humans. Serious health effects (such as irreparable damage to the

liver or kidneys, or birth defects) are not used as a basis for establishing MRLs. Exposure to a level above

the MRL does not mean that adverse health effects will occur.
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MRLs are intended only to serve as a screening tool to help public health professionals decide where to

look more closely. They may also be viewed as a mechanism to identify those hazardous waste sites that

are not expected to cause adverse health effects. Most MRLs contain a degree of uncertainty because of

the lack of precise toxicological information on the people who might be most sensitive (e.g., infants,

elderly, nutritionally or immunologically compromised) to the effects of hazardous substances. ATSDR

uses a conservative (i.e., protective) approach to address this uncertainty consistent with the public health

principle of prevention. Although human data are preferred, MRLs often must be based on animal studies

because relevant human studies are lacking. In the absence of evidence to the contrary, ATSDR assumes

that humans are more sensitive to the effects of hazardous substance than animals and that certain persons

may be particularly sensitive. Thus, the resulting MRL may be as much as a hundredfold below levels

that have been shown to be nontoxic in laboratory animals.

Proposed MRLs undergo a rigorous review process: Health Effects/MRL Workgroup reviews within the

Division of Toxicology, expert panel peer reviews, and agencywide MRL Workgroup reviews, with

participation from other federal agencies and comments from the public. They are subject to change as

new information becomes available concomitant with updating the toxicological profiles. Thus, MRLs in

the most recent toxicological profiles supersede previously published levels. For additional information

regarding MRLs, please contact the Division of Toxicology, Agency for Toxic Substances and Disease

Registry, 1600 Clifton Road, Mailstop E-29, Atlanta, Georgia 30333.



1,2-DICHLOROETHENE A-3

MINIMAL RISK LEVEL (MRL) WORKSHEET

Chemical name: trans- 1,2-dichloroethene
CAS number: 156-60-5
Date: August 1996
Profile status: Final
Route: [x] Inhalation [ ] Oral
Duration: [x] Acute [ IIntermediate [ ] Chronic
Key to figure: 2
Species: Rat

MRL: 0.2 [ ] mg/kg/day [x] ppm [ ] mg/m3

Reference: Freundt, KJ, Liebaldt, GP, and Lieberwirth, E. 1977. Toxicity Studies on
Trans-1,2-Dichloroethylene. Toxicology, 7, pp. 141-153.

Experimental design

• l Female, mature SPF Wistar Rats; 180-200 g.
• l Exposure for 8 hours; 0, 200, 1,000, and 3,000 ppm of trans-1,2-dichloroethene by inhalation.
• 6 rats/group.
• Animals were sacrificed immediately following exposure and examined for gross pathology including

lung, heart, liver, kidney, spleen, brain, quadriceps muscle and sciatic nerve. Standard hematological
tests, clinical chemistry tests, and tests of clearance of bromosulphthalein in bile were carried out.

Effects noted in study and corresponding doses:

• Slight to severe fatty degeneration of the hepatic lobules and Kupffer cells was seen in all dosing
groups (except controls). At 200 ppm fatty degeneration and fatty accumulation in Kupffer cells was
seen in l/6 rats; at 1,000 and 3,000 ppm 1 or 2/6 rats showed similar liver and Kupffer cell changes.

• Slight increases in capillary hyperaemia and alveolar septum distention were noted.
• Fibrous swelling, hyperemia and modified muscular striation were found in the cardiac muscles at

3,000 ppm in 2/6 rats.
• No pathological changes were seen in the kidneys, spleen, brain, or peripheral nerves. No central

nervous system depression was seen.

Dose endpoint used for MRL derivation:

Fatty degeneration of liver cells: LOAEL = 200 ppm

[ ] NOAEL [x] LOAEL
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Uncertainty factors used in MRL derivation:

[ ] 1 [ ] 3 [x] 10 (for use of a LOAEL)
[ ] 1 [ ] 3 [xl 10 (for extrapolation from animals to humans)
[ ] 1 [ ] 3 [x] 10 (for human variability)

Was a conversion factor used from ppm in food or water to a mg/body weight dose? No.
If so, explain:

If an inhalation study in animals, list conversion factors used in determining human eauivalent dose: The
NOAEL (HEC) was calculated for a gas:extrarespiratory effect in rats assuming periodicity was attained,
using the following equation: NOAEL (HEC) = NOAEL (adj.) x λA/λH, where: NOAEL (HEC) = the NOAEL
human equivalent concentration; NOAEL (adj) = the NOAEL adjusted for continuous exposure (e.g.,
adjusted for exposure regimen by h hours/24 hours and d days/7 days); λA/λH, = the ratio of the blood to
air partition coefficient of the chemical for the animal species to the human value, used only if λA/λH .
For the situation in which λA>λH, and in the case where I values are unknown, the default value of λA/λH,
= 1 is recommended. For 1,2-dichloroethene, λA = 9.58 and λH = 6.04, therefore λA>λH, and a default
value of 1 was used.

Was a conversion used from intermittent to continuous exposure? No.
If so, explain:

Other additional studies or pertinent information that lend support to this MRL:

McCauley et al. (1990), Barnes et al. (1985), and McMillan (1986) also reported hepatic effects, from oral
exposure to cis- or trans-1,2-dichloroethene.

Agency Contact (Chemical Manager): Carolyn Harper
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MINIMAL RISK LEVEL WORKSHEET

Chemical name:trans-1,2-dichloroethene
CAS number: 156-60-5
Date: August 1996
Profile status: Final
Route: [x] Inhalation [ ] Oral
Duration: [ ] Acute [x] Intermediate [ ] Chronic
Key to figure: 11
Species: Rat

MRL: 0.2 [ ] mg/kg/day [xl ppm [ ] mg/m3

Reference: Freundt, KI, Liebaldt, GP, and Lieberwirth, E. 1977. Toxicity Studies on
Trans-1,2-Dichloroethylene. Toxicology, 7, pp. 141-153.

Experimental design
• Female, mature SPF Wistar Rats; 180-200 g.
• Exposure for g-hour periods, 5 days per week, for either 8 or 16 weeks, at or 200 ppm of

trans-1,2-dichloroethene by inhalation.
• 6 rats/group.
• Animals were sacrificed immediately following exposure and examined for gross pathology including

lung, heart, liver, kidney, spleen, brain, quadriceps muscle and sciatic nerve.

Effects noted in study and corresuonding doses:

• In the 8-week experiment, slight fatty degeneration of the hepatic lobules was observed in 316
exposed rats and severe fatty accumulation in the Kupffer cells was seen in 3/6 exposed rats (200
ppm). In the16-week experiment, slight (2/6 exposed) and severe (3/6 exposed) fatty accumulation in
the liver lobule was seen and slight fatty accumulation in the Kupffer cells was seen in 5/6 exposed
rats (200 PPm).

• Slight increases in capillary hyperaemia and alveolar septum distention were seen.
• No pathological changes were seen in the kidneys, spleen, brain, striated muscle, or peripheral nerves.

No central nervous system depression was seen.

Dose endpoint used for MRL derivation:

Fatty degeneration of liver cells: LOAEL = 200 ppm

[ ] NOAEL [x] LOAEL

Uncertainty factors used in MRL derivation:

[] 1 [] 3 [x] lO(foruseofaLOAEL)
[ ] 1 [ ] 3 [x] 10 (for extrapolation from animals to humans)
[ ] 1 [ ] 3 [x] 10 (for human variability)
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If an inhalation study in animals. list conversion factors used in determining. human equivalent dose: The
NOAEL (HEC) was calculated for a gas:extrarespiratory effect in rats assuming periodicity was attained,
using the following equation: NOAEL (HEC) = NOAEL (adj.) x λA/λH, where: NOAEL (HEC) = the NOAEL
human equivalent concentration; NOAEL (adj) = the NOAEL adjusted for continuous exposure (e.g.,
adjusted for exposure regimen by h hours/24 hours and d days/7 days); λA/λH, = the ratio of the blood to
air partition coefficient of the chemical for the animal species to the human value, used only if λA/λH .
For the situation in which λA>λH, and in the case where I values are unknown, the default value of λA/λH,
= 1 is recommended. For 1,2-dichloroethene, λA = 9.58 and λH = 6.04, therefore λA>λH, and a default
value of 1 was used.

Was a conversion used from intermittent to continuous exposure? No.
If so, explain:

Other additional studies or pertinent information that lend support to this MRL:
McCauley et al. (1990), Barnes et al. (1985), and McMillan (1986) also reported hepatic effects, from oral
exposure to cis- or trans-1,2-dichloroethene.

Agency Contact (Chemical Manager):  Carolyn Harper
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MINIMAL RISK LEVEL WORKSHEET

Chemical name:cis- 1,2-dichloroethene
CAS number: 156-60-5
Date: August 28, 1996
Profile status: Final
Route: [ ] Inhalation [x ]Oral
Duration: [x ] Acute [ ]Intermediate [ ] Chronic
Key to figure: 8
Species: rat

MRL: 1 [x] mg/kg/day [ ] ppm [ ] mg/m3

Reference: McCauley et al. 1990. The effects of subacute and subchronic oral exposure to
cis- 1,2-dichloroethylene in rats. Health Effects Research Laboratory, U.S. EPA, Cincinnati, OH and Air
Force Aerospace Medical Research Laboratory, Wright-Patterson AFB, OH.

Experimental design :

• Male and female Sprague-Dawley-derived Charles River rats.
• Doses: 1.0, 3.0, 10.0,20.0 n-M/kg/day (97, 290,970, 1,900 mg/kg/day)
• Administration was in corn oil via gavage for 14 days.
• 10 rats/sex/group.
• Food and water were available ad libitum, body weights were taken weekly. At the end of the

exposure
period, all animals were sacrificed and specimens were collected for clinical chemistry, hematology,
and histopathology studies.

Effects noted in studv and corresnonding doses:

• Mortality was observed in rats treated with 970 mg/kg/day (2/20) and 1,900 mg/kg/day (5/20).
• CNS depression was observed at 1,900 mg/kg/day.
• Increased absolute and relative liver weights in treated males and female rats at 97 mg/kg/day.
• Increased absolute and relative kidney weights in females at doses greater than or equal to

970 mglkglday.
• Decreased blood urea nitrogen at 290 mg/kg/day and increased serum cholesterol in females at 1,900

mg/kg/day.
• Decreased hematocrit levels and erythrocyte counts in females at doses greater than or equal to

290 mg/kg/day.
• Increased serum calcium levels in males at doses greater or equal to 970 mg/kg/day.

Dose endnoint used for MRL derivation:

Decreased hematocrit in females NOAEL = 97 mg/kg/day.

[x ] NOAEL [ ]LOAEL
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Uncertainty factors used in MRL derivation:
[] 1 []3 [] l0(for use of a LOAEL)
[ ] 1 [ ] 3 [x ] 10 (for extrapolation from animals to humans)
[ ] 1 [ ] 3 [x ] 10 (for human variability)

Was a conversion factor used from ppm in food or water to a mg/body weight dose?
If so, explain: No

If an inhalation study in animals, list conversion factors used in determining human equivalent dose:

Was a conversion used from intermittent to continuous exposure?
If so, explain: No

Other additional studies or pertinent information that lend support to this MRL:
Hematological effects have also been noted in other oral studies. Barnes et al. (1985) reported a 12%
decrease in fibrinogen levels and a 7% decrease in prothrombin time in mice exposed to 210 mg/kg/day
trans- 1,2-dichloroethene.

Agency Contact (Chemical Manager): Carolyn Harper



1,2-DICHLOROETHENE A-9

APPENDIX A

MINIMAL RISK LEVEL WORKSHEET

Chemical name:cis- 1,2-dichloroethene
CAS number: 156-60-5
Date: August 28, 1996
Profile status: Final
Route: [ ] Inhalation [x ]Oral
Duration: [ ] Acute [x ]Intermediate [ ] Chronic
Key to figure: 15
Species: rat

MRL: 0.3 [x ] mg/kg/day [ I ppm [ I mg/m3

Reference: McCauley et al. 1990. The effects of subacute and subchronic oral exposure to
cis-1,2-dichloroethylene in rats. Health Effects Research Laboratory, U.S. EPA, Cincinnati, OH and Air
Force Aerospace Medical Research Laboratory, Wright-Patterson AFB, OH.

Experimental design:

• Male and female Sprague-Dawley-derived Charles River rats.
• Doses: 0.33, 1.0, 3.0, and 9.0 mM/kg/day (32, 97, 290, 870 mg/kg/day)
• Administration was in corn oil via gavage for 90 days.
• 10 rats/sex/group.
• Food and water were available ad libitum, body weights were taken weekly. At the end of the

exposure
period, all animals were sacrificed and specimens were collected for clinical chemistry, hematology,
and histopathology studies.

Effects noted in study and corresponding doses:

• Mortality was observed in the control group and all four treatment groups within the first week: l/20,
l/20, l/20, 3/20,4/20 respectively.

• Increased relative kidney weight in male rats at 870 mg/kg/day and increased relative liver weights in
male and female rats given greater than or equal to 97 mg/kg/day were observed.

• Increased relative thymus weights were observed in females treated at 870 mg/kg/day.
• A dose related decrease in blood urea nitrogen and serum creatinine was observed at 870 mg/kg/day.
• Decreased hematocrit levels in males at doses greater than or equal to 97 mg/kg/day and in females at

doses greater than or equal to 290 mg/kg/day was observed.
• Decreased hemoglobin levels in males at doses greater than or equal to 290 mg/kg/day and in females

at 290 mg/kg/day was noted.
• A 27% decrease in body weight was observed in males at 290 mg/kg/day and a 10% decrease in body

weight was observed in males at 97 mg/kg/day.



1,2-DICHLOROETHENE A-10

APPENDIX A

Dose endpoint used for MRL derivation:

Decreased hematocrit and hemoglobin: NOAEL = 32 mg/kg/day.

[x ] NOAEL [ ]LOAEL

Uncertainty factors used in MRL derivation:

[] 1 []3 [] l0(for use of a LOAEL)
[ ] 1 [ ] 3 [x ] 10 (for extrapolation from animals to humans)
[ ] 1 [ ] 3 [x ] 10 (for human variability)

Was a conversion factor used from ppm in food or water to a mg/body weight dose?
If so, explain: No

If an inhalation study in animals. list conversion factors used in determining human equivalent dose:

Was a conversion used from intermittent to continuous exposure?
If so, explain: No

Other additional studies or pertinent information that lend support to this MRL:
Hematological effects have also been noted in other oral studies. Barnes et al. (1985) reported a 12%
decrease in fibrinogen levels and a 7% decrease in prothrombin time in mice exposed to 210 mg/kg/day
trans- 1,2-dichloroethene.

Agency Contact (Chemical Manager): Carolyn Harper
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MINIMAL RISK LEVEL WORKSHEET

Chemical name:trans- 1,2-dichloroethene
CAS number: 156-60-5
Date: August 28, 1996
Profile status: Final
Route: [ ] Inhalation [x] Oral
Duration: [ ] Acute [x] Intermediate [ ] Chronic
Key to figure: 17
Species: Mouse

MRL: 0.2 [x] mg/kg/day [ ] ppm [ ] mg/m3

Reference:

Barnes DW, Sanders VM, White KL Jr, Shopp GM, and Munson AE. 1985. Toxicology of
trans-1,2-Dichloroethylene in the Mouse. Drug and Chemical Toxicology 8(5):373-392.

Experimental design:

• 90-day study with 260 male and 260 female mice in the control group and 140 mice of each sex in
groups exposed to drinking water with 0.1, 1.0, or 2.0 mg trans-1,2-dichlorethene/mL (males: 0,
17, 175, 387 mg/kg/day; females: 0,23, 224,452 mg/kg/day).

• Exposure was averaged over the 90 days.
• Trans-1,2-dichloroethene was maintained in solution using a 1% emulphor (vegetable oil) and

deionized water.

Effects noted in study and corresponding doses:

• No trans-1,2-dichloroethene-induced changes in terminal body weight or gross pathology.
• Male mice showed an increase in relative liver weights (8%) and increased serum alkaline

phosphatase at 175 mg/kg/day.
• Glucose levels were elevated in all exposure groups for both sexes and males showed decreased

glutathione levels at 387 mg/kg/day.
• An 11% decrease in relative lung weight was seen in female mice at 452 mg/kg/day.
• No effects were noted on hematocrit, hemoglobin, or erythrocyte and platelet counts.

Dose endpoint used for MRL derivation:

Increased serum alkaline phosphatase NOAEL = 17 mg/kg/day
[x] NOAEL [ ]LOAEL
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Uncertainty factors used in MRL derivation:

[] 1 [] 3 [] l0(for use of a LOAEL)
[ ] 1 [ ] 3 [x] 10 (for extrapolation from animals to humans)
[ ] 1 [ ] 3 [x] 10 (for human variability)

Was a conversion factor used from ppm in food or water to a mg/body weight dose? Author provided.
If so, explain:

If an inhalation study in animals, list conversion factors used in determining human equivalent dose:
Was a conversion used from intermittent to continuous exposure? No.
If so, explain:

Other additional studies or pertinent information that lend support to this MRL:
McCauley et al. (1990) and McMillan (1986) also reported hepatic effects from oral exposure to
trans- 1,2-dichloroethene.

Agency Contact (Chemical Manager): Carolyn Harper



1,2-DICHLOROETHENE B-1

APPENDIX B

USER’S GUIDE

Chapter 1

Public Health Statement

This chapter of the profile is a health effects summary written in non-technical language. Its intended
audience is the general public especially people living in the vicinity of a hazardous waste site or
chemical release. If the Public Health Statement were removed from the rest of the document, it
would still communicate to the lay public essential information about the chemical.

The major headings in the Public Health Statement are useful to find specific topics of concern. The
topics are written in a question and answer format. The answer to each question includes a sentence
that will direct the reader to chapters in the profile that will provide more information on the given
topic.

Chapter 2

Tables and Figures for Levels of Significant Exposure (LSE)

Tables (2-1, 2-2, and 2-3) and figures (2-l and 2-2) are used to summarize health effects and illustrate
graphically levels of exposure associated with those effects. These levels cover health effects observed
at increasing dose concentrations and durations, differences in response by species, minimal risk levels
(MRLs) to humans for noncancer endpoints, and EPA’s estimated range associated with an upperbound
individual lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000. Use the LSE tables and
figures for a quick review of the health effects and to locate data for a specific exposure scenario. The
LSE tables and figures should always be used in conjunction with the text. All entries in these tables
and figures represent studies that provide reliable, quantitative estimates of No-Observed-Adverse-
Effect Levels (NOAELs), Lowest-Observed-Adverse-Effect Levels (LOAELs), or Cancer Effect Levels
(CELs).

The legends presented below demonstrate the application of these tables and figures. Representative
examples of LSE Table 2- 1 and Figure 2-l are shown. The numbers in the left column of the legends
correspond to the numbers in the example table and figure.

LEGEND

See LSE Table 2-l

(1) Route of Exposure One of the first considerations when reviewing the toxicity of a substance
using these tables and figures should be the relevant and appropriate route of exposure. When
sufficient data exists, three LSE tables and two LSE figures are presented in the document. The
three LSE tables present data on the three principal routes of exposure, i.e., inhalation, oral, and
dermal (LSE Table 2-1, 2-2, and 2-3, respectively). LSE figures are limited to the inhalation
(LSE Figure 2-l) and oral (LSE Figure 2-2) routes. Not all substances will have data on each
route of exposure and will not therefore have all five of the tables and figures.
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(2) Exposure Period Three exposure periods - acute (less than 15 days), intermediate (15-364 days),
and chronic (365 days or more) are presented within each relevant route of exposure. In this
example, an inhalation study of intermediate exposure duration is reported. For quick reference
to health effects occurring from a known length of exposure, locate the applicable exposure
period within the LSE table and figure.

(3) Health Effect The major categories of health effects included in LSE tables and figures are
death, systemic, immunological, neurological, developmental, reproductive, and cancer.
NOAELs and LOAELs can be reported in the tables and figures for all effects but cancer.
Systemic effects are further defined in the “System” column of the LSE table (see key number
18).

(4) Key to Figure Each key number in the LSE table links study information to one or more data
points using the same key number in the corresponding LSE figure. In this example, the study
represented by key number 18 has been used to derive a NOAEL and a Less Serious LOAEL
(also see the 2 “18r” data points in Figure 2-l).

(5) Species The test species, whether animal or human, are identified in this column. Section 2.5,
“Relevance to Public Health,” covers the relevance of animal data to human toxicity and Section
2.3, “Toxicokinetics,” contains any available information on comparative toxicokinetics.
Although NOAELs and LOAELs are species specific, the levels are extrapolated to equivalent
human doses to derive an MRL.

(6) Exposure Frequency/Duration The duration of the study and the weekly and daily exposure
regimen are provided in this column. This permits comparison of NOAELs and LOAELs from
different studies. In this case (key number 18), rats were exposed to toxaphene via inhalation for
6 hours per day, 5 days per week, for 3 weeks. For a more complete review of the dosing
regimen refer to the appropriate sections of the text or the original reference paper, i.e., Nitschke
et al. 1981.

(7) System This column further defines the systemic effects. These systems include: respiratory,
cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal, and
dermal/ocular.  “Other” refers to any systemic effect (e.g., a decrease in body weight) not covered
in these systems. In the example of key number 18, 1 systemic effect (respiratory) was
investigated.

(8) NOAEL A No-Observed-Adverse-Effect Level (NOAEL) is the highest exposure level at which
no harmful effects were seen in the organ system studied. Key number 18 reports a NOAEL of
3 ppm for the respiratory system which was used to derive an intermediate exposure, inhalation
MRL of 0.005 ppm (see footnote “b”).

(9) LOAEL A Lowest-Observed-Adverse-Effect Level (LOAEL) is the lowest dose used in the
study that caused a harmful health effect. LOAELs have been classified into “Less- Serious” and
“Serious” effects. These distinctions help readers identify the levels of exposure at which
adverse health effects first appear and the gradation of effects with increasing dose. A brief
description of the specific endpoint used to quantify the adverse effect accompanies the LOAEL.
The respiratory effect reported in key number 18 (hyperplasia) is a Less serious LOAEL of 10
ppm. MRLs are not derived from Serious LOAELs.

(10) Reference The complete reference citation is given in chapter 8 of the profile.
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(11) CEL A Cancer Effect Level (CEL) is the lowest exposure level associated with the onset of
carcinogenesis in experimental or epidemiologic studies. CELs are always considered serious
effects. The LSE tables and figures do not contain NOAELs for cancer, but the text may report
doses not causing measurable cancer increases.

(12) Footnotes Explanations of abbreviations or reference notes for data in the LSE tables are found
in the footnotes. Footnote “b” indicates the NOAEL of 3 ppm in key number 18 was used to
derive an MRL of 0.005 ppm.

LEGEND

See Figure 2-l

LSE figures graphically illustrate the data presented in the corresponding LSE tables. Figures help the
reader quickly compare health effects according to exposure concentrations for particular exposure
periods.

(13) Exposure Period The same exposure periods appear as in the LSE table. In this example, health
effects observed within the intermediate and chronic exposure periods are illustrated.

(14) Health Effect These are the categories of health effects for which reliable quantitative data
exists. The same health effects appear in the LSE table.

(15) Levels of Exposure concentrations or doses for each health effect in the LSE tables are
graphically displayed in the LSE figures. Exposure concentration or dose is measured on the log
scale “y” axis. Inhalation exposure is reported in mg/m3 or ppm and oral exposure is reported in
mg/kg/day .

(16) NOAEL In this example, 18r NOAEL is the critical endpoint for which an intermediate
inhalation exposure MRL is based. As you can see from the LSE figure key, the open-circle
symbol indicates to a NOAEL for the test species-rat. The key number 18 corresponds to the
entry in the LSE table. The dashed descending arrow indicates the extrapolation from the
exposure level of 3 ppm (see entry 18 in the Table) to the MRL of 0.005 ppm (see footnote “b”
in the LSE table).

(17) CEJ Key number 38r is 1 of 3 studies for which Cancer Effect Levels were derived. The
diamond symbol refers to a Cancer Effect Level for the test species-mouse. The number 38
corresponds to the entry in the LSE table.

(18) Estimated Upper-Bound Human Cancer Risk Levels This is the range associated with the
upper-bound for lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000. These risk levels are
derived from the EPA’s Human Health Assessment Group’s upper-bound estimates-of the slope
of the cancer dose response curve at low dose levels (ql*).

(19) Key to LSE Figure The Key explains the abbreviations and symbols used in the figure.







1,2-DICHLOROETHENE B-6

APPENDIX B

Chapter 2 (Section 2.5)

Relevance to Public Health

The Relevance to Public Health section provides a health effects summary based on evaluations of
existing toxicologic, epidemiologic, and toxicokinetic information. This summary is designed to
present interpretive, weight-of-evidence discussions for human health endpoints by addressing the
following questions.

1. What effects are known to occur in humans?

2. What effects observed in animals are likely to be of concern to humans?

3. What exposure conditions are likely to be of concern to humans, especially around
hazardous waste sites?

The section covers endpoints in the same order they appear within the Discussion of Health Effects by
Route of Exposure section, by route (inhalation, oral, dermal) and within route by effect. Human data
are presented first, then animal data. Both are organized by duration (acute, intermediate, chronic). In
vitro data and data from parenteral routes (intramuscular, intravenous, subcutaneous, etc.) are also
considered in this section. If data are located in the scientific literature, a table of genotoxicity
information is included.

The carcinogenic potential of the profiled substance is qualitatively evaluated, when appropriate, using
existing toxicokinetic, genotoxic, and carcinogenic data. ATSDR does not currently assess cancer
potency or perform cancer risk assessments. Minimal risk levels (MRLs) for noncancer endpoints (if
derived) and the endpoints from which they were derived are indicated and discussed.

Limitations to existing scientific literature that prevent a satisfactory evaluation of the relevance to
public health are identified in the Data Needs section.

Interpretation of Minimal Risk Levels

Where sufficient toxicologic information is available, we have derived minimal risk levels (MRLs) for
inhalation and oral routes of entry at each duration of exposure (acute, intermediate, and chronic).
These MRLs are not meant to support regulatory action; but to acquaint health professionals with
exposure levels at which adverse health effects are not expected to occur in humans. They should
help physicians and public health officials determine the safety of a community living near a chemical
emission, given the concentration of a contaminant in air or the estimated daily dose in water. MRLs
are based largely on toxicological studies in animals and on reports of human occupational exposure.

MRL users should be familiar with the toxicologic information on which the number is based.
Chapter 2.5, “Relevance to Public Health,” contains basic information known about the substance.
Other sections such as 2.7, “Interactions with Other Substances,” and 2.8, “Populations that are
Unusually Susceptible” provide important supplemental information.

MRL users should also understand the MRL derivation methodology. MRLs are derived using a
modified version of the risk assessment methodology the Environmental Protection Agency (EPA)
provides (Barnes and Dourson 1988) to determine reference doses for lifetime exposure (RfDs).
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To derive an MRL, ATSDR generally selects the most sensitive endpoint which, in its best judgement,
represents the most sensitive human health effect for a given exposure route and duration. ATSDR
cannot make this judgement or derive an MRL unless information (quantitative or qualitative) is
available for all potential systemic, neurological, and developmental effects. If this information and
reliable quantitative data on the chosen endpoint are available, ATSDR derives an MRL using the
most sensitive species (when information from multiple species is available) with the highest NOAEL
that does not exceed any adverse effect levels. When a NOAEL is not available, a lowest-observed-
adverse-effect level (LOAEL) can be used to derive an MRL, and an uncertainty factor (UF) of 10
must be employed. Additional uncertainty factors of 10 must be used both for human variability to
protect sensitive subpopulations (people who are most susceptible to the health effects caused by the
substance) and for interspecies variability (extrapolation from animals to humans). In deriving an
MRL, these individual uncertainty factors are multiplied together. The product is then divided into the
inhalation concentration or oral dosage selected from the study. Uncertainty factors used in
developing a substance-specific MRL are provided in the footnotes of the LSE Tables.
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DISCLAIMER 

The use of company or product name(s) is for identification only and does not imply endorsement by the 
Agency for Toxic Substances and Disease Registry. 
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UPDATE STATEMENT
 

A Toxicological Profile for 1,3-Dichloropropene, Draft for Public Comment, was released in 2006.  This 
edition supersedes any previously released draft or final profile.  

Toxicological profiles are revised and republished as necessary.  For information regarding the update 
status of previously released profiles, contact ATSDR at: 

Agency for Toxic Substances and Disease Registry
 
Division of Toxicology and Environmental Medicine/Applied Toxicology Branch
 

1600 Clifton Road NE
 
Mailstop F-32
 

Atlanta, Georgia 30333
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FOREWORD 


This toxicological profile is prepared in accordance with guidelines developed by the Agency for Toxic 
Substances and Disease Registry (ATSDR) and the Environmental Protection Agency (EPA).  The 
original guidelines were published in the Federal Register on April 17, 1987.  Each profile will be revised 
and republished as necessary. 

The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse health effects 
information for the hazardous substance described therein.  Each peer-reviewed profile identifies and 
reviews the key literature that describes a hazardous substance’s toxicologic properties.  Other pertinent 
literature is also presented, but is described in less detail than the key studies.  The profile is not intended 
to be an exhaustive document; however, more comprehensive sources of specialty information are 
referenced. 

The focus of the profiles is on health and toxicologic information; therefore, each toxicological profile 
begins with a public health statement that describes, in nontechnical language, a substance’s relevant 
toxicological properties.  Following the public health statement is information concerning levels of 
significant human exposure and, where known, significant health effects.  The adequacy of information to 
determine a substance’s health effects is described in a health effects summary.  Data needs that are of 
significance to protection of public health are identified by ATSDR and EPA. 

Each profile includes the following: 

(A) The examination, summary, and interpretation of available toxicologic information and 
epidemiologic evaluations on a hazardous substance to ascertain the levels of significant human 
exposure for the substance and the associated acute, subacute, and chronic health effects; 

(B) A determination of whether adequate information on the health effects of each substance 
is available or in the process of development to determine levels of exposure that present a 
significant risk to human health of acute, subacute, and chronic health effects; and 

(C) Where appropriate, identification of toxicologic testing needed to identify the types or 
levels of exposure that may present significant risk of adverse health effects in humans. 

The principal audiences for the toxicological profiles are health professionals at the Federal, State, and 
local levels; interested private sector organizations and groups; and members of the public.  

This profile reflects ATSDR’s assessment of all relevant toxicologic testing and information that has been 
peer-reviewed.  Staff of the Centers for Disease Control and Prevention and other Federal scientists have 
also reviewed the profile.  In addition, this profile has been peer-reviewed by a nongovernmental panel 
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and was made available for public review.  Final responsibility for the contents and views expressed in 
this toxicological profile resides with ATSDR. 

Howard Frumkin M.D., Dr.P.H. Julie Louise Gerberding, M.D., M.P.H. 
Director Administrator 

National Center for Environmental Health/ Agency for Toxic Substances and 
Agency for Toxic Substances and Disease Registry 

Disease Registry 

*Legislative Background 

The toxicological profiles are developed in response to the Superfund Amendments and Reauthorization 
Act (SARA) of 1986 (Public Law 99 499) which amended the Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 (CERCLA or Superfund).  This public law directed ATSDR to 
prepare toxicological profiles for hazardous substances most commonly found at facilities on the 
CERCLA National Priorities List and that pose the most significant potential threat to human health, as 
determined by ATSDR and the EPA.  The availability of the revised priority list of 275 hazardous 
substances was announced in the Federal Register on December 7, 2005 (70 FR 72840).  For prior 
versions of the list of substances, see Federal Register notices dated April 17, 1987 (52 FR 12866); 
October 20, 1988 (53 FR 41280); October 26, 1989 (54 FR 43619); October 17,1990 (55 FR 42067); 
October 17, 1991 (56 FR 52166); October 28, 1992 (57 FR 48801); February 28, 1994 (59 FR 9486); 
April 29, 1996 (61 FR 18744); November 17, 1997 (62 FR 61332); October 21, 1999(64 FR 56792); 
October 25, 2001 (66 FR 54014) and November 7, 2003 (68 FR 63098).  Section 104(i)(3) of CERCLA, 
as amended, directs the Administrator of ATSDR to prepare a toxicological profile for each substance on 
the list. 
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QUICK REFERENCE FOR HEALTH CARE PROVIDERS 

Toxicological Profiles are a unique compilation of toxicological information on a given hazardous 
substance.  Each profile reflects a comprehensive and extensive evaluation, summary, and interpretation 
of available toxicologic and epidemiologic information on a substance.  Health care providers treating 
patients potentially exposed to hazardous substances will find the following information helpful for fast 
answers to often-asked questions. 

Primary Chapters/Sections of Interest 

Chapter 1: Public Health Statement: The Public Health Statement can be a useful tool for educating 
patients about possible exposure to a hazardous substance.  It explains a substance’s relevant 
toxicologic properties in a nontechnical, question-and-answer format, and it includes a review of 
the general health effects observed following exposure. 

Chapter 2:  Relevance to Public Health: The Relevance to Public Health Section evaluates, interprets, 
and assesses the significance of toxicity data to human health. 

Chapter 3:  Health Effects: Specific health effects of a given hazardous compound are reported by type 
of health effect (death, systemic, immunologic, reproductive), by route of exposure, and by length 
of exposure (acute, intermediate, and chronic).  In addition, both human and animal studies are 
reported in this section. 
NOTE: Not all health effects reported in this section are necessarily observed in the clinical 
setting.  Please refer to the Public Health Statement to identify general health effects observed 
following exposure. 

Pediatrics:  Four new sections have been added to each Toxicological Profile to address child health 
issues: 
Section 1.6 How Can (Chemical X) Affect Children?
 
Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)?
 
Section 3.7 Children’s Susceptibility
 
Section 6.6 Exposures of Children
 

Other Sections of Interest: 
Section 3.8 Biomarkers of Exposure and Effect 
Section 3.11 Methods for Reducing Toxic Effects 

ATSDR Information Center 
Phone: 1-800-CDC-INFO (800-232-4636) or Fax: (770) 488-4178 

1-888-232-6348 (TTY) 
E-mail: cdcinfo@cdc.gov Internet: http://www.atsdr.cdc.gov 

The following additional material can be ordered through the ATSDR Information Center: 

Case Studies in Environmental Medicine: Taking an Exposure History—The importance of taking an 
exposure history and how to conduct one are described, and an example of a thorough exposure 
history is provided.  Other case studies of interest include Reproductive and Developmental 

http:http://www.atsdr.cdc.gov
mailto:cdcinfo@cdc.gov
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Hazards; Skin Lesions and Environmental Exposures; Cholinesterase-Inhibiting Pesticide 
Toxicity; and numerous chemical-specific case studies. 

Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene 
(prehospital) and hospital medical management of patients exposed during a hazardous materials 
incident.  Volumes I and II are planning guides to assist first responders and hospital emergency 
department personnel in planning for incidents that involve hazardous materials.  Volume III— 
Medical Management Guidelines for Acute Chemical Exposures—is a guide for health care 
professionals treating patients exposed to hazardous materials. 

Fact Sheets (ToxFAQs) provide answers to frequently asked questions about toxic substances. 

Other Agencies and Organizations 

The National Center for Environmental Health (NCEH) focuses on preventing or controlling disease, 
injury, and disability related to the interactions between people and their environment outside the 
workplace.  Contact:  NCEH, Mailstop F-29, 4770 Buford Highway, NE, Atlanta, 
GA 30341-3724 • Phone: 770-488-7000 • FAX: 770-488-7015. 

The National Institute for Occupational Safety and Health (NIOSH) conducts research on occupational 
diseases and injuries, responds to requests for assistance by investigating problems of health and 
safety in the workplace, recommends standards to the Occupational Safety and Health 
Administration (OSHA) and the Mine Safety and Health Administration (MSHA), and trains 
professionals in occupational safety and health.  Contact: NIOSH, 200 Independence Avenue, 
SW, Washington, DC 20201 • Phone: 800-356-4674 or NIOSH Technical Information Branch, 
Robert A. Taft Laboratory, Mailstop C-19, 4676 Columbia Parkway, Cincinnati, OH 45226-1998 
• Phone: 800-35-NIOSH. 

The National Institute of Environmental Health Sciences (NIEHS) is the principal federal agency for 
biomedical research on the effects of chemical, physical, and biologic environmental agents on 
human health and well-being.  Contact:  NIEHS, PO Box 12233, 104 T.W. Alexander Drive, 
Research Triangle Park, NC 27709 • Phone: 919-541-3212. 

Referrals 

The Association of Occupational and Environmental Clinics (AOEC) has developed a network of clinics 
in the United States to provide expertise in occupational and environmental issues.  Contact: 
AOEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 • Phone: 202-347-4976 
• FAX:  202-347-4950 • e-mail: AOEC@AOEC.ORG • Web Page:  http://www.aoec.org/. 

The American College of Occupational and Environmental Medicine (ACOEM) is an association of 
physicians and other health care providers specializing in the field of occupational and 
environmental medicine.  Contact:  ACOEM, 25 Northwest Point Boulevard, Suite 700, 
Elk Grove Village, IL 60007-1030 • Phone:  847-818-1800 • FAX:  847-818-9266. 

http:http://www.aoec.org
mailto:AOEC@AOEC.ORG
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PEER REVIEW
 

A peer review panel was assembled in 2006 for dichloropropenes.  The panel consisted of the following 
members: 

1.	 Dr. Mary Davis, Professor, Department of Physiology and Pharmacology, West Virginia 
University Medical Center, Morgantown, West Virginia; 

2.	 Dr. Rogene Henderson, Senior Scientist (retired), Lovelace Respiratory Research Institute, 
Alburquerque, New Mexico; and 

3.	 Dr. Lisa M. Kamendulis, Assistant Professor, Department of Pharmacology and Toxicology, 
Indiana University School of Medicine, Indianapolis, Indiana. 

These experts collectively have knowledge of 1,3-dichloropropene's physical and chemical properties, 
toxicokinetics, key health end points, mechanisms of action, human and animal exposure, and 
quantification of risk to humans.  All reviewers were selected in conformity with the conditions for peer 
review specified in Section 104(I)(13) of the Comprehensive Environmental Response, Compensation, 
and Liability Act, as amended. 

Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed the peer 
reviewers' comments and determined which comments will be included in the profile.  A listing of the 
peer reviewers' comments not incorporated in the profile, with a brief explanation of the rationale for their 
exclusion, exists as part of the administrative record for this compound.  

The citation of the peer review panel should not be understood to imply its approval of the profile's final 
content.  The responsibility for the content of this profile lies with the ATSDR. 
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1 DICHLOROPROPENES 

1.  PUBLIC HEALTH STATEMENT 

This public health statement tells you about dichloropropenes and the effects of exposure to it. 

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in the 

nation.  These sites are then placed on the National Priorities List (NPL) and are targeted for long-term 

federal clean-up activities.  1,1-, 1,2-, 1,3-, and 2,3-Dichloropropene have been found in at least 2, 9, 107, 

and 3 of the 1,699 current or former NPL sites, respectively.  3,3-Dichloropropene was not identified in 

any of the 1,699 current or former NPL sites.  Although the total number of NPL sites evaluated for this 

substance is not known, the possibility exists that the number of sites at which dichloropropenes are found 

may increase in the future as more sites are evaluated.  This information is important because these sites 

may be sources of exposure and exposure to dichloropropenes may be harmful. 

When a substance is released either from a large area, such as an industrial plant, or from a container, 

such as a drum or bottle, it enters the environment.  Such a release does not always lead to exposure.  You 

can be exposed to a substance only when you come in contact with it.  You may be exposed by breathing, 

eating, or drinking the substance, or by skin contact. 

If you are exposed to dichloropropenes, many factors will determine whether you will be harmed.  These 

factors include the dose (how much), the duration (how long), and how you come in contact with these 

substances.  You must also consider any other chemicals you are exposed to and your age, sex, diet, 

family traits, lifestyle, and state of health. 

Most of the information on dichloropropenes is for one type of dichloropropene, 1,3-dichloropropene.  

There is much less information for 2,3-dichloropropene, almost no information on 1,2-dichloropropene, 

and no information on 1,1- and 3,3-dichloropropene. 

1.1  WHAT ARE DICHLOROPROPENES? 

Description Five types (or isomers) of dichloropropene exist: 1,1-dichloropropene, 
1,2-dichloropropene, 1,3-dichloropropene, 2,3-dichloropropene, and 
3,3-dichloropropene. 

1,3-Dichloropropene is a colorless liquid with a sweet smell.  It dissolves in 
water and evaporates easily. 



   
 

   
 
 

 
 
 
 
 

 
 

  
 

 
   

 
 

 

  

 

   
 

 

     
 

 
  

 
 

  
 
 
  

 
 
 

 
   

 
 

    
 

 
 

  
  

 
 

  

 

   
 

 
 

  
 

 

  
 

 
  

    
  

 

2 DICHLOROPROPENES 

1.  PUBLIC HEALTH STATEMENT 

Uses 1,3-Dichloropropene is used mainly in farming to kill tiny pests called 
nematodes that eat the roots of important crops. 

2,3-Dichloropropene is produced and used in industry to make other 
chemicals. 

For more information on the physical and chemical properties of dichloropropenes and their production, 

disposal and use, see Chapters 4 and 5. 

1.2  	 WHAT HAPPENS TO DICHLOROPROPENES WHEN THEY ENTER THE 
ENVIRONMENT? 

Sources When 1,3-dichloropropene is used in farm fields, it is sprayed into the ground. 

Some of the 1,3-dichloropropene in air may be washed down onto the 
ground, lakes, or streams by rain. 

Break down 
• Air 

• Water and 
soil 

1,3-Dichloropropene is quickly broken down in air, usually within several 
days. 

Some of the 1,3-dichloropropene in soil and water will evaporate into the air. 
The rest will be broken down through biodegradation pathways and 
hydrolysis. 

Information on what happens to 1,1-, 1,2-, 2,3-, and 3,3-dichloropropene 
when they enter the environment is not available.  Based on their physical 
and chemical properties, these substances are expected to behave similarly 
to 1,3-dichloropropene. 

For more information on dichloropropenes in the environment, see Chapter 6. 

1.3  	 HOW MIGHT I BE EXPOSED TO DICHLOROPROPENES? 

Data regarding human exposure to 1,1-, 1,2-, 2,3-, and 3,3-dichloropropene were not located in 
the available literature.  Exposure of the general population to these substances is expected to 
be low since they are not produced or used in large quantities. 

Air—primary 
source of 
exposure 

The primary way you can be exposed to 1,3-dichloropropene is by breathing 
air containing it. 

1,3-Dichloropropene is rarely detected in urban air samples; measured 
levels are usually less than 0.5 parts per billion (ppb). Higher levels (5 ppb 
and lower) were measured in areas with high 1,3-dichloropropene use. 



   
 

   
 
 

 
 
 
 
 

    
 

 
  

 
  

   
 

 
 

 
 

  

 

  
 

  
  

 
 

 
 
 

 
 

    
      

 
 

 
  

 
  

  
 

     
    

 

  

 
  

 
  

 

 
  
 
 
  
 
 
  

 
   

  
 

  
 

 
 

3 DICHLOROPROPENES 

1.  PUBLIC HEALTH STATEMENT 

Water and soil Low levels of 1,3-dichloropropene have been measured in water samples; 
the average concentration was 0.5 ppb. 

1,3-Dichloropropene is rarely detected in soil samples. 

Workplace Workers involved in the handling and application of 1,3-dichloropropene as a 
soil fumigant can be exposed to the chemical in air and through dermal 
contact. 

Crops 1,3-Dichloropropene has not been detected in foods grown in fields treated 
with the chemical. 

For more information on human exposure to dichloropropenes, see Chapter 6. 

1.4  HOW CAN DICHLOROPROPENES ENTER AND LEAVE MY BODY? 

Enter your body 
• Inhalation 

• Ingestion 

• Dermal 
contact 

When you breathe air containing 1,3- dichloropropene or 
2,3-dichloropropene, most of the chemical will rapidly enter your body 
through your lungs. 

1,3-Dichloropropene and 2,3-dichloropropene in food or water may also 
rapidly enter your body through the digestive tract. 

It is likely that dichloropropenes will enter through your skin when you come 
into contact with liquids containing them. 

Leave your body Once in your body, dichloropropenes are broken down into other chemicals. 
Most of these other chemicals leave your body in the urine within few days. 

For more information on how dichloropropenes get into and leave your body, see Chapter 3. 

1.5  HOW CAN DICHLOROPROPENES AFFECT MY HEALTH? 

This section looks at studies concerning potential health effects in animal and human studies. 

Humans 
• Inhalation 

• Oral 

• Dermal 

Inhalation of dichloropropenes may cause respiratory effects such as 
irritation, chest pain, and cough. 

Oral exposure may cause gastrointestinal effects that include irritation, 
erosion of the stomach lining, diarrhea, and bleeding. 

Dermal exposure may cause dermatitis and dermal sensitization. 



   
 

   
 
 

 
 
 
 
 

 
 

  
 
 
 
 
 
  
 
 
   

 
 

  
  

 

  
 

 
 

 
  

 

   
  
 

  
 

 

   

    

 

     
 

  

 

 

   
  

   
 

 
    

  
 

 
     

   
 

 

4 DICHLOROPROPENES 

1.  PUBLIC HEALTH STATEMENT 

Laboratory 
animals 

• Inhalation 

• Oral 

• Dermal 

Animal studies have shown that inhalation of 1,3- or 2,3-dichloropropene 
can result in changes in the lining of the nose. 

Long-term exposure to 1,3-dichloropropene can cause damage to the lining 
of the urinary bladder and anemia. 

Oral exposure to 1,3-dichloropropene can result in damage to the stomach 
lining and anemia in animals. 

Skin and eye irritation are seen in animals after 1,3-dichloropropene gets on 
their skin or in their eyes. 

Cancer The Department of Health and Human Services has determined that 
1,3-dichloropropene is reasonably anticipated to be a human carcinogen. 
The International Agency for Research on Cancer (IARC) determined that 
1,3-dichloropropene is a possible carcinogen. EPA classified 
1,3-dichloropropene as a probable human carcinogen. 

Further information on the health effects of dichloropropenes in humans and animals can be found in 

Chapters 2 and 3. 

1.6 HOW CAN DICHLOROPROPENES AFFECT CHILDREN? 

This section discusses potential health effects in humans from exposures during the period from 

conception to maturity at 18 years of age. 

Effects in children There are no studies evaluating the effect of dichloropropenes exposure on 
children or immature animals.  It is likely that children would have the same 
health effects as adults. We do not know whether children would be more 
sensitive than adults to the effects of dichloropropenes. 

Birth defects We do not know if dichlororpropenes will cause birth defects in people. 
Birth defects have not been seen in animals. 

1,3-Dichloropropene did not cause birth defects in animals, but pregnant 
rats that breathed it gave birth to fewer rat pups or pups with lower body 
weight.  These effects only happened at exposures high enough to be toxic 
to the mother and reduce her food intake. 



   
 

   
 
 

 
 
 
 
 

  
 

 

 
 

 

  
  

 

  
 

 
 

   
 

   
 

 

 
 

  
 

 
 

 
 

 
 

  
 

  
 

     
 

   
 

 

    

  

 

  

 

  

 

 

 

    

  

DICHLOROPROPENES	 5 

1.  PUBLIC HEALTH STATEMENT 

1.7  	 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO 
DICHLOROPROPENES? 

Avoid fields 
during pesticide 
application 

Families can reduce their exposure to 1,3-dichloropropene by staying away 
from treated fields during pesticide application. 

Workers who handle 1,3-dichloropropene should wash their hands before 
entering their homes and keep contaminated clothing isolated before it is 
washed. 

Children should be encouraged to wash their hands after playing near 
treated soil and discouraged from putting their hands in their mouths. 

1.8  IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN EXPOSED TO 
DICHLOROPROPENES? 

Detecting 
exposure 

It is possible to measure 1,3- or 2,3-dichloropropene or their breakdown 
products in blood and urine. 

Measuring 
exposure 

In humans, the levels of 1,3-dichloropropene break down products in the 
urine could be used to predict how much 1,3-dichloropropene has been 
inhaled. 

Tests for 1,3- or 2,3-dichloropropene in the blood and urine would only be 
useful for recent exposures, because dichloropropenes leave the body 
within 1–2 days. 

You can find more information about these tests in Chapters 3 and 7. 

1.9  	 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO 
PROTECT HUMAN HEALTH? 

The federal government develops regulations and recommendations to protect public health.  Regulations 

can be enforced by law.  The EPA, the Occupational Safety and Health Administration (OSHA), and the 

Food and Drug Administration (FDA) are some federal agencies that develop regulations for toxic 

substances.  Recommendations provide valuable guidelines to protect public health, but cannot be 

enforced by law.  The Agency for Toxic Substances and Disease Registry (ATSDR) and the National 

Institute for Occupational Safety and Health (NIOSH) are two federal organizations that develop 

recommendations for toxic substances. 

Regulations and recommendations can be expressed as “not-to-exceed” levels, that is, levels of a toxic 

substance in air, water, soil, or food that do not exceed a critical value that is usually based on levels that 

affect animals; they are then adjusted to levels that will help protect humans.  Sometimes these not-to



   
 

   
 
 

 
 
 
 
 

   

 

 

    

 

  

 

   
   

  
 

  
 

    

  

 

  

   

 

 

 

    

  

  

 

   
     
    
   
   
    
 

   

 

    
   
   
   
    

6 DICHLOROPROPENES 

1.  PUBLIC HEALTH STATEMENT 

exceed levels differ among federal organizations because they used different exposure times (an 8-hour 

workday or a 24-hour day), different animal studies, or other factors. 

Recommendations and regulations are also updated periodically as more information becomes available.  

For the most current information, check with the federal agency or organization that provides it. 

Some regulations and recommendations for dichloropropenes include the following: 

Drinking water The EPA has determined that exposure to 1,3-dichloropropene in drinking 
water at concentrations of 0.03 parts per million (ppm) for 1 or 10 days is 
not expected to cause any noncancerous adverse effects in a child. 

1.10  WHERE CAN I GET MORE INFORMATION? 

If you have any more questions or concerns, please contact your community or state health or 

environmental quality department, or contact ATSDR at the address and phone number below. 

ATSDR can also tell you the location of occupational and environmental health clinics. These clinics 

specialize in recognizing, evaluating, and treating illnesses that result from exposure to hazardous 

substances. 

Toxicological profiles are also available on-line at www.atsdr.cdc.gov and on CD-ROM.  You may 

request a copy of the ATSDR ToxProfilesTM CD-ROM by calling the toll-free information and technical 

assistance number at 1-800-CDCINFO (1-800-232-4636), by e-mail at cdcinfo@cdc.gov, or by writing 

to: 

Agency for Toxic Substances and Disease Registry
 
Division of Toxicology and Environmental Medicine
 
1600 Clifton Road NE
 
Mailstop F-32
 
Atlanta, GA 30333
 
Fax: 1-770-488-4178
 

Organizations for-profit may request copies of final Toxicological Profiles from the following: 

National Technical Information Service (NTIS)
 
5285 Port Royal Road
 
Springfield, VA 22161
 
Phone: 1-800-553-6847 or 1-703-605-6000
 
Web site: http://www.ntis.gov/
 

http:http://www.ntis.gov
mailto:cdcinfo@cdc.gov
http:www.atsdr.cdc.gov


   
 
 
 
 

 
 
 
 
 

 
 

  
  

 

 

  

    

  

 

 

    

 

  

 

 

     

  

   

 

  

  

 

 

  

       

 

 

 

  

7 DICHLOROPROPENES 

2. RELEVANCE TO PUBLIC HEALTH
 

2.1  	 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO DICHLOROPROPENES IN 
THE UNITED STATES 

1,3-Dichloropropene is a mixture of volatile cis and trans isomers and is primarily used as a nematocide 

to fumigate soil before planting.  Commercial formulations of 1,3-dichloropropene contain stabilizers to 

inhibit degradation of the compound (Table 3-1).  Older formulations contained chroropicrin or 

epichlorohydrin, whereas currently, the less toxic epoxidized soybean oil is used as a stabilizer.  1,3-Di

chloropropene is released to the atmosphere in fugitive or accidental emissions from industrial sources 

(e.g., petroleum refineries, sewage treatment facilities, and electricity-generating power facilities) and 

also during its use as a fumigant.  Accidental discharges into surface waters from industrial sources or 

leaching into groundwater from hazardous waste sites or agricultural uses also occur. 

A significant proportion of the 1,3-dichloropropene released into soil or surface waters is expected to 

volatize into the atmosphere where it is degraded by photooxidation with hydroxyl radicals or reaction 

with ozone.  The half-life of 1,3-dichloropropene in ambient air is expected to range between 7 and 

50 hours, depending on the concentrations of cis- and trans- isomers and reactive hydroxyl radicals.  

1,3-Dichloropropene may also undergo biodegradation or hydrolysis in natural waters and in soil.  

Experimental data indicate increased rates of hydrolysis with higher temperature, the hydrolysis half-life 

in deionized water being about 10 days at 20 °C.  

1,3-Dichloropropene is not a widely-occurring atmospheric pollutant.  Mean concentrations in positive air 

samples from urban and rural regions have ranged between 0.088 and 0.33 ppb in one report, but 

concentrations as high as 35.2 ppb have been measured in high-use agricultural regions.  1,3-Dichloro

propene has been detected in 40% of 12,673 water samples, but only 6% of the samples contained 1,3-di

chloropropene above the quantifiable limit.  The range of quantifiable concentrations in water was 0.002– 

25 ppb, with a mean of 0.5 ppb.  1,3-Dichloropropene was detected in only 0.1% of 70,631 public water 

system samples collected in the United States between 1993 and 1997.  1,3-Dichloropropene has not been 

detected in food. 

Possible routes of human exposure to 1,3-dichloropropene include inhalation of contaminated air, 

ingestion of contaminated drinking water, and dermal contact with pesticides containing 1,3-dichloro



   
 

   
 
 

 
 
 
 
 

  

   

  

  

   

 

  

  

 

      

  

 

    

 

   

  

 

 

    

      

 

 

 

  
 

   

 

  

 

8 DICHLOROPROPENES 

2. RELEVANCE TO PUBLIC HEALTH 

propene.  Due to the volatility of 1,3-dichloropropene, inhalation exposure, particularly in regions where 

the pesticide is used commercially to fumigate soil, appears to be the major route of exposure for the 

general population.  Children residing in regions of pesticide use are likely to be exposed to 1,3-dichloro

propene by the same routes that affect adults.  Occupational exposure or accidental exposure resulting 

from a spill is likely to occur through inhalation and dermal contact. 

Information on the release, environmental fate and partitioning, concentrations in environmental media, 

and potential for human exposure is very limited for 1,1-, 1,2-, 2,3-, and 3,3-dichloropropene.  Based on 

their physical and chemical properties, these substances are expected to behave similarly to 1,3-dichloro

propene when they are released into the environment.  However, hydrolysis of 1,1- and 1,2-dichloro

propene is expected to be much slower than hydrolysis of the other dichloropropene isomers due to the 

inhibiting effect of the vinylic chlorine atoms. 

1,1-, 1,2-, 2,3-, and 3,3-Dichloropropene are not commonly found at measurable concentrations in air, 

surface water, drinking water, groundwater, soil or food.  1,1-Dichloropropene has been detected in 64% 

of 5,348 water samples collected in the United States, but only 1% of the samples contained 1,1-dichloro

propene above the quantifiable limit.  The range of quantifiable concentrations in water was 0.001–5 ppb, 

with a mean of 0.4 ppb.  1,1-Dichloropropene was detected in only 0.01% of 97,698 public water system 

samples collected in the United States between 1993 and 1997. 

The potential for human exposure to 1,1-, 1,2-, and 3,3-dichloropropene is expected to be low because 

these chemicals are not produced or used in high amounts.  Higher amounts of 2,3-dichloropropene may 

be released from facilities where this substance is produced or used.  Individuals who work or live near 

these facilities may be exposed to 2,3-dichloropropene; however, exposure of the general population to 

this chemical is not expected to be important. 

2.2  SUMMARY OF HEALTH EFFECTS 

As volatile halogenated alkenes, dichloropropenes are reactive and cause irritant effects at the point of 

contact. Their small molecular size and lipid solubility facilitate rapid absorption and distribution 

throughout the body.  Metabolism, primarily in the liver, but also in other tissues, results either in 

detoxification and elimination, or bioactivation to more a toxic or mutagenic metabolite.  Since there is 

some evidence that the isomers behave differently with respect to metabolic pathways, and the available 

toxicity data are not necessarily comparable, health effects are discussed for each isomer individually.  No 
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studies have compared the relative toxicity of dichloropropenes in mammals, but limited data suggest that 

inhaled 2,3-dichloropropene is more damaging to the respiratory tract than 1,3-dichloropropene. 

1,3-Dichloropropene.  1,3-Dichloropropene is readily absorbed by all routes of exposure.  The compound 

does not accumulate in the body and is readily excreted in the urine following conjugation to glutathione 

and metabolic conversion to mercapturic acid derivatives.  Consistent with its reactive properties, some of 

the major effects of exposure occur at the point of contact:  nasal epithelium following inhalation 

exposure, stomach following oral exposure, and skin following dermal exposure.  The urinary bladder in 

mice exposed by inhalation and erythrocytes in dogs exposed orally are also targets of 1,3-dichloro

propene.  

The available information on the toxicity of 1,3-dichloropropene in humans is largely limited to case 

reports lacking exposure quantification and occupational studies.  Case reports of high level 

(unquantified) exposures confirm portal-of-entry effects in the respiratory system after inhalation 

exposure, gastrointestinal effects following accidental ingestion, and contact dermatis leading to 

sensitization reactions following dermal exposure.  Additional effects noted following high-level 

exposure included cardiovascular effects (tachycardia and hypovolemia) prior to multiorgan failure and 

death.  No hepatic or renal urinary biomarkers were elevated following repeated occupational exposures 

to cis-1,3-dichloropropene at relatively low levels (0.6 ppm).  An association was reported between 

occupational exposure to 0.06 to 2.1 ppm 1,3-dichloropropene and urinary excretion of biomarkers 

indicative of renal damage, but the levels were subclinical and could be considered nonadverse. 

Experimental studies of 1,3-dichloropropene in animals have been conducted using various commercial 

formulations, most of which contained chloropicrin (Telone C-17 contains 19–21% chloropicrin) or 

epichlorohydrin (Telone II®a contains 1% epichlorohydrin) as stabilizers, or significant amounts of 

1,2-dichloropropane (DD contains 25–29% 1,2-dichloropropane).  More recent studies have tested 

Telone II®b, which was relatively pure (≥90% 1,3-dichloropropene) and contained 2% epoxidized 

soybean oil (ESO) as a stabilizer.  Comparison of results of the new dietary studies with results of earlier 

oral gavage studies, suggest that either bolus dosing and/or the presence of epichlorohydrin may have 

been responsible for some effects in observed in earlier studies.  

Results from repeated-dose animal studies indicate that respiratory effects (hyperplasia of the nasal 

respiratory epithelium in rats and mice) and urinary effects (hyperplasia of the urinary bladder in mice) 

following chronic inhalation exposure at ≥20 ppm 6 hours/day, 5 days/week, and gastrointestinal 



   
 

   
 
 

 
 
 
 
 

  

     

   

 

    

     

 

 

  

    

 

    

  

  

   

    

  

 

   

 

  

  

  

  

   

 

 

 

    

 

  

 

10 DICHLOROPROPENES 
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(hyperplasia of the forestomach in rats) and hematological effects (microcytic anemia in dogs) following 

long-term oral exposure to Telone II®b at ~12–15 mg/kg/day or to Telone II®a at 11 mg/kg/day 

(25 mg/kg/day, 3 days/week) are the most sensitive effects induced by exposure to 1,3-dichloropropene.  

Renal effects or urinary bladder hyperplasia were not observed in animals treated in the diet with 

Telone II®b, but hyperplasia of the urinary bladder was observed in animals treated by gavage with 

Telone II®a at 21 mg/kg/day (50 mg/kg/day, 3 days/week) for 2 years.  These effects are discussed in 

greater detail below.  

Other effects of exposure to 1,3-dichloropropene involve the skin and eyes, liver, and nervous system.  

Liquid 1,3-dichloropropene is irritating to the eyes of rabbits, a 0.1 mL application causing erythema, 

lacrimation, or palpbral closure.  Liquid application to skin of rats, rabbits, or guinea pigs resulted in 

erythema/edema from a single 4-hour application at 0.5 mL or repeated applications at 0.1 mL, and 

necrosis resulted from a single 24-hour application at 200 mg/kg.  Contact sensitization was noted in 

guinea pigs following repeated dermal application at 0.2 mL.  Neurological effects included ataxia and 

loss of the righting reflex in pregnant rabbits exposed by inhalation to 300 ppm for 13 days, but this 

exposure level was fatal to six of seven does.  No direct developmental effects were noted in animals 

exposed at <120 ppm by inhalation for 10 days or <90 ppm for 3 months, but reduced litter sizes were 

observed in pregnant rats exposed to 150 ppm, a level causing maternal toxicity (reductions in feed 

intake, water intake, and body weight).  No adverse effect on reproduction was noted in rats exposed by 

inhalation at <90 ppm for two generations. 

Extremely limited data (a few case reports and one epidemiological study) are available for carcinogenic 

effects of 1,3-dichloropropenes in humans.  In chronic animal bioassays using Telone II®b increases in 

benign tumors (adenomas) were reported in the mouse lung following inhalation exposure and rat liver 

following oral dietary exposure.  A chronic oral gavage bioassay using Telone II®a resulted in more 

severe carcinogenic effects, but it is not known whether that was a consequence of the presence of 

epichlorohydrin in Telone II®a or bolus dosing.  Carcinogenicity of 1,3-dichloropropene is discussed in 

greater detail below. 

The health effects of 1,3-dichloropropene exposure are discussed in detail in Chapter 3. 

The following section discuss the most significant effects of exposure to 1,3-dichloropropene, which 

involve the gastrointestinal, hematological, respiratory, and urinary systems and cancer. 
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Respiratory Effects. Due to the reactivity of 1,3-dichloropropene, irritant effects on the respiratory 

tract can be expected from inhalation exposure in humans and animals.  In humans accidentally exposed 

to presumably high concentrations of 1,3-dichloropropene, respiratory effects included mucous membrane 

irritation, chest pain, and cough.  In one case, repeated exposure for 30 days to pesticide spray from a 

leaky hose (presumably a combined vapor and droplet exposure) resulted in hyperemia and superficial 

ulcerations of the nasal mucosa and inflammation of the pharynx.  No data are available for effects in 

humans repeatedly exposed at lower levels. 

Respiratory effects in rats exposed to 1,3-dichloropropene vapor at high concentrations in acute lethality 

studies included atelectasis after 1 hour at 206 ppm for TC-17 (21.1% chloropicrin), and in 4-hour 

exposures, lung edema at 595 ppm, congestion at 676 ppm for Telone II®a, and hemorrhage at 1,035 ppm.  

Nasal turbinates were not examined for histopathology in these acute-duration studies.  In intermediate-

duration studies using sublethal exposures to Telone II®b or Telone II®a vapor, hyperplasia/hypertrophy 

of the nasal respiratory epithelium was observed in rats at ≥90ppm or mice at ≥60 ppm and degeneration 

of the nasal olfactory epithelium was observed in rats at ≥90 ppm.  Exposure for 2 years to Telone II®b 

vapor resulted in hyperplasia/hypertrophy of the nasal respiratory epithelium in mice at ≥20ppm and rats 

at 60 ppm and degeneration of the nasal olfactory epithelium in rats and mice at 60 ppm.  

Lung effects (congestion, hemorrhage) that were observed in rats during acute lethality studies by the oral 

or dermal routes may have arisen from inhalation of 1,3-dichloropropene vapor during administration of 

high doses of the test material.  

Gastrointestinal Effects. Irritant effects on the gastrointestinal system have been observed in 

humans and animals following oral exposure to 1,3-dichloropropene.  Gastrointestinal effects observed in 

one case of fatal ingestion included initial acute gastroenteritis and abdominal pain on deep palpation, 

subsequent bloody diarrhea, hemorrhagic exudate of the stomach at autopsy, histopathological evidence 

of congestion of gastric mucosal vessels, autolysis, and mucosal erosions of the stomach.  Nausea and 

vomiting were observed following accidental exposure to a high concentration of 1,3-dichloropropene 

vapor, but it is possible that these could be a nonspecific effect of neurotoxicity.  No data are available for 

effects in humans repeatedly exposed at lower doses. 

Gastrointestinal effects observed in rats following exposure to 1,3-dichloropropene as single oral gavage 

doses of various pesticide formulations include hyperkeratosis of the forestomach at ≥75 mg/kg and 

hemorrhaging of the small intestine at ≥110 mg/kg.  In repeated-dose oral studies at sublethal exposures, 
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basal cell hyperplasia of the nonglandular stomach developed in rats ingesting 15 mg/kg/day 1,3-dichloro

propene as microencapsulated Telone II®b in the diet for 13 weeks or 12.5 mg/kg/day for 2 years, or in 

rats and mice exposed by oral gavage to respective TWA doses of 11 or 21 mg/kg (25 or 50 mg/kg/day, 

3 days/week) Telone II®a for 2 years.  Mice exposed to 60 ppm Telone II®b for 2 years by inhalation 

developed hyperplasia and hyperkeratosis of the forestomach.  

Hematological Effects. Limited human data suggest that hematological malignancies (histiocytic 

lymphoma, acute myelomonocytic leukemia) may be associated with accidental inhalation exposure to 

1,3-dichloropropene vapor or aerosol at relatively high levels.  In one of these cases, pallor and a reduced 

hemoglobin count accompanied the leukemia.  The only significant hematological effects reported in 

animals were reductions in hemoglobin and hematocrit counts consistent with microcytic anemia in dogs 

exposed to 15 mg/kg/day microencapsulated Telone II®b in the diet for 13 weeks or 1 year.  The 

NOAELs for hematological effects in dogs were 5 mg/kg/day in the 13-week study and 2.5 mg/kg/day in 

the 1-year study. 

Urinary System Effects. Urinary bladder hyperplasia was a consistent finding in mice exposed to 

≥60 ppm 1,3-dichloropropene Telone II®b by inhalation for 6 months or ≥20 ppm for 2 years.  Oral 

gavage administration of epichlorohydrin-containing Telone II®a at doses of 21 mg/kg/day (50 mg/kg, 

3 days/week) to mice also increased the incidence of urinary bladder hyperplasia, but this lesion was not 

observed in mice exposed to Telone II®b in the diet at doses up to 50 mg/kg/day.  The degree to which 

oral bolus dosing, which could overwhelm the major detoxification pathway, and/or epichlorohydrin, 

which is a mutagen, contributed to the different results of the two chronic mouse studies is not known.  

Cancer. Evidence for the carcinogenicity of 1,3-dichloropropene in humans is inadequate.  Clinical 

reports describing the development of neoplasms in three men following inhalation (and possibly dermal) 

exposure suggest a possible association between exposure and cancer in humans, but are inadequate to 

establish the association.  One source of uncertainty is the lack of information about the specific pesticide 

formulation and possible carcinogenic additives to which the individuals may have been exposed (see 

discussion of animal studies below).  Two of the men were exposed to 1,3-dichloropropene during the 

cleanup of a tank truck spill.  Six years later, both men simultaneously developed and succumbed to 

histiocytic lymphoma that was refractory to treatment.  The same report described a farmer who 

developed acute myelomonocytic leukemia after being exposed to 1,3-dichloropropene while applying the 

chemical to his fields.  This leukemia was also refractory to treatment, and the man died approximately 

1 year later.  A case-control study provided suggestive evidence that populations living for 20 years in 
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regions with high usage of 1,3-dichloropropene pesticide may be at increased risk for death from 

pancreatic cancer. 

Results from several cancer bioassays provide adequate evidence of carcinogenicity in animals.  In 

chronic bioassays using Telone II®b, the only observed increased tumor incidences were for 

bronchioalveolar adenomas in mice exposed by inhalation to 60 ppm and for hepatocellular adenomas and 

carcinomas (combined) in rats exposed in the diet at 25 mg/kg/day.  In a chronic oral gavage bioassay 

using Telone II®a, increased incidences were observed for squamous cell papillomas and carcinomas in 

the forestomach of rats exposed at 11 mg/kg/day (25 mg/kg/day, 3 days/week) and for squamous cell 

papillomas and carcinomas in the forestomach, bronchioalveolar adenomas, and transitional cell 

carcinomas of the urinary bladder in mice exposed at 21 mg/kg/day (50 mg/kg/day, 3 days/week).  There 

is some uncertainty as to whether bolus dosing or the presence of epichlorohydrin in Telone II®a 

contributed to increased incidences of forestomach squamous cell papillomas and carcinomas in rats and 

mice or urinary bladder transitional cell carcinomas in mice, thyroid adenomas and carcinomas, or adrenal 

gland pheochromocytomas.  Aspiration of Telone II®a may have contributed to the increased incidence of 

bronchioalveolar adenomas in mice treated by oral gavage for 2 years.  Positive development of sarcomas 

in mice subcutaneously injected with 1,3-dichloropropene and positive results for chromosomal 

aberration and deoxyribonucleic acid (DNA) fragmentation in short-term genotoxicity assays (see 

Section 3.3) lend support to the carcinogenic potential of 1,3-dichloropropene.  It should be noted that 

positive results in mutagenicity assays have been attributed to impurities in the test material (see 

Section 3.3).  The Department of Health and Human Services has determined that 1,3-dichloropropene 

may reasonably be anticipated to be a carcinogen based on sufficient evidence of carcinogencity in 

experimental animals.  The International Agency for Research on Cancer has determined that 1,3-di

chloropropene is possibly carcinogenic to humans.  In 2000, IRIS classified 1,3-dichloropropene as a 

probable human carcinogen. 

2,3-Dichloropropene. The toxicokinetic properties of 2,3-dichloropropene appear to be similar to those 

of 1,3-dichloropropene.  It is readily absorbed in animals exposed by the inhalation and oral routes, and 

once absorbed, is distributed rapidly throughout the body.  It is a weakly alkylating compound that can 

react directly with biological macromolecules.  The major metabolic pathway for 2,3-dichloropropene is a 

detoxifying conjugation to glutathione, leading to the elimination of mercapturic acid metabolites in the 

urine.  Two minor pathways result in the formation of the mutagens 1,2-dichloroacetone or 2-chloro

acrolein.  Saturation of the detoxifying conjugation pathways, which might occur under high exposure 

conditions, could result in the production of proportionally more mutagens via the alternate pathways. 
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Reliable data in rats and mice suggest that the most sensitive effect of repeated acute-duration inhalation 

exposure to 2,3-dichloropropene at 5 ppm is damage to the respiratory tract.  Limited data in 13-week 

studies appear to confirm the sensitivity of the respiratory tract to inhalation exposure (see below).  In 

these 13-week studies, hepatic and renal organ weight increases and altered serum chemistry or urinalysis 

parameters occur in rats exposed at 40–80 ppm, but not at 15 ppm.  Acute inhalation exposure at high 

levels (>500 ppm) may result in signs indicative of suppression of the central system (unconsciousness) 

and/or death.  An acute-duration study is the only study that allows reliable identification of NOAELs and 

LOAELs for all systemic end points.  No data are available for developmental or carcinogenic effects of 

exposure to 2,3-dichloropropene. 

Repeated exposure to 5–75 ppm for 6 hours/day for 9 out of 11 days resulted in significant concentration-

related increases in the incidence and severity of lesions of the respiratory tract in rats and mice.  Nearly 

all rats and mice were affected at the 5 ppm level, with hyperplasia of the nasal respiratory epithelium in 

both species and diffuse degeneration of the bronchial/bronchiolar epithelium in mice.  At ≥25 ppm, all 

rats and mice exhibited hyperplasia of the nasal olfactory epithelium and mice had hyperplasia of the 

laryngeal epithelium.  Rats and mice differed in that nasal tissues were the only respiratory tract target in 

rats, whereas the lungs were also affected in mice.  A NOAEL for respiratory effects was not identified in 

this study. 

Intermediate-duration studies provide supportive evidence for respiratory tract effects, but the data do not 

adequately identify reliable NOAELs or LOAELs.  Rats exposed to 15 ppm 6 hours/day, 5 days/week for 

13 weeks did not have alterations in lung histology, but did show an increase in red nasal discharge, a 

sign of nasal irritation.  Since the nasal turbinates, the most sensitive target in rats exposed acutely, were 

not examined for histopathology, a LOAEL for respiratory effects cannot be assigned reliably.  An 

unfinished bioassay NTP, terminated when a drop in U.S. production volumes indicated the compound 

was of low priority, showed increases in absolute and relative lung weights in female mice exposed at 

≥5 ppm and male mice exposed at ≥10 ppm for 6 hours/day, 5 days/week for 13 weeks.  Although no 

histopathology data are available for this bioassay, the fact that the lung was the only organ to show 

weight increases at 5 ppm appears to confirm that the respiratory tract is a specific target of inhaled 

2,3-dichloropropene. 

1,2-Dichloropropene. No information is available about the toxicokinetic properties of 1,2-dichloro

propene.  Toxicity information is limited to a brief summary of results of acute-duration studies in 
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animals exposed at high or unreported exposure levels.  Rats exposed for a few minutes to a saturated 

vapor atmosphere estimated at 63,764 ppm experienced unconsciousness, with liver, lung, and kidney 

injury occurring in those that died.  Kidney and liver injury were also observed in rats exposed by oral 

gavage at 2,000 mg/kg.  Irritant effects in eyes and skin were observed following topical application of 

1,2-dichloropropene at an unspecified dose.  The scant information on this isomer suggests that it shares 

irritant properties with 1,3-dichloropropene and 2,3-dichloropropene.  

1,1-Dichloropropene. No in vivo toxicity or toxicokinetic data were located for 1,1-dichoropropene. 

In vitro metabolism results of one study indicate that this isomer differs from 1,3-dichloropropene and 

2,3-dichloropropene in that conjugation to glutathione results in bioactivation to a mutagenic metabolite, 

rather than the production of innocuous mercapturic acid metabolites.  This finding indicates that 

estimates of toxicity based on 1,3- or 2,3-dichloropropene may not necessarily apply to 1,1-dichloro

propene.  

3,3-Dichloropropene. No toxicity or toxicokinetic data were located for 3,3-dichloropropene. 

2.3 MINIMAL RISK LEVELS (MRLs) 

Estimates of exposure levels posing minimal risk to humans (MRLs) have been made for 1,3- and 2,3-di

chloropropene.  An MRL is defined as an estimate of daily human exposure to a substance that is likely to 

be without an appreciable risk of adverse effects (noncarcinogenic) over a specified duration of exposure.  

MRLs are derived when reliable and sufficient data exist to identify the target organ(s) of effect or the 

most sensitive health effect(s) for a specific duration within a given route of exposure.  MRLs are based 

on noncancerous health effects only and do not consider carcinogenic effects.  MRLs can be derived for 

acute, intermediate, and chronic duration exposures for inhalation and oral routes.  Appropriate 

methodology does not exist to develop MRLs for dermal exposure. 

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990), 

uncertainties are associated with these techniques.  Furthermore, ATSDR acknowledges additional 

uncertainties inherent in the application of the procedures to derive less than lifetime MRLs.  As an 

example, acute inhalation MRLs may not be protective for health effects that are delayed in development 

or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic 

bronchitis.  As these kinds of health effects data become available and methods to assess levels of 

significant human exposure improve, these MRLs will be revised. 
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The following discussion of inhalation and oral MRLs and the supporting databases is organized by 

isomer.  Intermediate- and chronic-duration inhalation and oral MRLs have been derived for 1,3-dichloro

propene and an acute-duration inhalation MRL has been derived for 2,3-dichloropropene (Table 2-1).  

Additional details of MRL derivations are presented in Appendix A. 

1,3-Dichloropropene. 

Inhalation MRLs.  

The data for acute toxic effects in human exposed by inhalation to 1,3-dichloropropene came from 

accidental exposures for which the concentrations in air were not measured.  Acute effects in humans 

involved the respiratory system (mucous membrane irritation, chest pain, cough, and breathing 

difficulties) (Flessel et al. 1978; Markovitz and Crosby 1984).  Most of the acute-duration inhalation data 

in animals comes from 1–4-hour acute lethality rat studies that did not employ a control group.  Eye 

irritation was reported at 206 ppm for Telone C-17® (21.1% chloropicrin) (Streeter and Lomax 1988) and 

775–1,146 ppm for Telone II®a (Streeter et al. 1987; Yakel and Kociba 1977).  Respiratory effects 

included atelectasis at 206 ppm for Telone C-17® (21.1% chloropicrin) (Streeter and Lomax 1988), lung 

edema at 595 ppm and congestion at 676 ppm for Telone II®a (Cracknell et al. 1987) and hemorrhage at 

1,035 ppm (Streeter et al. 1987).  Adrenal congestion was noted at 676 ppm for Telone II®a (Cracknell et 

al. 1987).  The 1-hour LC50 for Telone C-17 (21.1% chloropicrin) was 253 ppm (Streeter and Lomax 

1988), and 4-hour LC50 values of 676 and 904 ppm were reported for Telone II®a (Cracknell et al. 1987; 

Streeter et al. 1987).  In repeated-dose developmental studies, no maternal effects were noted in rat dams 

exposed to Telone II®a at 300 ppm, but litter sizes were decreased (Kloes et al. 1983).  Conversely, 

300 ppm had no effect on rabbit development, but resulted in ataxia and death in six of seven does (Kloes 

et al. 1983).  The no-observed-adverse-effect level (NOAEL) of 150 ppm for maternal effects in rats or 

developmental effects in rabbits exposed to Telone II®a (Kloes et al. 1983) cannot be used as the basis for 

an acute-duration inhalation MRL, because the lack of histopathological examination of the nasal 

turbinates, the likely target organ, in dams casts doubt on the reliability of 150 ppm as a NOAEL for 

systemic effects, although it appears to be a reliable NOAEL for developmental effects.  

•	 An MRL of 0.008 ppm has been derived for intermediate-duration inhalation exposure (15– 
354 days) to 1,3-dichloropropene. 
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Table 2-1.  Summary of Minimum Risk Levels (MRLs) Derived for
 
Dichloropropenes
 

Compound Route Duration MRL value Effect References 
1,3-
Dichloropropene 

Inhalation Acute Insufficient 
data 

Inhalation Intermediate 0.008 ppm Hypertrophy/hyperplasia 
of nasal respiratory 
epithelium 

Lomax et al. 
1989 

Inhalation Chronic 0.007 ppm Hypertrophy/hyperplasia 
of nasal respiratory 
epithelium 

Lomax et al. 
1989 

Oral Acute Insufficient 
data 

Oral Intermediate 0.04 
mg/kg/day 

Basal cell hyperplasia of 
nonglandular stomach 

Haut et al. 
1996 

2,3-
Dichloropropene 

Oral 

Inhalation 

Chronic 

Acute 

0.03 
mg/kg/day 
0.002 ppm 

Basal cell hyperplasia of 
nonglandular stomach 
Hyperplasia of nasal 
respiratory epithelium 

Stebbins et 
al. 2000 
Zempel et al. 
1987 

Inhalation Intermediate Insufficient 
data 

Inhalation Chronic No data 
Oral Acute Insufficient 

data 
Oral Intermediate No data 
Oral Chronic No data 

1,2-
Dichloropropene 

Inhalation Acute Insufficient 
data 

Inhalation Intermediate No data 
Inhalation Chronic No data 
Oral Acute Insufficient 

data 
Oral Intermediate No data 
Oral Chronic No data 

1,1-
Dichloropropene 

Both All No data 

3,3-
Dichloropropene 

Both All No data 
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In the only intermediate-duration inhalation study in humans, no evidence of renal or hepatic damage was 

detected in clinical chemistry analyses of blood and serum in pesticide applicators using cis-1,3-dichloro

propene for an average of 521 (±230) minutes/day at a geometric mean concentration (8-hour TWA) of 

2.7 mg/m3 (range 0.1–9.5 mg/m3) (0.594 [0.22–2.09] ppm) over a 117-day period compared to unexposed 

controls (Verplanke et al. 2000).  No other end points were examined in this study.  Respiratory effects 

(mucous membrane irritation, chest pain, cough, and breathing difficulties) have been observed following 

accidental acute exposure to high concentrations (Flessel et al. 1978; Markovitz and Crosby 1984). 

The available data from the inhalation exposure animal studies indicate that hypertrophy/hyperplasia of 

the nasal respiratory epithelium and hyperplasia of the urinary bladder in mice are the most sensitive 

effects associated with intermediate-duration exposure to 1,3-dichloropropene.  Increased incidences of 

hypertrophy/hyperplasia of the nasal respiratory epithelium occurred in male and female B6C3F1 mice 

exposed to 60 ppm Telone II®b (92.1% 1,3-dichloropropene with 2% ESO) vapor 6 hours/day, 

5 days/week for 6 months (Lomax et al. 1989).  Female mice in this study exposed at 60 ppm also had a 

marginally increased incidence of hyperplasia of the urinary bladder.  Fischer 344 rats exposed in this 

study under the same protocol did not exhibit increased incidences of histologically detected lesions in 

any organs or tissues after 6 months of exposure (Lomax et al. 1989).  Slight reductions in body weights 

were observed in rats and mice exposed at 60 ppm, but the differences were not biologically significant 

(<10% lower than controls) at 6 months (Lomax et al. 1989).  Nasal lesions were also observed in rats 

exposed to ≥90 ppm Telone II®b 6 hours/day, 5–7 days/week for 3 months in a reproductive toxicity 

assay (Breslin et al. 1989). Nasal hyperplasia in rats and mice and urinary bladder hyperplasia in mice 

occurred in groups exposed to ≥90 ppm Telone II®a (90.9% 1,3-dichloropropene with 1.2% epichloro

hydrin) 6 hours/day, 5 days/week for 13 weeks (Stott et al. 1988).  One 13-week study by Coate (1979a) 

reported nasal lesions in rats exposed 6 hours/day, 5 days/week to Telone II®a at 30 ppm, but since the 

purity of the test material was not reported, the significance of the result is uncertain. 

Although increased incidences of hypertrophy/hyperplasia of the nasal respiratory epithelium and 

hyperplasia of the urinary bladder were both sensitive effects in mice at a LOAEL of 60 ppm, the urinary 

bladder lesions were observed only in females and at a marginal increase (p=0.043; Fisher Exact Test) 

over controls.  Since the nasal lesions were observed in both sexes at a higher incidence, they are selected 

as the critical effect for development of the intermediate-duration MRL for 1,3-dichloropropene.  The 

6-month study with male and female mice exposed to Telone II®b by Lomax et al. (1989) is selected as 

the principal study because the study was adequately designed and reported and the test material was a 

relatively high concentration of 1,3-dichloropropene without the confounding presence of 

http:0.22�2.09
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epichlorohydrin.  Lomax et al. (1989) exposed groups (10/sex/concentration) of B6C3F1 mice to vapors 

of 1,3-dichloropropene 6 hours/day, 5 days/week for 6 months at concentrations of 0, 5, 20, or 60 ppm.  

These were designed as interim satellite groups for a 2-year study.  The test material was 92.1% pure 

(49.5% cis; 42.6% trans) and contained 2.0% ESO as a stabilizer, 0.7% 1,2-dichloropropane, and 5.2% 

mixtures of hexanes and hexadienes.  Mice were examined for clinical signs of toxicity, body weight 

changes, and terminal hematology and clinical chemistry parameters.  Terminal examinations of all 

animals included gross necropsy, measurement of selected organ weights (brain, heart, kidney, liver, and 

testes) and histopathological examination of an extensive array of organs and tissues.  Exposure to 1,3-di

chloropropene for 6 months had no adverse effect on survival, clinical signs, or hematological or clinical 

chemistry parameters in mice.  Significant histological lesions included hypertrophy/hyperplasia of the 

nasal respiratory epithelium in male and female mice and hyperplasia of the urinary bladder in female 

mice at 60 ppm.  NOAELs of 20 ppm and LOAELs of 60 ppm are identified for hypertrophy/hyperplasia 

of the nasal respiratory epithelium in male and female mice and hyperplasia of the urinary bladder in 

female mice.  As the increased incidence of hyperplasia of the urinary bladder in female mice was only 

marginally significant, hypertrophy/hyperplasia of the nasal respiratory epithelium in male and female 

mice is chosen as the critical effect for MRL derivation. 

Potential points of departure for deriving the intermediate-duration MRL were derived using benchmark 

concentration analysis, the details of which are provided in Appendix A.  Before the analysis, exposure 

concentrations were adjusted for 92.1% purity and discontinuous exposure.  For increased incidence of 

hypertrophy/hyperplasia of nasal epithelium in male and female mice, the potential point of departure was 

the benchmark concentration limit (BMCL) associated with 10% extra risk, the default benchmark 

response (BMR) recommended by EPA (2000a).  Models for dichotomous data were fit to the incidence 

data in the key study.  The best fitting model for nasal lesions in male and female mice was the gamma 

model, which generated a BMC10 of 2.8 ppm and a BMCL10 of 1.3 ppm for males and BMC10 of 6.3 ppm 

and a BMCL10 of 3.0 ppm for females. 

The respective BMCL10 values for nasal lesions in male and female mice were converted to human 

equivalent concentrations ([BMCL10 ]HEC) by multiplying by the extrathoracic regional gas dose ratio 

(B6C3F1 mouse/human) for males (0.1779) and females (0.1368) according to EPA (1994) guidance for 

inhalation dosimetry for a category 1 gas, as a default for a category 2 gas.  The resulting [BMCL10]HEC 

values were 0.23 ppm for male mice and 0.41 ppm for female mice.  The lower [BMCL10]HEC value of 

0.23 ppm derived from male mice was used as the point of departure for deriving the MRL.  A total 

uncertainty factor of 30 (3 for conversion from animals to humans using dosimetric adjustment and 10 for 
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human variability) was applied to the male [BMCL10]HEC to calculate an intermediate-duration inhalation 

MRL of 0.008 ppm for 1,3-dichloropropene.  

•	 An MRL of 0.007 ppm has been derived for chronic-duration inhalation exposure (≥1 year) to 
1,3-dichloropropene. 

No data are available for effects in humans following chronic-duration inhalation exposure to 1,3-di

chloropropene.  Fischer F344 rats and B6C3F1 mice were evaluated for chronic-duration inhalation 

exposure to Telone II®b (92.1% 1,3-dichloropropene stabilized with 2% epoxidized soybean oil, ESO) for 

1 or 2 years (Lomax et al. 1989). 

The available data from chronic-duration studies indicate that lesions of the nasal epithelium and urinary 

bladder in mice are the most sensitive effects associated with chronic-duration inhalation exposure to 

1,3-dichloropropene.  After 1 year, incidences of hypertrophy/hyperplasia of the nasal respiratory 

epithelium were increased in male mice exposed at ≥20 ppm and female mice at 60 ppm.  In addition, the 

incidences of hyperplasia and inflammation of the urinary bladder were increased in female mice exposed 

to 60 ppm for 1 year.  After 2 years of exposure, increased incidences of hypertrophy/hyperplasia of the 

nasal respiratory epithelium occurred in female mice at ≥20 ppm and males exposed at 60 ppm, and 

increased degeneration of the nasal olfactory epithelium occurred in male and female mice exposed at 

60 ppm.  In rats, nasal lesions (decreased thickness of the olfactory epithelium in males and females, 

erosion of the olfactory epithelium in males, and submucosal fibrosis in males) were only detected at 

60 ppm after 2 years of exposure and at lower incidences than in exposed mice. The incidences of 

epithelial hyperplasia of the urinary bladder were increased in female mice exposed for 2 years at 

≥20 ppm and male mice exposed at 60 ppm; the incidence of inflammation of the bladder epithelium was 

increased in female mice exposed for 2 years at ≥20 ppm, but not in males.  No histopathology of the 

urinary bladder was observed in rats. 

Based on these findings, hypertrophy/hyperplasia of the nasal respiratory epithelium and hyperplasia of 

the urinary bladder epithelium in mice exposed for 2 years were selected as co-critical effects for the 

development of the chronic-duration inhalation MRL for 1,3-dichloropropene.  The mouse study by 

Lomax et al. (1989) is the principal study because the test material in this adequately designed and 

reported study had a purity of 92.1% and did not contain epichlorohydrin or chloropicrin as a possibly 

confounding toxic additive.  Lomax et al. (1989) exposed groups (50/sex/concentration) of B6C3F1 mice 

to vapors of 1,3-dichloropropene (Telone II®b) 6 hours/day, 5 days/week for 2 years at concentrations of 

0, 5, 20, or 60 ppm.  Additional satellite groups (10/sex/concentration) were established for interim 
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sacrifices at 6 and 12 months (results for the 6-month sacrifice are given under the description for the 

intermediate-duration inhalation MRL).  The test material was 92.1% pure (49.5% cis; 42.6% trans) and 

contained 2.0% ESO as a stabilizer, 0.7% 1,2-dichloropropane, and 5.2% mixtures of hexanes and 

hexadienes.  Mice were examined for clinical signs of toxicity, body weight changes, and terminal 

hematology and clinical chemistry parameters.  Terminal examinations of all animals included gross 

necropsy, measurement of selected organ weights (brain, heart, kidney, liver, and testes), and histo

pathological examination of an extensive array of organs and tissues.  Exposure to Telone II®b vapor for 

2 years had no significant adverse effect on survival, body weight, the incidence of clinical signs, 

hematology, or clinical chemistry parameters in mice.  In the 1-year satellite group, incidences of 

hypertrophy/hyperplasia of the nasal respiratory epithelium were significantly higher than controls in 

males at ≥20 ppm and in females at 60 ppm; females at 60 ppm also had increased incidences of epithelial 

hyperplasia and inflammation of the urinary bladder.  After 2 years of exposure, incidences nasal and 

urinary bladder hyperplasia were elevated in males at 60 ppm and in females at ≥20 ppm.  Increases in 

inflammation of the urinary bladder were not observed in males and were relatively small in females.  

Degeneration of the nasal olfactory epithelium was not statistically elevated in either sex at concentrations 

<60 ppm.  NOAELs of 5 ppm and LOAELs of 20 ppm were identified for hypertrophy/hyperplasia of the 

nasal respiratory epithelium and epithelial hyperplasia of the urinary bladder in females. 

Potential points of departure for deriving the chronic-duration inhalation MRL were calculated using 

benchmark concentration analysis, the details of which are provided in Appendix A.  Before the analysis, 

exposure concentrations in ppm were adjusted for 92.1% purity and discontinuous exposure.  Models for 

dichotomous data were fit to the incidence data in the key study.  None of the models in the EPA 

benchmark dose (BMD) software provided an adequate fit to the data for hypertrophy/hyperplasia of the 

nasal respiratory epithelium in male mice, so no BMCL could be calculated.  For increased incidences of 

hypertrophy/hyperplasia of nasal respiratory epithelium in female mice or hypertrophy of urinary bladder 

epithelium in male and female mice, the potential points of departure were the 95% lower confidence 

limits on estimated concentrations (BMCLs) associated with 10% extra risk compared to control values. 

This benchmark response (BMR) level is the default recommended by EPA (2000a).  The log-probit 

model gave the best fit to data for nasal lesions in female mice, resulting in a BMC10 of 1.56 ppm and a 

BMCL10 of 1.0 ppm.  The logistic model gave the best fit to data for urinary bladder lesions in male mice, 

resulting in a BMC10 of 2.18 ppm and a BMCL10 of 1.78 ppm.  The quantal-quadratic model gave the best 

fit to data for urinary bladder lesions in female mice, resulting in a BMC10 of 1.52 ppm and a BMCL10 of 

1.30 ppm.  
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Mouse BMCL values were converted to human equivalent concentrations (HECs) using EPA (1994) 

dosimetry methods.  The BMCL10 of 1.0 ppm for hypertrophy/hyperplasia of nasal respiratory epithelium 

in female mice was multiplied by the extrathoracic regional dose ratio (mouse/human) of 0.1999, 

resulting in a HEC of 0.20 ppm.  As no mouse or human blood:air partition coefficients were available for 

1,3-dichloropropene, the BMCL10 values for urinary bladder lesions in male and female mice were 

multiplied by the default blood:gas partition coefficient ratio of 1 (for calculating the HECs for the 

extrarespiratory effects), resulting in [BMCL10]HEC values for male and female mice of 1.78 and 

1.30 ppm, respectively. The [BMCL10]HEC value of 0.20 ppm for hypertrophy/hyperplasia of nasal 

respiratory epithelium in female mice was selected as the more sensitive point of departure.  A total 

uncertainty factor of 30 (3 for extrapolation from animal to human using dosimetric adjustment and 10 for 

human variability) was applied to the [BMCL10]HEC of 0.20 ppm, resulting in a chronic-duration 

inhalation MRL of 0.007 ppm for 1,3-dichloropropene.  

Oral MRLs.  No acute-duration oral MRL was derived for 1,3-dichloropropene. The only information on 

toxic effects in humans following oral exposure to 1,3-dichloropropene comes from a case report of 

effects following accidental ingestion of an undetermined fatal dose (Hernandez et al. 1994).  The 

gastrointestinal effects observed in this case (initially acute gastroenteritis and abdominal pain on deep 

palpation, subsequent bloody diarrhea, hemorrhagic exudate of the stomach at autopsy, histopathological 

evidence of congestion of gastric mucosal vessels, autolysis, and mucosal erosions of the stomach) 

support the significance of portal-of-entry effects of ingested 1,3-dichloropropene.  Other effects included 

tachycardia, tachypnea, hypovolemia, adult respiratory distress syndrome, and multiorgan failure prior to 

death.  The database for oral toxicity of 1,3-dichloropropene in animals consists entirely of several acute 

lethality studies in rats conducted by oral gavage under protocols that do not include a control group.  

Suppression of the central nervous system following exposure to Telone II®a was indicated by clinical 

signs such as reduced respiratory rate at ≥75 mg/kg, lethargy at ≥110 mg/kg, and ataxia at ≥170 mg/kg 

(Jones and Collier 1986a).  Hemorrhaging was observed in the gastrointestinal tract and lungs of rats 

dosed at ≥170 or 250 mg/kg, respectively, with 97.2% mixed isomers (Jones and Collier 1986a).  

Hyperkeratosis of the stomach was observed in rats exposed to ≥75 mg/kg 1,3-dichloropropene (97.2% 

mixed isomers) (Jones and Collier 1986a) or 100 mg/kg 79.1% 1,3-dichloropropene with 19% 

chloropicrin (Mizell et al. 1988a).  LD50 values in rats were 121 mg/kg for the cis isomer (97.2%), 

304 mg/kg for 79.1% 1,3-dichloropropene with 19% chloropicrin (Mizell et al. 1988a), and 150– 

470 mg/kg for mixed isomer formulations with purities between 92 and 97.54% (Jeffrey et al. 1987a; 

Jones and Collier 1986a; Lichy and Olson 1975).  
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•	 An MRL of 0.04 mg/kg/day has been derived for intermediate-duration oral exposure (15– 
364 days) to 1,3-dichloropropene. 

No data are available for effects in humans following intermediate-duration oral exposure to 1,3-dichloro

propene.  Intermediate-duration oral exposure studies with rats, mice, and dogs exposed to different 

commercial formulations of 1,3-dichloropropene isomers have been conducted by oral gavage or dietary 

exposure. 

As shown in the following overview, available data from the oral exposure animal studies indicate that 

lesions in the nonglandular stomach mucosa in rats and microcytic anemia in dogs are the most sensitive 

effects associated with intermediate-duration oral exposure to 1,3-dichloropropene.  Increased incidences 

of basal cell hyperplasia of the nonglandular stomach occurred in male Fischer 344 rats exposed to doses 

≥15 mg/kg/day Telone II®b microencapsulated in feed for 13 weeks; female rats displayed hyperkeratosis 

of the nonglandular stomach epithelium at doses of 100 mg/kg/day in this study (Haut et al. 1996).  

B6C3F1 mice exposed to Telone II®b via the same protocol for 13 weeks did not display any adverse 

effects on histologic or hematologic end points (Haut et al. 1996).  Microcytic anemia (decreased 

hematocrit, hemoglobin concentration, and corpuscular volume) occurred in beagle dogs exposed to doses 

≥15 mg/kg/day Telone II®b encapsulated in feed for 13 weeks (Stebbins et al. 1999).  Reductions in 

terminal body weight were observed in rats, mice, and dogs exposed to Telone II®b in feed for 13 weeks, 

but reduced food intake associated with decreased palatability may have contributed to these effects (Haut 

et al. 1996; Stebbins et al. 1999).  In an earlier 13-week study with Telone®, a commercial formulation of 

lesser 1,3-dichloropropene purity than Telone II®b, increased liver or kidney weights were observed in 

rats at doses as low as 10 and 30 mg/kg/day, respectively, but the lack of renal or kidney adverse 

noncancer effects in the intermediate- or chronic-duration studies with Telone II®b suggests that these 

organs are not consistently observed noncancer toxicity targets of 1,3-dichloropropene.  

The study describing hematological effects in dogs was not selected for MRL derivation due to the small 

group sizes (4/sex/group) and the lack of histopathological examination.  Therefore, the other sensitive 

effect, basal cell hyperplasia in the nonglandular stomach of male rats, was selected the critical effect for 

development of the intermediate-duration MRL for 1,3-dichloropropene.  The 13-week study with male 

rats (Haut et al. 1996) exposed to microencapsulated Telone II®b was selected as the principal study, 

because the test material in this adequately designed and reported study was the most purified 1,3-di

chloropropene formulation tested and did not contain potentially confounding toxic materials such as 

epichlorohydrin or chloropicrin.  The test material, Telone II®b, was 95.8% pure 1,3-dichloropropene 

(50.7% cis; 45.1% trans) and was microencapsulated in a starch/sucrose (80:20) microsphere matrix 
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before addition to the diets for 13 weeks.  In the Haut et al. (1996) study, groups of male and female 

Fischer 344 rats (10/sex/group) received 1,3-dichloropropene at reported doses of 0, 5, 15, 50, or 

100 mg/kg/day.  Animals were evaluated for clinical signs of toxicity, body weight changes, feed intake, 

and hematological, clinical chemistry, and urinalysis parameters.  All rats received a gross necropsy 

examination and were evaluated for histopathology in a full array of tissues and organs.  Ingestion of 

Telone II®b had no effect on survival in rats.  Significant histopathological lesions in this study included 

basal cell hyperplasia of the nonglandular stomach in male rats exposed at ≥15mg/kg/day and 

hyperkeratosis of the nonglandular stomach epithelium at 100 mg/kg/day.  In this study, a NOAEL of 

5 mg/kg/day and a LOAEL of 15 mg/kg/day were identified for cell hyperplasia in the nonglandular 

stomach of male rats (Haut et al. 1996). 

Potential points of departure for deriving the intermediate-duration MRL were derived using benchmark 

dose analysis, the details of which are described in Appendix A.  For increased incidence of basal 

hyperplasia in nonglandular stomach mucosa of rats, the potential point of departure was the BMDL 

associated with 10% extra risk; this BMR was selected as the default following EPA (2000a) guidance.  

Models for dichotomous data in the BMD software were fit to the incidence data in the key study.  The 

best fitting model for forestomach lesions in male rats was the multistage model, which generated a 

BMD10 of 9.0 mg/kg/day and a BMDL10 of 3.6 mg/kg/day.  The BMDL10 of 3.6 mg/kg/day for basal cell 

hyperplasia in male rats was selected as the point of departure for deriving the intermediate-duration oral 

MRL. 

An intermediate-duration oral MRL of 0.04 mg/kg/day was derived by dividing the BMDL10 of 

3.6 mg/kg/day by an uncertainty factor of 100 (10 for extrapolation from animals to humans and 10 for 

human variability).  

•	 An MRL of 0.03 mg/kg/day has been derived for chronic-duration oral exposure (≥1 year) to 
1,3-dichloropropene. 

No data are available for effects in humans following chronic-duration oral exposure to 1,3-dichloro

propene.  Chronic-duration oral exposure studies with rats, mice, and dogs exposed to different 

commercial formulations of 1,3-dichloropropene isomers have been conducted by oral gavage or dietary 

exposure. 

As shown in the following overview, the available data indicate that lesions in the nonglandular stomach 

mucosa in rats and microcytic anemia in dogs are the most sensitive effects associated with chronic
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duration oral exposure to 1,3-dichloropropene.  Basal cell hyperplasia of the nonglandular stomach 

mucosa was observed in male and female Fischer 344 rats exposed to doses as low as 12.5 mg/kg/day 

Telone II®b (but not 2.5 mg/kg/day) encapsulated in feed for 1 or 2 years (Stebbins et al. 2000), and in 

male and female F344 rats and female B6C3F1 mice exposed to gavage doses of 25 mg/kg/day 

Telone II®a (89% dichloropropene isomers plus 1% epichlorohydrin) 3 times/week for up to 2 years (NTP 

1985).  Increased incidences of this lesion did not occur in male or female B6C3F1 mice exposed to 2.5, 

25, or 50 mg/kg/day Telone II®b encapsulated in feed for 1 or 2 years (Stebbins et al. 2000) or in male or 

female beagle dogs exposed to 0.5, 2.5, or 15 mg/kg/day Telone II®b encapsulated in feed for 1 year 

(Stebbins et al. 1999).  However, male and female beagle dogs exposed to 15 mg/kg/day, but not 

2.5 mg/kg/day, Telone II®b encapsulated in feed for 1 year showed decreased values for mean hematocrit, 

hemoglobin concentration, and corpuscular volume, compared with control values, which are indicative 

of microcytic anemia.  Exposure-related reductions in terminal body weight were observed in rats, mice, 

and dogs exposed to Telone II®b in feed for 1 or 2 years, but reduced food intake associated with 

decreased palatability may have contributed to these effects (Stebbins et al. 1999, 2000).  

Adverse noncancer effects on the liver or kidney are not as clearly associated with chronic-duration oral 

exposure to 1,3-dichloropropene as forestomach basal cell hyperplasia in rats or microcytic anemia in 

dogs.  Exposure-related kidney effects include increased incidence of hydronephrosis in female, but not 

male, B6C3F1 mice exposed to gavage doses of 100 mg/kg/day Telone II®a, but not 50 mg/kg/day, for up 

to 2 years (NTP 1985) and increased incidence of nephropathy in female, but not male, Fischer 344 rats 

exposed to 25 or 50 mg/kg/day Telone II®a for up to 2 years (NTP 1985).  However, no exposure-related 

kidney effects were observed in Fischer 344 rats, B6C3F1 mice, or beagle dogs exposed to Telone II®b 

encapsulated in feed for 1 or 2 years at doses as high as 25 mg/kg/day for rats, 50 mg/kg/day for mice, 

and 15 mg/kg/day for dogs (Stebbins et al. 1999, 2000).  Observed noncancer effects in the liver include 

decreased size of hepatocytes in male, but not female, B6C3F1 mice exposed to 50 mg/kg/day, but not 

25 mg/kg/day, Telone II®b encapsulated in feed for 1 year, but not in mice exposed for 2 years (Stebbins 

et al. 2000) and increased incidence of slight or very slight eosinophilic foci of altered liver cells in male 

and female Fischer 344 rats exposed to 2.5, 12.5, or 25 mg/kg/day Telone II®b encapsulated in feed for 

2 years.  The toxicological significance of these apparent liver effects is equivocal given the inconsistency 

of the findings in the mouse study and the common spontaneous occurrence of liver foci (eosinophilic or 

basophilic) in aged Fischer 344 rats. 

Based on the findings from the chronic-duration oral exposure animal studies, basal cell hyperplasia in the 

nonglandular stomach of male rats and decreased hemoglobin concentration and corpuscular volume in 
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male or female dogs were selected as co-critical effects for development of the chronic-duration MRL for 

1,3-dichloropropene.  The 2-year rat study (Stebbins et al. 2000) and 1-year dog study (Stebbins et al. 

1999) involving exposure to microencapsulated Telone II®b were selected as the principal studies, 

because the test material in these adequately designed and reported studies was the most purified 1,3-di

chloropropene formulation tested (95.8% pure 1,3-dichloropropene—50.7% cis; 45.1% trans—with 2% 

ESO as a stabilizer) and did not contain potentially confounding toxic materials such as epichlorohydrin 

or chloropicrin.  In the study by Stebbins et al. (2000), the main group of male and female Fischer 344 

rats (50/sex/group) received doses of 0, 2.5, 12.5, or 25 mg/kg/day for 2 years and a satellite group of 

10/sex/group received the same treatment for 12 months.  In the Stebbins et al. (1999) study, groups of 

beagle dogs (4/sex/dose) had intakes of 0, 0.5, 2.5, or 15 mg/kg/day for 12 months.  Both studies 

evaluated animals for clinical signs of toxicity, body weight changes, feed intake, and hematological, 

clinical chemistry, and urinalysis parameters.  All animals received a gross necropsy examination, with 

evaluation of a full array of tissues and organs for histopathological examination.  Ingestion of 

Telone II®b had no effect on survival in rats or dogs.  The primary histological lesion in rats was basal 

cell hyperplasia of the nonglandular stomach mucosa observed in males and females exposed to 

≥12.5 mg/kg/day.  In these studies, a NOAEL of 2.5 mg/kg/day and a LOAEL of 12.5 mg/kg/day were 

identified for cell hyperplasia in the nonglandular stomach of male rats (Stebbins et al. 2000) and a 

NOAEL of 2.5 mg/kg/day and a LOAEL of 15 mg/kg/day were identified for decreased hemoglobin 

concentration and corpuscular volume in male or female dogs (Stebbins et al. 1999). 

Potential points of departure for deriving the chronic-duration MRL were derived with benchmark dose 

analysis, the details of which are described in Appendix A.  For decreased hemoglobin concentration, 

which was as an index of 1,3-dichloropropene-induced microcytic anemia in dogs, potential points of 

departure were 95% lower confidence limits on estimated doses (i.e., BMDLs) associated with a value 

lower than 10th percentile values for the distribution of hemoglobin concentrations in a sample of normal 

beagle dogs.  The linear model for continuous data was modeled to the hemoglobin data in dogs, resulting 

in a BMD10th%ile of 8.35 mg/kg/day and a BMDL10th%ile of 6.05 mg/kg/day for male dogs and a BMD10th%ile 

of 10.98 mg/kg/day and a BMDL10th%ile of 8.83 mg/kg/day for female dogs.  For increased incidence of 

basal hyperplasia in nonglandular stomach mucosa of rats, the potential point of departure was the BMDL 

associated with 10% extra risk.  This BMR is the default recommended by EPA (2000a).  Models for 

dichotomous data were applied to the incidence data in rats.  The log-probit model gave the best fit to the 

data for male rats, resulting in a BMD10 of 5.34 mg/kg/day and a BMDL10 of 4.26 mg/kg/day.  The log-

logistic model gave the best fit to the data for female rats, resulting in a BMD10 of 5.42 mg/kg/day and a 

BMDL10 of 3.51 mg/kg/day.  The lowest BMDL is the BMDL10 of 3.51 mg/kg/day for increased 
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incidence of nonglandular stomach basal cell hyperplasia in rats.  A chronic-duration oral MRL based on 

the BMDL10 of 3.51 mg/kg/day for basal cell hyperplasia in rats divided by an uncertainty factor of 100 

(10 for extrapolation from animals to humans and 10 for human variability) would be 0.04 mg/kg/day.  

This value is in agreement with EPA’s chronic oral RfD of 0.03 mg/kg/day, which was based on a point 

of departure of 3.4 mg/kg/day (see Chapter 8 and Appendix A). Therefore, 0.03 mg/kg/day was selected 

as the chronic oral MRL for 1,3-dichloropropene. 

2,3-Dichloropropene 

Inhalation MRLs 

•	 An MRL of 0.002 ppm has been derived for acute-duration inhalation exposure (<15 days) to 
2,3-dichloropropene. 

No information was located regarding the acute inhalation toxicity of 2,3-dichloropropene in humans. 

The available data from inhalation studies in animals indicate that hyperplasia of the nasal respiratory 

epithelium in male and female rats and mice and degeneration of the bronchial/bronchiolar epithelium in 

male and female mice are the most sensitive effects associated with acute-duration exposure to 2,3-di

chloropropene.  Increased concentration-related incidences and severity (see Table 2-2, the same as 

Table A-1 in Appendix A) of hyperplasia of the nasal respiratory epithelium occurred in male and female 

Fischer 344 rats and B6C3F1 mice, and slight diffuse degeneration of bronchial/bronchial epithelium 

occurred in male and female B6C3F1 mice exposed to 5 ppm 2,3-dichloropropene (>99% purity) vapor 

6 hours/day for nine exposures over 11 days (Zempel et al. 1987).  Male and female rats and mice in this 

study exposed at ≥25 ppm had slight-to-moderate hyperplasia of the nasal olfactory epithelium, and male 

and female mice exposed at ≥25 ppm had very slight-to-slight hyperplasia of the laryngeal epithelium.  

Reductions (12–25%) in terminal body weights in male and female mice exposed at 25 or 75 ppm 

appeared to be related to reduced feed intake.  

Respiratory lesions were also observed in single-exposure acute lethality studies described in cursory 

and/or incomplete reports.  In a 6-hour exposure study, crusted noses were observed in rats exposed at 

250 ppm and bloody noses at 500 ppm, whereas in a 1-hour study, gasping and shallow respiration were 

observed during exposure at ≥693 ppm and labored respiration was observed after exposure at 1,963 ppm 

in rats (Dietz et al. 1985b).  Exposure to an unquantified concentrated vapor atmosphere resulted in 

gasping, labored breathing, and nasal discharge as clinical signs, as well as hemorrhagic lungs and 
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Table 2-2.  Incidence of Significant Lesions in Fischer 344 Rats and B6C3F1 Mice 

Exposed to 2,3-Dichloropropene (>99%) Vapor 6 Hours/Day, for 9/11 Daysa
 

Control 5 ppm 25 ppm 75 ppm 
Rats 
Hyperplasia of nasal respiratory epithelium 

Male rats 
Female rats 

0/5 
0/5 

4/5* 
5/5* 

5/5** 
5/5** 

5/5*** 
5/5*** 

Mice 
Hyperplasia of nasal respiratory epithelium 

Male mice 
Female mice 

0/5 
0/5 

3/5* 
4/5* 

5/5** 
5/5** 

5/5*** 
5/5*** 

Diffuse degeneration of bronchial/bronchiolar epithelium 
Male mice 
Female mice 

0/5 
0/5 

5/5** 
5/5** 

5/5*** 
3/5***+ 2/5**** 

5/5**** 
5/5**** 

aSeverity:  *very slight; **slight;***moderate;****severe 

Source:  Zempel et al. 1987 
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inflammation of the nasal mucosal in rats (Monsanto 1967).  In these studies, evidence of suppression of 

the central nervous system was observed at concentrations in excess of 500 ppm (Dietz et al. 1985b; 

Monsanto 1967). 

The acute study in male and female rats and mice by Zempel et al. (1987) is selected as the principal 

study because it was adequately designed and reported, the purity of the test material was high, and it 

reported critical effects at the lowest tested concentration. 

Zempel et al. (1987) exposed (whole body) groups of B6C3F1 mice and F344 rats (5/sex/species/group) 

to vapors of 2,3-dichloropropene (>99% purity) 6 hours/day for nine exposures over 11 days at 

concentrations of 0, 5, 25, or 75 ppm.  Rats and mice were examined for clinical signs of toxicity, body 

weight changes, hematology and serum chemistry analyses of terminal blood samples, and, in rats only, 

urinalyses. Terminal examinations of all rats and mice included a complete necropsy (for rats, including 

the eyes), measurement of selected organ weights (brain, heart, liver, thymus, kidneys, and testes), and 

microscopic examination of all tissues for animals in the control and 75 ppm groups, and for target tissues 

(liver, kidneys, bone marrow, lungs, and nasal tissues, and in mice, thymus, trachea, and larynx) in the 

5 and 25 ppm groups.  Exposure to 2,3-dichloropropene had no significant effect on survival in rats or 

mice.  No alterations in activity levels or hematology, serum chemistry, or urinalysis results were 

observed in rats.  Alterations in hematology and clinical chemistry parameters observed in mice were 

ascribed by the study authors to mild dehydration (and resulting hemoconcentration) and stress.  

Significant histological lesions of the respiratory tract are presented in Table 2-2.  Other histopathological 

lesions were not considered to be compound related:  stress-related cortical atrophy of the thymus and 

dehydration-related reduced extramedullary hematopoeisis in the liver and spleen of mice at 75 ppm.  The 

lowest exposure level, 5 ppm, was a minimal LOAEL for very slight hyperplasia of the nasal respiratory 

epithelium in male and female rats and mice and slight diffuse degeneration of the bronchial/bronchiolar 

epithelium in male and female mice. 

Potential points of departure for deriving the acute-duration inhalation MRL were obtained by first 

adjusting for intermittent exposure, resulting in a duration-adjusted LOAEL of 1.25 ppm.  Using EPA 

(1994) dosimetry adjustments, regional gas dose ratios (RGDRs) were calculated for extrathoracic (ET) 

effects (nasal lesions) in rats and mice and tracheobronchial (TB) effects (bronchial/bronchiolar lesions) 

in mice.  Although 2,3-dichloropropene is a category 2 gas, the equations for a category 1 gas were used 

by default since an equation is not available for category 2 gases.  The calculated RGDRs were applied to 

the duration adjusted LOAEL of 1.25 ppm to obtain the human equivalent concentrations (LOAELHEC): 
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0.20 and 0.14 ppm for extrathoracic effects in male and female rats, respectively, 0.18 and 0.15 ppm for 

extrathoracic effects in male and female mice, respectively, and 2.22 and 1.79 ppm for tracheobronchial 

effects in male and female mice, respectively.  The lowest LOAELHEC of 0.14 ppm for hyperplasia of the 

nasal respiratory epithelium in female rats was chosen as the point of departure for the MRL since it 

would be protective against all observed effects.  A composite uncertainty factor of 90 (3 for the use of a 

minimal LOAEL, 3 for extrapolation from animals to humans using dosimetric adjustments, and 10 for 

human variability) was applied to the LOAELHEC of 0.14 ppm for hyperplasia of the nasal respiratory 

epithelium in female rats, resulting in an MRL of 0.002 ppm. 

No intermediate-duration inhalation MRL was derived for 2,3-dichloropropene because of a lack of 

suitable data.  No studies were located regarding the intermediate-duration inhalation toxicity of 2,3-di

chloropropene in humans.  Intermediate-duration inhalation studies in animals exposed to 2,3-dichloro

propene are not adequate for derivation of an intermediate-duration inhalation MRL because of 

deficiencies that prevent the accurate determination of reliable NOAELs or LOAELs for respiratory 

lesions (Johannsen et al. 1991; NTP 1989).  NTP (1989) began 13-week studies (Study No. C61881) in 

Fischer 344 rats and B6C3F1 mice exposed 6 hours/day, 5 days/week to 0, 5, 10, 20, 40, or 80 ppm 

2,3-dichloropropene, but terminated the postexposure work on the studies when new data showed that 

production volumes of 2,3-dichloropropene in the United States had dropped below 100 kg/year (NTP 

2006; communication from NTP to SRC).  Some data tables are available for this study on the NTP 

website, providing definitive concentration-response information for body weights and hematology 

parameters, but not for most other end points because no histopathology data are available.  The 13-week 

systemic toxicity and 13–16-week reproductive toxicity studies by Johannsen et al. (1991), in which 

Sprague-Dawley rats were exposed 6 hours/day, 5 days/week at concentrations of 0, 1, 5, or 15 ppm or 0, 

1, or 5 ppm, respectively, are deficient in the failure to examine the likely target organ, the nasal 

turbinates. 

The following results were reported in the 13-week studies in rats and mice.  No effects on survival, 

hematology, serum chemistry, histopathology, body weight, or organ weights were observed in rats 

exposed at ≤15 ppm (Johannsen et al. 1991).  In rats, respiratory effects in rats included red nasal 

discharge (increasing in frequency during the study), but no observed lung histopathology, at ≤15 ppm 

(Johannsen et al. 1991), and no lung weight increases at ≤80 ppm (NTP 1989).  Female mice exposed at 

5–40 ppm had 25–33% increases in absolute lung weight and 25–47% increases in relative lung weight, 

whereas male mice had absolute lung weights increased by 13–36% at 10–80 ppm and relative lung 

weights increased by 22–33% at 10–40 ppm and by 200% at 80 ppm (NTP 1989).  No female mice 



   
 

   
 
 

 
 
 
 
 

   

  

  

   

 

   

  

  

        

   

 

    

   

 

  

  

  

 

  

 

 

 

  

 

     

     

   

 

 

  

 

 

31 DICHLOROPROPENES 

2. RELEVANCE TO PUBLIC HEALTH 

exposed at 80 ppm survived to 13 weeks (NTP 1989); no mortality data were available for male and 

female rats or male mice exposed to ≤80 ppm (NTP 1989).  Significant concentration-related (>10%) 

reductions in terminal body weights compared to controls were observed in male rats and male and 

female mice exposed at 40 or 80 ppm (NTP 1989).  Hepatic toxicity was observed in female rats:  33% 

increased absolute and 37% increased relative liver weights, a 60% increase in serum alkaline 

phosphatase, and a 6-fold increase in total serum bile acids at 80 ppm, and >3-fold increases in serum 

alanine aminotransferase (ALT) and sorbitol dehydrogenase (SDH) at 40–80 ppm (NTP 1989).  No 

hepatic weight changes were observed in female mice exposed at ≤40 ppm, or male rats or mice exposed 

at ≤80 ppm (NTP 1989).  A 17% increase in absolute and 23% increase in relative kidney weights were 

observed in female rats at 80 ppm (NTP 1989); urine volume was increased with exposure in female rats, 

but decreased in male rats.  No kidney weight changes were observed in female mice exposed at 

≤40 ppm, or male rats or mice exposed at ≤80 ppm (NTP 1989).  No significant compound-related effects 

were observed on hematology parameters in rats or mice exposed at ≤80 ppm (NTP 1989).  No significant 

effects were observed on reproductive parameters—gonadal weight or sperm parameters in male or estrus 

cycling in female rats or mice exposed at ≤80 ppm (Johannsen et al. 1991; NTP 1989) or mating and 

fertility indices in rats exposed at ≤5 ppm (Johannsen et al. 1991).  The available limited data provide 

suggestive evidence that the respiratory system is the primary target of intermediate-duration inhalation 

exposure to 2,3-dichloropropene, presumably a portal-of-entry effect related to repeated irritation.  The 

lung weight effects at 5 ppm in the NTP study are consistent with the acute-duration inhalation study by 

Zempel et al. (1987) in that lung effects were observed in mice, but not in rats. 

Neither of the available studies provide a suitable basis for derivation of an intermediate-duration 

inhalation MRL for 2,3-dichloropropene.  Although Johannsen et al. (1991) appears to identify irritation 

of the respiratory tract as the most sensitive effect of exposure, an accurate NOAEL or LOAEL for 

respiratory effects cannot be determined for this study because no incidence data were reported for red 

nasal discharge at 15 ppm and no histopathological examination was conducted for the nasal turbinates. 

Furthermore, the incomplete NTP (1989) study in mice appears to show lung effects in mice at 5 ppm, but 

also lacks histopathology data for the lung and nasal turbinates.  Consequently, no intermediate-duration 

inhalation MRL was derived. 

No chronic-duration inhalation MRL was derived for 2,3-dichloropropene because of a lack of data in 

humans or animals.  
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Oral MRLs.  No oral MRLs were derived for 2,3-dichloropropene. No information was located regarding 

the oral toxicity of 2,3-dichloropropene.  Animal data are limited to two acute lethality studies in rats that 

did not include control groups.  A study by Monsanto (1967) was only available as a summary that 

reported an acute oral LD50 of 285 (250–326) mg/kg for male and female rats combined and did not report 

target organ specificity.  A study by Union Carbide Corp. (1958), results of which were published in 

Smyth et al. (1962), reported an acute oral LD50 of 320 (260–400) mg/kg (Smyth et al. [1962] mis

reported the unit as mL/kg).  Necropsy results included congestion in lungs, liver, and kidney, and opacity 

of the gastrointestinal tract.  These studies are not suitable for MRL derivation because they provide no 

dose-response information for nonlethal effects.   

1,2-Dichloropropene 

Inhalation MRLs.  No inhalation MRLs were derived for 1,2-dichloropropene.  No information was 

located regarding the acute inhalation toxicity of 1,2-dichloropropene in humans.  Animal data are limited 

to an unpublished summary of an acute lethality study in which small numbers of rats (3 or 4) were 

exposed to saturated vapor at an estimated concentration of 63,764 ppm and 1/4 died after 6 minutes and 

3/3 died after 12 minutes (Dow 1962); the study included no other exposure levels and no control group.  

Effects noted in this study were unconsciousness and, in one rat at necropsy, considerable (unspecified) 

injury to lung, liver, and kidney.  The numerous deficiencies in design (small group size, lack of control 

group, single exposure level, lack of a nonlethal exposure level) and reporting, render this study 

unsuitable for MRL derivation.  

Oral MRLs.  No oral MRLs were derived for 1,2-dichloropropene.  No information was located regarding 

the oral toxicity of 1,2-dichloropropene in humans.  Animal data are limited to an unpublished summary 

of a range-finding study in which two rats were given 1,2-dichloropropene by oral gavage in corn oil at a 

dose of 2,000 mg/kg (Dow 1962).  Neither animal died, but necropsy revealed considerable (unspecified) 

injury to the liver and kidney.  This study is unreliable because of the inadequate design (small group size, 

lack of control group) and inadequate reporting of methods and results. 

1,1-Dichloropropene and 3,3-Dichloropropene 

No MRLs were derived for 1,1- or 3,3-dichloropropene because of a lack of toxicity data in humans or 

animals exposed to these isomers by the inhalation or oral routes. 
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3.1  INTRODUCTION 

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and 

other interested individuals and groups with an overall perspective on the toxicology of dichloropropenes.  

It contains descriptions and evaluations of toxicological studies and epidemiological investigations and 

provides conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health. 

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile. 

The majority of toxicity and toxicokinetic information on dichloropropenes relates to the 1,3-dichloro

propene isomer.  1,3-Dichloropropene is widely used as a preplanting soil fumigant for the control of 

nematodes, and it has been available for agricultural use in many formulations.  Formulations, instead of 

pure 1,3-dichloropropene, were used in most of the studies discussed here.  The trade names and 

components of these formulations are listed in Table 3-1. 

In some studies, the investigation of the toxicity of 1,3-dichloropropene may have been confounded by 

other components in a formulation (e.g., chloropicrin and epichlorohydrin). This possibility is discussed 

in the appropriate sections of the text. The most recent toxicity studies have been conducted using 

Telone II®b (stabilized with 2% epoxidized soybean oil); recent dietary studies administered this material 

microencapsulated in a starch/sucrose matrix (80/20%) to avoid loss from evaporation and degradation in 

feed.  Intermediate- and chronic-duration MRLs for 1,3-dichloropropene are based on studies that tested 

Telone II®b. Separate tables and figures for each formulation of 1,3-dichloropropene are not presented.  

Instead, the formulation used in each study is identified in the appropriate table; purity data and 

noteworthy impurities/additives are also provided as reported in the original studies.  Further information 

on the formulations of 1,3-dichloropropene can be found in Chapter 5.  Previously cited toxicity studies 

that examined formulations with a relatively low content of 1,3-dichloropropene, such as DD® (52% 

1,3-dichloropropene; ≤29% 1,2-dichloropropane), have been removed from this profile because they have 

been superceded by studies on higher-purity formulations. 

Little toxicity information, none for exposed humans, is available for other isomers of dichloropropene. 

No in vivo mammalian toxicity data are available for 1,1-dichloropropene, which is sometimes detected in 
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Table 3-1.  Trade Names and Components of Pure 1,3-Dichloropropene
 
Formulations
 

Formulation Composition Additives 
Telone® 40.2% cis, 38.3% trans Not otherwise specified 
Telone C-17® 40–41% cis, 38–39%trans 19–21% chloropicrin 
Telone II®aa 48–53% cis, 42–45% trans 1% epichlorohydrin, not 

otherwise specific 
Telone II®b 48–53% cis, 42–45% trans 2% epoxidized soybean oil 

(ESO) 
DD® 25–28% cis, 25–27% trans 25–29% 1,2-dichloropropene 
DD-92® 92% cis/trans Not otherwise specified 
DD-95® 95% cis/trans Not otherwise specified 

aAlso called M-3993 



   
 

    
 
 

 
 
 
 
 

   

 

  

 

 

  

    

    

   

  

 

   
 

     

  

 

     

 

  

  

  

  

    

  

 

   

 

  

  

  

35 DICHLOROPROPENES 

3. HEALTH EFFECTS 

water systems, or 3,3-dichloropropene, which was present in some older pesticide formulations.  A few 

acute-duration toxicity studies have been conducted on 1,2-dichloropropene, and both acute- and 

intermediate-duration studies have been conducted on 2,3-dichloropropene.  An 11-day inhalation study 

on 2,3-dichloropropene was the basis for an acute-duration inhalation MRL (Zempel et al. 1987).  NTP 

(1989) began a 13-week inhalation assay on 2,3-dichloropropene, but disbanded the postexposure data 

analysis when a new report indicated that production of the chemical in the United States had fallen 

below 100 kg/year (NTP 2006).  The available records of that study are discussed in Chapter 3, since they 

provide some evidence for target-organ specificity of 2,3-dichloropropene following repeated exposure, 

but the data are not used for derivation of an intermediate-duration inhalation MRL.  In vivo toxicokinetic 

studies have been conducted on 2,3-dichloropropene and one in vitro study has been conducted on 1,1-di

chloropropene.  All of the isomers except 3,3-dichloropropene have been investigated for genotoxicity. 

3.2  DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE 

To help public health professionals and others address the needs of persons living or working near 

hazardous waste sites, the information in this section is organized first by route of exposure (inhalation, 

oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive, 

developmental, genotoxic, and carcinogenic effects).  These data are discussed in terms of three exposure 

periods:  acute (14 days or less), intermediate (15–364 days), and chronic (365 days or more). 

Levels of significant exposure for each route and duration are presented in tables and illustrated in 

figures.  The points in the figures showing no-observed-adverse-effect levels (NOAELs) or lowest

observed-adverse-effect levels (LOAELs) reflect the actual doses (levels of exposure) used in the studies.  

LOAELs have been classified into "less serious" or "serious" effects.  "Serious" effects are those that 

evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress 

or death).  "Less serious" effects are those that are not expected to cause significant dysfunction or death, 

or those whose significance to the organism is not entirely clear.  ATSDR acknowledges that a 

considerable amount of judgment may be required in establishing whether an end point should be 

classified as a NOAEL, "less serious" LOAEL, or "serious" LOAEL, and that in some cases, there will be 

insufficient data to decide whether the effect is indicative of significant dysfunction.  However, the 

Agency has established guidelines and policies that are used to classify these end points.  ATSDR 

believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between 

"less serious" and "serious" effects.  The distinction between "less serious" effects and "serious" effects is 

considered to be important because it helps the users of the profiles to identify levels of exposure at which 
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major health effects start to appear.  LOAELs or NOAELs should also help in determining whether or not 

the effects vary with dose and/or duration, and place into perspective the possible significance of these 

effects to human health.  

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and 

figures may differ depending on the user's perspective.  Public health officials and others concerned with 

appropriate actions to take at hazardous waste sites may want information on levels of exposure 

associated with more subtle effects in humans or animals (LOAELs) or exposure levels below which no 

adverse effects (NOAELs) have been observed.  Estimates of levels posing minimal risk to humans 

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike.  MRLs 

derived for dichloropropenes are summarized in Table 2-1, briefly described in Section 2.3 and described 

in detail in Appendix A. 

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of 1,3-dichloro

propene are indicated in Tables 3-2 and 3-4 and Figures 3-1 and 3-3.  Because cancer effects could occur 

at lower exposure levels, Figures 3-1 and 3-3 also show ranges for the upper bound of estimated excess 

risks, ranging from a risk of 1 in 10,000 to 1 in 10,000,000 (10-4 to 10-7), as developed by EPA.  

Carcinogenicity studies were not available for other isomers of dichloropropene. 

A User's Guide has been provided at the end of this profile (see Appendix B).  This guide should aid in 

the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs. 

In Section 3.2, data for individual isomers (1,3-, 2,3-, and 1,2-dichloropropene) are presented under 

italicized subheadings under each end point.  No subheading was created for an isomer if no data were 

located for that end point.  

3.2.1 Inhalation Exposure 

Reliable inhalation toxicity data are available for 1,3-dichloropropene and, to a lesser extent, for 2,3-di

chloropropene.  The highest NOAEL and all reliable LOAEL values after inhalation exposure to 1,3- and 

2,3-dichloropropene are recorded in Tables 3-2 and 3-3, respectively, and plotted in Figures 3-1 and 3-2, 

respectively.  Median lethal concentrations and other reliable mortality data are recorded as serious 

LOAELs in these tables and figures.  



89

675

93

253

91

904

116

300

90

581 594

594

675

356

94

206

206

Table 3-2 Levels of Significant Exposure to 1,3-Dichloropropene - Inhalation 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

ACUTE EXPOSURE 
Death 
1 Rat 

(Wistar) 
1 d 
4 hr/d 

System 
NOAEL 

(ppm) 
Less Serious 

(ppm) 

LOAEL 

Serious 
(ppm) 

675 (6/10 died) 

Reference 
Chemical Form 

Cracknell et al. 1987 
T IIa 

Comments 

Purity: 98.4% 1,3-DCP. 

2 Rat 
(Fischer- 344) 

1 d 
1 hr/d 253 (LC50) Streeter and Lomax 1988 

T C-17 

Purity: 78.9% 1,3-DCP; 
21.1% chloropicrin. 

3 Rat 
(Fischer- 344) 

1 d 
4 hr/d 904 (LC50 females) Streeter et al. 1987 

T IIa 

Purity: 97.5% 1,3-DCP. 

4 Rabbit 
(New 
Zealand) 

Systemic 
5 Rat 

(Wistar) 

13 d 
Gd 6-18 
6 hr/d 

1 d 
4 hr/d Resp 581 M 

300 F (6/7 died) 

594 M (lung edema) 

Kloes et al. 1983 
T IIa 

Cracknell et al. 1987 
T IIa 

Purity: 92.1% 1,3-DCP; 
1% epichlorohydrin. 

Purity: 98.4% 1,3-DCP. 

Endocr 594 675  (adrenal congestion in 
decedents) 

Bd Wt 356 M (final body weight 10% 
lower than controls) 

6 Rat 
(Fischer- 344) 

1 d 
1 hr/d Resp 206 (atelectasis, multifocal) Streeter and Lomax 1988 

T C-17 

Purity: 78.9% 1,3-DCP; 
21.1% chloropicrin. 

Ocular 206  (eye irritation) 

D
IC

H
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R
O

P
R
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P

E
N

E
S
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92

1035

775

78

1146

87

150 300

46

120

88

150 300

117

150

205

0.59

0.59

Table 3-2 Levels of Significant Exposure to 1,3-Dichloropropene - Inhalation (continued) 

a 
Key to 
Figure 

Species 
(Strain) System 

Exposure/ 
Duration/ 

Frequency 
(Route) 

NOAEL 
(ppm) 

Less Serious 
(ppm) 

LOAEL 

Serious 
(ppm) 

Reference 
Chemical Form 

7 RespRat 
(Fischer- 344) 

1 d 
4 hr/d 

Ocular 775 (eye irritation) 

1035 (lung hemorrhage) Streeter et al. 1987 
T IIa 

8 OcularRat 
(Sprague-
Dawley) 

1 d 
1 hr/d 

Neurological 
9 Rabbit 

(New 
Zealand) 

13 d 
6 hr/d 

Developmental 
10 Rat Gd 6-15 

6 hr/d 

150 F 

120 

1146 (eye irritation) 

300 F (ataxia) 

Yakel and Kociba 1977 
T IIa 

Kloes et al. 1983 
T IIa 

Hanley et al. 1987 
T IIa 

11 Rat 
(Fischer- 344) 

10 d 
Gd 6-15 
6 hr/d 

150 F 300 F (decreased litter size) Kloes et al. 1983 
T IIa 

12 Rabbit 
(New 
Zealand) 

13 d 
Gd 6-18 
6 hr/d 

INTERMEDIATE EXPOSURE 
Systemic 
13 HepaticHuman 117 d 

521 min/d 
(Occup) 

150 F 

0.59 M 

Kloes et al. 1983 
T 

Verplanke et al. 2000 
cis 

Renal 0.59 M 

Comments 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
SPurity: 97.5% 1,3-DCP. 

Purity: 92% 1,3-DCP. 

Purity: 92.1% 1,3-DCP; 
1% epichlorohydrin. 

1.3-DCP: 47.7% cis; 
42.4% trans. 

Purity: 92.1% 1,3-DCP; 
1% epichlorohydrin. 

Purity: 92.1% 1,3-DCP; 
1% epichlorohydrin. 

3.  H
E

A
LTH
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FFE

C
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44

30 90

90

90

90

86

10

30

90

90

90

82

30

30

30

30

Table 3-2 Levels of Significant Exposure to 1,3-Dichloropropene - Inhalation	 (continued) 

a 
Key to 
Figure 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
S14 

15 

16 

Exposure/
 
Duration/
 

Frequency
Species (Route)(Strain) 

Rat	 180 d 
5-7 d/wk(Fischer- 344) 
6 hr/d 

Rat	 13 wk 
5 d/wk(Fischer- 344) 
6 hr/d 

Rat	 4 wk 
5 d/wk 
6 hr/d 

System 

Resp 

Gastro 

Hepatic 

Renal 

Resp 

Cardio 

Hepatic 

Renal 

Resp 

Cardio 

Hepatic 

Renal 

NOAEL 
(ppm) 

30 

90 

90 

90 

10 

90 

90 

90 

30 

30 

30 

30 

LOAEL 

Less Serious	 Serious 
(ppm)	 (ppm) 

90	 (nasal lesions) 

30	 (decreased cytoplasm, 
disorganization of nuclei 
in epithelium 
of dorsal nasal 
turbinates) 

Reference 
Chemical Form 

Breslin et al. 1989 
T IIb 

Coate 1979a 
T IIa 

Coate 1979b 
T IIa 

Comments 

Purity: 92% 1,3-DCP; 
2% ESO. 

Purity not reported. 

No purity data. 

3.  H
E

A
LTH

 E
FFE

C
TS

39



41

30 90

150

150

150

150

150

150

150

15

3

3

3

3

84
90

90

90

90

Table 3-2 Levels of Significant Exposure to 1,3-Dichloropropene - Inhalation	 (continued) 

Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
S17 Rat	 13 wk 

5 d/wk(Fischer- 344) 
6 hr/d 

18 Rat	 6 mo 
5 d/wk 
7 hr/d 

19 Mouse	 13 wk 
5 d/wk(CD-1) 
6 hr/d 

System 

Resp 

Cardio 

Gastro 

Hemato 

Musc/skel 

Hepatic 

Renal 

Dermal 

Resp 

Cardio 

Hemato 

Hepatic 

Resp 

Cardio 

Hepatic 

Renal 

LOAEL 

NOAEL 
(ppm) 

Less Serious 
(ppm) 

Serious 
(ppm) 

Reference 
Chemical Form Comments 

30 90 (nasal hyperplasia) Stott et al. 1988 
T IIa 

Purity: 90.9% 1,3-DCP; 
1.2% epichlorohydrin. 

150 

150 

150 

150 

150 

150 

150 

3 Torkelson and Oyen 1977 
T IIa 

Purity: 99% 1,3-DCP; 
1% epichlorohydrin. 

3 

3 

3 

90 (decreased epithelial 
cytoplasm of dorsal nasal 
turbinates) 

Coate 1979a 
T IIa 

Purity not reported. 

90 

90 

90 

3.  H
E

A
LTH

 E
FFE

C
TS

40



54

20

60

60

60

60

60

60

20 60

60

39

30 90

150

150

150

150

150

30 90

Table 3-2 Levels of Significant Exposure to 1,3-Dichloropropene - Inhalation (continued) 

Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

20 Mouse 
(B6C3F1) 

6 mo 
5 d/wk 
6 hr/d 

21 Mouse 
(B6C3F1) 

13 wk 
5 d/wk 
6 hr/d 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
S

System 

Resp 

Cardio 

Gastro 

Hemato 

Musc/skel 

Hepatic 

Renal 

Dermal 

Resp 

Cardio 

Gastro 

Hemato 

Musc/skel 

Hepatic 

Renal 

LOAEL 

NOAEL 
(ppm) 

Less Serious 
(ppm) 

Serious 
(ppm) 

Reference 
Chemical Form Comments 

20 
b 

60 (hyperplasia/hypertrophy 
of nasal respiratory 
epithelium) 

Lomax et al. 1989 
T IIb 

Purity: 92.1% 1,3-DCP; 
2% ESO. 

60 

60 

60 

60 

60 

20 

60 

60 F (bladder hyperplasia) 

30 90 (nasal hyperplasia) Stott et al. 1988 
T IIa 

Purity: 90.9% 1,3-DCP; 
1.2% epichlorohydrin. 

150 

150 

150 

150 

150 

30 90 (bladder hyperplasia) 

3.  H
E

A
LTH

 E
FFE

C
TS

41



18

3

3

3

3

3

24

3

3

3

3

3

3

21

3

3

3

3

3

Table 3-2 Levels of Significant Exposure to 1,3-Dichloropropene - Inhalation (continued) 

Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

22 Gn Pig 6 mo 
5 d/wk 
.5-4 hr/d 

23 Dog 6 mo 
5 d/wk 
.5-4 hr/d 

24 Rabbit 6 mo 
5 d/wk 
.5-4 hr/d 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
S

System 

Resp 

Cardio 

Hemato 

Hepatic 

Renal 

Resp 

Cardio 

Gastro 

Hemato 

Musc/skel 

Renal 

Resp 

Cardio 

Hemato 

Hepatic 

Renal 

LOAEL 

NOAEL 
(ppm) 

Less Serious 
(ppm) 

Serious 
(ppm) 

Reference 
Chemical Form Comments 

3 Torkelson and Oyen 1977 
T IIa 

Purity: 99% 1,3-DCP; 
1% epichlorohydrin. 

3 

3 

3 

3 

3 Torkelson and Oyen 1977 
T IIa 

Purity: 99% 1,3-DCP; 
1% epichlorohydrin. 

3 

3 

3 

3 

3 

3 Torkelson and Oyen 1977 
T IIa 

Purity: 99% 1,3-DCP; 
1% epichlorohydrin. 

3 

3 

3 

3 

3.  H
E

A
LTH

 E
FFE

C
TS
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119

60

131

150

122

60

134

150

120

60

132

150

109

90

123

60

Table 3-2 Levels of Significant Exposure to 1,3-Dichloropropene - Inhalation (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(ppm) 
Less Serious 

(ppm) 

LOAEL 

Serious 
(ppm) 

Reference 
Chemical Form 

Immuno/ Lymphoret 
25 Rat 

(Fischer- 344) 
6-12 mo 
5 d/wk 
6 hr/d 

60 Lomax et al. 1989 
T IIb 

26 Rat 
(Fischer- 344) 

13 wk 
5 d/wk 
6 hr/d 

150 Stott et al. 1988 
T IIa 

27 Mouse 
(B6C3F1) 

6-12 mo 
5 d/wk 
6 hr/d 

60 Lomax et al. 1989 
T IIb 

28 Mouse 
(B6C3F1) 

13 wk 
5 d/wk 
6 hr/d 

Neurological 
29 Rat 

(Fischer- 344) 
6-12 mo 
5 d/wk 
6 hr/d 

150 

60 

Stott et al. 1988 
T IIa 

Lomax et al. 1989 
T IIb 

30 Rat 
(Fischer- 344) 

13 wk 
5 d/wk 
6 hr/d 

150 Stott et al. 1988 
T IIa 

31 Mouse 
(CD-1) 

13 wk 
5 d/wk 
6 hr/d 

90 Coate 1979a 
T IIa 

32 Mouse 
(B6C3F1) 

6-12 mo 
5 d/wk 
6 hr/d 

60 Lomax et al. 1989 
T IIb 

Comments 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
SPurity: 92.1% 1,3-DCP. 

Purity: 90.9% 1,3-DCP; 
1.2% epichlorohydrin. 

Purity: 92.1% 1,3-DCP. 

Purity: 90.9% 1,3-DCP; 
1.2% epichlorohydrin. 

Purity: 92.1% 1,3-DCP. 

Purity: 90.9% 1,3-DCP; 
1.2% epichlorohydrin. 

Purity not reported. 

Purity: 92.1% 1,3-DCP. 

3.  H
E

A
LTH

 E
FFE

C
TS
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135

150

17

3

23

3

20

3

43

90

121

60

133

150

124

60

Table 3-2 Levels of Significant Exposure to 1,3-Dichloropropene - Inhalation (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(ppm) 
Less Serious 

(ppm) 

LOAEL 

Serious 
(ppm) 

Reference 
Chemical Form 

33 Mouse 
(B6C3F1) 

13 wk 
5 d/wk 
6 hr/d 

150 Stott et al. 1988 
T IIa 

34 Gn Pig 6 mo 
5 d/wk 
.5-4 hr/d 

3 Torkelson and Oyen 1977 
T IIa 

35 Dog 6 mo 
5 d/wk 
.5-4 hr/d 

3 Torkelson and Oyen 1977 
T IIa 

36 Rabbit 6 mo 
5 d/wk 
.5-4 hr/d 

Reproductive 
37 Rat 

(Fischer- 344) 
180 d 
5-7 d/wk 
6 hr/d 

3 

90 

Torkelson and Oyen 1977 
T IIa 

Breslin et al. 1989 
T IIb 

38 Rat 
(Fischer- 344) 

6-12 mo 
5 d/wk 
6 hr/d 

60 Lomax et al. 1989 
T IIb 

39 Rat 
(Fischer- 344) 

13 wk 
5 d/wk 
6 hr/d 

150 Stott et al. 1988 
T IIa 

40 Mouse 
(B6C3F1) 

6-12 mo 
5 d/wk 
6 hr/d 

60 Lomax et al. 1989 
T IIb 

Comments 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
SPurity: 90.9% 1,3-DCP; 

1.2% epichlorohydrin. 

Purity: 99% 1,3-DCP; 
1% epichlorohydrin. 

Purity: 99% 1,3-DCP; 
1% epichlorohydrin. 

Purity: 99% 1,3-DCP; 
1% epichlorohydrin. 

Purity: 92% 1,3-DCP; 
2% ESO. 

Purity: 92.1% 1,3-DCP. 

Purity: 90.9% 1,3-DCP; 
1.2% epichlorohydrin. 

Purity: 92.1% 1,3-DCP. 

3.  H
E

A
LTH

 E
FFE

C
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136

150

42

90

57

20 60

60

60

60

60

60

60

60

Table 3-2 Levels of Significant Exposure to 1,3-Dichloropropene - Inhalation (continued) 

Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

41 Mouse 13 wk 
(B6C3F1) 5 d/wk 

6 hr/d 

Developmental 
42 Rat 180 d 

5-7 d/wk(Fischer- 344) 
6 hr/d 

CHRONIC EXPOSURE 
Systemic 
43 Rat 2 yr 

5 d/wk(Fischer- 344) 
6 hr/d 

System 

Resp 

Cardio 

Gastro 

Hemato 

Musc/skel 

Hepatic 

Renal 

Dermal 

NOAEL 
(ppm) 

150 

90 

20 

60 

60 

60 

60 

60 

60 

60 

LOAEL 

Less Serious Serious 
(ppm) (ppm) 

60 (epithelial degeneration) 

Reference 
Chemical Form 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
SStott et al. 1988 

T IIa 

Breslin et al. 1989 
T IIb 

Lomax et al. 1989 
T IIb 

Comments 

Purity: 90.9% 1,3-DCP; 
1.2% epichlorohydrin. 

Purity: 92% 1,3-DCP; 
2% ESO. 

Purity: 92.1% 1,3-DCP. 3.  H
E

A
LTH

 E
FFE

C
TS

45



60

5

20

60

20

60

60

60

60

5

20

60

125

60

126

60

129

60

44 

Table 3-2 Levels of Significant Exposure to 1,3-Dichloropropene - Inhalation	 (continued) 

Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

Mouse	 2 yr 
5 d/wk(B6C3F1) 
6 hr/d 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
S

3.  H
E

A
LTH

 E
FFE

C
TS

Immuno/ Lymphoret 
45 Rat 2 yr 

5 d/wk(Fischer- 344) 
6 hr/d 

Neurological 
46 Rat 2 yr 

5 d/wk(Fischer- 344) 
6 hr/d 

47 Mouse	 2 yr 
5 d/wk(B6C3F1) 
6 hr/d 

System 

Resp 

Cardio 

Gastro 

Hemato 

Musc/skel 

Hepatic 

Renal 

Dermal 

NOAEL 
(ppm) 

5 F 

60 

20 M 

60 

60 

60 

5 F 

60 

60 

60 

60 

LOAEL 

Less Serious	 Serious 
(ppm)	 (ppm) 

c 
20 F	 (hypertrophy/hyperplasia 

of nasal respiratory 
epithelium) 

60 M  (hyperplasia and 
hyperkeratosis of 
forestomach) 

20 F	 (epithelial hyperplasia of 
urinary bladder) 

Reference 
Chemical Form 

Lomax et al. 1989 
T IIb 

Lomax et al. 1989 
T IIb 

Lomax et al. 1989 
T IIb 

Lomax et al. 1989 
T IIb 

Comments 

Purity: 92.1% 1,3-DCP. 

Purity: 92.1% 1,3-DCP. 

Purity: 92.1% 1,3-DCP. 

Purity: 92.1% 1,3-DCP. 
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Table 3-2 Levels of Significant Exposure to 1,3-Dichloropropene - Inhalation (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(ppm) 
Less Serious 

(ppm) 

LOAEL 

Serious 
(ppm) 

Reference 
Chemical Form Comments 

Reproductive 
48 Rat 

(Fischer- 344) 
2 yr 
5 d/wk 
6 hr/d 

60 Lomax et al. 1989 
T IIb 

Purity: 92.1% 1,3-DCP. 

49 Mouse 
(B6C3F1) 

Cancer 
50 Mouse 

(B6C3F1) 

2 yr 
5 d/wk 
6 hr/d 

2 yr 
5 d/wk 
6 hr/d 

60 

60 M (CEL: bronchioalveolar 
adenoma) 

Lomax et al. 1989 
T IIb 

Lomax et al. 1989 
T IIb 

Purity: 92.1% 1,3-DCP. 

Purity: 92.1% 1,3-DCP. 

D
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H
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R
O

P
R

O
P

E
N

E
S

a The number corresponds to entries in Figure 3-1. 

b Study results used to derive an intermediate-duration inhalation minimal risk level (MRL) of 0.008 ppm for 1,3-dichloropropene, as described in detail in Appendix A.  Benchmark 
dose analysis was performed using reported concentrations (adjusted for <100% purity and intermittent exposure) and incidences of hypertrophy/hyperplasia of the nasal respiratory 
epithelium in male and female mice to select a point of departure. The selected point of departure, based on nasal lesions in male mice, was adjusted to a human equivalent 
concentration, and then divided by an uncertainty factor of 30 (3 for extrapolation from animals to humans using dosimetric adjustment and 10 for human variability) (See Appendix A). 

c Study results used to derive a chronic-duration inhalation minimal risk level (MRL) of 0.007 ppm for 1,3-dichloropropene, as described in detail in Appendix A.  Benchmark dose 
analysis was performed using reported concentrations (adjusted for <100% purity and intermittent exposure) and incidences of hypertrophy/hyperplasia of the nasal respiratory 
epithelium in female mice to select a point of departure, which was adjusted to a human equivalent concentration, and then divided by an uncertainty factor of 30 (3 for extrapolation 
from animals to humans using dosimetric adjustment and 10 for human variability) (See Appendix A). 

Bd Wt = body weight; ESO = epoxidized soybean oil; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); F = female; Gastro = gastrointestinal; Gd = gestational day; Gn 
pig = guinea pig; hemato = hematological; hr = hour(s); Immuno/Lymphoret = immunological/lymphoretic; LC50 = lethal concentration, 50% kill; LOAEL = 
lowest-observed-adverse-effect level; M = male; mo = month(s); Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; Resp = respiratory; wk = week(s); yr = 
year(s) 
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Figure 3-1 Levels of Significant Exposure to 1,3-Dichloropropene - Inhalation 
Acute (≤14 days) 

Systemic 
ppm 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
S

10000 

8r 
7r1000 

3r 
7r 

1r 5r 
5r 5r5r 

5r 
4h 9h 11r 
2r 

6r 6r 

9h 11r 12h 

10r 

100 

3.  H
E

A
LTH

 E
FFE

C
TS

c-Cat 
d-Dog
r-Rat 
p-Pig
q-Cow

 -Humans 
k-Monkey
m-Mouse 
h-Rabbit 
a-Sheep 

f-Ferret 
j-Pigeon
e-Gerbil 
s-Hamster 
g-Guinea Pig 

n-Mink 
o-Other

 Cancer Effect Level-Animals
 LOAEL, More Serious-Animals
LOAEL, Less Serious-Animals
NOAEL - Animals

 Cancer Effect Level-Humans
 LOAEL, More Serious-Humans
LOAEL, Less Serious-Humans
NOAEL - Humans

 LD50/LC50
Minimal Risk Level
 for effects
 other than
 Cancer 

48



Re
spi
rat
ory
 

Ca
rdio
vas
cul
ar 

Ga
stro
inte
stin
al 

He
ma
tolo
gic
al 

Mu
scu
los
kel
eta
l 

Figure 3-1 Levels of Significant Exposure to 1,3-Dichloropropene - Inhalation (Continued) 
Intermediate (15-364 days) 
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Figure 3-1 Levels of Significant Exposure to 1,3-Dichloropropene - Inhalation (Continued)
 
Intermediate (15-364 days)
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Figure 3-1 Levels of Significant Exposure to 1,3-Dichloropropene - Inhalation (Continued)
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Figure 3-1 Levels of Significant Exposure to 1,3-Dichloropropene - Inhalation (Continued) 
Chronic (≥365 days) 
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Table 3-3 Levels of Significant Exposure to 2,3-Dichloropropene - Inhalation 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

ACUTE EXPOSURE 
Death 
1 Rat 

(Fischer- 344) 
once 
1 hr 

System 
NOAEL 

(ppm) 
Less Serious 

(ppm) 

LOAEL 

Serious 
(ppm) 

1331 F (1-hour LC50) 

Reference 
Chemical Form 

Dietz et al. 1985b 
2,3-dichloropropene 

Comments 

Purity: >98%. 

2 Rat 
(Wistar) 

once 
4 hr 

Systemic 
3 Rat 

(Fischer- 344) 
9 d/11 d 
6 hr/d Resp 

b 
5 (very slight hyperplasia of 

nasal respiratory 
epithelium in 9/10) 

500 (3/6 rats died) Smyth et al. 1962; Union 
Carbide Corp 1958 
2,3-dichloropropene 

Zempel et al. 1987 
2,3-dichloropropene 

Purity not reported. 

Purity: >99%; NOAELs 
based on histological 
examination. 

Cardio 75 

Gastro 75 

Hemato 75 

Musc/skel 75 

Hepatic 75 

Endocr 75 

Dermal 75 

Ocular 75 

Bd Wt 75 
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Table 3-3 Levels of Significant Exposure to 2,3-Dichloropropene - Inhalation	 (continued) 

Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
S4 Mouse	 9 d/11 d 

6 hr/d(B6C3F1) 

Neurological 
5 Rat 9 d/11 d 

6 hr/d(Fischer- 344) 

System 

Resp 

Cardio 

Gastro 

Hepatic 

Renal 

Endocr 

Ocular 

Bd Wt 

LOAEL 

NOAEL 
(ppm) 

Less Serious 
(ppm) 

Serious 
(ppm) 

Reference 
Chemical Form Comments 

5 (very slight hyperplasia of 
nasal respiratory 
epithelium in 7/10; slight 
diffuse degeneration of 
bronchial/bronchiolar 
epithelium in 10/10) 

Zempel et al. 1987 
2,3-dichloropropene 

Purity: >99%; NOAELs 
based on histological 
examination. 

75 

75 

75 

75 

75 

75 

5 25 (final bd wt 12% lower in 
males and 16% lower in 
females compared to 
controls) 

75 Zempel et al. 1987 
2,3-dichloropropene 

Purity: >99%; NOAELs 
based on histological 
examination. 
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Table 3-3 Levels of Significant Exposure to 2,3-Dichloropropene - Inhalation (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(ppm) 
Less Serious 

(ppm) 

LOAEL 

Serious 
(ppm) 

Reference 
Chemical Form Comments 

6 Mouse 
(B6C3F1) 

9 d/11 d 
6 hr/d 75 Zempel et al. 1987 

2,3-dichloropropene 

Purity: >99%; NOAELs 
based on histological 
examination. 

INTERMEDIATE EXPOSURE 
Systemic 
7 Rat 

(Sprague-
Dawley) 

13 wk 
5 d/wk 
6 hr/d 

Cardio 15 Johannsen et al. 1991 
2,3-dichloropropene 

Purity: >99%; nasal 
turbinates were not 
examined for 
histopathology; 
NOAELs based on 
histological 
examination. 

Hemato 15 

Musc/skel 15 

Hepatic 15 

Renal 15 

Bd Wt 15 
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Table 3-3 Levels of Significant Exposure to 2,3-Dichloropropene - Inhalation (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(ppm) 
Less Serious 

(ppm) 

LOAEL 

Serious 
(ppm) 

Reference 
Chemical Form Comments 

8 Rat 
(Fischer- 344) 

13 wk 
5 d/wk 
6 hr/d 

Hemato 80 NTP 1989, 2006 
2,3-dichloropropene 

Purity: 99.4% 2,3-DCP; 
incomplete, abandoned 
study; no 
histopathology data. 

Hepatic 40 F 80 F (absolute and relative 
liver weights increased 
>30%) 

Renal 20 F 40 F (urine volume doubled) 

Bd Wt 20 M 

80 F 

40 M (terminal body weight 
13% lower than control) 

9 Mouse 
(B6C3F1) 

13 wk 
5 d/wk 
6 hr/d 

Resp 5 F (absolute lung weight 
increased 29% and 
relative lung weight 
increased 25% in 
females compared to 
control) 

NTP 1989, 2006 
2,3-dichloropropene 

Purity: 99.4% 2,3-DCP; 
incomplete, abandoned 
study; no 
histopathology data. 

Hemato 80 M 

Hepatic 20 F 40 F (3-fold increases in 
serum ALT and SDH) 

Reproductive 
10 Rat 

(Sprague-
Dawley) 

13 wk 
5 d/wk 
6 hr/d 

5 Johannsen et al. 1991 
2,3-dichloropropene 

Purity: >99%; nasal 
turbinates were not 
examined for 
histopathology. 
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Table 3-3 Levels of Significant Exposure to 2,3-Dichloropropene - Inhalation (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(ppm) 
Less Serious 

(ppm) 

LOAEL 

Serious 
(ppm) 

Reference 
Chemical Form Comments 

11 Rat 
(Fischer- 344) 

13 wk 
5 d/wk 
6 hr/d 

80 NTP 1989, 2006 
2,3-dichloropropene 

Purity: 99.4% 2,3-DCP; 
incomplete, abandoned 
study. 

12 Mouse 
(B6C3F1) 

13 wk 
5 d/wk 
6 hr/d 

20 NTP 1989, 2006 
2,3-dichloropropene 

Purity: 99.4% 2,3-DCP; 
incomplete, abandoned 
study. 
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S

a The number corresponds to entries in Figure 3-2. 

b The minimal LOAEL was used to derive an acute-duration inhalation minimal risk level (MRL) of 0.002 ppm for 2,3-dichloropropene, as described in detail in Appendix A.  The 
minimal LOAEL was adjusted for intermittent exposure [multiplied by (6 hours/24 hours)] and multiplied by the regional gas dose ratio for extrathoracic effects in female rats (0.1143) 
to obtain the human equivalent concentration of 0.14 ppm. This was divided by uncertainty factor of 90 (3 for use of a minimal LOAEL, 3 for extrapolation from animal to human using 
dosimetric adjustment, and 10 for human variability) to derive the MRL (See Appendix A). 

ALT = alanine aminotransferase; Bd Wt = body weight; Cardio = cardiovascular; d = day(s); Endocr = endocrine; F = Female; Gastro = gastrointestinal; Hemato = hematological; hr = 
hour(s); LC50 = lethal concentration, 50% kill, LOAEL = lowest-observed-adverse-effect level; Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; Resp = 
respiratory; SDH = sorbitol dehydrogenase 
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Figure 3-2 Levels of Significant Exposure to 2,3-Dichloropropene - Inhalation 
Acute (≤14 days) 
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Figure 3-2 Levels of Significant Exposure to 2,3-Dichloropropene - Inhalation (Continued) 
Intermediate (15-364 days) 
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60 DICHLOROPROPENES 

3. HEALTH EFFECTS 

3.2.1.1  Death 

1,3-Dichloropropene.  No studies were located regarding death in humans after inhalation exposure to 

1,3-dichloropropene. 

LC50 values for inhalation exposure to 1,3-dichloropropene have been determined in rats (Streeter and 

Lomax 1988; Streeter et al. 1987).  The LC50 for female rats exposed to Telone II®a for 4 hours was 

904 ppm (95% confidence interval [CI]=846–990 ppm) (Streeter et al. 1987).  The LC50 for male rats 

could not be determined in this study, but fell in the range of 855–1,035 ppm 1,3-dichloropropene.  

Telone C-17® appears to be more toxic than Telone II®a; the LC50 for rats after a 1-hour exposure to 

Telone C-17® was 253 ppm (no range reported) (Streeter and Lomax 1988).  Telone C-17® contains a 

relatively high proportion of chloropicrin, which may account for the enhanced toxicity.  Six of 10 rats 

died after a 4-hour exposure to 676 ppm Telone II®a. In the same study, no rats died after a 4-hour 

exposure to ≤595 ppm of Telone II®a (Cracknell et al. 1987). 

Rabbits exposed to 300 ppm during gestation days 6–18 developed ataxia and died (Kloes et al. 1983).  

The cause of death was not determined, although lung congestion and edema were noted on necropsy. 

Intermediate- or chronic-duration exposures of mice, rats, guinea pigs, rabbits, and dogs to Telone II®a or 

Telone II®b (1–150 ppm for 4 weeks to 2 years) had no effect on survival rates compared to control 

groups that were untreated or exposed to filtered room air (Coate 1979a, 1979b; Lomax et al. 1989; Stott 

et al. 1988; Torkelson and Oyen 1977). 

2,3-Dichloropropene. No mortality data are available for humans exposed to 2,3-dichloropropene by 

inhalation. 

Acute-duration animal studies indicate that single exposures at high concentrations may be fatal, possibly 

from suppression of the central nervous system.  Exposure to 2,3-dichloropropene at high (unspecified) 

vapor concentrations was fatal to rats within 15–30 minutes (Monsanto 1967).  As described in an 

incomplete report (even-numbered pages were missing), a 1-hour LC50 of 1,331 ppm (1,250–1,406 ppm, 

95% confidence interval [CI]) in males and 1,461 ppm (1,326–1,639 ppm) for females was reported for 

rats exposed to 2,3-dichloropropene vapor (Dietz et al. 1985b).  After 4 hours of exposure to 500 ppm 

2,3-dichloropropene vapor, three of six rats died within 2 weeks, whereas none exposed at 250 ppm died 



   
 

    
 
 

 
 
 
 
 

  

    

 

     

     

    

   

   

      

  

 

     

      

    

 

 

   
 

 

 

 

   

 

 

      
 

   

   

   

 

    

 

      

   

61 DICHLOROPROPENES 

3. HEALTH EFFECTS 

(Smyth et al. 1962).  No rats or mice died following exposure to ≤75 ppm 2,3-dichloropropene for 

6 hours/day on 9 out of 11 days (Zempel et al. 1987). 

No mortality was observed in rats exposed to 2,3-dichloropropene vapor at ≤15 ppm for 6 hours/day for 

13 weeks (Johannsen et al. 1991).  As indicated in the available records of an unfinished 13-week 

bioassay, no female mice exposed to 80 ppm for 6 hours/day, 5 days/week survived to termination (NTP 

1989, 2006); no mortality records were available for female mice exposed to ≤40ppm or male mice, male 

rats, or female rats exposed to ≤80 ppm in this study.  Based on the available lung weight data, and results 

of the acute-duration study by Zempel et al. (1987), it is possible that toxicity of the respiratory tract from 

repeated irritation was a contributing factor to reduced survival in female mice. 

1,2-Dichloropropene. As described in a brief summary, exposure to a saturated atmosphere of 1,2-di

chloropropene estimated at 63,764 ppm was fatal to all three rats exposed for 12 minutes and one of four 

rats exposed for 6 minutes (Dow 1962).  It is likely that death was caused by suppression of the nervous 

system, since all exposed animals exhibited unconsciousness before the end of the exposure. 

3.2.1.2  Systemic Effects 

The systemic effects observed in humans or animals after inhalation exposure to 1,3-dichloropropene, 

2,3-dichloropropene, or 1,2-dichloropropene are discussed below.  The highest NOAEL values and all 

reliable LOAEL values for each systemic effect for each species and duration category are recorded in 

Table 3-2 and 3-3, respectively, and plotted in Figure 3-1 and 3-2, respectively, for the 1,3- and 2,3-di

chloropropenes. 

Respiratory Effects. 

1,3-Dichloropropene.  Humans exposed to 1,3-dichloropropene (formulation unknown) after a tank truck 

spill complained of mucous membrane irritation, chest pain, cough, and breathing difficulties (Flessel 

et al. 1978; Markovitz and Crosby 1984). 

Acute-duration exposures of rats to various formulations of 1,3-dichloropropene caused respiratory 

effects.  Gross pathological examination revealed atelectasis, emphysema, and/or edema in rats exposed 

to 206 ppm of Telone C-17® for 1 hour.  Atelectasis was still present in animals surviving the 2-week 

observation period (Streeter and Lomax 1988).  As noted for death in Section 3.2.1.1, Telone C-17® also 
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appears to be more toxic than Telone II®a after acute-duration exposure.  The presence of chloropicrin 

may enhance the toxicity of Telone C-17®. No respiratory effects were noted in rats after a 4-hour 

exposure to 581 ppm of Telone II®a, although swollen lungs were observed in 2 out of 10 rats after a 

4-hour exposure to 594 ppm (Cracknell et al. 1987).  In the same study, rats that died following exposure 

to 675 ppm of Telone II®a had lung congestion, tracheal congestion, and fluid in the thoracic cavity, but 

survivors had no respiratory lesions (Cracknell et al. 1987).  Multifocal lung hemorrhage was observed in 

rats exposed for 4 hours to 1,035 ppm of Telone II®a (Streeter et al. 1987). 

Intermediate-duration exposure studies indicate that effects on the upper respiratory tract appear to be 

concentration- and duration-related.  Rats and mice had no respiratory lesions attributable to Telone II®a 

after exposure to ≤30 ppm for 4 weeks (Coate 1979b).  No respiratory effects were observed in rats 

exposed to 10 ppm Telone II®a for 13 weeks (Coate 1979a).  In contrast, rats exposed to ≥30 ppm 

Telone II®a for 13 weeks developed epithelial changes in the nasal turbinates that included loss of 

cytoplasm, nuclei disorganization, and occasional necrotic cells (Coate 1979a).  No information was 

available as to the 1,3-dichloropropene concentration or the amount or types of impurities/additives 

present in the test material.  The epithelial lesions were more severe in rats exposed to ≥90 ppm of 

Telone II®a or Telone II®b for ≥13 weeks and included hyperplasia and focal necrosis (Breslin et al. 1989; 

Coate 1979a; Stott et al. 1988).  No significant respiratory effects were observed in rats exposed to 

60 ppm Telone II®b, the highest concentration tested, for 6 months (Lomax et al. 1989).  Mice also 

developed hyperplastic and/or degenerative lesions of the nasal epithelium after exposure to 90 ppm 

Telone II®a for 13 weeks (Stott et al. 1988) or to 60 ppm Telone II®b for 6 months (Lomax et al. 1989).  

Based on nasal lesion data in mice exposed for 6 months, an intermediate-duration inhalation MRL for 

1,3-dichloropropene of 0.008 ppm was calculated using benchmark concentration modeling as described 

in Appendix A and the footnote to Table 3-2.  No respiratory effects were noted on gross or 

histopathological examinations after an intermediate inhalation exposure of rats, guinea pigs, rabbits, or 

dogs to 3 ppm Telone II®a for 6 months (Torkelson and Oyen 1977).  Higher concentrations were not 

tested in this study. 

Exposure to 60 ppm of Telone II®b for 6–12 months did not result in respiratory effects in rats, but 

exposure to the same concentration for 2 years caused nasal olfactory epithelium degeneration (Lomax 

et al. 1989).  A statistically significant increase in bronchioalveolar adenomas, benign lung tumors, was 

also noted in male rats exposed to 60 ppm for 2 years, but not in females.  In mice exposed to 

20 or 60 ppm Telone II®b, hypertrophy/hyperplasia of the nasal respiratory epithelium did not progress in 

severity between 6 and 24 months, but occurred in ≥96% of mice treated at 60 ppm.  Degeneration of the 
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nasal olfactory epithelium, however, was noted in ≥90% of male and female mice exposed to 60 ppm, for 

2 years (Lomax et al. 1989).  Based on benchmark concentration modeling of the nasal lesion data in 

mice, a chronic inhalation MRL of 0.007 ppm was calculated as described in Appendix A and the 

footnote in Table 3-2. 

These data indicate that acute exposure to 1,3-dichloropropene at high concentrations has effects on the 

lungs of rats, whereas intermediate or chronic inhalation exposure to 1,3-dichloropropene at lower 

concentrations produces hyperplastic lesions of the upper respiratory tract in rats and mice and 

degeneration of the olfactory epithelium in mice. 

2,3-Dichloropropene. No data are available for respiratory effects in humans exposed to 2,3-dichloro

propene by inhalation.  

Irritation of the respiratory tract is a major effect of inhalation exposure to 2,3-dichloropropene in 

animals.  In acute lethality studies, respiratory effects included gasping, shallow respiration, labored 

breathing, hemorrhage of the lungs, and inflammation of nasal mucosae (Dietz et al. 1985b; Monsanto 

1967; Smyth et al. 1962; Union Carbide Corp. 1958).  Concentration-related increases in the incidence 

and severity of respiratory tract effects were observed in rats and mice exposed to 2,3-dichloropropene 

vapor 6 hours/day for 9 out of 11 days (Zempel et al. 1987).  At ≥5 ppm, hyperplasia of the nasal 

respiratory epithelium occurred in 9/10 rats and 7/10 mice and diffuse degeneration occurred in the 

bronchial/bronchiolar epithelium of 10/10 mice.  At ≥25 ppm, all rats and mice exhibited hyperplasia of 

the nasal olfactory epithelium and mice exhibited hyperplasia of the laryngeal epithelium.  As described 

in Appendix A and the footnote to Table 3-3, an acute-duration inhalation exposure MRL of 0.002 ppm 

was derived for 2,3-dichloropropene based on the human equivalent to a minimal LOAEL of 5 ppm for 

very slight hyperplasia of the nasal respiratory epithelium in female rats (Zempel et al. 1987).  

Studies in rodents indicate that the respiratory tract is vulnerable to irritant effects from repeated exposure 

to 2,3-dichloropropene.  Red nasal discharge, an indicator of nasal irritation, was the only effect observed 

in rats exposed to 2,3-dichloropropene vapor at 15 ppm, 6 hours/day, 5 days/week for 13 weeks 

(Johannsen et al. 1991).  Although the frequency was reported to increase during the course of the study, 

the nasal turbinates were not evaluated for histopathology.  No lung histopathology was observed at 

≥15 ppm in rats in this study, but because of the lack of histopathology data for the nasal turbinates, the 

likely target organ in rats, a NOAEL for the respiratory tract was not entered into the Table 3-3.  The 

available records from an unfinished 13-week inhalation study indicate significant 25% increases in 
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absolute and relative lung weight in female mice exposed at 5 ppm and 13 and 22% increases, 

respectively, in absolute and relative lung weight in male mice exposed at 10 ppm (NTP 1989, 2006). 

Lung weight increases generally increased with concentration, the relative increase in male mice reaching 

200% in the 80 ppm group compared with controls.  Despite the lack of histological data for this study, it 

provides suggestive evidence that the respiratory tract is the most sensitive target of inhaled 2,3-dichloro

propene.  The NTP (1989) study is consistent with the acute-duration study by Zempel et al. (1987) in 

that lung effects were observed in mice, but not rats at low exposure levels. 

1,2-Dichloropropene. No information was available on respiratory effects in humans exposed to 1,2-di

chloropropene. 

As described in a brief summary, lethal exposure for 6–12 minutes to a saturated atmosphere of 1,2-di

chloropropene estimated at 63,764 ppm resulted in unspecified lung damage in rats (Dow 1962).  

Cardiovascular Effects. 

1,3-Dichloropropene. No studies were located regarding cardiovascular effects in humans after 

inhalation exposure to 1,3-dichloropropene. 

No lesions attributable to Telone II®a were found upon histological evaluation of the heart and aorta from 

rats and mice exposed to ≤150 ppm for up to 13 weeks (Coate 1979a, 1979b; Stott et al. 1988), or rats and 

mice exposed to 60 ppm Telone II®b for 6, 12, or 24 months (Lomax et al. 1989). 

Although other indices of cardiovascular toxicity were not examined, 1,3-dichloropropene does not 

appear to have cardiovascular effects. 

2,3-Dichloropropene. No data are available for cardiovascular effects in humans exposed to 2,3-di

chloropropene by inhalation.  

No cardiovascular histopathology was observed in rats or mice exposed to ≤75 ppm 2,3-dichloropropene 

vapor for 6 hours/day, for 9 out of 11 days (Zempel et al. 1987).  No histopathology was observed in the 

heart of rats exposed to ≤75 ppm 2,3-dichloropropene vapor for 6 hours/day, 5 days/week for 13 weeks 

(Johannsen et al. 1991). 
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Gastrointestinal Effects. 

1,3-Dichloropropene.  No studies were located regarding gastrointestinal effects in humans after 

inhalation exposure to 1,3-dichloropropene. 

No gastrointestinal effects were noted after gross and histologic examinations of the stomachs and 

intestines of rats or mice exposed to ≤150 ppm Telone II®a for 13 weeks (Stott et al. 1988), or rats or 

mice exposed to 60 ppm of Telone II®b for 6 or 12 months (Lomax et al. 1989).  Similarly, no 

gastrointestinal lesions attributable to 1,3-dichloropropene were observed in rats exposed to 60 ppm of 

Telone II®b for 2 years (Lomax et al. 1989).  In contrast, 8 of 50 male mice exposed to 60 ppm 

Telone II®b for 2 years had hyperplasia and hyperkeratosis of the forestomach.  The NOAEL for this 

effect was 20 ppm in the male mice. Female mice did not develop hyperplasia or hyperkeratosis of the 

forestomach (Lomax et al. 1989). 

2,3-Dichloropropene. No data are available for gastrointestinal effects in humans exposed to 2,3-di

chloropropene by inhalation.  

No gastrointestinal histopathology was observed in rats or mice exposed to ≤75 ppm 2,3-dichloropropene 

vapor for 6 hours/day, for 9 out of 11 days (Zempel et al. 1987).  No histopathology was observed in the 

gastrointestinal tract of rats exposed to ≤15ppm 2,3-dichloropropene vapor for 6 hours/day, 5 days/week 

for 13 weeks (Johannsen et al. 1991). 

Hematological Effects. 

1,3-Dichloropropene. No studies were located regarding hematological effects in humans after 

inhalation exposure to 1,3-dichloropropene. 

Hematological parameters have been examined in many studies of intermediate or chronic duration in 

which several species were exposed by inhalation to formulations of 1,3-dichloropropene.  No exposure-

related hematological effects were observed in rats, guinea pigs, rabbits, or dogs exposed to 3 ppm 

Telone II®a for 6 months (Torkelson and Oyen 1977), in rats and mice exposed to 150 ppm Telone II®a 

for 13 weeks (Stott et al. 1988), or to 60 ppm Telone II®b for 6–24 months (Lomax et al. 1989). 
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Histological examination of bone marrow also did not reveal any adverse effects in either intermediate- or 

chronic-duration exposure studies (Lomax et al. 1989; Stott et al. 1988). 

2,3-Dichloropropene. No data are available for hematological effects in humans exposed to 2,3-dichloro

propene by inhalation.  

No hematological effects were observed in rats or mice exposed to ≤75 ppm 2,3-dichloropropene vapor 

for 6 hours/day, for 9 out of 11 days (Zempel et al. 1987).  No hematological effects were observed in rats 

exposed to 2,3-dichloropropene vapor at ≤15 ppm for 6 hours/day, 5 days/week for 13 weeks (Johannsen 

et al. 1991).  Available records from an unfinished 13-week study indicate that no hematological effects 

were observed in rats or mice exposed to ≤80 ppm 6 hours/day, 5 days/week (NTP 1989, 2006). 

Musculoskeletal Effects. 

1,3-Dichloropropene. No studies were located regarding musculoskeletal effects in humans after 

inhalation exposure to 1,3-dichloropropene. 

Gross and histopathological examination of bone and skeletal muscle did not reveal any differences 

between exposed and control groups of rats and mice exposed to ≤150 ppm Telone II®a for 13 weeks 

(Stott et al. 1988), or 60 ppm Telone II®b for 6–24 months (Lomax et al. 1989). 

2,3-Dichloropropene. No data are available for musculoskeletal effects in humans exposed to 2,3-di

chloropropene by inhalation.  

No musculoskeletal effects were observed in rats or mice exposed to ≤75ppm 2,3-dichloropropene vapor 

for 6 hours/day, for 9 out of 11 days (Zempel et al. 1987).  No musculoskeletal effects were observed in 

rats exposed to 2,3-dichloropropene vapor at ≤15 ppm for 6 hours/day, 5 days/week for 13 weeks 

(Johannsen et al. 1991). 

Hepatic Effects. 

1,3-Dichloropropene.  A few studies assessed hepatic toxicity in workers exposed to 1,3-dichloro

propene, but found no differences in urinary or serum biomarkers between the exposed group and 

matched controls.  Verplanke et al. (2000) measured hepatic effect variables in 13 commercial pesticide 
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application workers exposed to cis-1,3-dichloropropene at a (8-hour time-weighted average [TWA]) 

geometric mean exposure of 0.59 ppm (range 0.2–2.1 ppm) (2.7 mg/m3; range, 0.1–9.5 mg/m3) for an 

average of 521 (230) minutes/day for 117 days and 22 matched control workers.  Based on results from 

urine and blood data collected before, during, and after fumigation, no significant difference in hepatic 

parameters was detected between the exposed and control group.  Boogard et al. (1993) compared 

73 male operators who had worked at an average of 8.2 years (0.5–23 years) in a chemical plant where 

they were exposed to 1,3-dichloropropene at geometric mean (8-hour TWA) concentrations between 

0.03 and 0.31 ppm (0.14 and 1.39 mg/m3) between 1981 and 1984 and 35 matched control male workers.  

Although no significant difference in hepatic biomarkers was observed between the exposed and control 

group, the study does not provide useful information about 1,3-dichloropropene since the exposures had 

ended 7 years prior to testing and exposures to other compounds were more recent. 

Gross and histopathological examination of livers did not reveal any differences between exposed and 

control groups of rats and mice after inhalation exposure to ≤150ppm of Telone II®a for ≤13 weeks 

(Coate 1979b; Stott et al. 1988), or to ≤60 ppm Telone II®b for ≤24 months (Lomax et al. 1989). 

2,3-Dichloropropene. No data are available for hepatic effects in humans exposed to 2,3-dichloro

propene by inhalation.  

Hepatic effects in animals have been observed following exposure to relatively high exposure levels, but 

not consistently across studies.  No effects on hepatic histology or serum parameters were observed in rats 

or mice exposed to ≤75 ppm 2,3-dichloropropene vapor for 6 hours/day, for 9 out of 11 days (Zempel et 

al. 1987).  No effects on hepatic histology or serum parameters were observed in rats exposed to 2,3-di

chloropropene vapor at ≤15 ppm for 6 hours/day, 5 days/week for 13 weeks (Johannsen et al. 1991).  

Available records from an unfinished 13-week inhalation bioassay indicate that hepatic toxicity increases 

in female, but not male rats exposed at higher concentrations 6 hours/day, 5 days/week (NTP 1989, 2006). 

Three-fold and higher increases in serum ALT and SDH occurred in female mice at 40–80 ppm and a 

60% increase in alkaline phosphatase and a six-fold increase in total bile acids were observed at 80 ppm 

(NTP 1989, 2006).  In female rats at 80 ppm, absolute liver weights were increased by 33% and relative 

liver weights by 37% compared to controls (NTP 1989, 2006).  Hepatic LOAELs and NOAELs were 

entered into Table 3-3, although the lack of histopathology data was noted. 

1,2-Dichloropropene. No information was available on hepatic effects in humans exposed to 1,2-di

chloropropene. 
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As described in a brief summary, lethal exposure for 6–12 minutes to a saturated atmosphere of 1,2-di

chloropropene estimated at 63,764 ppm resulted in unspecified liver damage in rats (Dow 1962).  

Renal Effects. 

1,3-Dichloropropene.  A few studies assessed renal toxicity in workers exposed to 1,3-dichloropropene, 

but found no differences in urinary or serum biomarkers between the exposed group and matched 

controls.  Verplanke et al. (2000) measured renal effect variables in 13 commercial pesticide application 

workers exposed to cis-1,3-dichloropropene at a (8-hour TWA) geometric mean exposure of 0.59 ppm 

(range 0.2–2.1 ppm (2.7 mg/m3; range, 0.1–9.5 mg/m3) for an average of 521 (±230) minutes/day for 

117 days and 22 matched control workers.  Based on results from urine and blood data collected before, 

during, and after fumigation, no significant difference in renal parameters was detected between the 

exposed and control group.  Boogard et al. (1993) compared 73 male operators who had worked at an 

average of 8.2 years (0.5–23 years) in a chemical plant where they were exposed to 1,3-dichloropropene 

at geometric mean (8-hour TWA) concentrations between 0.03 and 0.31 ppm (0.14 and 1.39 mg/m3) 

between 1981 and 1984 and 35 matched control male workers.  Although no significant difference in 

renal biomarkers was observed between the exposed and control group, the study does not provide useful 

information about 1,3-dichloropropene since the exposures had ended 7 years prior to testing and 

exposures to other compounds were more recent.  

Other studies showed an association between exposure to 1,3-dichloropropene and the urinary excretion 

of enzymes possibly indicative of damage to renal tubules (Osterloh and Feldman 1993; Osterloh et al. 

1989a, 1989b).  Fumigation workers were exposed to Telone® (formulation not specified) at a mean 

concentration of 0.6 ppm (range 0.06–2.1 ppm) 2–7 hours/day for 5 days and urine samples were 

collected at intervals.  The studies did not include unexposed groups or urinary measurements >24 hours 

after exposure.  Urinalysis showed a correlation between exposure (concentration x duration) and 

cumulative 24-hour excretion of the metabolite N-acetyl-S-(cis-3-chloroprop-2-enyl)-cysteine (3CNAC) 

and excretion of the enzymes N-acetylglucosanimidase (NAG, indicative of damage to renal tubules) and 

retinol binding protein (RBP, indicative of impaired tubular reabsorption of filtered protein).  The RBP 

data were based on urine that had been stored at -70°C for several years (Osterloh and Feldman 1993).  

For daily urine excretions of 3CNAC in excess of 1.5 mg/day (7 workers), mean amounts of NAG and 

RBP excreted over 24 hours were slightly, but significantly increased 2-fold compared to values for 

3CNAC <1.5 mg/day (7 workers).  These results were considered evidence of possible low-level 
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subclinical (nonadverse) renal tissue damage but demonstrate that the enzymes could be employed as 

biomarkers for renal toxicity.  These studies are not included in Table 3-2 because the exposure levels 

were expressed in terms of excretion of 3CNAC and cannot be directly compared to atmospheric 

concentrations of 1,3-dichloropropene. 

Male and female rats exposed to 3 ppm Telone II®a for 6 months developed reversible cloudy swelling of 

the renal tubular epithelium (Torkelson and Oyen 1977).  No adverse renal effects were observed in rats 

allowed to recover for 3 months following the last exposure. The cloudy swelling observed in these rats 

was not confirmed in more recent studies, even at longer durations and/or higher concentrations.  

Exposure to 1 ppm in this study had no renal effects in the rats.  Guinea pigs, rabbits, and dogs exposed to 

3 ppm suffered no renal effects under the same exposure protocol (Torkelson and Oyen 1977). 

Gross and histological examination of the kidneys from rats and mice exposed to up to ≤150ppm 

Telone II®a for 4–13 weeks (Coate 1979b; Stott et al. 1988) revealed no differences in the incidence of 

renal lesions between exposed and control groups.  Urinalysis also revealed no differences between 

exposed and control groups of rats and mice (Lomax et al. 1989; Stott et al. 1988). 

Moderate hyperplasia of the transitional epithelium of the urinary bladder was found in female mice 

exposed to 90 or 150 ppm Telone II®a for 13 weeks (Stott et al. 1988).  Mice exposed to 30 ppm did not 

show hyperplasia of the urinary bladder.  Rats exposed for 6–24 months and mice exposed for 6 months 

to ≤60 ppm Telone II®b did not show hyperplasia of the urinary bladder (Lomax et al. 1989).  However, 

female mice exposed to Telone II®b for 1 year at 60 ppm or 2 years at 20 or 60 ppm showed an increase 

in epithelial hyperplasia and inflammation of the urinary bladder (Lomax et al. 1989); epithelial 

hyperplasia of the urinary bladder occurred in male mice exposed at 60 ppm for 2 years. 

2,3-Dichloropropene. No data are available for renal effects in humans exposed to 2,3-dichloropropene 

by inhalation.  

Renal effects in animals have been observed at relatively high exposure levels.  Slight mineralization of 

the corticomedullary junction was observed in 2/5 female rats following exposure to 5–75 ppm 2,3-di

chloropropene vapor for 6 hours/day, for 9 out of 11 days (Zempel et al. 1987).  The significance of this 

lesion is uncertain, given the small group size and the fact that that neither the incidence nor severity 

showed concentration-related increases; because of this ambiguity, neither a NOAEL nor a LOAEL is 

specified for renal effects in rats in Table 3-3.  No effects on renal histology in male rats or male or 
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female mice or urinalysis parameters in male rats were observed following exposure to ≤75 ppm in the 

same study.  No effects on renal histology or urinalysis parameters were observed in rats exposed to 

2,3-dichloropropene vapor at ≤15 ppm for 6 hours/day, 5 days/week for 13 weeks (Johannsen et al. 1991).  

Available records from an unfinished 13-week inhalation bioassay indicate that renal effects may occur in 

rats exposed at ≥40 ppm for 6 hours/day, 5 days/week (NTP 1989, 2006).  Urine volumes compared to 

control values were increased 2- and 5-fold, respectively, in female rats at 40 and 80 ppm, but reduced by 

one third in male rats at 40–80 ppm.  Urinary alkaline phosphatase was increased by 48–59% in male rats 

at 20–80 ppm, but the magnitudes of these increases are not biologically significant (NTP 1989, 2006).  

In female rats at 80 ppm, absolute kidney weights were increased by 17% and relative weights by 23% 

compared to controls (NTP 1989, 2006).  NOAELs and LOAELs for kidney effects in rats were entered 

into Table 3-3, although the lack of histopathology data was noted. 

1,2-Dichloropropene. No information was available on renal effects in humans exposed by inhalation to 

1,2-dichloropropene. 

As described in a brief summary, lethal exposure for 6–12 minutes to a saturated atmosphere of 1,2-di

chloropropene estimated at 63,764 ppm resulted in unspecified kidney damage in rats (Dow 1962).  

Dermal and Ocular Effects. 

1,3-Dichloropropene.  No studies were located regarding dermal or ocular effects in humans after 

inhalation exposure to 1,3-dichloropropene. 

Gross and histological examination of the eyes and skin of rats and mice exposed to up to 150 ppm 

Telone II®a for 13 weeks (Stott et al. 1988) or to 60 ppm for 6–24 months (Lomax et al. 1989) revealed 

no differences between exposed and control groups. 

3.2.1.3  Immunological and Lymphoreticular Effects 

1,3-Dichloropropene.  No studies were located regarding immunological effects in humans after 

inhalation exposure to 1,3-dichloropropene. 

Gross and histological examination of the thymus and lymph nodes of rats and mice exposed to ≤150ppm 

of Telone II®a for 13 weeks (Stott et al. 1988), or to 60 ppm Telone II®b for 6–24 months (Lomax et al. 
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1989), revealed no lesions attributable to 1,3-dichloropropene exposure.  However, more sensitive tests 

for immune system function were not used. 

3.2.1.4  Neurological Effects 

1,3-Dichloropropene. No neurological effects were observed in humans occupationally exposed to 

1,3-dichloropropene at levels high enough to require medical attention (Markovitz and Crosby 1984). 

Ataxia of the hindlimbs and loss of the righting reflex was observed in six of seven pregnant rabbits 

exposed 6 hours/day to 300 ppm of Telone II®a during gestation days 6–18; the onset of ataxia was 

observed during gestation days 14–19 (Kloes et al. 1983).  In the same study, no neurological signs of 

toxicity were observed in pregnant rabbits exposed to 50 or 150 ppm or in pregnant rats exposed to 

≤300 ppm. 

No gross clinical signs of neurotoxicity were observed in rats, guinea pigs, rabbits, or dogs after 

inhalation exposure to 3 ppm Telone II®a for 6 months (Torkelson and Oyen 1977), in rats or mice 

exposed to up to 150 ppm Telone II®a for 13 weeks (Coate 1979a; Stott et al. 1988), or to 60 ppm 

Telone II®b for 6–24 months (Lomax et al. 1989). The absence of clinical signs is supported by 

histological examinations of brain and spinal cords in rats and mice that revealed no lesions attributable to 

1,3-dichloropropene exposure (Coate 1979a; Lomax et al. 1989; Stott et al. 1988).  More sensitive tests 

for neurological effects, however, were not included in these studies. 

2,3-Dichloropropene. No data are available for neurological effects in humans exposed to 2,3-dichloro

propene by inhalation.  

Neurological effects in animals have been observed at relatively high exposure levels.  Rats exposed to 

high vapor concentrations in acute lethality studies exhibited lethargy and hyperactivity (Dietz et al. 

1985b).  No histopathology of brain or spinal cord was observed in rats or mice exposed to ≤75ppm 

2,3-dichloropropene vapor for 6 hours/day, for 9 out of 11 days (Zempel et al. 1987).  No histopathology 

was observed in the brain or spinal cord of rats or mice to 2,3-dichloropropene vapor at ≤15 ppm for 

6 hours/day, 5 days/week for 13 weeks (Johannsen et al. 1991).  

1,2-Dichloropropene. No data were available for neurological effects in humans exposed by inhalation to 

1,2-dichloropropene. 



   
 

    
 
 

 
 
 
 
 

 

  

 

  

 

   
 

  

 

 

   

    

  

 

    

          

  

 

 

  

 

 

 

      

  

 

      

      

   

 

72 DICHLOROPROPENES 

3. HEALTH EFFECTS 

As mentioned in a brief summary, exposure to a saturated atmosphere of 1,2-dichloropropene estimated at 

63,764 ppm resulted in signs of central nervous system depression (unconsciousness) in rats within 

6 minutes of exposure (Dow 1962). 

3.2.1.5  Reproductive Effects 

1,3-Dichloropropene.  No studies were located regarding reproductive effects in humans after inhalation 

exposure to 1,3-dichloropropene. 

No adverse reproductive effects and no histological changes in reproductive organs were observed in 

parental groups or progeny of male and female rats exposed to up to 90 ppm Telone II®b for two 

generations (Breslin et al. 1989).  

Gross and histological examination of reproductive organs and tissues of rats and mice exposed to 

≤150 ppm of Telone II®a for 13 weeks (Stott et al. 1988) or ≤60 ppm Telone II®a for 6–24 months 

(Lomax et al. 1989) revealed no lesions attributable to 1,3-dichloropropene.  More sensitive tests for 

reproductive effects, however, were not included in these studies. 

2,3-Dichloropropene.  No studies were located regarding reproductive effects in humans after inhalation 

exposure to 2,3-dichloropropene. 

No significant adverse effects were observed in a one-generation reproductive assay in rats exposed to 

2,3-dichloropropene vapor at ≤5 ppm for 6 hours/day, 5 days/week although there was a statistically 

insignificant reduction in mating in treated groups (Johannsen et al. 1991).  Available reports from an 

incomplete study indicated that there were no adverse effects on estrus cycling or sperm parameters in 

rats or mice exposed to 2,3-dichloropropene vapor at ≤80 ppm for 6 hours/day, 5 days/week for 13 weeks 

(NTP 1989, 2006); no female mice exposed at 80 ppm survived for analysis of the estrus cycle, but no 

adverse effects were observed in those exposed at ≤40 ppm. 



   
 

    
 
 

 
 
 
 
 

  
 

  

 

 

     

    

  

    

 

  

 

 

     

    

   

   

 

 

  

      

   

    

   

    

   

 

   
 

 

   

 

  

  

73 DICHLOROPROPENES 

3. HEALTH EFFECTS 

3.2.1.6  Developmental Effects 

1,3-Dichloropropene.  No studies were located regarding developmental effects in humans after 

inhalation exposure to 1,3-dichloropropene. 

No developmental effects were found in groups of rats exposed to 50 or 150 ppm Telone II®a during 

gestation days 6–15 (Kloes et al. 1983).  In contrast, rats exposed to 300 ppm Telone II®a during gestation 

days 6–15 had fewer fetuses per litter, an increase in the incidence of litters totally resorbed, and an 

increase in the number of litters with resorptions.  Rats exposed to 300 ppm Telone II®a had urine and 

fecal staining, nasal exudate, a red crusty material around the eyes, and significantly decreased food and 

water consumption and body weight.  These observations indicate serious maternal toxicity in rats 

exposed to 300 ppm, which could account for the decreased litter size, increased resorptions, and 

increased number of litters with resorptions.  Rabbits were evaluated for developmental effects after 

exposure to up to 300 ppm Telone II®a during gestation days 6–18 (Kloes et al. 1983).  No developmental 

effects attributable to 1,3-dichloropropene exposure were observed in the 50 and 150 ppm groups. In 

contrast, marked maternal toxicity in the 300 ppm group precluded evaluation of developmental effects; 

signs of maternal toxicity included ataxia, loss of the righting reflex, significantly decreased body weight, 

and the death of six of seven rabbits. 

No developmental effects were observed in the progeny of groups of male and female rats exposed to 

≤90 ppm Telone II®b for two generations (Breslin et al. 1989), or in pregnant rats exposed for 6 hours/day 

during gestation days 6–15 and rabbits exposed during gestation days 6–18 to ≤120 ppm 1,3-dichloro

propene (90.1% purity) (Hanley et al. 1987). The parameters monitored included pup survival, pup body 

weight, pup crown-rump length, and gross pathology.  Delayed ossification was noted in 14 rat pups of 

21 litters exposed in utero to 120 ppm, but this may have been due to the decreased food and water 

consumption and body weight of the dams during the exposure period (Hanley et al. 1987). 

3.2.1.7  Cancer 

1,3-Dichloropropene.  Few studies are available that link inhalation exposure to 1,3-dichloropropene with 

the development of cancer in humans.  

Clary and Ritz (2003) conducted a case-control study using mortality odds ratios to compare deaths from 

pancreatic cancer (1989–1996) with a random sample of noncancer deaths in three agricultural counties in 



   
 

    
 
 

 
 
 
 
 

  

   

 

   

   

 

 

 

  

   

 

 

   

   

   

  

     

  

 

 

     

    

  

 

  

 

    
 

 

  

74 DICHLOROPROPENES 

3. HEALTH EFFECTS 

California.  A total of 1,002 cases in which pancreatic cancer was named as the cause of death (data from 

state records) were identified within 102 zip codes in the three-county area.  About 10 controls (total 

10,002) were selected for each case at random from all noncancer deaths in these counties.  The state’s 

pesticide use reporting (PUR) database was used to classify pesticide use within each zip code.  The 

analysis showed an increased risk of death from pancreatic cancer for long-term residence (20 years) in 

the three-county area and residence at the time of death in zip codes showing the highest quartile of 

1,3-dichloropropene application (107 cases, prevalence odds ratio of 1.89 [95% CI=1.13–3.15]).  This 

study provides suggestive, but not definitive, evidence that exposure to 1,3-dichloropropene may be a risk 

factor for pancreatic cancer. 

A clinical report describing three cases of neoplasms that developed after exposure to 1,3-dichloro

propene provides other suggestive evidence that there may be an association between exposure and cancer 

(Markovitz and Crosby 1984).  Nine firemen were exposed to 1,3-dichloropropene during cleanup of a 

tank truck spill.  Six years later, two of the men developed histiocytic lymphomas that were refractory to 

treatment.  Both men soon died.  In addition, a 52-year-old farmer who had been in good health 

developed pain in the right ear, nasal mucosa, and pharynx after being exposed to 1,3-dichloropropene 

(not otherwise specified) from his tractor for 30 days.  The hose carrying the 1,3-dichloropropene had a 

small leak that sprayed the chemical near the right side of the man's face.  Over the next year, the man 

developed leukemia that was refractory to treatment.  He died of pneumonia 5 weeks after hospital 

admission.  None of these reports identified the formulation of 1,3-dichloropropene or stated whether the 

chemical included additives such as epichlorohydrin. 

In the only study regarding the carcinogenic potential of 1,3-dichloropropene in animals after inhalation 

exposure, a statistically significant increase in the incidence of bronchioalveolar adenomas was observed 

in male mice exposed to 60 ppm Telone II®b for 24 months (Lomax et al. 1989).  An increased incidence 

of this benign lung tumor, however, was not observed in female mice nor in male or female rats exposed 

to Telone II®b under the same protocol. 

The cancer effect level (CEL) in male mice is recorded in Table 3-2 and plotted in Figure 3-1. 

3.2.2 Oral Exposure 

Reliable oral toxicity data are available for 1,3-dichloropropene and for acute toxicity of 2,3-dichloro

propene; a brief summary of an acute lethality study is available for 1,2-dichloropropene.  The highest 

http:CI=1.13�3.15


   
 

    
 
 

 
 
 
 
 

 

 

 

 

  
 

   

   

 

  

    

   

 

 

   

   

    

      

  

  

     

    

    

 

 

  

     

      

  

     

     

75 DICHLOROPROPENES 

3. HEALTH EFFECTS 

NOAEL and all reliable LOAEL values after oral exposure to 1,3- and 2,3-dichloropropene are recorded 

in Tables 3-4 and 3-5, respectively, and plotted in Figures 3-3 and 3-4, respectively.  Median lethal 

concentrations and other reliable mortality data are recorded as serious LOAELs in these tables and 

figures.  

3.2.2.1  Death 

1,3-Dichloropropene.  A 27-year-old male died 40 hours after accidentally drinking 1,3-dichloropropene 

(mixed cis and trans isomers) (Hernandez et al. 1994).  Upon recognizing his error, he vomited, but 

2 hours later in an emergency room, he exhibited acute gastrointestinal distress, tachypnea, tachycardia, 

sweating, and hypovolemia; abdominal pain was evident at deep palpation.  The level of 1,3-dichloro

propene at this time was 1.13 micromol/L in blood and 0.20 micromol/L in urine.  Subsequent effects 

included bloody diarrhea, metabolic acidosis, adult respiratory distress syndrome, and release of 

pancreatic enzymes into peritoneal fluid.  Multiorgan failure preceded death. 

Several studies were located that reported oral LD50 values for 1,3-dichloropropene in various 

formulations (95% confidence limits are given in parentheses).  The oral LD50 for M-3993 was 713 mg/kg 

(no range calculable) in male rats and 470 (337–636) mg/kg in female rats (Lichy and Olson 1975).  In a 

similar study, the oral LD50 for Telone C-17® was 519 (305–1,009) mg/kg in male rats and 304 (147– 

516) mg/kg in female rats (Mizell et al. 1988b).  These data indicate that female rats are more sensitive to 

1,3-dichloropropene in its various formulations than male rats.  Much lower LD50 values of 150 (130– 

170) mg/kg were reported for Telone II®a in CFY-strain Sprague-Dawley rats (Jones and Collier 1986a) 

and 224 mg/kg for Telone II®a in female F344 rats (Jeffrey et al. 1987a).  The variability in LD50 values 

could result from different rat stocks or strains, or from differences in the 1,3-dichloropropene 

formulations used. 

No deaths were reported among rats that received gavage doses up to 30 mg/kg/day of Telone® for 

13 weeks (Til et al. 1973), rats or mice exposed to up to 50 or 100 mg/kg/day, respectively, Telone II®b in 

feed for 13 weeks (Haut et al. 1996), or dogs exposed to up to 41 mg/kg/day Telone II®b in feed for 

13 weeks (Stebbins et al. 1999).  No differences were observed in the survival rates of rats that received 0, 

25, or 50 mg/kg, or of mice that received 0, 50, or 100 mg/kg Telone II®b by gavage in corn oil for 

2 years (NTP 1985).  No effects on survival were observed in dogs exposed to doses of Telone II®b in 



158

224

149

121

75

150
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Table 3-4 Levels of Significant Exposure to 1,3-Dichloropropene - Oral 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

ACUTE EXPOSURE 
Death 
1 Rat 

(Fischer- 344) 
once 
(GO) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

224 F (LD50) 

Reference 
Chemical Form 

Jeffrey et al. 1987a 
T IIa 

Comments 

Purity: 97.54% 
1,3-DCP. 

2 Rat 
(Sprague-
Dawley) 

1 d 
1 x/d 
(GO) 

121 (LD50) Jones 1988a 
cis 

Purity: 97.2% 1,3-DCP. 

3 Rat 
(Sprague-
Dawley) 

1 d 
1 x/d 
(GO) 

150 (LD50) Jones and Collier 1986a 
T IIa 

Purity: 97.2% 1,3-DCP. 

4 Rat 
(Sprague-
Dawley) 

1 d 
1 x/d 
(G) 

713 M (LD50) 
b 

470 F (LD50) 

Lichy and Olson 1975 
M-3993 

Purity: 92% 1,3-DCP. 

5 Rat 
(Fischer- 344) 

1 d 
1 x/d 
(GO) 

519 M (LD50) 
b 

304 F (LD50) 

Mizell et al. 1988a 
T C-17 

Purity: 79% 1,3-DCP, 
19% chloropicrin. 

Systemic 
6 Rat 

(Sprague-
Dawley) 

1 d 
1 x/d 
(GO) 

Resp 110 (lung hemorrhage) Jones 1988a 
cis 

Purity: 97.2% 1,3-DCP. 

Gastro 

Hepatic 

110 (hemorrhage) 

110 (intestinal hemorrhage, 
liver hemorrhage) 
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250
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Table 3-4 Levels of Significant Exposure to 1,3-Dichloropropene - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

7 Rat 
(Sprague-
Dawley) 

1 d 
1 x/d 
(GO) 

Resp 75 (lung congestion) Jones and Collier 1986a 
T IIa 

250 (lung hemorrhage) Purity: 97.2% 1,3-DCP. 

Gastro 75 M  (hyperkeratosis of 
stomach) 

170 M (stomach hemorrhage) 

Hepatic 

Renal 

250 

250 

8 Rat 
(Fischer- 344) 

1 d 
1 x/d 
(GO) 

Neurological 
9 Rat 

(Sprague-
Dawley) 

1 d 
1 x/d 
(GO) 

Gastro 100 (hyperkeratosis) Mizell et al. 1988a 
T C-17 

Jones 1988a 
cis 

75 (ataxia) 

Purity: 79% 1,3-DCP, 
19% chloropicrin. 

Purity: 97.2% 1,3-DCP. 
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100

5

15

100

100

100

15

50

29

50

50

50

Table 3-4 Levels of Significant Exposure to 1,3-Dichloropropene - Oral	 (continued) 

Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

INTERMEDIATE EXPOSURE 
Systemic 
10 Rat 13 wk 

ad lib(Fischer- 344) 
(F) 

11 Rat	 9 mo 
3 d/wk(Fischer- 344) 
1 x/d 
(GO) 

System 

Resp 

Gastro 

Hemato 

Hepatic 

Renal 

Bd Wt 

Gastro 

Hepatic 

Renal 

LOAEL 

NOAEL 
(mg/kg/day) 

Less Serious 
(mg/kg/day) 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

100 M Haut et al. 1996 
T IIb 

Purity: 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated. 

5 M 
c 

15 M (basal cell hyperplasia of 
nonglandular stomach 
mucosa) 

100 M 

100 M 

100 M 

15 M 50 M (terminal weight 16% 
lower than control) 

50 NTP 1985 
T IIa 

Purity: 89% 1,3-DCP; 
1% epichlorohydrin. 

50 

50 
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30

30

30

30

30

30

30
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100

100

100

100

100

50

100

Table 3-4 Levels of Significant Exposure to 1,3-Dichloropropene - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

12 Rat 
(Wistar) 

13 wk 
6 d/wk 
1 x/d 
(GO) 

Resp 30 Til et al. 1973 
T 

Purity: 78% 1,3-DCP. 

Cardio 30 

Gastro 30 

Hemato 30 

Musc/skel 

Hepatic 

Renal 

30 

30 

30 

Bd Wt 30 

13 Mouse 
(B6C3F1) 

13 wk 
ad lib 
(F) 

Resp 100 Haut et al. 1996 
T IIb 

Purity: 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated. 

Gastro 100 

Hemato 100 

Hepatic 

Renal 

100 

100 

Bd Wt 50 100 (terminal weight 11-12% 
lower than control) 
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5

15

41

41

5

15

180

100

179

100

Table 3-4 Levels of Significant Exposure to 1,3-Dichloropropene - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

14 Dog 
(Beagle) 

13 wk 
ad lib 
(F) 

Hemato 5 15 (19-29% reductions in 
hemoglobin and 
hematocrit) 

Stebbins et al. 1999 
T IIb 

Purity: 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated. 

Hepatic 41 

Renal 41 

Bd Wt 5 F 15 F (terminal weight 12% 
lower than control) 

Neurological 
15 Rat 

(Fischer- 344) 
13 wk 
ad lib 
(F) 

100 Haut et al. 1996 
T IIb 

Purity: 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated; 
brain weight and gross 
clinical signs were 
examined. 

Reproductive 
16 Rat 

(Fischer- 344) 
13 wk 
ad lib 
(F) 

100 Haut et al. 1996 
T IIb 

Purity: 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated; 
testes and ovary weight 
and histopathology 
were examined. 
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25

50

50

50

25
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Table 3-4 Levels of Significant Exposure to 1,3-Dichloropropene - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

CHRONIC EXPOSURE 
Systemic 
17 Rat 

(Fischer- 344) 
104 wk 
3 d/wk 
1 x/d 
(GO) 

System 

Resp 

NOAEL 
(mg/kg/day) 

50 

Less Serious 
(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form 

NTP 1985 
T IIa 

Comments 

Purity: 89% 1,3-DCP; 
1% epichlorohydrin. 

Cardio 50 

Gastro 25 (basal cell hyperplasia in 
nonglandular stomach 
mucosa) 

Hemato 50 

Musc/skel 50 

Hepatic 50 

Renal 25 (nephropathy only in 
females) 

Dermal 50 
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25

25

2.5

12.5

25

25

25

25

25

25

12.5

25

Table 3-4 Levels of Significant Exposure to 1,3-Dichloropropene - Oral (continued) 

Exposure/ LOAEL 
Duration/ 

a 
Key to Species Frequency NOAEL Less Serious Serious Reference 
Figure (Strain) (Route) 

System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form Comments 

18 Rat 
(Fischer- 344) 

2 yr 
ad lib 
(F) 

Resp 25 

Cardio 

Gastro 

25 

2.5 
d 

12.5 

Hemato 

Musc/skel 

Hepatic 

Renal 

Dermal 

Ocular 

Bd Wt 

25 

25 

25 

25 

25 

25 

12.5 25 

Stebbins et al. 2000 
T IIb 

Purity: 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated. 

(basal cell hyperplasia of 
nonglandular stomach 
mucosa) 

(terminal weight 13-14% 
lower than control) 
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Table 3-4 Levels of Significant Exposure to 1,3-Dichloropropene - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

19 Mouse 
(B6C3F1) 

104 wk 
3 d/wk 
1 x/d 
(GO) 

Resp 100 NTP 1985 
T IIa 

Purity: 89% 1,3-DCP; 
1% epichlorohydrin. 

Cardio 100 

Gastro 50 F (hyperplasia of 
nonglandular stomach) 

Hemato 100 

Musc/skel 

Hepatic 

Renal 

100 

100 

50 F 100 F  (hydronephrosis in 
females only) 

Dermal 100 
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50

50

50

50

50

2.5

25

Table 3-4 Levels of Significant Exposure to 1,3-Dichloropropene - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

20 Mouse 
(B6C3F1) 

2 yr 
ad lib 
(F) 

Resp 50 Stebbins et al. 2000 
T IIb 

Purity: 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated. 

Cardio 50 

Gastro 50 

Hemato 50 

Musc/skel 

Hepatic 

Renal 

50 

50 

50 

Dermal 50 

Ocular 50 

Bd Wt 2.5 M 25 M (terminal weight 15% 
lower than control) 
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15

15

15

2.5

15

15

15

2.5

15

143

50

Table 3-4 Levels of Significant Exposure to 1,3-Dichloropropene - Oral	 (continued) 

Exposure/ 
Duration/ 

a 
Key to Species Frequency 
Figure (Strain) (Route) 

21 Dog	 1 yr 
ad lib(Beagle) 
(F) 

Immuno/ Lymphoret 
22 Rat 2 yr 

3 d/wk(Fischer- 344) 
1 x/d 
(GO) 

System 

Resp 

Cardio 

Gastro 

Hemato 

Hepatic 

Renal 

Bd Wt 

LOAEL 

NOAEL 
(mg/kg/day) 

Less Serious 
(mg/kg/day) 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

15 Stebbins et al. 1999 
T IIb 

Purity: 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated. 

15 

15 

2.5 15 (microcytic anemia; 
increased extramedullary 
hematopoeisis in spleen) 

15 

15 

2.5 15 (terminal weight 13-19% 
lower than control) 

50 NTP 1985 
T IIa 

Purity: 89% 1,3-DCP; 
1% epichlorohydrin; 
immunological 
endpoints restricted to 
histological 
examination of spleen 
and thymus. 
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146

100

178

50
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15

Table 3-4 Levels of Significant Exposure to 1,3-Dichloropropene - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

23 Rat 
(Fischer- 344) 

2 yr 
ad lib 
(F) 

System 
NOAEL 

(mg/kg/day) 

25 

Less Serious 
(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form 

Stebbins et al. 2000 
T IIb 

24 Mouse 
(B6C3F1) 

2 yr 
3 d/wk 
1 x/d 
(GO) 

100 NTP 1985 
T IIa 

25 Mouse 
(B6C3F1) 

2 yr 
ad lib 
(F) 

50 Stebbins et al. 2000 
T IIb 

26 Dog 
(Beagle) 

1 yr 
ad lib 
(F) 

15 Stebbins et al. 1999 
T IIb 

Comments 

Purity: 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated; 
spleen, lymph nodes, 
and thymus were 
examined. 

Purity: 89% 1,3-DCP; 
1% epichlorohydrin; 
immunological 
endpoints restricted to 
histological 
examination of spleen 
and thymus. 

Purity: 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated; 
spleen, lymph nodes, 
and thymus were 
examined. 

Purity 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated; 
thymus and spleen 
weight and 
histopathology were 
examined. 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
S

3.  H
E

A
LTH

 E
FFE

C
TS

86



144

50

173

25

147

100

176

50

Table 3-4 Levels of Significant Exposure to 1,3-Dichloropropene - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

Neurological 
27 Rat 

(Fischer- 344) 
2 yr 
3 d/wk 
1 x/d 
(GO) 

System 
NOAEL 

(mg/kg/day) 

50 

Less Serious 
(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form 

NTP 1985 
T IIa 

28 Rat 
(Fischer- 344) 

2 yr 
ad lib 
(F) 

25 Stebbins et al. 2000 
T IIb 

29 Mouse 
(B6C3F1) 

2 yr 
3 d/wk 
1 x/d 
(GO) 

100 NTP 1985 
T IIa 

30 Mouse 
(B6C3F1) 

2 yr 
ad lib 
(F) 

50 Stebbins et al. 2000 
T IIb 

Comments 

Purity: 89% 1,3-DCP; 
1% epichlorohydrin; 
histopathology of brain 
and spinal cord were 
examined. 

Purity: 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated; 
examination included 
clinical signs and 
histopathology. 

Purity: 89% 1,3-DCP; 
1% epichlorohydrin; 
brain and spinal cord 
were examined for 
histopathology. 

Purity: 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated; 
examination included 
clinical signs and 
histopathology. 
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Table 3-4 Levels of Significant Exposure to 1,3-Dichloropropene - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form 

31 Dog 
(Beagle) 

1 yr 
ad lib 
(F) 

15 Stebbins et al. 1999 
T IIb 

Reproductive 
32 Rat 

(Fischer- 344) 
2 yr 
3 d/wk 
1 x/d 
(GO) 

50 NTP 1985 
T IIa 

33 Rat 
(Fischer- 344) 

2 yr 
ad lib 
(F) 

25 Stebbins et al. 2000 
T IIb 

34 Mouse 
(B6C3F1) 

2 yr 
3 d/wk 
1 x/d 
(GO) 

100 NTP 1985 
T IIa 

Comments 

Purity 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated; 
brain weight and gross 
clinical signs were 
examined. 

Purity: 89% 1,3-DCP; 
1% epichlorohydrin; 
NOAELs based on 
histological 
examination of 
reproductive organs in 
males and females. 

Purity: 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated; 
mammary gland, 
seminal vesicle, testes, 
uterus, ovaries and 
vagina were examined. 

Purity: 89% 1,3-DCP; 
1% epichlorohydrin; 
NOAELs based on 
histological 
examination of 
reproductive organs in 
males and females. 
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Table 3-4 Levels of Significant Exposure to 1,3-Dichloropropene - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form 

35 Mouse 
(B6C3F1) 

2 yr 
ad lib 
(F) 

50 Stebbins et al. 2000 
T IIb 

36 Dog 
(Beagle) 

1 yr 
ad lib 
(F) 

15 Stebbins et al. 1999 
T IIb 

Cancer 
37 Rat 

(Fischer- 344) 
104 wk 
3 d/wk 
1 x/d 
(GO) 

38 Rat 
(Fischer- 344) 

2 yr 
ad lib 
(F) 

25 (forestomach squamous 
cell tumors; neoplastic 
hepatic nodules) 

25 M (CEL: hepatocellular 
adenoma in 9/50, 
carcinoma in 1/50) 

NTP 1985 
T IIa 

Stebbins et al. 2000 
T IIb 

Comments 

Purity: 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated; 
mammary gland, 
seminal vesicle, testes, 
uterus, ovaries and 
vagina were examined. 

Purity 95.8% 1,3-DCP; 
2% ESO; 
microencapsulated; 
ovary and testes weight 
and histopathology 
were examined. 

Purity: 89% 1,3-DCP; 
1% epichlorohydrin. 

Purity: 95.8% 1,3-DCP, 
2% ESO; 
microencapsulated. 
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Table 3-4 Levels of Significant Exposure to 1,3-Dichloropropene - Oral (continued) 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

System 
NOAEL 

(mg/kg/day) 
Less Serious 

(mg/kg/day) 

LOAEL 

Serious 
(mg/kg/day) 

Reference 
Chemical Form Comments 

39 Mouse 
(B6C3F1) 

2 yr 
3 d/wk 
1 x/d 
(GO) 

NTP 1985 
T IIa 

50 (CEL: bronchioalveolar 
adenoma of lung; 
transitional cell 
carcinoma of urinary 
bladder; forestomach 
squamous cell tumors) 

Purity: 89% 1,3-DCP; 
1% epichlorohydrin. 
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a The number corresponds to entries in Figure 3-3. 

b Differences in levels of health effects and cancer effects between male and females are not indicated in Figure 3-4. Where such differences exist, only the levels of effect for the 
most sensitive gender are presented. 

c Study results used to derive an intermediate-duration oral minimal risk level (MRL) of 0.04 mg/kg/day for 1,3-dichloropropene, as described in detail in Appendix A.  Benchmark 
dose analysis was performed for incidences of hyperplasia of the nonglandular stomach mucosa in male rats to select a point of departure, which was divided by an uncertainty factor 
of 100 (10 for extrapolation from animals to humans using dosimetric adjustment and 10 for human variability) (See Appendix A). 

d Study results used to derive a chronic-duration oral minimal risk level (MRL) of 0.04 mg/kg/day for 1,3-dichloropropene, as described in detail in Appendix A.  Benchmark dose 
analysis was performed for incidences of hyperplasia of the nonglandular stomach mucosa in male and female rats and for reduced hemoglobin concentrations in male and female 
dogs to select a point of departure. The selected point of departure, based on stomach hyperplasia in female rats, was divided by an uncertainty factor of 100 (10 for extrapolation 
from animals to humans using dosimetric adjustment and 10 for human variability) (See Appendix A). 

ad lib = ad libitum; Bd Wt = body weight; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); ESO = epoxidized soybean oil; (F) = feed; Gastro = gastrointestinal; (G)= 
gavage; (GO) = gavage in oil; hemato = hematological; LD50 = lethal dose, 50% kill; LOAEL = lowest-observed-adverse-effect level; mo = month(s); Musc/skel = musculoskeletal; 
NOAEL = no-observed-adverse-effect level; Resp = respiratory; x = time(s); wk = week(s); yr = year(s) 
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Figure 3-3 Levels of Significant Exposure to 1,3-Dichloropropene - Oral 
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Figure 3-3 Levels of Significant Exposure to 1,3-Dichloropropene - Oral (Continued) 
Intermediate (15-364 days) 

Systemic 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
S

mg/kg/day 

1000 

100 13m 10r 13m 13m 10r 13m 10r 13m 10r 13m 15r 16r 

11r 11r 11r 13m 10r
14d 14d 

12r 12r 12r 12r 12r 12r 12r 12r 

10r 14d 14d 10r 
10 

10r 14d 14d 

1 

0.1 

0.01 

3.  H
E

A
LTH

 E
FFE

C
TS

c-Cat 
d-Dog
r-Rat 
p-Pig
q-Cow

 -Humans 
k-Monkey
m-Mouse 
h-Rabbit 
a-Sheep 

f-Ferret 
j-Pigeon
e-Gerbil 
s-Hamster 
g-Guinea Pig 

n-Mink 
o-Other

 Cancer Effect Level-Animals
 LOAEL, More Serious-Animals
LOAEL, Less Serious-Animals
NOAEL - Animals

 Cancer Effect Level-Humans
 LOAEL, More Serious-Humans
LOAEL, Less Serious-Humans
NOAEL - Humans

 LD50/LC50
Minimal Risk Level
 for effects
 other than
 Cancer 

92



R C G H M H R D O 
 

B 

yrotaripse

ralucsavoidra

lanitsetniortsa

lacigolotame

lateleksolucsu
citape

lane
lamre

raluc

thgie 
y Wdo

Figure 3-3 Levels of Significant Exposure to 1,3-Dichloropropene - Oral (Continued)
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Figure 3-3 Levels of Significant Exposure to 1,3-Dichloropropene - Oral (Continued) 
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Table 3-5 Levels of Significant Exposure to 2,3-Dichloropropene - Oral 

a 
Key to 
Figure 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

ACUTE EXPOSURE 
Death 
1 Rat 

(Sprague-
Dawley) 

once 
(G) 

System 
NOAEL 
(mg/kg) 

Less Serious 
(mg/kg) 

LOAEL 

Serious 
(mg/kg) 

285 (LD50) 

Reference 
Chemical Form 

Monsanto 1967 
2,3-dichloropropene 

Comments 

Purity not reported. 

2 Rat 
(Wistar) 

once 
(GO) 

320 M (LD50) Smyth et al. 1962; Union 
Carbide Corp 1958 
2,3-dichloropropene 

Purity not reported. 
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a The number corresponds to entries in Figure 3-4.
 

(G)= gavage; (GO) = gavage in oil; LD50 = lethal dose, 50% kill; LOAEL = lowest-observed-adverse-effect level; M = male; NOAEL = no-observed-adverse-effect level
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Figure 3-4 Levels of Significant Exposure to 2,3-Dichloropropene - Oral 
Acute (≤14 days) 
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97 DICHLOROPROPENES 

3. HEALTH EFFECTS 

feed as high as 15 mg/kg/day for 1 year (Stebbins et al. 1999) or in rats or mice exposed to doses up to 

25 or 50 mg/kg/day, respectively, for 2 years (Stebbins et al. 2000).  

2,3-Dichloropropene. No mortality data were available for humans orally exposed to 2,3-dichloro

propene. 

The oral LD50 for 2,3-dichloropropene in rats was 320 (260–400) mg/kg (Smyth et al. 1962). 

1,2-Dichloropropene. No mortality data were available for humans orally exposed to 1,2-dichloro

propene. 

As mentioned in a brief summary, two rats survived that were given 2,000 mg/kg 1,2-dichloropropene by 

oral gavage (Dow 1962). 

3.2.2.2  Systemic Effects 

The systemic effects observed in humans or animals after oral exposure to 1,3-, 2,3-, or 1,2-dichloro

propene are discussed below.  The highest NOAELs and all reliable LOAELs for each systemic effect for 

each species and duration category are recorded in Tables 3-4 and 3-5, respectively, and plotted in 

Figures 3-3 and 3-4, respectively, for the 1,3- and 2,3-dichloropropenes. 

Respiratory Effects. 

1,3-Dichloropropene.  In the 27-year-old male who died after accidentally ingesting 1,3-dichloropropene, 

tachypnea was an early sign of toxicity, and diffuse bilateral edema of the lungs consistent with adult 

respiratory distress syndrome developed several hours before death (Hernandez et al. 1994). 

In a rat LD50 study, a single oral administration of Telone II®a caused dose-related respiratory effects 

including lung congestion and lung hemorrhage (Jones and Collier 1986a).  

Gross and microscopic examination revealed no respiratory effects in male and female rats exposed to 

≤30 mg Telone®/kg/day by gavage for 13 weeks (Til et al. 1973), ≤50 mg Telone II®a/kg/day by gavage 

for 9 months (NTP 1985), or ≤100 mg Telone II®b/kg/day in the feed for 13 weeks (Haut et al. 1996).  



   
 

    
 
 

 
 
 
 
 

     

 

 

    

    

  

  

  

     

    

 

  

 

 

    

 

 

     
 

 

 

  

    

 

     

   

 

   

      

    

98 DICHLOROPROPENES 

3. HEALTH EFFECTS 

Likewise, no exposure-related histologic lesions were found in the lungs of male and female mice 

exposed to doses ≤100 mg Telone II®b /kg/day in feed for 13 weeks (Haut et al. 1996).  

Gross and histological examination revealed no neoplastic or nonneoplastic respiratory lesions in rats and 

no nonneoplastic respiratory lesions in mice receiving Telone II®a for 2 years at gavage doses of 

≤50 mg/kg/day for rats or ≤100 mg/kg/day for mice (NTP 1985).  In contrast, an increased incidence of 

bronchioalveolar adenomas was observed in female mice receiving Telone II®a for 2 years 

(Section 3.2.2.8).  With dietary administration of microencapsulated Telone II®b in feed, no increased 

incidences of nonneoplastic respiratory lesions were found in rats or mice exposed to doses ≤25 or 

≤50 mg/kg/day, respectively, for 2 years (Stebbins et al. 2000) or in dogs exposed to ≤41 mg/kg/day for 

1 year (Stebbins et al. 1999).  

2,3-Dichloropropene. No data were available for respiratory effects in humans orally exposed to 2,3-di

chloropropene. 

Congestion of the lungs was observed in rats that died in following ingestion of lethal doses of 2,3-di

chloropropene (Smyth et al. 1962; Union Carbide Corp. 1958). 

Cardiovascular Effects. 

1,3-Dichloropropene.  In the 27-year-old male who died after accidentally ingesting 1,3-dichloropropene, 

tachycardia was an early sign of toxicity and hypovolemia subsequently developed (Hernandez et al. 

1994).  At autopsy, there was evidence of hemorrhages in the stomach and brain. 

Histological evaluation of the hearts revealed no exposure-related lesions in rats exposed to ≤30 mg/kg of 

Telone® by gavage for 13 weeks (Til et al. 1973). 

Following chronic-duration exposure, gross and histological examination of hearts revealed no 

cardiovascular lesions in rats that received ≤50 mg/kg or in mice that received ≤100 mg Telone II®a/kg by 

gavage for 2 years (NTP 1985).  Data in male mice were of limited value, because 25 of 50 vehicle 

controls died of myocarditis after 48–51 weeks.  With dietary administration of microencapsulated 

Telone II®b in feed, no increased incidences of nonneoplastic cardiovascular lesions were found in rats or 

mice exposed to doses ≤25 or ≤50 mg/kg/day, respectively, for 2 years (Stebbins et al. 2000) or in dogs 

exposed to ≤41 mg/kg/day for 1 year (Stebbins et al. 1999).  



   
 

    
 
 

 
 
 
 
 

 

      
 

 

 

  

   

     

 

 

 

   

        

 

    

  

   

       

     

      

  

     

  

   

 

 

  

 

    

    

     

 

99 DICHLOROPROPENES 

3. HEALTH EFFECTS 

Gastrointestinal Effects. 

1,3-Dichloropropene.  The only information on gastrointestinal effects in humans following oral 

exposure to 1,3-dichloropropene comes from a fatal accidental poisoning case (Hernandez et al. 1994).  

Acute gastrointestinal distress and abdominal pain were among the initial symptoms in a 27-year-old male 

who died 40 hours after accidentally drinking 1,3-dichloropropene.  Subsequent signs included bloody 

diarrhea and the presence of pancreatic enzymes in the peritoneal fluid; the study authors could not rule 

out the possibility of a preexisting pancreatic illness.  Hemorrhagic exudate of the stomach was observed 

at autopsy.  Histopathological analysis of the stomach revealed congestion of gastric mucosal vessels, 

autolysis, and mucosal erosions. 

Hyperkeratosis of the nonglandular stomach was found in rats that received a single gavage dose of 

100 mg/kg Telone C-17® (Mizell et al. 1988b) or 75 mg/kg Telone II®a (Jones and Collier 1986a). 

In rats exposed to microencapsulated Telone II®b in the diet for 13 weeks, basal cell hyperplasia of the 

nonglandular stomach was observed at doses of ≥15 mg/kg/day and hyperkeratosis was observed at 

100 mg/kg/day (Haut et al. 1996).  Gross and microscopic evaluation of the gastrointestinal tract revealed 

no lesions attributable to oral administration of ≤30mg/kg of 78% Telone® to rats for 13 weeks (Til et al. 

1973).  Similarly, no gastrointestinal lesions were found in rats that received ≤50mg/kg of 89% 

Telone II®a for 9 months (NTP 1985) or in mice exposed to ≤100 mg/kg/day Telone II®b in feed for 

13 weeks (Haut et al. 1996).  As described in Appendix A and the footnote to Table 3-4, an intermediate-

duration oral MRL of 0.04 mg/kg/day was derived for 1,3-dichloropropene based on benchmark dose 

analysis of incidence data for basal cell hyperplasia of the nonglandular stomach in rats exposed to 

microencapsulated Telone II®b in the diet for 13 weeks. 

Chronic oral exposure to 1,3-dichloropropene causes nonneoplastic and neoplastic lesions in the 

gastrointestinal systems of rats and mice. 

Significant dose-related increases in basal cell or epithelial cell hyperplasia of the forestomach were 

observed in male and female rats that received ≥25 mg/kg Telone II®a for 2 years (NTP 1985).  

Additionally, female rats that received 50 mg/kg had hyperkeratosis of the forestomach.  Male rats 

suffered an increase in pancreatic periarteritis at both 25 and 50 mg/kg. 



   
 

    
 
 

 
 
 
 
 

   

     

     

     

   

 

   

  

    

        

 

        

  

   

  

  

    

 

      
 

  

 

 

 

    

    

   

     

  

 

    

     

   

100 DICHLOROPROPENES 

3. HEALTH EFFECTS 

Dose-related increases in epithelial cell hyperplasia of the forestomach were observed in female mice 

receiving ≥50 mg/kg Telone II®a by oral gavage (NTP 1985).  Although data in male mice were limited, 

the incidence of forestomach epithelial cell hyperplasia was similar to that in the females.  Neoplastic 

lesions of the stomach were also observed in rats and mice that received gavage doses of Telone II®a for 

2 years (Section 3.2.2.7). 

In chronic oral studies involving microencapsulated Telone II®b (95.8% 1,3-dichloropropene) in feed, 

basal cell hyperplasia of the nonglandular stomach mucosa was observed in male and female rats 

receiving 12.5 mg/kg/day for 2 years (Stebbins et al. 2000), but not in mice receiving doses of 

≤50 mg/kg/day for 2 years (Stebbins et al. 2000) or dogs receiving ≤15 mg/kg/day for 1 year (Stebbins et 

al. 1999).  A portal-of-entry effect in dogs was indicated by inflammation of the tongue in some dogs 

exposed at ≤15 mg/kg/day for 1 year (Stebbins et al. 1999); the study authors suggested that some of the 

microcapsules dissolved in saliva, releasing 1,3-dichloropropene into the oral cavity with resulting irritant 

effects.  No gastric tumors were observed in rats, mice, or dogs exposed to Telone II®b in the diet.  As 

described in Appendix A and a footnote to Table 3-4, a chronic-duration oral exposure MRL of 

0.03 mg/kg/day was derived from benchmark dose analysis of incidence data for basal cell hyperplasia of 

the nonglandular stomach in female rats exposed to microencapsulated Telone II®b in the diet for 2 years. 

Hematological Effects. 

1,3-Dichloropropene.  No studies were located regarding hematological effects in humans after oral 

exposure to 1,3-dichloropropene. 

Evaluation of hematological profiles and clinical chemistry revealed no adverse effects in rats that 

received ≤30 mg/kg 78% Telone® by oral gavage for 13 weeks (Til et al. 1973).  In 13-week studies 

administering microencapsulated 95.8% Telone II®b in the diet, no significant hematological effects were 

noted in rats or mice exposed at ≤100 mg/kg/day (Haut et al. 1996).  Conversely, dogs exposed to the 

same test material at concentrations of ≥15 mg/kg/day exhibited microcytic anemia (19–29% reductions 

in hemoglobin and hematocrit counts) (Stebbins et al. 1999). 

Extensive clinical chemistry and hematological profiles of male and female rats exposed by gavage to 

≤50 mg/kg 1,3-dichloropropene (89% plus 1% epichlorohydrin) (NTP 1985) or to microencapsulated 

Telone II®b at ≤25 mg/kg/day (Stebbins et al. 2000) for 2 years revealed no signs of adverse effects (NTP 

1985).  However, dogs exposed to the microencapsulated Telone II®b in the diet at concentrations of 
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≥15 mg/kg/day exhibited macrocytic anemia (reductions in hemoglobin, hematocrit, and mean 

corpuscular volumes) (Stebbins et al. 1999). This hematological effect in dogs was selected as a co

critical effect for chronic oral exposure.  As described in Appendix A, hematological effects in dogs were 

not selected as the basis for the chronic-duration oral MRL because benchmark dose analysis of the other 

co-critical effect, stomach lesions in rats, provided a lower, more protective point of departure. 

Musculoskeletal Effects. 

1,3-Dichloropropene.  No studies were located regarding musculoskeletal effects in humans after oral 

exposure to 1,3-dichloropropene. 

Histological evaluation of musculoskeletal tissue revealed no exposure-related lesions in rats exposed to 

≤30 mg/kg of Telone® by gavage for 13 weeks (Til et al. 1973). 

Gross and histological examination of musculoskeletal tissue revealed no lesions in rats that received up 

to 50 mg/kg or in mice that received up to 100 mg Telone II®a/kg by gavage for 2 years (NTP 1985).  

With dietary administration of microencapsulated Telone II®b in feed, no increased incidences of 

musculoskeletal lesions were found in rats or mice exposed to doses ≤25 or ≤50mg/kg/day, respectively, 

for 2 years (Stebbins et al. 2000) or in dogs exposed to ≤41 mg/kg/day for 1 year (Stebbins et al. 1999).  

Hepatic Effects. 

1,3-Dichloropropene.  No studies were located regarding hepatic effects in humans after oral exposure to 

1,3-dichloropropene. 

A single gavage dose of 170 mg/kg Telone II®a produced mottled and dark livers in rats (Jones and 

Collier 1986a). 

An increased liver:body weight ratio was observed in rats that received 30 mg/kg, but not ≤10 mg/kg, of 

Telone® for 13 weeks (Til et al. 1973).  Histological examination and clinical chemistry variables 

revealed no adverse hepatic effects in rats or mice exposed to 100 or 50 mg/kg/day, respectively, 

Telone II®b in feed for 13 weeks (Haut et al. 1996). 
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Histological examination revealed no hepatic lesions that were attributable to oral gavage administration 

of 50 mg/kg Telone II®a to rats for 9–24 months (NTP 1985).  Similarly, no hepatic lesions attributable to 

Telone II®a were found in mice after they received gavage doses for 2 years.  In contrast, an increased 

incidence of hepatic neoplastic nodules was observed in male rats that received Telone II®a by gavage for 

2 years (Section 3.2.2.7).  In male and female rats ingesting microencapsulated Telone II®b in the diet for 

2 years, there was no increase in the total number of hepatic foci, but treated rats had more eosinophilic 

foci than basophilic foci (Stebbins et al. 2000).  In the same study, an increase in benign hepatic tumors 

(adenomas) was observed in male rats exposed at 25 mg/kg/day (see Section 3.2.2.7). No nonneoplastic 

or neoplastic hepatic effects were found in mice exposed to ≤50mg/kg/day Telone II®b in feed for 2 years 

(Stebbins et al. 2000), or in dogs exposed to ≤41 mg/kg/day for 1 year (Stebbins et al. 1999). 

2,3-Dichloropropene. No data were available for hepatic effects in humans orally exposed to 2,3-di

chloropropene. 

Congestion of the liver was observed in rats that died in following ingestion of lethal doses of 2,3-di

chloropropene (Smyth et al. 1962; Union Carbide Corp. 1958). 

1,2-Dichloropropene. No data were available for hepatic effects in humans orally exposed to 1,2-di

chloropropene. 

As mentioned in a brief summary, two rats that survived a single oral dose of 2,000 mg/kg 1,2-dichloro

propene exhibited considerable (unspecified) injury to the liver at necropsy (Dow 1962). 

Renal Effects. 

1,3-Dichloropropene.  The autopsy of a 27-year-old male who died 40 hours after accidentally ingesting 

1,3-dichloropropene revealed acute tubular necrosis of the kidney (Hernandez et al. 1994). 

A single gavage dose of 170 mg/kg Telone II®a produced dark kidneys in rats (Jones and Collier 1986a).  

The toxicological significance of this observation was not discussed.  The NOAEL for this effect was 

110 mg/kg. 

An increase in the kidney:body weight ratio was observed in rats that received 10 mg/kg, but not 3 mg/kg, 

Telone® (78% purity) for 13 weeks (Til et al. 1973).  In contrast, no renal lesions were observed after 
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gross and microscopic examination in rats that received ≤50 mg/kg of Telone II®a for 9–24 months (NTP 

1985).  No adverse renal effects were observed in rats, mice, or dogs that received Telone II®b in the diet 

for 13 weeks (Haut et al. 1996; Stebbins et al. 1999). 

Female mice developed a dose-related increase in kidney hydronephrosis after oral exposure to 

50 or 100 mg/kg Telone II®a for 2 years (NTP 1985).  A primary target organ of 1,3-dichloropropene in 

female mice was the urinary bladder, where a dose-related increase in epithelial cell hyperplasia and 

transitional cell carcinoma (Section 3.2.2.7) was observed.  Although data for male mice were not 

adequate, there was some indication that Telone II®a also caused transitional cell carcinomas in the 

urinary bladder.  Similar neoplastic and nonneoplastic lesions were not found in male and female rats 

exposed to up to 50 mg/kg 1,3-dichloropropene for 2 years (NTP 1985).  No adverse renal effects were 

observed in rats or mice that received Telone II®b in the diet for 2 years, or in dogs similarly exposed for 

1 year (Stebbins et al. 1999, 2000). 

2,3-Dichloropropene. No data were available for renal effects in humans orally exposed to 2,3-dichloro

propene. 

Congestion of the kidneys was observed in rats that died following ingestion of lethal doses of 2,3-di

chloropropene (Smyth et al. 1962; Union Carbide Corp. 1958). 

1,2-Dichloropropene. No data were available for renal effects in humans orally exposed to 1,2-dichloro

propene. 

As mentioned in a brief summary, two rats that survived a single oral dose of 2,000 mg/kg 1,2-dichloro

propene exhibited considerable (unspecified) injury to the kidneys at necropsy (Dow 1962). 

Dermal and Ocular Effects. 

1,3-Dichloropropene.  No studies were located regarding dermal/ocular effects in humans after oral 

exposure to 1,3-dichloropropene. 

Gross and histological examination of the eyes and skin in rats and of the skin only in mice that received 

gavage doses of Telone II®a for 2 years revealed no lesions attributable to Telone II®a (NTP 1985).  

Likewise, no exposure-related adverse effects were apparent from histologic examination of skin and eyes 
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3. HEALTH EFFECTS 

of rats or mice exposed to ≤25 mg/kg/day and ≤50 mg/kg/day Telone II®b in the feed for 2 years 

(Stebbins et al. 2000) or eyes of dogs exposed to ≤41 mg/kg/day Telone II®b in the feed for 1 year 

(Stebbins et al. 1999). 

Body Weight Effects. 

1,3-Dichloropropene.  No data were available for body weight effects in humans following oral exposure 

to 1,3-dichloropropene.  

Reductions in terminal body weights compared to controls were observed in dogs exposed at 

≥15 mg/kg/day (Stebbins et al. 1999), rats at ≥50 mg/kg/day, and mice at ≥100 mg/kg/day (Haut et al. 

1996) in 13-week studies in which microencapsulated Telone II®b was added to the diet. 

Reductions in body weights compared to controls were observed studies in rats and mice exposed to 

microencapsulated Telone II®b in the diet at 25 mg/kg/day for 2 years (Stebbins et al. 2000) or dogs 

exposed at 15 mg/kg/day for 1 year (Stebbins et al. 1999). 

In the intermediate- and chronic-duration studies using Telone II®b, the authors reported that reduced feed 

intake was largely responsible for the reduced body weight gains. 

Metabolic Effects. 

1,3-Dichloropropene.  Metabolic acidosis developed in a 27-year-old male within hours after fatal 

ingestion of 1,3-dichloropropene (Hernandez et al. 1994).  

No studies were located regarding metabolic effects in animals after oral exposure to 1,3-dichloro

propene. 

3.2.2.3  Immunological and Lymphoreticular Effects 

1,3-Dichloropropene.  No studies were located regarding immunological effects in humans or animals 

after oral exposure to 1,3-dichloropropene.  
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Histological examination of spleen and thymus revealed no exposure-related adverse changes in rats or 

mice exposed to ≤25 and ≤50 mg/kg/day Telone II®b, respectively, in the feed for 2 years (Stebbins et al. 

2000) or in dogs exposed to ≤41 mg/kg/day Telone II®b in the feed for 1 year (Stebbins et al. 1999).  

3.2.2.4  Neurological Effects 

1,3-Dichloropropene.  No studies were located regarding neurological effects in humans after oral 

exposure to 1,3-dichloropropene. 

Studies specifically designed to examine neurological end points in animals after acute-, intermediate-, or 

chronic-duration oral exposure to 1,3-dichloropropene were not located. 

No histologic changes in brain or spinal cord tissue or gross clinical signs of toxicity were found in rats 

and mice exposed to ≤25 and ≤50 mg/kg/day, respectively, Telone II®b in the feed for 2 years (Stebbins et 

al. 2000), in dogs exposed to ≤41 mg/kg/day Telone II®b in the feed for 1 year (Stebbins et al. 1999), or 

in rats and mice exposed to ≤50 and ≤100 mg/kg/day, respectively, Telone II®a by gavage for 2 years 

(NTP 1985).  

3.2.2.5  Reproductive Effects 

1,3-Dichloropropene.  No studies were located regarding reproductive effects in humans following oral 

exposure to 1,3-dichloropropene. 

Histological evaluation of reproductive organs and tissues from rats and mice that received oral doses of 

Telone II®a by gavage or dietary exposure to Telone II®b for 2 years revealed no lesions attributable to 

the exposure (NTP 1985; Stebbins et al. 2000).  More sensitive tests for reproductive effects, however, 

were not performed in these studies. 

Studies specifically designed to examine reproductive performance end points in animals after acute-, 

intermediate-, or chronic-duration oral exposure to 1,3-dichloropropene were not located. 
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3.2.2.6  Developmental Effects 

No studies were located regarding developmental effects in humans or animals after oral exposure to any 

isomer of dichloropropene. 

3.2.2.7  Cancer 

1,3-Dichloropropene.  No studies were located regarding cancer in humans after oral exposure to 1,3-di

chloropropene. 

In a 2-year gavage study, rats that received 25 or 50 mg Telone II®a/kg/day developed squamous cell 

papillomas and carcinomas of the forestomach (NTP 1985).  Male rats also developed neoplastic nodules 

of the liver.  Female mice that received 50 or 100 mg/kg/day developed squamous cell papillomas and 

carcinomas of the forestomach, transitional cell carcinomas of the urinary bladder, and an increased 

incidence of alveolar/bronchiolar adenomas.  The data in male mice were considered inadequate for 

assessment of carcinogenicity, because 25 of 50 vehicle controls died of myocarditis during weeks 48–51 

of the study; however, there was some indication that the same neoplastic lesions found in increased 

incidences in female mice also occurred in male mice (NTP 1985).  

More recent 2-year studies testing microencapsulated Telone II®b (a formulation in which 

epichlorohydrin was replaced with epoxidized soybean oil) suggest that epichlorohydrin enhances the 

carcinogenicity of 1,3-dichloropropene in animals (Stebbins et al. 1999, 2000). In contrast to the 

carcinogenic responses observed in mice exposed by gavage to Telone II®a (a formulation with 

epichlorohydrin), mice receiving dietary doses of ≤50 mg/kg/day encapsulated Telone II®b did not show 

any statistically significant carcinogenic response (Stebbins et al. 2000).  In male rats receiving doses of 

25 mg/kg/day via dietary exposure to Telone II®b, the incidence of benign hepatocellular adenomas was 

significantly increased compared to controls and one male had a hepatocellular carcinoma (Stebbins et al. 

2000).  Female rats exhibited a significant positive trend for these liver tumors, although the incidence at 

25 mg/kg/day, the highest dose tested, was not significantly increased compared to controls (Stebbins et 

al. 2000).  No increased tumor incidence was observed in dogs receiving doses of ≤41 mg/kg/day for 

1 year (Stebbins et al. 1999).  From these results, it appears that lifetime oral exposure to 1,3-dichloro

propene increased hepatic tumors in rats (either with gavage exposure to Telone II®a or dietary exposure 

to Telone II®b), but that tumors at other locations in rats (such as the forestomach) or at any locations in 

mice or dogs may arise only from an interaction with epichlorohydrin or with gavage exposure.  
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The CELs in rats and mice are recorded in Table 3-4 and plotted in Figure 3-3. 

3.2.3 Dermal Exposure 

Dermal toxicity data are available for 1,3-dichloropropene and, to a lesser extent, for 2,3-dichloropropene 

and 1,2-dichloropropene.  The highest NOAEL and all reliable LOAEL values after dermal exposure to 

1,3- and 2,3-dichloropropene are recorded in Tables 3-6 and 3-7, respectively.  Median lethal doses and 

other reliable quantifiable mortality data are recorded as serious LOAELs in these tables and figures. 

Unless otherwise noted, dermal toxicity studies employed occlusive or semiocclusive coverings of the 

application site, protected to prevent evaporation or ingestion of the test material. 

3.2.3.1  Death 

1,3-Dichloropropene.  No studies were located regarding death in humans after dermal exposure to 

1,3-dichloropropene. 

Several acute dermal lethality studies have been conducted for 1,3-dichloropropene (95% confidence 

limits are given in parentheses).  The acute dermal LD50 for Telone II®a in rats was 1,200 (1,000– 

1,400) mg/kg (Jones and Collier 1986b).  The acute dermal LD50 in rabbits for M-3993 was 713 mg/kg 

for males and 407 mg/kg for females, for an average of 504 (220–1,150) mg/kg (Lichy and Olson 1975).  

In a similar study, the dermal LD50 for Telone II®a in rabbits was 333 (102–610) mg/kg (Jeffrey et al. 

1987b).  Six of 10 rabbits died or were submitted to pathology in a moribund condition within 4 days 

after receiving a dermal application of 500 mg/kg Telone C-17® (Mizell et al. 1988b). 

2,3-Dichloropropene. No data were available for mortality in humans following dermal exposure to 

2,3-dichloropropene. 

The dermal LD50 for 2,3-dichloropropene in rabbits was 1,913 (1,405–2,579) mg/kg for a single 24-hour 

exposure period (Smyth et al. 1962; Union Carbide Corp. 1958).  The minimum lethal dose for dermal 

exposure to undiluted 2,3-dichloropropene was between 3,890 and 6,310 mg/kg (Monsanto 1967). 
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Table 3-6 Levels of Significant Exposure to 1,3-Dichloropropene - Dermal 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

ACUTE EXPOSURE 
Death 
Rat 1 d 

24 hr/d 

System NOAEL Less Serious 

LOAEL 

1200 B 
mg/kg 

Serious 

(LD50) 

Reference 
Chemical Form 

Jones and Collier 1986b 
T IIa 

Comments 

Purity: 97.2% 1,3-DCP. 

(New 
Zealand) 

Rabbit 1 d 
24 hr/d 333 

mg/kg 
(LD50) 

Jeffrey et al. 1987b 
T IIa 

Purity: 97.54% 
1,3-DCP 

Rabbit 1 d 
24 hr/d 504 B 

mg/kg 
(LD50) 

Lichy and Olson 1975 
M-3993 

Purity: 92% 1,3-DCP. 

(New 
Zealand) 

Rabbit 1 d 
24 hr/d 500 

mg/kg 
(6/10 died) 

Mizell et al. 1988b 
T C-17 

Purity: 79.1% 1,3-DCP, 
19.4% chloropicrin. 

Systemic 
Rat 1 d 

24 hr/d Resp 800 M 
mg/kg 

(lung hemorrhage) 
Jones and Collier 1986b 
T IIa 

Purity: 97.2% 1,3-DCP. 

500 M 
mg/kg 

(lung congestion) 

Gastro 500 B 
mg/kg 

800 B
mg/kg 

(stomach hemorrhage) 

Dermal 500 B 
mg/kg 

(adhesion of skin to 
underlying tissue) 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
S

3.  H
E

A
LTH

 E
FFE

C
TS

108



100 ml
100

107 ml
107

103 mg/kg
103

156 ml

156

208 ml

208

72 ml

72

105 ml
105

Table 3-6 Levels of Significant Exposure to 1,3-Dichloropropene - Dermal (continued) 

Exposure/ LOAEL
 
Duration/
 

Frequency Reference
Species 
(Route)(Strain) System NOAEL Less Serious Serious Chemical Form Comments 

(New 
Zealand) 

Rabbit 1 d 
1 x/d Ocular 0.1 B 

ml 
(eye irritation) 

Jeffrey 1987b 
T IIa 

Purity: 97.54% 
1,3-DCP. 

(New 
Zealand) 

Rabbit 1 d 
4 hr/d Dermal 0.5 B 

ml 
(erythema/edema) 

Jeffrey 1987c 
T IIa 

Purity: 97.54% 
1,3-DCP. 

(New 
Zealand) 

Rabbit 1 d 
24 hr/d Dermal 200 B 

mg/kg 
(erythema, necrosis) 

Jeffrey et al. 1987b 
T IIa 

Purity: 97.54% 
1,3-DCP. 

Rabbit 3 d 
24 hr/d 0.5 

ml 
(erythema/edema) 

Lichy and Olson 1975 
M-3993 

Purity: 92% 1,3-DCP. 

Rabbit 3 d 
24 hr/d Dermal 0.5 B 

ml 
(erythema/edema) 

Lichy and Olson 1975 
M-3993 

Purity: 92% 1,3-DCP. 

Rabbit 1 d 
1 x/d Ocular 0.1 

ml 
(eye irritation) 

Lichy and Olson 1975 
M-3993 

Purity: 92% 1,3-DCP. 

(New 
Zealand) 

Rabbit 1 d 
4 hr/d Dermal 0.5 

ml 
(necrosis/exfoliation) 

Mizell 1988a 
T C-17 

Purity: 79.1% 1,3-DCP; 
19.4% chloropicrin. 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
S

3.  H
E

A
LTH

 E
FFE

C
TS

109



108 mg/kg
108

mg/kg

106 ml

106

203
ml

203

204
ml

204

155
ml

155

Table 3-6 Levels of Significant Exposure to 1,3-Dichloropropene - Dermal (continued) 

Exposure/ LOAEL
 
Duration/
 

Frequency Reference
Species 
(Route)(Strain) System NOAEL Less Serious Serious Chemical Form Comments 

Rabbit 1 d 
24 hr/d Musc/skel 500 B 

mg/kg 
(skeletal muscle 
hemorrhage) 

Mizell et al. 1988b 
T C-17 

Purity: 79.1% 1,3-DCP, 
19.4% chloropicrin. 

Dermal 500 B 
mg/kg 

(necrosis) 

Immuno/ Lymphoret 
Gn Pig 1 wk 

4 x/wk Dermal 0.1 
ml 

(erythema) 
Carreon and Wall 1983 
T IIa 

Purity: 92% 1,3-DCP. 

(Hartley) 
Gn Pig 1 wk 

4 x/wk 0.1 M 
ml 

(positive sensitization 
reaction in 4/10) 

Carreon and Wall 1983 
T IIa 

Purity: 92.1% 1,3-DCP. 

INTERMEDIATE EXPOSURE 
Immuno/ Lymphoret 

(Hartley) 
Gn Pig 4 wk 

1 d/wk 
6 h/d 

0.4 M 
ml 

(positive sensitization 
reaction in 9/10) 

Jeffrey 1987a 
T IIa 

Purity: 97.54% 
1,3-DCP. 

Gn Pig 3 wk 
3 d/wk 
6 hr/d 

0.2 
ml 

(contact sensitization) 
Jones 1988b 
cis 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
S

3.  H
E

A
LTH

 E
FFE

C
TS

B = both male and female; d = day(s); Gastro = gastrointestinal; hr = hour(s); Resp = respiratory; wk = week(s) 

110



191 mg/kg

 
 191

201 ml

201

Table 3-7 Levels of Significant Exposure to 2,3-Dichloropropene - Dermal 

Species 
(Strain) 

Exposure/ 
Duration/ 

Frequency 
(Route) System NOAEL Less Serious 

LOAEL 

Serious 
Reference 
Chemical Form Comments 

ACUTE EXPOSURE 
Death 

(New 
Zealand) 

Rabbit 24 hr 
1913 M 
mg/kg 

(24-hour LD50) 
Smyth et al. 1962; Union 
Carbide Corp 1958 
2,3-dichloropropene 

Purity not reported. 

Systemic 

(New 
Zealand) 

Rabbit once 
24 hr Ocular 0.1 

ml 
(moderate eye irritation) 

Monsanto 1967 
2,3-dichloropropene 

Purity not reported. 

D
IC

H
LO

R
O

P
R

O
P

E
N

E
S

hr = hour(s); LD50 = lethal dose, 50% kill; LOAEL = lowest-observed-adverse-effect level; M = male; NOAEL = no-observed-adverse-effect level 

3.  H
E

A
LTH

 E
FFE

C
TS

111
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3.2.3.2  Systemic Effects 

No studies were located regarding cardiovascular, hematological, renal, hepatic, endocrine, or body 

weight effects in humans or animals after dermal exposure to any isomer of dichloropropene.  No studies 

were located regarding respiratory, gastrointestinal, or musculoskeletal effects in humans following 

dermal exposure to any isomer of dichloropropene.  

Respiratory Effects. 

1,3-Dichloropropene. Rats that received a single dermal application of 500 mg/kg Telone II®a developed 

lung congestion, and at 800 mg/kg, lung hemorrhage (Jones and Collier 1986b). 

Gastrointestinal Effects. 

1,3-Dichloropropene. No studies were located regarding gastrointestinal effects in humans following 

dermal exposure to 1,3-dichloropropene. 

Rats that received a single dermal application of 800 mg/kg Telone II®a suffered hemorrhage of the 

stomach and congestion and hemorrhage of the intestines (Jones and Collier 1986b).  No gastrointestinal 

effects were observed in rats that received 500 mg/kg cis-1,3-dichloropropene or 500 mg/kg Telone II®a. 

Musculoskeletal Effects. 

1,3-Dichloropropene. No studies were located regarding musculoskeletal effects in humans following 

dermal exposure to 1,3-dichloropropene. 

Of six rabbits that died following dermal application of 500 mg/kg Telone C-17®, two had developed 

skeletal muscle hemorrhage underneath the site of application (Mizell et al. 1988b). 

Dermal and Ocular Effects. 

1,3-Dichloropropene. Contact dermatitis has been reported in several agricultural workers following 

dermal exposure to 1,3-dichloropropene as a pesticide (Bousema et al. 1991; Corazza et al. 2003; Vozza 
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et al. 1996).  In cases where the liquid was in direct contact with the skin, dermatitis (erythema) 

developed immediately or within hours (Corazza et al. 2003; Vozza et al. 1996). In one case, a farmer 

developed acute bullous dermatitis on his feet 10 days after soiling his shoes in DD-95 (95% 1,3-di

chloropropene), during which time he continued to wear the shoes (Bousema et al. 1991).  In all three 

cases, allergic reactions subsequently developed (see Section 3.2.3.3). 

Acute dermal application of dilute or full strength Telone II®a or M-3993 rapidly produced erythema and 

edema in rats, rabbits, and guinea pigs (Carreon and Wall 1983; Jeffrey 1987c; Jones and Collier 1986b; 

Lichy and Olson 1975; Mizell 1988a).  At concentrations of ≥200mg/kg, necrosis and subcutaneous/ 

skeletal muscle hemorrhage were observed (Jones and Collier 1986b; Mizell 1988a; Mizell et al. 1988b). 

Telone II®a and Telone C-17® also produced a delayed-type hypersensitivity in guinea pigs (Carreon and 

Wall 1983; Jeffrey 1987a; Mizell 1988b). 

Severe conjunctival irritation, corneal injury, and corneal opacity were observed after instillation of 

0.1 mL Telone II®a or M-3993 into the conjunctival sacs of rabbits (Jeffrey 1987b; Lichy and Olson 

1975). 

2,3-Dichloropropene. No data were available for dermal or ocular effects in humans following dermal 

exposure to 2,3-dichloropropene. 

Results of primary eye and dermal irritation studies on 2,3-dichloropropene were described brief reports 

with little experimental detail. Moderate damage to the eye was observed in rabbits receiving a topical 

dose of 6.15 mg 2,3-dichloropropene (Smyth et al. 1962; Union Carbide Corp. 1958) or 0.1 mL 

(Monsanto 1967).  In 24-hour dermal studies, moderate dermal irritation (erythema) was observed in 

rabbits that were exposed at a dose of 12 mg (Smyth et al. 1962; Union Carbide Corp. 1958) and mild 

dermal irritation was observed following exposure to an unspecified dose (Monsanto 1967). 

1,2-Dichloropropene. No data were available for dermal or ocular effects in humans topically exposed to 

1,2-dichloropropene.  

A brief summary of results of a primary skin irritation assay in rabbits reported moderate hyperemia, 

edema, and deep burn with scarring following dermal exposure to an unspecified amount of 1,2-dichloro

propene (Dow 1962).  As reported in the same summary, effects in rabbits exposed to an unreported 
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amount of 1,2-dichloropropene in a primary eye irritation assay included pain, moderate-to-extensive 

conjunctivitis, and slight iritis that subsided within a week. 

3.2.3.3  Immunological and Lymphoreticular Effects 

1,3-Dichloropropene.  Skin sensitization reactions have been reported in workers involved in the 

production or use of pesticides containing 1,3-dichloropropene.  A 28-year-old male who developed 

dermatitis on his hands, abdomen, and flanks from spilled 1,3-dichloropropene developed erythema, 

vesicles, and itching at the previous sites of exposure 3 weeks later (Corazza et al. 2003).  A 44-year-old 

male who had developed acute bullous dermatitis on his feet from shoes contaminated with DD-95 (95% 

1,3-dichloropropene) developed the same dermatitis following a similar exposure a year later (Bousema et 

al. 1991).  A 23-year-old male who developed dermatitis on his hands and abdomen from accidental 

exposure to liquid 1,3-dichloropropene developed itching vesicles at the sites of exposure 1 week later 

(Vozza et al. 1996).  The authors diagnosed this as a case of ‘contact pemphigus’, a type of autoimmune 

reaction initially triggered from contact dermatitis. Skin sensitization to DD-92® was noted as an itchy 

rash on the hands and feet of a 26-year-old male exposed during the manufacture of a soil fumigant 

(van Joost and de Jong 1988).  Positive patch tests for 1,3-dichloropropene confirmed the sensitization in 

all four cases. 

Delayed-type hypersensitivity reactions to Telone II®a and Telone C-17® were observed in guinea pigs 

(Carreon and Wall 1983; Jeffrey 1987a; Mizell 1988b).  

3.2.3.4  Neurological Effects 

1,3-Dichloropropene.  No studies were located regarding neurological effects in humans after dermal 

exposure to 1,3-dichloropropene. 

Rats that received a single dermal application of ≥1,300 mg/kg of Telone II®a became ataxic and lost the 

righting reflex, indicating neurological deficits (Jones and Collier 1986b).  Several studies reported 

clinical signs in rats and rabbits that possibly indicate a neurological effect of 1,3-dichloropropene after 

dermal application.  These signs included lethargy, salivation, lacrimation, and labored respiration 

(Jeffrey et al. 1987b; Jones and Collier 1986b; Mizell et al. 1988b). 
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No studies were located regarding the following effects in humans or animals after dermal exposure to 

any isomer of dichloropropene: 

3.2.3.5  Reproductive Effects 

3.2.3.6  Developmental Effects 

3.2.3.7  Cancer 

1,3-Dichloropropene.  No studies were located regarding cancer in humans after dermal exposure to 

1,3-dichloropropene. 

1,3-Dichloropropene was not a tumor-initiator in mice treated with a single application of 122 mg per 

mouse, followed by repeated applications of the tumor-promoter, phorbol myristic acid, for 58 weeks.  

1,3-Dichloropropene did not induce skin-papilloma formation in mice after dermal application of 122 mg 

per mouse three times weekly for 74 weeks—averaging 1481 mg/kg/day (Van Duuren et al. 1979); in 

addition there was no significant increase in lung or forestomach tumors compared to untreated or 

acetone-treated controls.  Therefore, 1,3-dichloropropene does not appear able to initiate or induce skin 

tumors in mice. 

3.2.4 Other Routes of Exposure 

No studies were located regarding effects in humans or animals exposed to any isomer of dichloropropene 

by routes of exposure other than oral, inhalation, or dermal. 

3.3  GENOTOXICITY 

Genotoxicity data for dichloropropenes are presented in Table 3-8 for in vivo studies and Table 3-9 for 

in vitro studies.  Formulations are given in the tables. 

Genotoxic Effects in Vivo. No studies were located regarding genotoxic effects in humans after 

inhalation, oral, or dermal exposure to any isomer of dichloropropene.  Genotoxic effects were observed 

in animals in vivo following exposure to 1,1- and 1,3-dichloropropene (Table 3-8). 
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Table 3-8.  Genotoxicity of Dichloropropenes In Vivo 

Isomer/ 
Species (test system) End point Results Reference formulation 
1,1-Dichloropropene 

Fish (λ transgenic Mutation at cII bacterial + Winn et al. 2006 Purity not reported 
medaka), immersion locus (liver) 
at 0.44–16.60 mg/L for 
6 weeks 

1,3-Dichloropropene 

Drosophila Sex-linked lethal + Valencia et al. cis, trans; 

melanogaster; in 10% mutation 1985 95.5% pure
 
ethanol in feed
 

Rat (Sprague- DNA fragmentation + Kitchin and Brown NS
 
Dawley); females; by (alkaline elution) (liver) 1994
 
oral gavage in corn oil;
 
94 mg/kg
 

Rat (Sprague- DNA fragmentation – Kitchin and Brown NS
 
Dawley); females; by (alkaline elution) (liver) 1994
 
oral gavage in corn oil;
 
9.4 mg/kg
 

Rat (Sprague- DNA fragmentation – Ghia et al. 1993 cis, trans
 
Dawley); males; by (lung, bone marrow,
 
oral gavage in DMSO; brain)
 
125 mg/kg
 

Rat (Sprague- DNA fragmentation + Ghia et al. 1993 cis, trans
 
Dawley); males; by (liver, gastric mucosa;
 
oral gavage in DMSO; kidney at 125 mg/kg)
 
62.5-250 mg/kg
 

Mouse (CD-1), male; DNA fragmentation + Sasaki et al. 1998 cis, trans
 
by oral gavage in olive (stomach, liver, kidney,
 
oil; 150 mg/kg bladder, lung, brain,
 

bone marrow) 
Rat (CD); males Dominant lethal – Gollapudi et al. Telone II®b 
exposed by inhalation mutation 1998 49.3–49.9% cis/ 
at ≤150 ppm, 6 46.7% trans 
hours/day, 7 

days/week, 10 weeks
 

Rat (Sprague- Unscheduled DNA – Ghia et al. 1993 cis, trans
 
Dawley); males; by synthesis (hepatocytes)
 
oral gavage in DMSO;
 
125 mg/kg
 

Mouse (ICR), male; by Increased – Sasaki et al. 1994 NS 
i.p. injection in olive micronucleated 

oil; 150 mg/kg reticulocytes (peripheral
 

blood)
 
Rat (Sprague- Increased micronuclei – Ghia et al. 1993 cis, trans
 
Dawley); males; by (bone marrow)
 
oral gavage in DMSO;
 
125 mg/kg
 

http:0.44�16.60
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3. HEALTH EFFECTS 

Table 3-8.  Genotoxicity of Dichloropropenes In Vivo 

Isomer/ 
Species (test system) End point Results Reference formulation 

Mouse (NMRI), female Increased micronuclei + Kevekordes et al. cis, trans; 95% 
and female; by oral (bone marrow) 1996 pure 
gavage in corn oil; 
187 mg/kg 
Mouse (NMRI), male Increased micronuclei – Kevekordes et al. cis, trans; 95% 
and female; by oral (bone marrow) 1996 pure 
gavage in corn oil; 
≤280 mg/kg 
Mouse (CD-1), male; Micronucleus induction – Morita et al. 1997a Technical grade 
by i.p. injection; single 
treatment 
Mouse (CD-1), male; DNA fragmentation + Sasaki et al. 1998 cis, trans 
by oral gavage in olive (stomach, liver, kidney, 
oil; 150 mg/kg bladder, lung, brain, 

bone marrow) 

acis- and trans-1,3-dichloropropene supplied by K&K Laboratories
bcis- and trans-1,3-dichloropropene supplied by Pfaltz and Bauer, Inc. 
cLow-boiling 1,3-dichloropropene supplied by K&K Laboratories
dHigh-boiling 1,3-dichloropropene supplied by K&K Laboratories
ePfaltz and Bauer 1,3-dichloropropene was purified; impurities were then added back (refluxed) for the mutagenicity 
assay.
fcis-l, 3-dichloropropene
gImpurities from purified cis-1,3-dichloropropene 

+ = positive response; – = negative response; DMSO = dimethyl sulfoxide; NS = not specified 
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Table 3-9.  Genotoxicity of Dichloropropenes In Vitro 

Results 
With Without Isomer/ 

Species (test system) End point activation activation Reference formulation 
1,1-Dichloropropene 

Prokaryotic organisms: 
Salmonella Mutagenicity _ _ Granville et al. 99% pure 
typhimurium (TA98, 2005 
TA100, TA1535, 
TA104) 
S. typhimurium Mutagenicity + + Granville et al. 98% pure
 
(RSJ100) 2005
 

S. typhimurium Mutagenicity + + Neudecker et al. 99.5% pure
 
(TA100) 1986
 

Eukaryotic organisms:
 
Aspergillus nidulans Mitotic segregation No data _ Crebelli et al. 1992 97% pure
 

A. nidulans Induced aneuploidy No data _ Rosenkranz and NS
 
Klopman 1996 

Human lymphoblastoid DNA damage _ _ Granville et al. 98% pure 
cells 2005 
1,2-Dichloropropene 

S. typhimurium (TA100) Mutagenicity _ _ Neudecker et al. 99% pure
 
1986
 

1,3-Dichloropropene 

Prokaryotic organisms: 
S. typhimurium Reverse mutation + + Creedy et al. 1984 cis, trans 
(TA100) 
S. typhimurium Reverse mutation + + De Lorenzo et al. cis 

(TA1535, TA1978, 1977
 
TA100)
 
S. typhimurium Reverse mutation + + De Lorenzo et al. trans
 
(TA1978, TA1978, 1977
 
TA100)
 
S. typhimurium Reverse mutation + + Eder et al. 1982a, cis, trans 

(TA100) 1982b
 

S. typhimurium Reverse mutation + + Haworth et al. 1983 cis, trans 

(TA100, TA1535,
 
TA1537, TA98)
 
S. typhimurium Reverse mutation + + Neudecker et al. cis, trans 

(TA1535, TA1537, 1977
 
TA1538)
 
S. typhimurium Reverse mutation + +	 Neudecker et al. cis, trans 

(TA100)	 1980; Neudecker 99.5% pure 

and Henschler 
1986 
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Table 3-9.  Genotoxicity of Dichloropropenes In Vitro 

Species (test system) End point 

Results 
With 
activation 

Without 
activation Reference 

Isomer/ 
formulation 

S. typhimurium Reverse mutation + + Stolzenberg and cis, trans 
(TA100) Hine 1980 
S. typhimurium Reverse mutation No data – Talcott and King Not purea 

(TA100) 1984 85% 
S. typhimurium Reverse mutation No data – Talcott and King Purifieda 

(TA100) 1984 92% 
S. typhimurium Reverse mutation No data + Talcott and King Not pureb 

(TA100) 1984 77% 
S. typhimurium Reverse mutation No data – Talcott and King Purifiedb 

(TA100) 1984 85% 
S. typhimurium Reverse mutation No data + Talcott and King Not purec 

(TA100) 1984 75% 
S. typhimurium Reverse mutation No data – Talcott and King Purifiedc 

(TA100) 1984 86% 
S. typhimurium Reverse mutation No data + Talcott and King Not pured 

(TA100) 1984 88% 
S. typhimurium Reverse mutation No data – Talcott and King Purifiedd 

(TA100) 1984 95% 
S. typhimurium Reverse mutation No data + Talcott and King 	 cis + transe 

(TA100)	 1984 80% plus 
impurities 

S. typhimurium (TA98) Reverse mutation No data + Vithayathil et al. cis, trans 
1983 

S. typhimurium (TA98) Rifampicin No data + Vithayathil et al.	 cis, trans 
resistance 1983 

Escherichia coli DNA damage (SOS No data + von der Hude et al. cis, trans 
(PQ37) induction) 1988 

S. typhimurium Reverse mutation + + Watson et al. 1987 Not puref 

(TA100) 
S. typhimurium Reverse mutation – – Watson et al. 1987 Purifiedf 

(TA100) 
S. typhimurium Reverse mutation + + Watson et al. 1987 Impuritiesg 

(TA100) 
S. typhimurium Reverse mutation – + Connors et al.	 cis or trans; 
(TA100, TA102, TA97)	 1990 3-chloroallyl 

alcoholh 

Eukaryotic organisms: 
A. nidulans Mitotic segregation No data – Crebelli et al. 1992	 95% pure 
A. nidulans	 Induced aneuploidy No data – Rosenkranz and NS
 

Klopman 1996
 

HeLa cells	 Unscheduled DNA No data + Eder et al. 1987 cis, trans 
synthesis 
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Table 3-9.  Genotoxicity of Dichloropropenes In Vitro 

Results 
With Without Isomer/ 

Species (test system) End point activation activation Reference formulation 
HeLa cells Unscheduled DNA No data + Schiffmann et al. cis, trans
 

synthesis 1983
 

Mouse lymphoma cell Mutagenesis No data + Myhr and Caspary Telone II
 
L5178Y 1991 cis, trans
 

Chinese hamster Sister chromatid + + Loveday et al.	 97.1% pure 
ovary cells exchange 1989 
Chinese hamster Chromosomal – – Loveday et al. 97.1% pure 
ovary cells aberrations 1989 
Chinese hamster V79 Sister chromatid – + von der Hude et al.	 cis, trans 
cells exchange 1987 
Chinese hamster lung Chromosomal + + Matsuoka et al. 96.5% pure 
cells aberrations 1998 
Rat hepatocytes Unscheduled DNA No data + Martelli 1997 NS 

synthesis 
Human lymphocytes Unscheduled DNA No data + Martelli 1997 NS 

synthesis 
Human lymphocytes Sister chromatid + + Kevekordes et al. cis, trans 

exchange 1996 95% pure 
Acellular test system 

2’-Deoxyguanosine Adduct formation NA + Schneider et al. cis or trans 
1998a	 epoxide; 

3-chloro-
3-hydroxy-
propanalh 

2’-Deoxyadenosine or Adduct formation NA – Schneider et al.	 cis or trans 
2’-Deoxycytidine 1998a	 epoxide; 

3-chloro-
3-hydroxy-
propanalh 

2,3-Dichloropropene 

Prokaryotic organisms 
S. typhimurium Reverse mutation + + Watanabe et al. NS
 
(TA102, TA2638) 1998
 

S. typhimurium Reverse mutation + + Zeiger et al. 1988) 98% pure
 
(TA100, TA1535,
 
TA97, TA98)
 
E. coli (WP2/pKM101) Reverse mutation – – Watanabe et al. NS
 

1998
 

E. coli (WP2 Reverse mutation + + Watanabe et al. NS
 
uvrA/pKM101) 1998
 

S. typhimurium Reverse mutation – – Lag et al. 1994 98% pure 
(TA100) 
S. typhimurium Reverse mutation No data + Neudecker and 99.5% pure 
(TA100) Henschler 1986 
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Table 3-9.  Genotoxicity of Dichloropropenes In Vitro 

Species (test system) End point 

Results 
With 
activation 

Without 
activation Reference 

Isomer/ 
formulation 

S. typhimurium Reverse mutation + + Stolzenberg and 98% pure 
(TA100) Hine 1980 
S. typhimurium Reverse mutation + + De Lorenzo et al. cis, trans 
(TA1535, TA1978, 1977 
TA100) 
S. typhimurium Reverse mutation + + Eder et al. 1982a, NS 
(TA100) 1986 

Eukaryotic organisms: 
A. nidulans Mitotic segregation No data + Crebelli et al. 1992 98% pure 
A. nidulans Induced aneuploidy No data + Rosenkranz and NS 

Klopman 1996 
Chinese hamster Sister chromatid + + Loveday et al. 98% pure 
ovary cells exchange 1990 
Chinese hamster V79 Sister chromatid + + von der Hude et al. 99% pure 
cells exchange 1987 
Chinese hamster Chromosomal + + Loveday et al. 98% pure 
ovary cells aberrations 1990 
Rat hepatocyte DNA repair No data – Williams et al. 1989 NS
 

HeLa cells Unscheduled DNA No data + Schiffmann et al. NS
 
synthesis 1983
 

acis- and trans-1,3-dichloropropene supplied by K&K Laboratories
bcis- and trans-1,3-dichloropropene supplied by Pfaltz and Bauer, Inc. 
cLow-boiling 1,3-dichloropropene supplied by K&K Laboratories
dHigh-boiling 1,3-dichloropropene supplied by K&K Laboratories
ePfaltz and Bauer 1,3-dichloropropene was purified; impurities were then added back (refluxed) for the mutagenicity 
assay.
fcis-l, 3-dichloropropene
gImpurities from purified cis-1,3-dichloropropene
hMetabolites of 1,3-dichloropropene 

+ = positive response; – = negative response 
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1,1-Dichloropropene. Positive evidence for the mutagenicity of 1,1-dichloropropene was reported for the 

λ (lambda) transgenic medaka fish that were exposed in aquaria water continuously for 6 weeks (Winn et 

al. 2006).  The transgenic medaka is homozygous for the lambda bacteriophage vector that expresses lacI 

and cII bacterial genes.  Assays of liver DNA for mutations in the cII gene revealed concentration-related 

increases in mutation frequencies in exposed fish compared to controls:  from a 6-fold increase at 

0.44 mg/L to a 32-fold increase at 16.60 mg/L.  The pattern of induced mutation types was distinct from 

that produced spontaneously in controls, with the most frequent induced type being a +1 frameshift 

mutation (comprising 69.4% of the mutations) occurring at a 166-fold increase in fish treated at 

16.6 mg/L compared to controls. 

1,3-Dichloropropene. A single inhalation-exposure study reported no evidence of an increase in 

dominant lethal mutations in rats exposed intermittently at 150 ppm for up to 10 weeks (Gollapudi et al. 

1998). 

Positive evidence for genotoxicity of 1,3-dichloropropene was reported in several oral-exposure studies.  

In a Drosophila melanogaster feeding study 1,3-dichloropropene produced sex-linked recessive lethal 

mutations (Valencia et al. 1985).  DNA fragmentation was detected by alkaline elution in livers of female 

rats orally dosed with 94 mg/kg (Kitchin and Brown 1994), the livers and gastric mucosa of male rats 

orally dosed with ≥62.5 mg/kg and kidneys of male rats orally dosed with 125 mg/kg (Ghia et al. 1993), 

and the stomach, liver, kidney, bladder, lung, brain, and bone marrow of male mice orally dosed with 

150 mg/kg (Sasaki et al. 1998).  No DNA fragmentation was observed in rat lung, bone marrow, or brain 

of rats orally dosed with up to 125 mg/kg (Ghia et al. 1993).  Some of the studies reported positive 

evidence of DNA damage a few hours after exposure, but apparent recovery to normal conditions by 

24 hours after exposure was noted. 

No increase in unscheduled DNA synthesis was observed in rats dosed orally with 125 mg/kg (Ghia et al. 

1993).  One study reported positive results for increased micronucleus production in bone marrow of mice 

that received an oral dose of 187 mg/kg 1,3-dichloropropene (Kevekordes et al. 1996), but all other 

micronucleus assays in rats or mice were negative (Ghia et al. 1993; Kevekordes et al. 1996; Morita et al. 

1997a; Sasaki et al. 1994). 

Studies examining genotoxic endpoints in mammals following in vivo exposure to 1,1-, 1,2- and 2,3-di

chloropropene were not located. 
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Genotoxic Effects in Vitro. Four of the isomers, 1,1-dichloropropene, 1,2-dichloropropene, 1,3-di

chloropropene, and 2,3-dichloropropene, have been tested for genotoxicity in vitro (Table 3-9). 

1,1-Dichloropropene.  Positive results following exposure to 1,1-dichloropropene were reported for 

reverse mutation in Salmonella typhimurium strain TA100 with or without metabolic activation 

(Neudecker et al. 1986).  However, a more recent study reported negative results in TA100, but positive 

results in strain RSJ100, which expresses glutathione transferase (Granville et al. 2005).  This isomer 

apparently is bioactivated by glutathione (directly or by catalysis by glutathione transferase) to form a 

mutagenic epoxide (Granville et al. 2005).  Other negative results were reported for mutagenicity in 

S. typhimurium strains TA1535 and TA104 (Granville et al. 2005), mitotic segregation or induced 

aneuploidy in yeast (Crebelli et al. 1992; Rosenkranz and Klopman 1996), and DNA fragmentation in 

cultured human lymphoblastoid cells (Granville et al. 2005). 

1,2-Dichloropropene.  A single study reported no increase in the frequency of reverse mutations in 

S. typhimurium strain TA100 exposed to 1,2-dichloropropene (Neudecker et al. 1986). 

1,3-Dichloropropene.  A significant amount of evidence is available for the genotoxicity of 1,3-dichloro

propene in vitro. Several groups have reported that 1,3-dichloropropene is mutagenic in vitro with and 

without metabolic activation in S. typhimurium (Creedy et al. 1984; De Lorenzo et al. 1977; Eder et al. 

1982a, 1982b; Haworth et al. 1983; Neudecker and Henschler 1986; Neudecker et al. 1977, 1980; 

Stolzenberg and Hine 1980; Vithayathil et al. 1983).  In contrast, 1,3-dichloropropene purified on silic 

acid columns was not mutagenic in S. typhimurium strain TA100 without activation (Talcott and King 

1984).  Silic acid removes polar impurities, which when added back to the purified 1,3-dichloropropene, 

restore the mutagenic activity (Talcott and King 1984).  For one of the batches (indicated by footnote b in 

Table 3-9), the mutagenic impurities were identified as oxidation products of 1,3-dichloropropene, 

namely epichlorohydrin and 1,3-dichloro-2-propanol.  An independent group confirmed the lack of 

mutagenicity of purified 1,3-dichloropropene in strain TA100 without activation and also found that the 

trace impurities alone, cis- and trans-2-chloro-3-(chloromethyl)oxiranes (dichloropropene oxides), formed 

slowly by autoxidation were mutagenic (Watson et al. 1987).  As Watson et al. (1987) determined that 

storage under nitrogen prevented the production of the mutagenic dichloropropene oxides, it seems likely 

that relatively pure 1,3-dichloropropene will develop trace amounts of mutagenic autoxidation products if 

stored in contact with oxygen in air.  Watson et al. (1987) also demonstrated that the presence of 

physiological levels of glutathione were sufficient to block mutagenicity of bioactivated 1,3-dichloro
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propene.  Positive evidence of DNA damage, as indicated by SOS induction, were observed in 

Escherichia coli PQ37 without activation (von der Hude et al. 1988). 

In cultured eukaryotic systems, 1,3-dichloropropene was mutagenic in mouse lymphoma L5178Y cells 

without exogenous activation (Myhr and Caspary 1991).  Exposure to 1,3-dichloropropene did not induce 

aberrant mitotic segregation or aneuploidy in yeast cells (Crebelli et al. 1992; Rosenkranz and Klopman 

1996).  Increases in the frequency of sister chromatid exchange were observed in exposed Chinese 

hamster V79 cells without activation (von der Hude et al. 1987), human lymphocytes with or without 

activation (Kevekordes et al. 1996), and Chinese hamster ovary cells with or without activation (Loveday 

et al. 1989).  1,3-Dichloropropene triggered unscheduled DNA synthesis in HeLa cells (Eder et al. 1987; 

Schiffmann et al. 1983), and in human lymphocytes and rat hepatocytes without exogenous activation 

(Martelli 1997). 

In an acellular test system, three metabolites of 1,3-dichloropropene, namely the cis and trans epoxides of 

1,3-dichloropropene and 3-chloro-3-hydroxypropanal, formed adducts with 2’-deoxyguanosine, but not 

with 2’-deoxyadenosine or 2’-deoxycytidine (Schneider et al. 1998b). 

2,3-Dichloropropene. There is positive evidence for genotoxicity of 2,3-dichloropropene in prokaryotic 

and eukaryotic systems. 

Increases in the frequency of reverse mutations, with or without activation, were observed for most 

studies in S. typhimurium strains TA100, TA102, TA97, TA98, TA1535, TA1978, and TA2638 

(De Lorenzo et al. 1977; Eder et al. 1982a; Neudecker and Henschler 1986; Stolzenberg and Hine 1980; 

Watanabe et al. 1998; Zeiger et al. 1988).  An increase in reverse mutations was observed in E. coli strain 

WP2 uvr/pkM101, with or without activation, but not in strain WP2/pkM101 (Watanabe et al. 1998). 

In eukaryotic systems, 2,3-dichloropropene increased aberrent mitotic segregation and aneuploidy in 

yeast (Crebelli et al. 1992; Rosenkranz and Klopman 1996), the frequency of sister chromatid exchanges 

in Chinese hamster ovary cells (Loveday et al. 1990) and Chinese hamster V79 cells (von der Hude et al. 

1987), and the frequency of chromosomal aberrations in Chinese Hamster ovary cells (Loveday et al. 

1990).  An increase in unscheduled DNA synthesis was observed in HeLa cells exposed without 

activation (Schiffmann et al. 1983), but there was no evidence of increased DNA repair in cultured rat 

hepatocytes (Williams et al. 1989). 



   
 

    
 
 

 
 
 
 
 

   
 

 

 

   

  

  

  

   

 

 

     

 

  

  

 

  

  

  

 

   

    

   

 

   

 

 

    
 

     

 

125 DICHLOROPROPENES 

3. HEALTH EFFECTS 

3.4  TOXICOKINETICS 

1,3-Dichloropropene is quickly and extensively absorbed though both the respiratory tract and 

gastrointestinal tract; 1,3-dichloropropene vapor can be absorbed through the skin.  Absorbed 1,3-di

chloropropene is distributed widely throughout the body, at greatest levels in the stomach and urinary 

bladder after oral exposure.  1,3-Dichloropropene is primarily metabolized in the liver by conjugation to 

glutathione, resulting in the excretion of mercapturic acid metabolite in urine.  Two minor metabolic 

pathways include hydrolysis with dechlorination resulting in intermediates that are substrates for alcohol 

dehydrogenase, and reaction with cytochrome P-450, resulting in the formation of mutagenic epoxides.  

Elimination of 1,3-dichloropropene is very rapid, irrespective of the route of absorption. 

2,3-Dichloropropene is rapidly and extensively absorbed through the gastrointestinal tract and respiratory 

tract; no toxicokinetic data are available for absorption of this isomer through the skin.  Absorbed 2,3-di

chloropropene is distributed widely throughout the body, especially the urinary bladder, nasal turbinates, 

and kidney after inhalation exposure, and liver, kidney, testes, and lung after oral exposure.  The primary 

metabolic pathway of 2,3-dichloropropene is similar to that of 1,3-dichloropropene, with conjugation to 

glutathione resulting in the urinary elimination of a mercapturic acid metabolite.  Minor pathways include 

a hydrolysis and dechlorination pathway resulting in the formation of glucuronide metabolite or an 

epoxidation pathway.  The majority of absorbed 2,3-dichloropropene is eliminated within the first 

24 hours of exposure. 

No data are available for the absorption, distribution, or elimination of 1,1-dichloropropene by any route 

of exposure.  Data from an in vitro metabolism study indicate that bioactivation of 1,1-dichloropropene 

by reaction with glutathione results in the formation of a mutagenic episulfonium ion. 

No data are available for the absorption, distribution, metabolism, or elimination of 1,2- or 3,3-dichloro

propene. 

3.4.1 Absorption 

The absorption of 1,3- and 2,3-dichloropropene is rapid by the inhalation and oral routes. 
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3.4.1.1  Inhalation Exposure 

1,3-Dichloropropene.  Published quantitative data are not available for the absorption of 1,3-dichloro

propene in humans following inhalation exposure.  An unpublished study by Waechter et al. (1992) 

described absorption pharmacokinetics in six male human volunteers exposed to 1 ppm Telone II® 

(50.6% cis isomer; 42% trans isomer) for 6 hours.  Specimens of expired air and venous blood collected 

5, 15, 30, 45, 60, 180, 240, and 360 minutes from the start of exposure and 5, 10, 15, 20, 30, 60, 120, and 

240 minutes after the end of exposure were assayed for the presence of cis and trans isomers.  Urine 

samples collected for two consecutive 12-hour periods just before exposure, a short period just before 

exposure, the 6 hours of exposure, and the first 6 hours and seven consecutive 12-hour periods after 

exposure were assayed for the presence of creatinine and mercapturic acid metabolites (cis- and trans-

N-acetyl-S-(3-chloroprop-2-enyl)cysteine).  Calculation of the percent absorption of 1,3-dichloropropene 

for the six individuals ranged from 72 to 80% for the cis isomer and from 77 to 82% for the trans isomer.  

Indirect evidence for absorption comes from the detection of the N-acetyl-cysteine conjugate of 1,3-di

chloropropene in the urine of four men 24 hours after field application of Telone II®a (Osterloh et al. 

1984). 

Quantitative data from animal studies support this observation in humans.  Mixtures of cis and trans 

isomers of 1,3-dichloropropene were rapidly absorbed by rats after inhalation exposure (Stott and Kastl 

1986).  The rates of vapor uptake in rats exposed to 30, 90, 300, or 900 ppm were 144±14, 307±13, 

880±83, or 1810±76 nmol/minute, respectively.  However, because a decrease in the respiratory rate was 

observed in rats exposed to ≥90 ppm, the average calculated percentages of inhaled vapors that were 

absorbed were similar:  82, 65, 66, and 62%, respectively for the low-to-high exposures.  Steady-state 

blood levels were reached within 1 hour at 30 and 90 ppm and within 2–3 hours at 300 ppm, but did not 

reach steady state within 3 hours at 900 ppm.  The increased length of time required to reach steady state 

at 300 and 900 ppm was likely a function of the observed decrease in respiratory rate.  Nonlinear 

excretion kinetics also contributed to the decreased uptake observed at 300 and 900 ppm; disproportionate 

increases in the blood levels of cis-1,3-dichloropropene at 900 ppm and of trans-1,3-dichloropropene at 

300 and 900 ppm could indicate changes in distribution and/or metabolism. 

An apparent steady state in blood levels of the glutathione conjugate of 1,3-dichloropropene was detected 

in rats first assayed within 1 hour after exposure to 78, 155, or 404 ppm Telone II®a (Fisher and Kilgore 

1989).  No exposure-response relationship was detected:  each of these exposure conditions produced 

similar concentrations of the glutathione conjugate in blood. 
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2,3-Dichloropropene. Quantitative data are not available on the absorption of 2,3-dichloropropene in 

humans following inhalation exposure, but data are available for animals.  In Fischer 344 rats exposed 

(nose-only) to radiolabeled 2,3-dichloropropene vapor at 0.4 ppm for 6 hours, 5.9 ppm for 5.1 hours, or 

40.3 ppm for 6 hours (17, 240, or 1,650 nmol/L), the percentages of inhaled compound that was absorbed 

were 40, 35, or 39%, respectively, or 38% on average (Dutcher et al. 1985).  A 25% decrease in the 

respiratory rate during exposure at 40.3 ppm compared to 0.4 ppm resulted in a statistically significant 

15% reduction in the minute volume (170 mL/minute compared to 200 mL/minute), but this had no effect 

on the percentage of compound absorbed.  No data were located for steady-state blood levels of 2,3-di

chloropropene following inhalation exposure. 

3.4.1.2  Oral Exposure 

1,3-Dichloropropene.  No studies were located regarding absorption of 1,3-dichloropropene in humans 

after oral exposure. 

1,3-Dichloropropene was well absorbed following gavage administration of 14C-labeled cis- and/or trans-

1,3-dichloropropene in rats (Climie et al. 1979; Hutson et al. 1971).  Recovery of [14C]cis-1,3-dichloro

propene in 24-hour urine collections was 82–84% in rats (Climie et al. 1979).  Similarly, 82–84% of 
14C-labeled cis-1,3-dichloropropene was recovered in urine, and 2–3% was recovered in feces during a 

96-hour urine collection period after gavage administration in rats (Hutson et al. 1971).  In contrast, only 

55–60% of the 14C-labeled trans-1,3-dichloropropene was recovered in the urine and 2% was recovered in 

the feces during the same period.  These data indicate that both isomers of 1,3-dichloropropene are 

extensively absorbed by the oral route of exposure, which could lead to distribution throughout the body. 

Since a microencapsulation method was developed for administering 1,3-dichloropropene as Telone II®b 

in diets, Stott et al. (1998) conducted experiments to verify that the compound would be bioavailable in 

that form.  The absorption of neat 13C-labeled-1,3-dichloropropene and 1,3-dichloropropene 

microencapsulated in a starch/sucrose matrix was compared in rats dosed simultaneously with equal 

amounts (25 mg/kg) of the two forms by oral gavage (Stott et al. 1998).  Absorption of either form was 

rapid, peak blood concentrations being reached within 10 minutes of dosing.  The half-lives of absorption 

into the blood (not defined, but presumably the half-times to reach maximal levels in blood) were short: 

2.5 minutes for the neat cis isomer, 1.3 minutes for the encapsulated cis isomer, 2.7 minutes for the neat 

trans isomer, and 2.3 minutes for the encapsulated trans isomer.  Blood area under the curve (AUC) 
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values were 1.239 mg · minute/L for the neat cis isomer, 1.601 mg · minute/L for the encapsulated cis 

isomer, 4.369 · minute/L for the neat trans isomer, and 5.552 mg · minute/L for the encapsulated trans 

isomer.  Encapsulated compound represented a larger proportion of the total AUC:  56 versus 44%.  In a 

real-time monitoring experiment, the half-life of absorption of neat 1,3-dichloropropene was 5.5 minutes 

and that of encapsulated compound was 3.2 minutes. Under these conditions, neat compound represented 

34% of the AUC and encapsulated represented 66%.  This study confirmed the bioavailability of 1,3-di

chloropropene administered microencapsulated in feed. 

2,3-Dichloropropene. No studies were located regarding absorption of 2,3-dichloropropene in humans 

after oral exposure. 

2,3-Dichloropropene was well absorbed following oral gavage administration in rats (Medinsky et al. 

1984).  In rats given 32 mg/kg of 14C-labeled 2,3-dichloropropene by oral gavage, approximately 91% of 

the oral dose was absorbed, as estimated from recovery of radioactivity from urine. 

3.4.1.3  Dermal Exposure 

1,3-Dichloropropene.  In an experiment in which volunteers exposed forearm skin to cis-1,3-dichloro

propene vapor at a concentration of 86 mg/m3 (19 ppm) for 45 minutes, penetration of the compound was 

detected by the presence of the metabolite cis-1,3-dichloropropene-mercapturic acid in urine over a 

20-hour period (Kezic et al. 1996).  The authors estimated that dermal absorption would account for 2– 

5% of absorption from inhalation in a whole-body exposure scenario.  No studies were located regarding 

the absorption of 1,3-dichloropropene after dermal exposure in humans or animals.  The dermal LD50 for 

1,3-dichloropropene in rabbits has been determined and indicates that this compound is absorbed by the 

dermal route of exposure (Lichy and Olson 1975). 

3.4.2 Distribution 

3.4.2.1  Inhalation Exposure 

1,3-Dichloropropene. In six volunteers who inhaled 1 ppm of 1,3-dichloropropene (50.6% cis; 

45% trans; 2% epoxidized soybean oil) for 6 hours, blood concentrations ranged from 0.3 to 2 ppb for the 

cis isomer and from 1 to 3.6 ppb for the trans isomer (Waechter et al. 1992). 
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2,3-Dichloropropene. In male Fischer rats immediately following a 6-hour inhalation exposure to 

radiolabeled 2,3-dichloropropene vapor at a concentration of 250 nmol/L, peak concentrations of label in 

blood (8 nmol/mL) occurred at the end of exposure (Bond et al. 1985).  Immediately after exposure, about 

9% of the absorbed radioactivity was detected in tissues:  150 nmol/g in urinary bladder, 125 nmol/g in 

nasal turbinates, 84 nmol/g in kidneys, 61 nmol/g in small intestine, 35 nmol/g in liver, 15.6 nmol/g in 

trachea, 11.9 nmol/g in larynx, and smaller concentrations in other tissues.  Immediately after exposure, 

the carcass (muscle, bone, pelt, and fat) accounted for 15% of absorbed label.  Tissue concentrations of 

label were reduced by 80% after 60 hours.  

Following inhalation exposure of male Fischer 344 rats to radiolabeled 2,3-dichloropropene at 

concentrations between 0.4 and 40 ppm, the percentages of initial burden detected in tissues (per gram of 

tissue) 60 hours after exposure were highest for nasal turbinates (0.43%), kidney (0.35%), pelt (0.21%), 

and lung (0.09%) (Dutcher et al. 1985).  Radioactivity associated with hair accounted for 75% of that 

found in the pelt. 

3.4.2.2 Oral Exposure 

1,3-Dichloropropene. No studies were located regarding distribution of 1,3-dichloropropene in humans 

after oral exposure. 

Analysis of the distribution of radioactivity 48 hours after gavage administration of 14C-cis/trans-1,3-di

chloropropene to rats revealed essentially equal distribution of 1,3-dichloropropene or its metabolites to 

most organs and tissues (Waechter and Kastl 1988).  The highest concentrations of radioactivity were 

found in the nonglandular stomach and the urinary bladder.  Lower concentrations of radioactivity were 

also found in blood, bone, brain, fat, heart, kidney, liver, lung, skeletal muscle, skin, spleen, ovaries, and 

testes. 

2,3-Dichloropropene. Seventy-two hours after male Fischer 344 rats received an oral dose of 32 mg/kg 

radiolabeled 2,3-dichloropropene, 20% of retained label was found in the liver, and lesser, but substantial 

amounts (not quantified in the report) were found in the kidney, testes, lung, and brain (Medinsky et al. 

1984).  Tissues that had, on a per gram basis, label concentrations higher than the carcass (8 nmol/g), 

included the liver, kidney, testes, lung, brain, adrenals, spleen, and nasal turbinates.  
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3.4.2.3  Dermal Exposure 

No studies were located regarding the distribution of any isomer of dichloropropene after inhalation 

exposure in humans or animals. 

3.4.3 Metabolism 

1,3-Dichloropropene. The proposed metabolic pathways for 1,3-dichloropropene in rats are presented in 

Figure 3-5.  The major metabolic pathway is rapid conjugation with glutathione, resulting in the 

formation of a mercapturic acid metabolite that is excreted in the urine.  1,3-Dichoropropene may also 

undergo hydrolysis and dechlorination to form 1-chloroallyl alcohol, an intermediate that reacts with 

alcohol dehydrogenase to form 1-chloroacrolein.  Another minor pathway involves reaction with 

cytochrome P450 to form mutagenic cis and trans epoxides that convert to the mutagen 3-chloro

2-hydroxy-propanal (Schneider et al. 1998a). 

The N-acetyl-cysteine conjugate of cis-1,3-dichloropropene was detected in the urine of four men 

exposed occupationally to Telone II®a, indicating that glutathione conjugation is a metabolic pathway in 

humans (Osterloh et al. 1984).  Exposure levels were monitored by personal dosimeters.  A strong 

correlation was found between exposure levels of 1,3-dichloropropene and urinary excretion of the 

N-acetyl-cysteine conjugate (r=0.83).  These data are presented in Figure 3-6. 

1,3-Dichloropropene was rapidly metabolized to the glutathione conjugate in rats after inhalation 

exposure (Fisher and Kilgore 1989).  The blood level of the glutathione conjugate reached a steady state 

of 116 nmol/mL within 15 minutes after exposure of rats to 610 ppm Telone II®a or 1 hour after exposure 

to 78, 155, or 404 ppm.  These results may reflect saturation of metabolism (or depletion of co-factor).  

The increase in blood levels of the glutathione conjugate correlated with the decrease in nonprotein 

sulfhydryl (glutathione) content of nasal tissues (Fisher and Kilgore 1988a).  Glutathione levels in the 

kidney and liver were also decreased after inhalation exposure of rats to 90 ppm Telone II®a (the only 

concentration tested), but lung levels were not affected (Stott and Kastl 1986).  The data indicate that 

conjugation with glutathione can occur in the nasal tissue, kidney, and liver.  The glutathione conjugate of 

1,3-dichloropropene is then converted to the mercapturic acid and acetylated for excretion as the 

N-acetyl-cysteine metabolite (Fisher and Kilgore 1988b). 
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Figure 3-5.  Proposed Metabolic Pathway for 1,3-Dichloropropene in the Rat 
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Figure 3-6.  Correlation of Exposure to 1,3-Dichloropropene with Urinary
 
Excretion of the N-Acetyl Cysteine Metabolite
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The two isomers of 1,3-dichloropropene appear to be metabolized at different rates.  Plateau blood levels 

of the cis and trans isomers were 0.085±0.024 and 0.12±0.03 μg/mL, respectively, in rats exposed to 

30 ppm Telone II®a for 1 hour, and 0.20±0.04 and 0.26±0.03 μg/mL, respectively, in rats exposed to 

90 ppm Telone II®a for 1 hour.  Plateau blood levels reached after 2–3 hours in rats exposed to 300 ppm 

were 0.89±0.2 and 1.87±0.27 μg/mL for the cis and trans isomers, respectively (Stott and Kastl 1986).  

In vitro studies using a rat liver enzyme preparation revealed that the cis isomer was metabolized four to 

five times faster than the trans isomer (Climie et al. 1979). 

Orally administered 1,3-dichloropropene is also metabolized by conjugation with glutathione (Climie 

et al. 1979).  Urine collected for 24 hours after oral administration of 14C-labeled cis-1,3-dichloropropene 

in rats yielded 82–84% of the radioactivity as the N-acetyl-cysteine conjugate of 1,3-dichloropropene.  

Two other urinary metabolites that accounted for 3 and 5% of the administered radioactivity were found 

but not identified (Climie et al. 1979).  Tissue nonprotein sulfhydryl content was assayed in mice 

following a single gavage administration of 50 mg/kg cis- and trans-1,3-dichloropropene (Dietz et al. 

1982).  Decreased tissue nonprotein sulfhydryl levels were observed in the forestomach, glandular 

stomach, liver, and kidney, which indicated that glutathione conjugation occurred at these sites. 

No differences were observed in the distribution or the rate and extent of metabolism or excretion of 

1,3-dichloropropene after gavage administration between rats that received a single dose and rats that 

received repeated doses.  Furthermore, no differences in distribution, metabolism, or excretion of 1,3-di

chloropropene were observed between male and female rats (Waechter and Kastl 1988).  

The mercapturic acid metabolite of cis-1,3-dichloropropene was detected in the urine of volunteers who 

exposed their forearm skin to a vapor concentration of 86 mg/m3 (19 ppm) for 45 minutes (Kezic et al. 

1996). 

Alternative metabolic pathways for cis and trans 1,3-dichloropropenes (individually and as an equimolar 

mixture) were studied in the liver of mice exposed by intraperitoneal injection (Schneider et al. 1998a).  

Within 150 minutes of injection, reaction with cytochrome P-450 resulted in the formation of cis- and 

trans-1,3-dichloropropene epoxides, with the cis-epoxide preferentially formed at a ratio of 4:1; the higher 

level of the cis epoxide was detectable within 10 minutes of exposure.  The epoxides were stereospecific 

to the parent compound.  The 1,3-dichloropropene epoxides undergo hydrolysis, possibly catalyzed by 

epoxide hydrolase, to 3-chloro-2-hydroxypropanal.  In vitro experiments confirmed the generation of 

isomer-specific epoxides when cis and trans 1,3-dichloropropene were incubated in the presence of mouse 

http:1.87�0.27
http:0.26�0.03
http:0.20�0.04
http:0.12�0.03
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liver microsomes plus NADPH (Schneider et al. 1998a).  No recovery of acroleins (2-acrolein or cis- and 

trans-3-acrolein) were detectable in these in vitro experiments, suggesting that oxidation by cytochrome 

P-450 is a minor pathway.   

In an oral gavage study in F344 rats and B6C3F1 mice, Bartels et al. (2000) evaluated the epoxidation 

pathway proposed for 1,3-dichloropropene by Schneider et al. (1998a) on the basis of intraperitoneal 

injection.  Following gavage administration of 100 mg/kg by oral gavage, no dichloropropene oxides 

were detectable in liver or blood of rats or mice during the 90 minutes postdosing (detection limit was 

10 ng/g tissue).  In mice injected with 100 mg/kg, no dichloropropene oxides were detectable in liver and 

only a small amount (17 ng/g) was detected in blood.  Significant detection of dichloropropene oxides 

occurred after injection of 700 mg/kg into mice, a dose that caused significant hepatotoxicity and/or 

death.  Bartels et al. (2000) concluded that the epoxidation pathway was of minor significance for 

exposures not leading to hepatotoxicity or death. 

The metabolism of 1,3-dichloropropene was evaluated in an in vitro system in which the compound was 

added as a vapor in the headspace above a mixture containing rat liver microsomes or cytosol from rat or 

mouse (Granville et al. 2005).  Glutathione reacted nonenzymatically with 1,3-dichloropropene at a rate 

about half that catalyzed by glutathione transferase.  Monochloropropenes were the products of these 

reactions.  The rate of glutathione transferase-dependent conjugation to glutathione was 10.3 nmol 

glutathione/minute/mg protein. 

In an analysis of metabolism of cis and trans isomers of 1,3-dichloropropene, Vos et al. (1991) identified 

individuals that did not express the mu class of glutathione S-transferase enzymes, but did express alpha-

and pi-class GST.  Although the mu class enzyme was demonstrated to have 2- to 3-fold higher activity 

with the cis than the trans isomer of 1,3-dichloropropene, and higher activity with cis-1,3-dichloropropene 

compared to alpha- and pi-class GST, individuals not expressing the mu enzyme showed no significant 

differences with respect to urinary excretion ratios of cis- and trans-mercapturic acid metabolites.  These 

results suggest that glutathione S-transferases, besides mu-class enzymes, may play a more significant 

role in the metabolism of 1,3-dichloropropene. 

2,3-Dichloropropene. Proposed metabolic pathways for 2,3-dichloropropene are shown in Figure 3-7.  

The major pathway is a detoxifying conjugation to glutathione, leading to the elimination of mercapturic 

acid metabolites in the urine (Bond et al. 1985; Eder and Dornbusch 1988; Eder et al. 1987).  Two 

secondary pathways result in the formation of mutagenic metabolites.  One involves cytochrome P450
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Figure 3-7.  Proposed Metabolic Pathway for 2,3-Dichloropropene in the Rat 
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induced formation of an epoxide that undergoes spontaneous rearrangement to form the mutagen 

1,3-dichloroacetone.  The other involves hydrolysis and dechlorination to form an intermediate 

(2-chloroallyl alcohol) that can either be detoxified by conjugation to glucuronic acid or bioactivated by 

alcohol dehydrogenase to form the mutagen 2-chloroacrolein (Eder and Dornbusch 1988; Eder et al. 

1986, 1987).  It is evident that depletion of glutathione stores, more likely to occur under bolus exposure 

conditions, would result in the formation of proportionally more mutagenic metabolites. 

1,1-Dichloropropene. The metabolism of 1,1-dichloropropene was evaluated in an in vitro system in 

which the compound was added as a vapor in the headspace above a mixture containing rat liver 

microsomes or cytosol from rat or mouse (Granville et al. 2005).  Results of this study indicated that 

glutathione transferase catalyzes the bioactivation of 1,1-dichloropropene by glutathione to a single 

unsaturated S-conjugate retaining one chlorine atom.  The rate of conjugation was 0.33 nmol 

glutathione/minute/mg protein, which was lower than the rate for 1,3-dichloropropene (see above).  It was 

postulated that the thiolate ion of glutathione could attack 1,1-dichloropropene at either the C1 or C2 

position, with attack at the C2 position resulting in the formation of a mutagenic episulfonium ion.  This 

hypothesis was supported by separate experiments showing mutagenicity of 1,1-dichloropropene in S. 

typhimurium strain RSJ100, which expresses rat glutathione transferase (GSTT1-1), but not in the 

nonexpressing strain TA100. 

3.4.4 Elimination and Excretion 

3.4.4.1  Inhalation Exposure 

1,3-Dichloropropene. In male volunteers exposed by inhalation to 1 ppm 1,3-dichloropropene (50.6% 

cis; 45% trans; 2% epoxidized soybean oil) for 6 hours, concentrations of cis and trans isomers (parent 

compound) in exhaled air reached a plateau within the first hour of exposure and fell rapidly to 

undetectable levels within 1 hour after the end of exposure (Waechter et al. 1992).  In the same study, 

urinary excretion of N-acetyl-cysteine conjugates of cis- and trans-1,3-dichloropropene in exhibited a 

biphasic pattern.  The half-lives for urinary elimination of the cis and trans conjugates averaged 

4.2±0.8 and 3.2±0.8 hours, respectively, for the initial phase, and 12.3±2.4 and 17.1±6.0 hours, 

respectively, for the terminal phase.  Urinary excretion was 89–99% complete by 24 hours from the start 

of exposure.  Approximately 75% of the absorbed dose of cis-1,3-dichloropropene was excreted in urine 

as 1,3-dichloropropene-N-acetyl-cysteine, whereas only 25% of absorbed trans-1,3-dichloropropene was 

excreted in urine as the N-acetyl-cysteine conjugate. 
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A strong correlation was reported for humans between occupational exposure to Telone II®a and urinary 

levels of the N-acetyl-cysteine conjugate of cis-1,3-dichloropropene (r=0.83) (Osterloh et al. 1984).  In 

12 soil fumigators exposed to 8-hour time weighted average (TWA) concentrations from 1.9 to 

18.9 mg/m3 cis/trans-dichloropropene, the half-life of elimination of N-acetyl-cysteine conjugates was 

11.4 hours for the cis isomer and 10.8 hours for the trans isomer (Verberk et al. 1990). 

Rats exposed by inhalation for 1 hour to 0, 40, 107, 284, 398, or 789 ppm Telone II®a excreted 0, 0.11, 

0.49, 2.7, 3.7, or 4.0 μmol N-acetyl-cysteine conjugate/mL of urine in the 24 hours following exposure 

(Fisher and Kilgore 1988b).  Uptake levels, however, were not measured, which precludes correlation 

with excretion.  

In male Fischer rats exposed by inhalation to 30, 90, 300, or 900 ppm technical-grade 1,3-dichloro

propene for 3 hours, rapid absorption was followed by a biphasic pattern of elimination from the 

bloodstream (Stott and Kastl 1986).  At concentrations up to 300 ppm, a rapid elimination phase (half

time of 3–6 minutes) was followed by a slower phase with a half-life of 33–43 minutes.  Following 

exposure to 900 ppm, the rapid elimination phase was 14–27 minutes. 

2,3-Dichloropropene. In male Fischer 344 rats exposed (nose only) for 6 hours to radiolabeled 2,3-di

chloropropene vapor at a concentration of 250 nmol/L, 54.6% of the amount absorbed was excreted as 

metabolites in urine, 16.8% was eliminated in feces, 3.2% was expired as carbon dioxide, and 1.2% was 

expired as the parent compound (Bond et al. 1985).  The remainder was detected in the carcass.  

Approximately 75% of the urinary and fecal elimination occurred within the first 24 hours after exposure.  

The half-times for elimination were 9.8 hours for urine and 12.9 hours for feces.  Elimination as carbon 

dioxide had a biphasic pattern:  87% exhaled within 3.4 hours and 13% exhaled within 19.7 hours.  

Levels of label in blood had a biphasic pattern of elimination, with estimated half-lives of 2.4 and 

113.6 hours, for the two phases, respectively.  

The rates and relative amounts of elimination of absorbed radiolabeled 2,3-dichloropropene in urine or 

feces was not affected by inhaled concentrations between 0.4 and 44 ppm (Dutcher et al. 1985).  Half-

lives of excretion were between 9.1 and 11.3 hours for urinary excretion 10.4–16.5 hours for excretion in 

feces.  The half-time associated with the rapid phase of elimination as carbon dioxide (representing 81– 

94% of that exhaled) was 2.2–4.3 hours, whereas the half-time associated with the slow phase of 

elimination (6–19% of that exhaled) was 15.3–30.8 hours. 
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3.4.4.2  Oral Exposure 

1,3-Dichloropropene. No studies were located regarding excretion of 1,3-dichloropropene after oral 

exposure in humans. 

Significant recoveries of 14C-labeled 1,3-dichloropropene were reported in two studies with rats after oral 

exposure (Climie et al. 1979; Hutson et al. 1971).  In both studies, 82–84% of the administered cis isomer 

was recovered as the mercapturic acid conjugate of 1,3-dichloropropene in a 24-hour collection of urine.  

Two other minor metabolites that accounted for 3 and 5% of the radioactivity were observed, but these 

metabolites were not identified (Climie et al. 1979).  Comparison of the excretory pathways for the cis 

and trans isomers of 1,3-dichloropropene revealed that 82–84% of the cis isomer was recovered as the 

mercapturic acid conjugate in the 24-hour urine collection; only 55–60% of the trans isomer was 

recovered as the mercapturic acid conjugate in the urine (Hutson et al. 1971).  A significant portion of the 

trans isomer was recovered as 14CO2 (22–25%).  A smaller percentage of each isomer was recovered in 

the feces:  2–3% of the cis and 2% of the trans isomer.  Less than 2% of either compound remained in the 

carcass after 4 days (Hutson et al. 1971).  These data indicate that neither isomer of 1,3-dichloropropene 

has a tendency to concentrate in the body. 

Whether administered neat or encapsulated in sucrose/starch microspheres, 1,3-dichloropropene reached 

peak blood levels in rats within 10 minutes (Stott et al. 1998).  Clearance from the blood occurred in a 

biphasic manner, with a relatively rapid alpha phase with a half-life of 5–7 minutes and a slower beta 

phase with a half-life of 20–43 minutes.  Urinary excretion of mercapturic-acid conjugates of 1,3-di

chloropropene (DMA) was evaluated in rats simultaneously dosed with equal doses of neat 13C-labeled

1,3-dichloropropene and 1,3-dichloropropene microencapsulated in a starch/sucrose matrix (Stott et al. 

1998).  Of the total amount of DMA excreted in urine, 56% was derived from neat 1,3-dichloropropene 

(58% cis-DMA and 52% trans-DMA) and 44% was derived from encapsulated compound (42% cis-DMA 

and 49% trans-DMA). 

2,3-Dichloropropene. Seventy-two hours after male Fischer 344 rats were given an oral dose of 

32 mg/kg radiolabeled 2,3-dichloropropene, 66% of the dose was recovered as urinary metabolites, 21% 

was eliminated in feces, 8% was exhaled as carbon dioxide, 2% was exhaled as parent compound, and 2% 

remained in carcass and tissues (Medinsky et al. 1984).  The half-time for urinary excretion was 

7.5 hours. 
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3.4.4.3  Dermal Exposure 

1,3-Dichloropropene. In volunteers whose forearms were exposed to 86 mg/m3 (19 ppm) vapor of 

1,3-dichloropropene for 45 minutes, the half-life for urinary excretion of the mercapturic acid metabolite 

was approximately 6 hours (Kezic et al. 1996). 

No studies were located regarding excretion of 1,3-dichloropropene after dermal exposure in animals. 

3.4.5 Physiologically Based Pharmacokinetic (PBPK)/Pharmacodynamic (PD) Models 

Physiologically based pharmacokinetic (PBPK) models use mathematical descriptions of the uptake and 

disposition of chemical substances to quantitatively describe the relationships among critical biological 

processes (Krishnan et al. 1994).  PBPK models are also called biologically based tissue dosimetry 

models.  PBPK models are increasingly used in risk assessments, primarily to predict the concentration of 

potentially toxic moieties of a chemical that will be delivered to any given target tissue following various 

combinations of route, dose level, and test species (Clewell and Andersen 1985).  Physiologically based 

pharmacodynamic (PBPD) models use mathematical descriptions of the dose-response function to 

quantitatively describe the relationship between target tissue dose and toxic end points.  

PBPK/PD models refine our understanding of complex quantitative dose behaviors by helping to 

delineate and characterize the relationships between: (1) the external/exposure concentration and target 

tissue dose of the toxic moiety, and (2) the target tissue dose and observed responses (Andersen and 

Krishnan 1994; Andersen et al. 1987).  These models are biologically and mechanistically based and can 

be used to extrapolate the pharmacokinetic behavior of chemical substances from high to low dose, from 

route to route, between species, and between subpopulations within a species.  The biological basis of 

PBPK models results in more meaningful extrapolations than those generated with the more conventional 

use of uncertainty factors.  

The PBPK model for a chemical substance is developed in four interconnected steps: (1) model 

representation, (2) model parameterization, (3) model simulation, and (4) model validation (Krishnan and 

Andersen 1994).  In the early 1990s, validated PBPK models were developed for a number of 

toxicologically important chemical substances, both volatile and nonvolatile (Krishnan and Andersen 
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1994; Leung 1993).  PBPK models for a particular substance require estimates of the chemical substance-

specific physicochemical parameters, and species-specific physiological and biological parameters.  The 

numerical estimates of these model parameters are incorporated within a set of differential and algebraic 

equations that describe the pharmacokinetic processes.  Solving these differential and algebraic equations 

provides the predictions of tissue dose.  Computers then provide process simulations based on these 

solutions.  

The structure and mathematical expressions used in PBPK models significantly simplify the true 

complexities of biological systems.  If the uptake and disposition of the chemical substance(s) are 

adequately described, however, this simplification is desirable because data are often unavailable for 

many biological processes.  A simplified scheme reduces the magnitude of cumulative uncertainty.  The 

adequacy of the model is, therefore, of great importance, and model validation is essential to the use of 

PBPK models in risk assessment. 

PBPK models improve the pharmacokinetic extrapolations used in risk assessments that identify the 

maximal (i.e., the safe) levels for human exposure to chemical substances (Andersen and Krishnan 1994).  

PBPK models provide a scientifically sound means to predict the target tissue dose of chemicals in 

humans who are exposed to environmental levels (for example, levels that might occur at hazardous waste 

sites) based on the results of studies where doses were higher or were administered in different species.  

Figure 3-8 shows a conceptualized representation of a PBPK model. 

If PBPK models for dichloropropenes exist, the overall results and individual models are discussed in this 

section in terms of their use in risk assessment, tissue dosimetry, and dose, route, and species 

extrapolations. 

In an unpublished study, Waechter et al. (1992) developed a PBPK model based on data collected for six 

male volunteers exposed by inhalation to 1 ppm 1,3-dichloropropene (50.6% cis; 45% trans; 

2% epoxidized soybean oil) for 6 hours (Figure 3-9).  The model included a poorly perfused compartment 

(fat), a well-perfused compartment, and terms for the excretion of dichloropropene in blood and exhaled 

air.  Data were collected for concentrations of 1,3-dichloropropene isomers in exhaled air and in blood, as 

well as for the concentrations of N-acetyl-cysteine conjugates of each isomer present in urine (results 

discussed above in Sections 3.4.1.1, 3.4.2.1, and 3.4.4.1).  The model was designed to predict average 

urinary excretion rates for the two isomeric conjugates in urine following 6-hour exposures to 0.1, 0.01, 

or 0.001 ppm cis-/trans-1,3-dichloropropene.  Based on the limit of detection (10 ng/mL) and an average 
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Figure 3-8.  Conceptual Representation of a Physiologically Based
 
Pharmacokinetic (PBPK) Model for a 


Hypothetical Chemical Substance
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Note:  This is a conceptual representation of a physiologically based pharmacokinetic (PBPK) model for a 
hypothetical chemical substance. The chemical substance is shown to be absorbed via the skin, by inhalation, or by 
ingestion, metabolized in the liver, and excreted in the urine or by exhalation. 

Source:  adapted from Krishnan and Andersen 1994 
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Figure 3-9.  Kinetic Model for Uptake and Elimination of 1,3-Dichloropropene 

Humans Exposed by Inhalation 
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Model terms 
CI Concentration inhaled 
CX Concentration exhaled 
QP Ventilation rate 
QC Cardiac output 
CV Venous blood concentration 
CA Arterial blood concentration 
QWP Blood flow to well perfused compartment 
QPP Blood flow to fat 
CVPP Concentration in venous blood leaving poorly perfused compartment 
CVWP Concentration in venous blood leaving well perfused compartment 
KME First-order rate constant for metabolism 
CWP Concentration in well perfused compartment 
VWP Volume of well perfused compartment 
AMWP Amount of metabolite in well perfused compartment 
KELIM First-order rate constant for elimination of metabolite 

Source:  Adapted from Waechter et al. 1992 
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urine output of 58.3 mL/hour, the model predicted that urinary excretion after exposure to 0.1 ppm could 

be followed for 35 hours (from the start of exposure) for the cis isomer and 24 hours for the trans isomer 

and after exposure to 0.01 ppm, 20 and 10 hours, respectively. Exposure to 0.001 ppm was predicted to 

result in values below the limit of detection.  These results are considered tentative, since the model has 

not yet been validated. 

3.5  MECHANISMS OF ACTION  

3.5.1 Pharmacokinetic Mechanisms 

Absorption. Studies in humans and/or animals indicate that the absorption of 1,3- and 2,3-dichloro

propene is rapid (Bond et al. 1985; Dutcher et al. 1985; Stott and Kastl 1986; Stott et al. 1998; Waechter 

et al. 1992).  Given the relatively small size of the molecules and their lipid-soluble properties, absorption 

by any route is most likely by simple passive diffusion across cellular lipid membranes.  

Distribution. The small molecular size and lipid solubility properties of dichloropropenes undoubtedly 

contribute to the rapid distribution following absorption by any route.  The highest concentrations of 

inhaled 1,3- or 2,3-dichloropropene are found in portal-of-entry tissues (nasal turbinates, larynx, trachea, 

lung) as well as the blood and tissues involved in metabolism and elimination (liver, kidney, urinary 

bladder) (Bond et al. 1985; Dutcher et al. 1985).  Similarly, oral exposure results in high concentrations in 

the stomach and urinary bladder compared to other tissues (Stott et al. 1998; Waechter and Kastl 1988). 

Metabolism. It is likely that steric differences in the position of chlorine atoms with respect to the 

double bond account for the different metabolic pathways among the different isomers of dichloro

propene.  Three different metabolic pathways have been identified for 1,3-dichloropropene in the liver 

(Figure 3-5).  The primary pathway is the glutathione transferase-dependent conjugation of the 

chloromethyl moiety with glutathione to form mercapturic acid metabolites (Osterloh and Feldman 1993; 

Osterloh et al. 1984; Stott et al. 1998).  The cis isomer of 1,3-dichloropropene has a faster rate of 

conjugation than the trans isomer (Stott et al. 1998). A secondary pathway is cytochrome P450

dependent epoxidation, which apparently becomes significant at high exposure levels (Schneider et al. 

1998a).  The rate of glutathione depletion appears to affect the degree to which the secondary pathway is 

used in specific tissues.  An in vitro study indicated that glutathione transferase-dependent conjugation to 

glutathione results in the bioactivation of 1,1-dichloropropene to an episulfonium ion (Granville et al. 

2005).  Specific metabolites of inhaled 2,3-dichloropropene were not identified by Dutcher et al. (1985), 
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but these authors suggested, based on a pattern of elimination similar to that observed for 1,3-dichloro

propene, that conjugation to glutathione was the primary metabolic pathway.    

Excretion. Human and/or animal data indicate that 1,3-dichloropropene and 2,3-dichloropropene are 

rapidly eliminated from the body, primarily as urinary metabolites, with lesser amounts eliminated in 

feces and exhaled air (Dutcher et al. 1985; Medinsky et al. 1984; Waechter et al. 1992).  Both carbon 

dioxide and parent compound have been detected in exhaled air (Bond et al. 1985).  Half-lives of 

excretion have been estimated as <14 hours (Dutcher et al. 1985; Medinsky et al. 1984).  The 

physicochemical properties of dichloropropenes and their metabolites likely faciliate their rapid removal 

from the body. 

3.5.2 Mechanisms of Toxicity 

The primary toxic effects of dichloropropenes are portal-of-entry effects resulting from the chemical 

reactivity of the compounds and their physicochemical properties.  Repeated irritation results in a 

hyperplastic response in the target tissues (respiratory tract for inhalation exposure, forestomach of rats 

exposed orally).  Studies that analyzed tissue retention of absorbed dichloropropenes confirmed the 

relatively high concentrations in target tissues such as the nasal turbinates, but high concentrations 

detected in urinary bladder, kidney, and liver may reflect the presence of parent compound or reactive 

metabolites in those tissues (Bond et al. 1985; Dutcher et al. 1985; Medinsky et al. 1984) 

Metabolic processes may contribute to toxicity.  The mutagenicity of cis or trans 1,3-dichloropropenes 

was attributed to their biotransformation by cytochrome P-450 to stereospecific epoxides and the 

hydrolysis product, 3-chloro-2-hydroxypropanal (Schneider et al. 1998a).  It is likely that depletion of 

glutathione would block the major detoxification pathway for 1,3- and 2,3-dichloropropene, resulting in 

increased toxicity of organs such as the liver and kidney because of binding of reactive intermediates to 

macromolecules in cells.  On the other hand, mutagenicity of 1,1-dichloropropene has been related to its 

glutathione transferase-dependent bioactivation by the thiolate ion of glutathione and the resulting 

episulfonium ion (Granville et al. 2005). 

There is some evidence that cytotoxicity of hepatic cells exposed to 1,3-dichloropropene in vitro is 

preceded by increased levels of phospholipid hydroperoxides (phosphatidylcholine hydroperoxide and 

phosphatidylethanolamine hydroperoxide) (Suzuki et al. 1994a). This appears to confirm the role of 
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reactive intermediates inducing lipid peroxidation as a significant mechanism of toxicity for 1,3-dichloro

propene. 

3.5.3 Animal-to-Human Extrapolations 

The critical toxic effects of dichloropropenes are portal-of-entry effects relating to their irritant properties.  

In the absence of data to indicate otherwise, the portal-of-entry effects observed in animals are assumed to 

be relevant to humans.  EPA (1994) has developed dosimetry methods that are used to scale from 

inhalation exposures in animals to human equivalent concentrations.  The major metabolic pathway for 

elimination of 1,3- and 2,3-dichloropropenes (conjunction to glutathione) is common to both humans and 

animals. 

3.6  TOXICITIES MEDIATED THROUGH THE NEUROENDOCRINE AXIS 

Recently, attention has focused on the potential hazardous effects of certain chemicals on the endocrine 

system because of the ability of these chemicals to mimic or block endogenous hormones.  Chemicals 

with this type of activity are most commonly referred to as endocrine disruptors. However, appropriate 

terminology to describe such effects remains controversial.  The terminology endocrine disruptors, 

initially used by Thomas and Colborn (1992), was also used in 1996 when Congress mandated the EPA to 

develop a screening program for “...certain substances [which] may have an effect produced by a 

naturally occurring estrogen, or other such endocrine effect[s]...”.  To meet this mandate, EPA convened a 

panel called the Endocrine Disruptors Screening and Testing Advisory Committee (EDSTAC), and in 

1998, the EDSTAC completed its deliberations and made recommendations to EPA concerning endocrine 

disruptors. In 1999, the National Academy of Sciences released a report that referred to these same types 

of chemicals as hormonally active agents. The terminology endocrine modulators has also been used to 

convey the fact that effects caused by such chemicals may not necessarily be adverse.  Many scientists 

agree that chemicals with the ability to disrupt or modulate the endocrine system are a potential threat to 

the health of humans, aquatic animals, and wildlife.  However, others think that endocrine-active 

chemicals do not pose a significant health risk, particularly in view of the fact that hormone mimics exist 

in the natural environment.  Examples of natural hormone mimics are the isoflavinoid phytoestrogens 

(Adlercreutz 1995; Livingston 1978; Mayr et al. 1992).  These chemicals are derived from plants and are 

similar in structure and action to endogenous estrogen.  Although the public health significance and 

descriptive terminology of substances capable of affecting the endocrine system remains controversial, 
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scientists agree that these chemicals may affect the synthesis, secretion, transport, binding, action, or 

elimination of natural hormones in the body responsible for maintaining homeostasis, reproduction, 

development, and/or behavior (EPA 1997).  Stated differently, such compounds may cause toxicities that 

are mediated through the neuroendocrine axis.  As a result, these chemicals may play a role in altering, 

for example, metabolic, sexual, immune, and neurobehavioral function.  Such chemicals are also thought 

to be involved in inducing breast, testicular, and prostate cancers, as well as endometriosis (Berger 1994; 

Giwercman et al. 1993; Hoel et al. 1992). 

No studies were located regarding endocrine disruption in humans after exposure to 1,3-dichloropropene 

or 2,3-dichloropropene.  None of the intermediate-duration inhalation rodent assays on these compounds 

reported adverse effects on male or female reproductive parameters such as estrus cycling, sperm counts 

or morphology, or the outcome of a one-generation reproductive assays (Johannsen et al. 1991; NTP 

1985; see Section 3.2.1.5). 

Nishihara et al. (2000) used a yeast two-hybrid screening assay, employing expression plasmids for the 

estrogen receptor and a cofactor, to assay chemicals for endocrine disruption activity.  The level of 

reporter gene activity was expressed as the 10% relative effective concentration compared to the optimal 

concentration (10-7 M) of the agonist 17-beta-estradiol.  1,3-Dichloropropene at concentrations as high as 

1x10-3 M yielded negative in this assay, suggesting that it does not disrupt estradiol signalling.  

3.7  CHILDREN’S SUSCEPTIBILITY 

This section discusses potential health effects from exposures during the period from conception to 

maturity at 18 years of age in humans, when all biological systems will have fully developed.  Potential 

effects on offspring resulting from exposures of parental germ cells are considered, as well as any indirect 

effects on the fetus and neonate resulting from maternal exposure during gestation and lactation.  

Relevant animal and in vitro models are also discussed. 

Children are not small adults.  They differ from adults in their exposures and may differ in their 

susceptibility to hazardous chemicals.  Children’s unique physiology and behavior can influence the 

extent of their exposure.  Exposures of children are discussed in Section 6.6, Exposures of Children. 

Children sometimes differ from adults in their susceptibility to hazardous chemicals, but whether there is 

a difference depends on the chemical (Guzelian et al. 1992; NRC 1993).  Children may be more or less 
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susceptible than adults to health effects, and the relationship may change with developmental age 

(Guzelian et al. 1992; NRC 1993).  Vulnerability often depends on developmental stage.  There are 

critical periods of structural and functional development during both prenatal and postnatal life, and a 

particular structure or function will be most sensitive to disruption during its critical period(s).  Damage 

may not be evident until a later stage of development.  There are often differences in pharmacokinetics 

and metabolism between children and adults.  For example, absorption may be different in neonates 

because of the immaturity of their gastrointestinal tract and their larger skin surface area in proportion to 

body weight (Morselli et al. 1980; NRC 1993); the gastrointestinal absorption of lead is greatest in infants 

and young children (Ziegler et al. 1978).  Distribution of xenobiotics may be different; for example, 

infants have a larger proportion of their bodies as extracellular water, and their brains and livers are 

proportionately larger (Altman and Dittmer 1974; Fomon 1966; Fomon et al. 1982; Owen and Brozek 

1966; Widdowson and Dickerson 1964).  The infant also has an immature blood-brain barrier (Adinolfi 

1985; Johanson 1980) and probably an immature blood-testis barrier (Setchell and Waites 1975).  Many 

xenobiotic metabolizing enzymes have distinctive developmental patterns.  At various stages of growth 

and development, levels of particular enzymes may be higher or lower than those of adults, and 

sometimes unique enzymes may exist at particular developmental stages (Komori et al. 1990; Leeder and 

Kearns 1997; NRC 1993; Vieira et al. 1996).  Whether differences in xenobiotic metabolism make the 

child more or less susceptible also depends on whether the relevant enzymes are involved in activation of 

the parent compound to its toxic form or in detoxification.  There may also be differences in excretion, 

particularly in newborns who all have a low glomerular filtration rate and have not developed efficient 

tubular secretion and resorption capacities (Altman and Dittmer 1974; NRC 1993; West et al. 1948).  

Children and adults may differ in their capacity to repair damage from chemical insults.  Children also 

have a longer remaining lifetime in which to express damage from chemicals; this potential is particularly 

relevant to cancer. 

Certain characteristics of the developing human may increase exposure or susceptibility, whereas others 

may decrease susceptibility to the same chemical.  For example, although infants breathe more air per 

kilogram of body weight than adults breathe, this difference might be somewhat counterbalanced by their 

alveoli being less developed, which results in a disproportionately smaller surface area for alveolar 

absorption (NRC 1993). 

No data are available for health effects on children from exposure to any dichloropropene isomer by any 

route. 
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No adverse effects on fetuses have been noted in developmental or two-generation reproductive studies in 

animals exposed by inhalation to 1,3-dichloropropene at levels not toxic to the mother (Breslin et al. 

1989; Kloes et al. 1983).  It has been observed that decreased food and water consumption and reduced 

maternal body weight, likely resulting from irritant effects of the vapor, are the primary reason for 

observed delayed ossification effects in rat pups (Hanley et al. 1987). 

Since the major effects of exposure to dichloropropenes involve portal-of-entry effects from irritant 

properties of these chemicals, similar effects would be expected to occur in children.  Because the skin of 

children is thinner and surface areas to body weight ratios are larger for children (de Zwart et al. 2004), 

they would likely absorb a higher dose (per kg body weight) than adults from a similar dermal exposure. 

Also, since alveolar ventilation rates are faster in children than adults (de Zwart et al. 2004), the uptake of 

dichloropropene vapor would be higher in children than adults exposed by inhalation to the same 

concentration of the compound.  

The small size and physicochemical properties of dichloropropenes and their distribution by passive 

diffusion suggest that maternally absorbed dichloropropene is likely to be distributed across the placenta 

to the fetus.  This likely would occur only in the short term after exposure.  Dichloropropene was detected 

in only one of eight samples of human breast milk taken from nursing mothers at four locations (two in 

New Jersey, one in Louisiana, and one in Pennsylvania), limited evidence that dichloropropene could be 

transferred from mother to nursing infant (Pellizzari et al. 1982). 

3.8  BIOMARKERS OF EXPOSURE AND EFFECT 

Biomarkers are broadly defined as indicators signaling events in biologic systems or samples. They have 

been classified as markers of exposure, markers of effect, and markers of susceptibility (NAS/NRC 

1989). 

Due to a nascent understanding of the use and interpretation of biomarkers, implementation of biomarkers 

as tools of exposure in the general population is very limited.  A biomarker of exposure is a xenobiotic 

substance or its metabolite(s) or the product of an interaction between a xenobiotic agent and some target 

molecule(s) or cell(s) that is measured within a compartment of an organism (NAS/NRC 1989). The 

preferred biomarkers of exposure are generally the substance itself, substance-specific metabolites in 

readily obtainable body fluid(s), or excreta.  However, several factors can confound the use and 

interpretation of biomarkers of exposure.  The body burden of a substance may be the result of exposures 
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from more than one source.  The substance being measured may be a metabolite of another xenobiotic 

substance (e.g., high urinary levels of phenol can result from exposure to several different aromatic 

compounds).  Depending on the properties of the substance (e.g., biologic half-life) and environmental 

conditions (e.g., duration and route of exposure), the substance and all of its metabolites may have left the 

body by the time samples can be taken.  It may be difficult to identify individuals exposed to hazardous 

substances that are commonly found in body tissues and fluids (e.g., essential mineral nutrients such as 

copper, zinc, and selenium).  Biomarkers of exposure to dichloropropenes are discussed in Section 3.8.1. 

Biomarkers of effect are defined as any measurable biochemical, physiologic, or other alteration within an 

organism that, depending on magnitude, can be recognized as an established or potential health 

impairment or disease (NAS/NRC 1989). This definition encompasses biochemical or cellular signals of 

tissue dysfunction (e.g., increased liver enzyme activity or pathologic changes in female genital epithelial 

cells), as well as physiologic signs of dysfunction such as increased blood pressure or decreased lung 

capacity. Note that these markers are not often substance specific.  They also may not be directly 

adverse, but can indicate potential health impairment (e.g., DNA adducts).  Biomarkers of effects caused 

by dichloropropenes are discussed in Section 3.8.2. 

A biomarker of susceptibility is an indicator of an inherent or acquired limitation of an organism's ability 

to respond to the challenge of exposure to a specific xenobiotic substance.  It can be an intrinsic genetic or 

other characteristic or a preexisting disease that results in an increase in absorbed dose, a decrease in the 

biologically effective dose, or a target tissue response.  If biomarkers of susceptibility exist, they are 

discussed in Section 3.10, Populations That Are Unusually Susceptible. 

3.8.1 Biomarkers Used to Identify or Quantify Exposure to Dichloropropene 

1,3-Dichloropropene. Inhalation exposure to various concentrations of 1,3-dichloropropene correlated 

well with the urinary level of the N-acetyl cysteine (mercapturic acid) metabolite in humans.  Urinary 

excretion of the N-acetyl cysteine metabolite was measured in four men occupationally exposed to 

technical-grade 1,3-dichloropropene (Telone II®a).  Exposure levels were monitored by personal 

dosimeters.  A strong correlation was found between exposure levels of 1,3-dichloropropene and urinary 

excretion of the N-acetyl-cysteine metabolite (r=0.83, see Figure 3-6 in Section 3.4.3) (Osterloh et al. 

1984).  Human dermal exposure to cis-1,3-dichloropropene vapor was successfully monitored by the 

urinary level of the mercapturic acid metabolite (Kezic et al. 1996).  The rapid excretion of the metabolite 
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(75% complete within the first 24 hours) limits the usefulness of this biomarker to the first 2 days after 

exposure. 

Blood levels of the glutathione-conjugate of 1,3-dichloropropene might also be used as a biomarker.  

Steady-state levels of the glutathione-conjugate were reached within 1 hour in rats exposed to 78, 155, or 

404 ppm (Fisher and Kilgore 1989).  In this study, however, the correlation between exposure and blood 

levels was not calculated. 

1,3-Dichloropropene is rapidly cleared from the body.  The elimination half-time, determined after a 

1-hour inhalation exposure in rats, was 17 hours (Fisher and Kilgore 1989).  Furthermore, <2% of the 

1,3-dichloropropene administered by gavage to rats remained in the carcass after 4 days (Hutson et al. 

1971).  These data indicate that 1,3-dichloropropene does not concentrate in the body.  Therefore, 

biomarkers based on tissue or blood levels of 1,3-dichloropropene are of limited value in assessing long-

term exposure. 

2,3-Dichloropropene. As with 1,3-dichloropropene, most of the absorbed compound following 

inhalation or oral exposure is rapidly metabolized to a mercapturic acid derivative that is detectable in the 

urine (Bond et al. 1985; Dutcher et al. 1985; Eder and Dornbusch 1988; Medinsky et al. 1984).  Rapid 

clearance from the body, however, restricts the use of this biomarker to short-term exposures. 

3.8.2 Biomarkers Used to Characterize Effects Caused by Dichloropropene 

Few specific quantifiable biomarkers that characterize effects caused by 1,3- or 2,3-dichloropropene were 

identified.  Consistent findings in animal studies involve portal-of-entry effects include hyperplasia and/or 

degeneration of portions of the nasal epithelium after inhalation exposure, hyperplasia and/or neoplastic 

changes in the forestomach after oral exposure, and erythema/edema after dermal exposure.  These are 

nonspecific effects and are, therefore, of little value as biomarkers. 

Some occupational monitoring studies on 1,3-dichloropropene have assayed for hepatic and renal damage 

using serum or urinary concentrations of tissue-specific proteins (Osterloh and Feldman 1993; Osterloh et 

al. 1989a, 1989b; Verplanke et al. 2000).  N-acetylglucosamidase and retinol binding protein as markers 

for renal tubular damage were detectable several days following exposure. 
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3.9  INTERACTIONS WITH OTHER CHEMICALS 

No studies were located regarding the interaction of 1,3-dichloropropene with other chemicals to produce 

health effects.  1,3-Dichloropropene is widely used as a preplanting soil fumigant for the control of 

parasitic nematodes.  The commercial product used in agriculture contains a mixture of the cis and trans 

isomers in approximately equal proportions, as well as stabilizers including 1,2-dichloropropene and 

epichlorohydrin or epoxidized soybean oil.  Occupational exposure would most likely occur to this 

mixture.  Whether interactions occur between 1,3-dichloropropene and other components is not known.  

Comparisons of animal toxicity assays on different formulations of Telone® II indicate that the irritant 

properties of 1,3-dichloropropene cause portal-of-entry effects in the nasal epithelium and stomach, but 

suggest that increased tumor incidences in those tissues may be partly attributed to the presence of 

epichlorohydrin in the formulation (Lomax et al. 1989; NTP 1985; Stebbins et al. 2000).  In addition, 

there is also evidence that pure 1,3-dichloropropene can slowly undergo autoxidation to produce amounts 

of highly mutagenic oxides when stored in the presence of air (see Section 3.4) (Talcott and King 1984; 

Watson et al. 1987).  Thus, it appears that trace amounts of mutagens, with detectable mutagenic activity, 

will gradually appear in pure 1,3-dichloropropene unless the liquid is stored under a nitrogen atmosphere.  

Simultaneous exposure to other chemicals, such as acetaminophen, that are detoxified via conjugation to 

glutathione would tend to increase the toxicity of 1,3- and 2,3-dichloropropenes because glutathione 

depletion would result in metabolism via epoxide-generating pathways (Schneider et al. 1998a). 

3.10  POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE 

A susceptible population will exhibit a different or enhanced response to 1,3-dichloropropene than will 

most persons exposed to the same level of 1,3-dichloropropene in the environment.  Reasons may include 

genetic makeup, age, health and nutritional status, and exposure to other toxic substances (e.g., cigarette 

smoke).  These parameters result in reduced detoxification or excretion of 1,3-dichloropropene, or 

compromised function of organs affected by 1,3-dichloropropene.  Populations who are at greater risk due 

to their unusually high exposure to 1,3-dichloropropene are discussed in Section 6.7, Populations with 

Potentially High Exposures. 

No data were located regarding populations that are unusually susceptible to the toxicity of 1,3- or 2,3-di

chloropropenes; however, glutathione availability is critical for detoxification of these isomers.  Depletion 

of glutathione pools may enhance the toxicity of 1,3- or 2,3-dichloropropene (see Section 3.11).  
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Glutathione pools could be depleted by repeated exposures to 1,3-dichloropropene or other xenobiotics 

that are metabolized in whole or in part by glutathione-dependent pathways.  Urinary excretion of the 

mercapturic acids of 1,3- and 2,3-dichloropropenes is the primary excretory pathway for these isomers; 

therefore, kidney disease or deficiencies in the mercapturic acid transport system may also enhance the 

toxicity of 1,3- and 2,3-dichloropropene.  As 1,1-dichloropropene appears to become bioactivated by 

glutathione (see Granville et al. 2005; also Section 3.3, Genotoxicity), glutathione depletion would not be 

expected to increase susceptibility to adverse effects from exposure to this isomer. 

Individuals taking drugs such as acetominophen that are also detoxified by glutathione, may be more 

susceptible to the effects of glutathione depletion when exposed to 1,3- or 2,3-dichloropropene. 

3.11  METHODS FOR REDUCING TOXIC EFFECTS 

This section will describe clinical practice and research concerning methods for reducing toxic effects of 

exposure to 1,3-dichloropropene.  However, because some of the treatments discussed may be 

experimental and unproven, this section should not be used as a guide for treatment of exposures to 

1,3-dichloropropene.  When specific exposures have occurred, poison control centers and medical 

toxicologists should be consulted for medical advice.  The following texts provide specific information 

about treatment following exposures to 1,3-dichloropropene: 

Bronstein AC, Currance PL.  1988. Emergency care for hazardous materials exposure.  Washington, DC: 
The C.V. Mosby Company, 53, 155-156. 

Ellenhorn MJ, Schonwald S, Ordog G, et al.  1997.  1,3-Dichloropropene.  Ellenhorn’s medical 
toxicology:  Diagnosis and treatment of human poisoning.  2nd ed.  Baltimore, MD:  Williams and 
Wilkins, 1656, 1657, 1659. 

Stutz DR, Janusz SJ.  1988.  Hazardous materials injuries:  A handbook for pre-hospital care.  2nd ed.  
Beltsville, MD:  Bradford Communications Corporation, v, 300-301. 

3.11.1 Reducing Peak Absorption Following Exposure 

Recommendations have been made for managing and treating persons exposed to 1,3-dichloropropene 

(Bronstein and Currance 1988; Ellenhorn et al. 1997; Stutz and Janusz 1988).  Common practices for 

reducing peak absorption following exposure include removing the exposed person from the 

contaminated area and removing contaminated clothing.  Exposed skin is decontaminated by immediately 
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washing with copious amounts of soapy water to insure appropriate dilution of the chemical and rinsing 

with copious amounts of water.  Contaminated eyes are thoroughly flushed with water.  If the victim is in 

respiratory distress, ventilation assistance is provided, and oxygens administered.  If oral exposure 

occurred recently, the victim is given water or milk to dilute the chemical and activated charcoal to adsorb 

the chemical.  Emetics are not administered (Bronstein and Currance 1988).  Please refer to Bronstein and 

Currance (1988) and Stutz and Janusz (1988) for more complete information on treatment of specific 

symptoms. 

3.11.2 Reducing Body Burden 

No specific information was located on reducing the body burden of dichloropropenes in exposed 

individuals.  Based on animal studies on 1,3- and 2,3-dichloropropene, the major portion of absorbed di

chloropropenes are eliminated as urinary metabolites within 2 days and elimination in feces and exhaled 

air is also rapid (Bond et al. 1985; Climie et al. 1979; Dutcher et al. 1985; Hutson et al. 1971; Medinsky 

et al. 1984).  Dichloropropenes do not appear to accumulate in the body. 

3.11.3 Interfering with the Mechanism of Action for Toxic Effects 

No specific information was located regarding the mitigation of effects of 1,3-dichloropropene once it has 

entered the bloodstream.  Animal studies indicated that the critical effects of inhalation exposure to 1,3

and 2,3-dichloropropene are irritation and degenerative effects on the nasal and respiratory epithelium; 

1,3-dichloropropene also causes hyperplasia of the urinary bladder.  The major effects of oral exposure to 

1,3-dichloropropene are stomach irritation, hyperplasia, and hyperkeratosis, and mild liver and kidney 

effects.  Studies on the metabolism of 1,3-dichloropropene and 2,3-dichloropropene indicate that the 

major pathway occurs via conjugation of the dichloropropene with glutathione resulting in the excretion 

of inocuous mercapturic acids and N-acetyl-cysteine conjugates (see Section 3.4.3).  Inhalation exposure 

of rats to 1,3-dichloropropene resulted in decreased levels of glutathione in the nasal tissue, kidney, and 

liver (Fisher and Kilgore 1988a).  Oral exposure of mice to 1,3-dichloropropene resulted in decreased 

levels of glutathione in the forestomach, glandular stomach, liver, and kidney, suggesting that the 

compound is conjugated in those tissues (Dietz et al. 1982).  If the glutathione detoxification pathway 

becomes saturated, secondary metabolic pathways that result in epoxidation and the formation of toxic 

metabolites may become prominent (Schneider et al. 1998a).  It is possible that therapies that increase 

tissue levels of glutathione (for example, N-acetylcysteine) would help ameliorate the toxicity of 1,3- and 
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2,3-dichloropropenes by reducing the use of the epoxidation pathways.  This approach may not be 

suitable for 1,1-dichloropropene because there is evidence that glutathione may be involved in the 

metabolism of this isomer to a mutagenic intermediate (Granville et al. 2005; see Section 3.3, 

Genotoxicity). 

As studied in vitro, pretreatment with d,l-alpha-tocopherol prevented membrane phospholipid 

peroxidation and the consequent cytotoxicity of hepatic cells treated with 1,3-dichloropropene (Suzuki et 

al. 1994b). 

3.12  ADEQUACY OF THE DATABASE 

Section 104(I)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the 

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 

adequate information on the health effects of dichloropropenes is available.  Where adequate information 

is not available, ATSDR, in conjunction with the National Toxicology Program (NTP), is required to 

assure the initiation of a program of research designed to determine the health effects (and techniques for 

developing methods to determine such health effects) of dichloropropenes. 

The following categories of possible data needs have been identified by a joint team of scientists from 

ATSDR, NTP, and EPA.  They are defined as substance-specific informational needs that if met would 

reduce the uncertainties of human health assessment.  This definition should not be interpreted to mean 

that all data needs discussed in this section must be filled.  In the future, the identified data needs will be 

evaluated and prioritized, and a substance-specific research agenda will be proposed. 

3.12.1 Existing Information on Health Effects of Dichloropropenes 

The existing data on health effects of inhalation, oral, and dermal exposure of humans and animals to 

1,1-, 3,3-, 1,2-, 2,3-, and 1,3-dichloropropene are summarized in Figures 3-10, 3-11, 3-12, 3-13, and 3-14, 

respectively.  The purpose of this figure is to illustrate the existing information concerning the health 

effects of dichloropropenes.  Each dot in the figure indicates that one or more studies provide information 

associated with that particular effect.  The dot does not necessarily imply anything about the quality of the 

study or studies, nor should missing information in this figure be interpreted as a “data need”.  A data 

need, as defined in ATSDR’s Decision Guide for Identifying Substance-Specific Data Needs Related to 
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Figure 3-10.  Existing Information on Health Effects of 1,1-Dichloropropene 

Inhalation 

Oral 

Dermal 

Death 

Acute 
Interm

ediate

Chronic 

Im
munologic/L

ym
phoretic

Neurologic

Reproductiv
e

Developmental

Genotoxic

Cancer 

Systemic 

Human 

Inhalation 

Oral 

Dermal 

Death 

Acute 
Interm

ediate

Chronic 

Im
munologic/L

ym
phoretic

Neurologic

Reproductiv
e

Developmental

Genotoxic

Cancer 

Systemic 

Animal 

Existing Studies 



   
 

    
 
 

 
 
 
 
 

 
 
 

 

156 DICHLOROPROPENES 

3. HEALTH EFFECTS 

Figure 3-11.  Existing Information on Health Effects of 3,3-Dichloropropene 
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Figure 3-12.  Existing Information on Health Effects of 1,2-Dichloropropene 
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Figure 3-13.  Existing Information on Health Effects of 2,3-Dichloropropene 
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Figure 3-14.  Existing Information on Health Effects of 1,3-Dichloropropene 
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Toxicological Profiles (Agency for Toxic Substances and Disease Registry 1989), is substance-specific 

information necessary to conduct comprehensive public health assessments.  Generally, ATSDR defines a 

data gap more broadly as any substance-specific information missing from the scientific literature. 

Existing information regarding the health effects of dichloropropenes in humans is limited.  No human 

toxicity data are available for 1,1-dichloropropene (Figure 3-10), 3,3-dichloropropene (Figure 3-11), 

1,2-dichloropropene (Figure 3-12), or 2,3-dichloropropene (Figure 3-13).  A limited amount of human 

toxicity data are available for 1,3-dichloropropene, mostly case reports in which levels and durations of 

exposure to 1,3-dichloropropene were unknown (Figure 3-14).  For persons exposed by inhalation, there 

is information on systemic effects and possible carcinogenicity, although the number of cases is too small 

to provide definitive proof of carcinogenicity and the association is weak.  For oral exposure, there is 

information on death and the systemic effects following ingestion of a lethal dose in one case report.  For 

persons exposed dermally to 1,3-dichloropropene, there are case reports of dermatitis and allergic 

reactions at the site of contact. 

Data available on health effects of dichloropropenes in animals are more extensive than in humans.  No 

animal toxicity data are available for 1,1-dichloropropene (Figure 3-10) or 3,3-dichloropropene 

(Figure 3-11).  For animals exposed by inhalation to 1,2-dichloropropene, there is one brief summary of 

lethality and neurological effects in a few rats exposed to a saturated vapor atmosphere (Figure 3-12).  In 

animals exposed orally to 1,2-dichloropropene at a limit dose, there is information on survival and 

systemic effects.  Primary dermal and ocular irritation data are available for 1,2-dichloropropene.  In 

animals exposed by inhalation to 2,3-dichloropropene (Figure 3-13), there are data for acute lethality, 

complete data for systemic effects following repeated acute-duration exposures, and incomplete data for 

systemic effects following intermediate-duration inhalation exposures.  In animals exposed orally to 

2,3-dichloropropene, there are data for mortality and systemic effects following acute lethal exposure.  

Data for dermal exposure to 2,3-dichloropropene include acute lethality and systemic effects, and primary 

dermal and ocular irritation.  Animal data are more extensive for 1,3-dichloropropene compared to the 

other isomers (Figure 3-14).  For animals exposed by inhalation to 1,3-dichloropropene, there are data for 

mortality, systemic effects, genotoxic effects, and developmental toxicity following acute-duration 

exposure, systemic and reproductive effects following intermediate-duration exposure, and systemic and 

carcinogenic effects following chronic exposure.  For animals exposed orally, there are mortality, 

neurotoxicity, genotoxicity, and systemic toxicity data for acute-duration exposure, systemic effects 

following intermediate-duration exposure, and systemic and carcinogenic effects following chronic
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duration exposure.  Studies in animals dermally exposed to 1,3-dichloropropene involve lethality, 

neurotoxicity, systemic, immunological, and possible carcinogenic effects following acute exposure. 

3.12.2 Identification of Data Needs 

Information regarding the health effects of exposure to pure dichloropropenes is limited.  Although older 

toxicological studies tested various commercial formulations of 1,3-dichloropropene, recent studies have 

used higher purity formulations that contain very low levels of confounding chemicals such as 1,2-di

chloropropane, epichlorohydrin or chloropicrin.  Some acute-duration toxicological data are available for 

some of the other isomers, but no reliable long-term studies.  As a consequence of their chemical 

reactivity, portal-of-entry effects are the major toxicological sequelae of exposure to dichloropropenes.  

Any new tests need to include a thorough histopathological examination of portal-of-entry tissues. 

Although the following discussion covers all isomers of dichloropropene, testing to fill data gaps for 

1,3-dichloropropene should take priority, since it is the only isomer currently in production at a 

significant volume. 

Acute-Duration Exposure. 

1,3-Dichloropropene. Data regarding human exposures to 1,3-dichloropropene are limited to clinical 

reports describing isolated cases of non-Hodgkin's (histiocytic) lymphoma and acute myelomonocytic 

leukemia after inhalation exposure (Markovitz and Crosby 1984), delayed-type hypersensitivity after 

dermal exposure (Bousema et al. 1991; Corazza et al. 2003; van Joost and de Jong 1988; Vozza et al. 

1996), and nonspecific clinical signs such as headache, nausea, vomiting, fatigue, impotence, and malaise 

after inhalation (and possibly dermal) exposure.  Respiratory symptoms such as chest discomfort, 

breathing difficulty, coughing, and mucous membrane irritation (Flessel et al. 1978; Markovitz and 

Crosby 1984) indicate that the respiratory system is a target in humans.  Animal studies of acute-duration 

exposure at high dose levels describe nonspecific clinical signs including lethargy, labored breathing, 

salivation, lacrimation, palpebral closure, and diarrhea.  The primary target organ in animals after acute 

inhalation is also the respiratory tract.  Lung hemorrhage and congestion, atelectasis, emphysema, 

pulmonary edema, and tracheal congestion have been observed (Cracknell et al. 1987; Streeter and 

Lomax 1988; Streeter et al. 1987).  Since acute-duration inhalation studies did not examine the nasal 

turbinates for histopathology, a reliable NOAEL value cannot be identified in the available studies and no 

acute-duration inhalation MRL was derived for 1,3-dichloropropene. 
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One case report of acute lethal oral exposure to 1,3-dichloropropene identified gastrointestinal, 

respiratory, and cardiac effects prior to multiorgan failure (Hernandez et al. 1994).  Acute oral studies in 

rats have identified the stomach, lungs, and possibly the liver and kidney as targets (Jones and Collier 

1986a; Mizell et al. 1988a), but the data are not sufficient to calculate an acute oral MRL. 

Dermal exposure of humans to 1,3-dichloropropene has produced delayed-type hypersensitivity 

(Bousema et al. 1991; Corazza et al. 2003; van Joost and de Jong 1988; Vozza et al. 1996).  Delayed-type 

hypersensitivity to 1,3-dichloropropene has also been observed in animals (Carreon and Wall 1983; 

Jeffrey 1987c; Mizell 1988b).  Animal studies have shown that 1,3-dichloropropene causes 

erythema/edema, necrosis, exfoliation, and subcutaneous hemorrhage when applied dermally (Carreon 

and Wall 1983; Jeffrey 1987c; Jones and Collier 1986b; Lichy and Olson 1975; Mizell et al. 1988a, 

1988b).  Data regarding systemic toxicity in animals are limited.  Hemorrhage of the lungs and glandular 

stomach was reported in one study (Jones and Collier 1986b). 

Information on the distribution of 1,3-dichloropropene following inhalation and dermal exposure is not 

available to help identify other target organs across routes of exposure.  Intermediate- and 

chronic-duration studies in rats and mice, which included extensive histological examinations, have 

identified targets of inhalation and oral exposure.  Additional acute studies (single- and repeated-

exposure) by all routes should focus on histological examinations of major organs and tissues, especially 

portal-of-entry tissues such as the lungs and nasal turbinates following inhalation exposure, the stomach 

following oral exposure, and the skin at the site of administration in dermal studies.  These studies of 

systemic toxicity by the inhalation and oral route are needed for the derivation of acute-duration MRLs 

for 1,3-dichloropropene.  Studies should be conducted in rats and mice since longer-term studies showed 

some species-specific variation in response to 1,3-dichloropropene.  Since suitable data were available for 

the acute-duration inhalation MRL for 2,3-dichloropropene, an inhalation study would permit the 

assessment of the relative toxicity of the two isomers. 

2,3-Dichloropropene. No data are available for effects in humans following acute-duration exposure to 

2,3-dichloropropene.  A well-conducted repeated-exposure acute inhalation toxicity study in rats and mice 

revealed the respiratory tract to be the most sensitive target of inhaled 2,3-dichloropropene, with slightly 

different effects observed the two species (Zempel et al. 1987).  An acute-duration inhalation MRL was 

based on the lowest concentration, 5 ppm, a LOAEL for minimal nasal respiratory effects in mice and 

rats.  As a NOAEL was not observed in this study, additional testing would be useful to ascertain the 

NOAEL for acute respiratory effects. 



   
 

    
 
 

 
 
 
 
 

 

 

 

   

 

  

 

   

 

 

 

    

  

   

   

   

 

 

 

      

   

 

   

 

  

 

       

  

 

  

    

   

 

163 DICHLOROPROPENES 

3. HEALTH EFFECTS 

The only animal oral toxicity data for 2,3-dichloropropene was for an acute lethality study in which 

congestion of the lung and kidney were reported in rats (Smyth et al. 1962; Union Carbide Corp. 1958).  

Repeated-dose acute-duration oral toxicity testing at nonlethal doses would be useful to identify critical 

target organs and dose responses for the derivation of an acute-duration oral MRL. 

The only animal dermal toxicity data for 2,3-dichloropropene was for acute lethality or skin irritation 

following dermal exposure at high or unspecified doses (Monsanto 1967; Smyth et al. 1962; Union 

Carbide Corp. 1958).  Additional acute-duration dermal testing would be useful to determine thresholds 

for irritant responses and necrotic effects.  This information would be relevant to possible occupational 

exposures. 

1,2-Dichloropropene. Acute-duration toxicity data for 1,2-dichloropropene are limited to a summary of 

results for a high-concentration inhalation lethality study, an acute oral limit dose test, and primary 

dermal and eye irritation tests (Dow 1962).  Results of these studies suggest that suppression of the 

central nervous system may occur at high inhalation concentrations, and that irritant effects may occur 

from topical exposure.  Additional testing by all routes would be useful to determine the NOAEL and 

LOAEL values for effects in critical target organs following acute exposure.  This information could be 

used for the derivation of acute-duration inhalation and oral MRLs.  

1,1- and 3,3-Dichloropropene. No acute-duration toxicity data by any route of exposure are available for 

either isomer.  Testing of 1,1-dichloropropene may be especially useful since it, unlike 1,3- and 2,3-di

chloropropene, appears to be bioactivated rather than detoxified by reaction with glutathione.  Additional 

testing by all routes would help to determine NOAEL and LOAEL values for effects in critical target 

organs following acute exposure to either isomer.  Results of these studies could be used for the 

derivation of acute-duration inhalation and oral MRLs. 

Intermediate-Duration Exposure. Data are not available that identify target organs in humans after 

intermediate-duration exposure to any isomer of dichloropropene by any route. 

1,3-Dichloropropene. Most earlier intermediate-duration studies in animals exposed to 1,3-dichloro

propene were conducted using formulations that contained other toxic compounds such as 

epichlorohydrin.  Animal studies using more purified formulations indicate that the primary target organs 

of 1,3-dichloropropene toxicity after intermediate-duration inhalation exposure are the nasal epithelia and 
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urinary bladder (Breslin et al. 1989; Coate 1979a; Lomax et al. 1989).  An intermediate inhalation MRL 

has been calculated based on histopathology in nasal epithelia in rats.  Intermediate-duration oral toxicity 

studies using dietary exposure to a microencapsulated formulation lacking epichlorohydrin demonstrated 

that the forestomach in rats and erythrocytes in dogs were the critical targets of 1,3-dichloropropene (Haut 

et al. 1996; Stebbins et al. 1999).  An intermediate oral MRL has been calculated based on forestomach 

lesions in rats. 

No information on target organs other than the skin (Jeffrey 1987a) was located for intermediate-duration 

dermal exposure.  No distribution data following inhalation, oral, or dermal exposure were located to help 

identify target organs of dermal exposure.  An intermediate-duration dermal study in animals that 

examined organs other than skin should help identify the possible effects of repeated dermal exposure to 

internal tissues.  Because 1,3-dichloropropene is a component of a soil fumigant, contact with soil is one 

way that dermal exposure of humans could occur.  Furthermore, 1,3-dichloropropene may be present in 

the soil at hazardous waste sites, where residents may be exposed for intermediate durations. 

2,3-Dichloropropene. No intermediate-duration toxicity data are available for exposure to 2,3-dichloro

propene by the oral or inhalation routes, and the available data by the inhalation route are not suitable as a 

basis for an intermediate-duration MRL.  Reliable NOAEL and LOAEL values could not be identified in 

the published 13-week inhalation rat study by Johannsen et al. (1991), since the nasal turbinates were not 

examined for histopathology, although clinical signs of red nasal discharge were observed at the highest 

exposure level (15 ppm).  The reproduction toxicity study described in the same paper also lacks 

information about nasal effects in exposed parents.  Lung weight data from a terminated 13-week 

inhalation study in mice (NTP 1989, 2006) add support to the identification of the respiratory tract as the 

critical target of repeated inhalation exposure to 2,3-dichloropropene, but the lack of histopathology and 

other data render this study unsuitable as the basis for derivation for an MRL.  In addition, significant 

toxicity in the liver was shown by serum parameters and in the kidneys by urinalysis results.  New testing 

for intermediate-duration exposure to 2,3-dichloropropene by all routes in which respiratory and renal 

tissues are adequately examined for histopathology would help to identify more reliable NOAELs and 

LOAELs for this isomer.  Results of oral and inhalation studies could be used for the derivation of 

intermediate-duration MRLs. 

1,1-, 1,2-, and 3,3-Dichloropropene. No intermediate-duration toxicity data by any route of exposure are 

available for any of these isomers.  Testing by all routes would help to determine the NOAEL and 
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LOAEL values for effects in critical target organs following intermediate-duration exposure.  Results of 

these studies could be used for the derivation of intermediate-duration inhalation and oral MRLs.  

Chronic-Duration Exposure and Cancer. There is no information in humans to identify target 

organs following chronic exposure to any isomer of dichloropropene by inhalation, oral, or dermal routes. 

1,3-Dichloropropene. The chronic toxicity of 1,3-dichloropropene using formulations not containing 

epichlorohydrin has been assessed in several animal studies:  a 2-year inhalation study in rats and mice 

(Lomax et al. 1989); a 2-year study in rats and mice administered a microencapsulated form in the diet 

(Stebbins et al. 2000); and a 1-year study in dogs also fed the microencapsulated form in the diet 

(Stebbins et al. 1999).  Lesions of the nasal epithelia in rats and mice and of the urinary bladder 

epithelium of mice were the principal nonneoplastic effects following chronic inhalation exposure.  An 

increased incidence of bronchioalveolar adenomas was also observed in mice exposed by inhalation.  

Lesions of the forestomach in rats, and microcytic anemia in dogs were the critical effects of chronic oral 

studies.  Data from these chronic studies were sufficient to derive chronic-duration inhalation and oral 

MRLs for 1,3-dichloropropene.  No data were available for chronic dermal exposure in animals.  Such 

testing would help to evaluate the consequence of repeated dermal exposure, which might occur from 

occupational exposure or residence in communities in which release of the chemical into the environment 

is significant. 

A few isolated case reports describing three men who developed lymphoma or leukemia following acute 

exposure (Markovitz and Crosby 1984) suggests, but does not prove, a carcinogenic potential for 1,3-di

chloropropene in humans.  The fact that some carcinogenic effects were observed in some earlier chronic-

duration bioassays, but not observed in later studies with purer test material, indicate that impurities or 

additives such as epichlorohydrin in the formulations may have contributed to carcinogenesis.  Following 

inhalation exposure to a purer test material, an increased incidence of bronchioalveolar adenomas (benign 

lung tumors) in mice was the only carcinogenic effect of 1,3-dichloropropene (Lomax et al. 1989). 

Dietary exposure to the purer microencapsulated test material did not result in increased tumor incidences 

in rats, mice or dogs (Stebbins et al. 1999, 2000).  It is not certain whether the lack of tumor formation in 

the dietary studies, compared to increased tumors incidences (for squamous cell papillomas and 

carcinomas of the forestomach in rats and mice and transitional cell carcinomas of the urinary bladder in 

mice) in a 2-year gavage study (NTP 1985), were related to the absence of epichlorohydrin in the later 

studies, or the lack of bolus dosing.  Bolus dosing by itself could have contributed to glutathione 

depletion and resultant saturation of the major detoxifying pathway, resulting in an increased generation 
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of mutagenic metabolites by minor pathways.  No additional chronic-duration toxicity testing by the 

inhalation or oral routes is needed. 

An initiation-promotion study of cis-1,3-dichloropropene by dermal exposure in mice indicated that cis-

1,3-dichloropropene was not an initiator of skin tumors (Van Duuren et al. 1979).  Furthermore, cis-

1,3-dichloropropene alone did not induce skin tumors after repeated dermal application for 74 weeks.  No 

studies were located regarding the carcinogenic mechanism of action of 1,3-dichloropropene.  Available 

data indicate, however, that 1,3-dichloropropene or its unavoidable impurities is mutagenic in prokaryotic 

and eukaryotic test systems and that it is a strong tissue irritant.  Both properties may underlie the 

carcinogenic potential of 1,3-dichloropropene. 

1,1-, 1,2-, 2,3-, and 3,3-Dichloropropene. No chronic-duration toxicity data by any route of exposure are 

available for any of these isomers.  Testing by all routes would help to determine NOAEL and LOAEL 

values for effects in critical target organs following chronic-duration exposure.  Results of these studies 

could be used for the derivation of chronic-duration inhalation and oral MRLs.  

Genotoxicity. No data are available regarding genotoxicity in humans after exposure to any isomer of 

dichloropropene by any route.  

1,1-Dichloropropene. Mixed results for mutagenicity were reported for S. typhimurium TA100 and 

negative results in other strains (Granville et al. 2005; Neudecker et al. 1986), but positive results were 

reported for a TA100-based strain that expressed glutathione transferase in the presence of glutathione.  

Granville et al. (2005) indicated that bioactivation by glutathione transferase generates the production of a 

mutagenic epoxide from 1,1-dichloropropene.  The observation that no DNA fragmentation was observed 

in a cell line deficient in glutathione transferase supports this observation. The paradoxical effect of 

glutathione on this isomer (others detoxified by glutathione) suggests that any additional in vitro 

genotoxicity tests should be conducted with and without glutathione transferase.  In vivo genotoxicity 

tests would help to determine whether the pattern of increased mutagenicity from interaction with 

glutathione is relevant to inhalation or oral exposure.  Testing for chromosomal aberration in cultured 

mammalian cells would also be useful. 

1,2-Dichloropropene. A negative result for S. typhimurium TA100 represents the only genotoxicity data 

for 1,2-dichloropropene.  Additional in vitro testing on bacterial strains that detect other mutagenic 
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lesions and for chromosomal aberration in mammalian cells would help to assess the genotoxic potential 

of this isomer. 

1,3-Dichloropropene. Positive results for DNA fragmentation in specific tissues (stomach liver, urinary 

bladder, kidney, lung, brain, bone marrow) and for micronucleus formation in one assay were reported 

following oral exposure to 1,3-dichloropropene (Ghia et al. 1993; Kevekordes et al. 1996; Kitchin and 

Brown 1994; Sasaki et al. 1998), but negative results were reported for other types of assays (unscheduled 

DNA synthesis, four of five micronucleus assays).  A single dominant lethal mutation assay in rats 

exposed by inhalation for 10 weeks was negative (Gollapudi et al. 1998), which is consistent with the lack 

of toxicity in the testes in systemic toxicity assays.  In vivo genotoxicity testing for mutagenicity in target 

organs (stomach, lung, nasal epithelium, urinary bladder, and possibly lymphocytes) would be useful, 

since previous tests with formulations containing epichlorohydrin have resulted in tumor increases.  

Studies by Talcott and King (1984) and Watson et al. (1987) demonstrated that the mutagenicity of 

technical-grade 1,3-dichloropropene in S. typhimurium TA100 could be entirely attributed to impurities, 

and that the purified chemical can undergo slow autoxidation to form mutagenic oxides.  This may 

account for the many earlier positive results for mutagenicity in TA100 in older studies (Table 3-9).  It is 

not clear whether the positive results for genotoxicity (sister chromatid exchange, mitotic aberration, 

unscheduled DNA synthesis) in cultured mammalian cells exposed to relatively pure (>95%) 1,3-di

chloropropene were caused by the parent compound, in vivo metabolism to a mutagenic metabolite, a 

mutagenic autoxidation product that formed during storage, or an impurity remaining after manufacture 

(Kevekordes et al. 1996; Loveday et al. 1989; Matsuoka et al. 1998).  Cis and trans epoxides of 1,3-di

chloropropene, as well as 3-chloro-3-hydroxypropanal, three mutagens formed by a minor metabolic 

pathway, specifically form adducts to 2’-deoxyguanosine and not to 2-deoxyadenosine or 2’-deoxy

cytidine in solution (Schneider et al. 1998b).  Additional studies to examine the potential for adduct 

formation in vivo or exposed cells in vitro would help to better characterize the genotoxic potential of this 

isomer. 

2,3-Dichloropropene. Positive results have been reported for mutagenicity in bacteria, aneuploidy in 

yeast, and sister chromatid exchange, chromosomal aberration, and unscheduled DNA synthesis in 

mammalian cells following exposure to 2,3-dichloropropene.  Given the generally positive results of in 

vitro testing, additional studies would be helpful to ascertain the genotoxic potential of this isomer in 

vivo. Tissues subject to portal-of-entry effects, as well as the liver, kidney, and urinary bladder should be 

evaluated in these studies. 
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3,3-Dichloropropene. In vitro genotoxicity studies for mutagenicity in bacterial cells and chromosomal 

aberration in mammalian cells for 3,3-dichloropropene would help to determine the genotoxic potential of 

this isomer. 

Reproductive Toxicity. No information is available regarding the reproductive toxicity of any 

isomer of dichloropropene by any route of exposure in humans.  

1,3-Dichloropropene. Pharmacokinetic data in rats indicate that 1,3-dichloropropene or its metabolites 

are found in low concentrations in reproductive organs and tissues (Waechter and Kastl 1988).  However, 

no effects on reproductive parameters of rats were found in a two-generation inhalation study (Breslin et 

al. 1989).  Furthermore, no lesions attributable to 1,3-dichloropropene were observed after gross and 

histologic evaluation of reproductive tissues and organs in several animal studies.  These studies include a 

two-generation reproductive/developmental inhalation study (Breslin et al. 1989), a 2-year inhalation 

study (Lomax et al. 1989), and a 2-year oral study (NTP 1985).  No studies regarding reproductive effects 

in animals following dermal exposure were found; however, the results of the inhalation and oral studies 

indicate no reason to suspect that 1,3-dichloropropene would have reproductive effects by this route.  

Additional reproductive studies would not be useful at this time. 

2,3-Dichloropropene. No histopathology of male or female reproductive organs was observed in a 

repeated acute-duration inhalation exposure study in rats or mice exposed at ≤75 ppm (Zempel et al. 

1987).  A reproductive toxicity assay for rats exposed to 2,3-dichloropropene by inhalation (Johannsen et 

al. 1991) reported no reproductive effects at 1 or 5 ppm, although there was a statistically insignificant 

reduction in female fertility in exposed animals.  It seems likely, based on the results of the acute-duration 

repeated inhalation assay by Zempel et al. (1987), that rat dams in the study by Johannsen et al. (1991) 

experienced irritation of the nasal tissues, which was unreported because the nasal turbinates were not 

examined for histopathology.  The incomplete data available for intermediate-duration inhalation toxicity 

in rats and mice suggest that 2,3-dichloropropene does not have a direct adverse effect on reproductive 

organs or sperm or estrus cycle parameters (NTP 1989, 2006).  Additional reproductive toxicity testing 

that includes examination of portal-of-entry tissues in exposed parents would help to determine reliable 

NOAEL and LOAEL values for reproductive effects and parental toxicity.  Studies in mice exposed by 

inhalation would help to determine whether the more extensive damage to the respiratory tract, compared 

to rats, affects reproductive function because of irritation-induced parental stress. 
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1,1-, 1,2-, and 3,3-Dichloropropene. Because no data are available for any of these isomers by any route 

of exposure, testing in animals would help to determine the reproductive toxicity of these isomers.  

Developmental Toxicity. 

1,3-Dichloropropene. Both acute-duration developmental inhalation studies in rats and rabbits (Hanley 

et al. 1987; Kloes et al. 1983) and intermediate-duration reproductive inhalation studies in rats (Breslin et 

al. 1989) have shown that 1,3-dichloropropene is not teratogenic.  However, fetotoxicity in the rabbits 

could not be assessed because significant maternal toxicity at the highest tested concentration (300 ppm) 

resulted in the death of six of seven rabbits (Kloes et al. 1983).  Maternal toxicity in rats, also at 300 ppm, 

may have resulted in fetotoxicity and the subsequent decrease in fetuses per litter.  Lower concentrations 

of 1,3-dichloropropene (≤150 ppm) were not fetotoxic in these studies, although an exposure of 120 ppm 

to pregnant rats resulted in delayed ossification, which may have been due to decreased body weight of 

the dams.  A weakness of these studies is that the dams were not evaluated for effects in the respiratory 

tract, especially the nasal turbinates, so the NOAEL for maternal toxicity may have been overestimated.  

It seems possible that repeated irritation might contribute to maternal stress, resulting in lower feed 

intake, decreased maternal body weight gain, and fetal effects such as delayed ossification.  New 

inhalation exposure studies that include examination of the nasal turbinates, as well as a pair-fed group, 

would allow the reason for delayed development to be identified. 

2,3-Dichloropropene. An intermediate-duration reproductive study in rats exposed by inhalation, 

reported no fetal effects at exposures at 1 or 5 ppm, reportedly below the level of maternal toxicity 

(Johannsen et al. 1991).  A weakness of this study is that the dams were not evaluated for effects in the 

nasal turbinates, the primary target tissue in acutely exposed rats (Zempel et al. 1987), so the maternal 

NOAEL may not have been accurately identified.  Additional developmental toxicity studies that include 

examination of the maternal portal-of-entry tissues in rats, and also in mice (which had more extensive 

respiratory tract effects than rats exposed under identical conditions [Zempel et al. 1987]), would help to 

better characterize the developmental toxicity of this isomer. 

1,1-, 1,2-, and 3,3-Dichloropropene. Because no data are available for any of these isomers by any route 

of exposure, testing in animals would help to determine the potential of these isomers to induce 

developmental effects. 
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Immunotoxicity. 

1,3-Dichloropropene. Several clinical reports on the development of a delayed-type hypersensitivity 

after skin contact in workers occupationally exposed to 1,3-dichloropropene (Bousema et al. 1991; 

Corazza et al. 2003; van Joost and de Jong 1988; Vozza et al. 1996) indicate the possibility of 

immunotoxicity in humans.  This is supported by animal studies that document the development of 

delayed-type hypersensitivity in guinea pigs (Carreon and Wall 1983; Jeffrey 1987a; Mizell 1988b).  

Since the immune system may be a target of 1,3-dichloropropene toxicity, a battery of immune function 

tests appears to be warranted at this time.  However, no animal studies showed adverse effects on 

lymphocytes, despite exposure by inhalation or gavage for intermediate or chronic duration (Haut et al. 

1996; Lomax et al. 1989; NTP 1985; Stebbins et al. 2000; Stott et al. 1988; Til et al. 1973; Torkelson and 

Oyen 1977).  Furthermore, gross and histological examination of the lymph nodes and the thymus in 

several animal studies of inhalation and oral exposure revealed no lesions attributable to 1,3-dichloro

propene as Telone II (Lomax et al. 1989; NTP 1985; Stott et al. 1988). 

1,1-, 1,2-, 2,3-, and 3,3-Dichloropropene. No data are available for immunotoxicity of these isomers in 

humans or animals.  Since immunological effects have been observed in humans and animals exposed 

dermally to 1,3-dichloropropene, primary skin sensitization studies in animals would help to characterize 

the potential of these isomers to induce immunotoxicity.  Additional immune function testing could then 

be conducted based on the results of the skin sensitization studies. 

Neurotoxicity. 

1,3-Dichloropropene. No neurotoxicity was observed in humans accidentally exposed to 1,3-dichloro

propene at concentrations high enough to require medical attention (Markovitz and Crosby 1984).  No 

evidence for neurotoxicity was found following gross and histological examination of brain, nerves, and 

the spinal cord from rats and mice after inhalation (Coate 1979a; Lomax et al. 1989; Stott et al. 1988) and 

oral exposure to 1,3-dichloropropene (Haut et al. 1996; NTP 1985; Stebbins et al. 1999, 2000).  Clinical 

signs that indicate possible neurotoxicity, however, were noted in rabbits after inhalation exposure to high 

concentrations of 1,3-dichloropropene (Kloes et al. 1983).  These signs included ataxia, loss of the 

righting reflex, lacrimation, salivation, and lethargy.  Studies determining the threshold inhalation 

concentrations associated with neurological effects following acute exposure at high levels might be 

helpful for identifying hazards due to neurological impairment during accidental exposure.  Such studies 

would be less useful for the typical exposures experienced by the general population. 
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1,2-Dichloropropene. The only data available for neurotoxicity following exposure to 1,2-dichloro

propene was a report of unconsciousness in rats exposed to a saturated vapor atmosphere estimated at 

63,764 ppm (Dow 1962).  Additional testing would help to determine the threshold for neurotoxicity of 

1,2-dichloropropene at more typical experimental exposure levels. 

2,3-Dichloropropene. There is no information as to the neurotoxicity of 2,3-dichloropropene in humans 

and no neurotoxic effects, clinical signs, or histopathology were observed in rats or mice exposed 

repeatedly at ≤75 ppm by inhalation in an acute study (Zempel et al. 1987).  Acute lethality studies 

reported signs of suppression of the central nervous system following single inhalation exposures at levels 

of 500 ppm and higher (Dietz et al. 1985b; Monsanto 1967).  Because of reporting deficiencies, these data 

do not reliably identify NOAEL or LOAEL values for neurotoxicity following single inhalation exposure. 

1,1- and 3,3-Dichloropropene. As no neurotoxicity or systemic toxicity data are available for these 

isomers, acute-duration testing in animals would help to determine the thresholds for neurological effects 

following oral or inhalation exposure. 

Epidemiological and Human Dosimetry Studies. 

1,3-Dichloropropene. One pharmacokinetic study in humans described a strong correlation between 

exposure levels during the application of 1,3-dichloropropene on farms and urinary excretion levels of 

1,3-dichloropropene metabolites (Osterloh et al. 1984).  Additional monitoring studies reported slight 

increases in urinary excretion of N-acetylglucosamidase, a possible biomarker for subclinical renal effects 

(Osterloh and Feldman 1993; Osterloh et al. 1989a, 1989b).  A case-control study reported an apparent 

increase in risk of death from pancreatic cancer associated with long-term (20-year) residence in three 

communities in which high quantities of 1,3-dichloropropene were used for fumigation (Clary and Ritz 

2003).  However, there was no direct exposure data for the subjects, and given the products available at 

the time, it is possible that carcinogenic effects could have been caused by additives (for example, 

epichlorohydrin) no longer present in current products.  Given the lack of data for humans exposed long-

term to 1,3-dichloropropene, epidemiological studies of respiratory effects and possible carcinogenicity 

in, for example, agricultural workers exposed occupationally, would be especially valuable.  Additionally, 

long-term follow-up studies of chronic toxicity and carcinogenicity in people exposed to high 

concentrations of 1,3-dichloropropene at the site of a spill would be valuable.  Chronic toxicity evaluation 
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should focus on the nasal epithelia, forestomach, lungs, liver, and kidneys, which are the primary target 

organs identified in animal studies. 

Limited evidence suggests that the mu class of glutathione S-transferase may not play a significant role in 

the metabolism of 1,3-dichloropropene in humans (Vos et al. 1991).  Systematic evaluation of isoforms of 

the enzymes involved in metabolism of dichloropropenes (glutathione S-transferase and cytochrome 

P-450) in humans would help interpret the basis of individual variability in human studies (see 

Comparative Toxicokinetics below).   

1,1-, 1,2-, 2,3-, and 3,3-Dichloropropene. No studies were located regarding the epidemiology or human 

dosimetry of these isomers 

Biomarkers of Exposure and Effect. 

Exposure.  

1,3-Dichloropropene. The primary biomarker of exposure identified in the literature is the mercapturic 

acid metabolite of 1,3-dichloropropene found in the urine of animals exposed by inhalation (Fisher and 

Kilgore 1988b) and orally (Climie et al. 1979; Hutson et al. 1971) and humans exposed occupationally 

(Osterloh and Feldman 1993; Osterloh et al. 1984; van Welie et al. 1989).  Because 1,3-dichloropropene 

does not appear to accumulate in the body, only short-term and possibly intermediate-duration exposures 

can be assessed using the urinary metabolite as a biomarker.  Depletion of glutathione stores would 

represent a biomarker of exposure, but would not be practical in the absence of data for preexposure 

glutathione levels.  Although no pharmacokinetic studies have investigated chronic exposure, this 

duration of exposure may not be assessed reliably if some period of time has passed between the last 

exposure and biomarker analysis.  Since hematological and clinical chemistry analyses performed in 

animal studies of intermediate and chronic exposure have not identified significant alterations indicative 

of exposure, attempts to develop biomarkers that use easily obtained biological fluids may not be fruitful. 

Studies in dogs exposed orally have shown evidence of microcytic anemia (Haut et al. 1996; Stebbins et 

al. 1999), but this would not represent a specific biomarker for 1,3-dichloropropene.  Research to identify 

a biomarker would facilitate future medical surveillance, which could lead to early detection and 

treatment.  If future in vivo assays for DNA adduct formation (see Genotoxicity, above) yield positive 

results, it is possible that adduct frequency in blood cells might be developed as a biomarker.  However, 
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given that mutagenic metabolites of 1,3-dichloropropene form under high-exposure conditions, adduct 

frequency is unlikely to be a useful biomarker for low-level exposures. 

2,3-Dichloropropene. There is no information on biomarkers in humans for exposure to 2,3-dichloro

propene.  Based on toxicokinetic studies in animals exposed orally or by inhalation, urinary mercapturic 

acid metabolite represents a biomarker of exposure for the first few days after exposure (Bond et al. 1985; 

Dutcher et al. 1985; Eder and Dornbusch 1988; Medinsky et al. 1984).  Elimination is too rapid for this 

metabolite to be a useful biomarker for exposures that ended several days earlier.  

1,1-, 1,2-, and 3,3-Dichloropropene. No data are available for biomarkers of exposure to these isomers.  

Toxicity studies in animals exposed by inhalation, oral, or dermal exposure would help to identify target 

organ specificities for these isomers. 

Effect.  

1,3-Dichloropropene. Irritant effects have been noted in humans acutely exposed to high doses by the 

oral or inhalation routes, and dermal exposure resulted in contact dermatitis and delayed sensitivity 

reactions.  The effects identified in animal studies include portal-of-entry effects such as lung trauma in 

acutely exposed rats, hyperplasia/hypertrophy of the nasal respiratory epithelium in rats and mice, 

hyperplasia of the nonglandular stomach in rats and mice, as well as hyperplasia of the urinary bladder in 

mice, and anemia in dogs.  It is evident that none of the effects observed in humans and animals are 

unique to dichloropropenes.  Furthermore, it is not known whether the anemia observed in orally-exposed 

dogs is relevant to humans.  Analysis of serum and urinary biomarkers for liver and renal effects did not 

show significant changes in workers occupationally exposed at low levels to cis or racemic 1,3-dichloro

propene (Boogard et al. 1993; Verplanke et al. 2000).  This is not unexpected given that neither the liver 

nor the kidney is the most vulnerable target of toxicity for 1,3-dichloropropene.  Development of new 

biomarkers of effect requires a thorough knowledge of the health effects and more subtle physiological or 

biochemical changes caused by 1,3-dichloropropene.  Further studies on the products of the minor 

metabolic pathways, which might form adducts detectable in cells circulating in the bloodstream, may 

identify biomarkers of effect for this isomer. 

2,3-Dichloropropene. No information is available as to toxic effects in humans exposed to 2,3-dichloro

propene.  Effects in exposed animals appear to be similar to the portal-of-entry effects observed for 

1,3-dichloropropene, except that the former causes more severe respiratory tract lesions.  Reliable 
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intermediate- and chronic-duration toxicity studies could help to determine whether longer-term exposure 

to 2,3-dichloropropene reveals unique biomarkers of effect. 

1,1-, 1,2-, and 3,3-Dichloropropene. No reliable data are available as to the toxicity of these isomers in 

humans or animals exposed by any route, although unspecified liver and kidney effects were observed in 

rats following gavage exposure to 1,2-dichloropropene at 2,000 mg/kg (Dow 1962).  Reliable studies, 

initially for acute-duration exposure, would help to identify target tissues and possible biomarkers of 

effect for these isomers. 

Absorption, Distribution, Metabolism, and Excretion. 

1,3-Dichloropropene. 1,3-Dichloropropene is absorbed by all routes of exposure.  Absorption by the 

pulmonary (Stott and Kastl 1986) and gastrointestinal (Climie et al. 1979; Hutson et al. 1971; Stott et al. 

1998; Waechter and Kastl 1988) tracts is extensive and rapid.  The only data for dermal absorption was 

for skin in contact with cis-1,3-dichlorpropene as vapor, not liquid (Kezic et al. 1996).  Similarly, 

metabolism, primarily via conjugation to glutathione is rapid following oral or inhalation exposure, 

resulting in rapid elimination of mercapturic acid metabolites in urine and feces, and carbon dioxide in 

exhaled air (Climie et al. 1979; Fisher and Kilgore 1989; Hutson et al. 1971; Stott et al. 1998; Waechter 

and Kastl 1988).  Absorbed 1,3-dichloropropene is widely distributed throughout the body, with the 

highest initial concentrations found in portal-of-entry tissues (nonglandular stomach) as well as the liver, 

kidney, and urinary bladder (Dietz et al. 1985a; Waechter and Kastl 1988).  The absorption of 1,3-di

chloropropene following dermal exposure and the distribution following inhalation or dermal exposure 

have not been adequately investigated for either single- or repeated-exposure scenarios. 

2,3-Dichloropropene. No data are available for the toxicokinetics of 2,3-dichloropropene in humans, but 

studies are available for rats exposed by inhalation (Bond et al. 1985; Dutcher et al. 1985) and by oral 

gavage (Eder and Dornbusch 1988; Medinsky et al. 1984).  The results of these studies indicate that 

metabolic pathways and patterns of excretion for 2,3-dichloropropene are similar to those described for 

1,3-dichloropropene.  However, a comparison of inhalation toxicity studies shows that exposure to 2,3-di

chloropropene results in more severe respiratory effects in rats or mice than exposure to 1,3-dichloro

propene (Lomax et al. 1989; NTP 1989, 2006; Zempel et al. 1987).  Studies are needed to determine the 

toxicokinetic basis for the apparent greater toxicity of 2,3-dichloropropene compared to 1,3-dichloro

propene.  This may be associated with differences in rates of reaction with glutathione or relative kinetics 
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of metabolic pathways.  Studies to determine the toxicokinetics of 2,3-dichloropropene following dermal 

exposure would be useful since no data are available for this likely route of exposure.  

1,1-Dichloropropene. Currently, no data are available for the toxicokinetics of 1,1-dichloropropene in 

humans or animals.  However, in vitro data suggest that 1,1-dichloropropene, unlike 1,3- and 2,3-di

chloropropene is not detoxified, but rather bioactivated to a mutagenic form by reaction with glutathione 

(Granville et al. 2005).  Studies on the absorption, distribution, metabolism, and excretion following 

exposure to 1,1-dichloropropene after oral, inhalation, or dermal exposure may help to explain this 

apparent paradoxical response. 

1,2- and 3,3-Dichloropropene. No toxicokinetic data are available for these compounds.  Studies on their 

toxicokinetics should be deferred until the toxicity of these compounds has been adequately investigated. 

Comparative Toxicokinetics. 

A data need relevant to all dichloropropenes is an evaluation of the isoforms of enzymes involved in the 

detoxification or bioactivation of these compounds.  Enzyme polymorphisms could explain individual 

variations in human studies, possibly identifying vulnerable populations, or strain differences in responses 

in animal studies.  This information would be useful in supporting valid extrapolations across species 

using PBPK models. 

1,3-Dichloropropene. In humans occupationally exposed to 1,3-dichloropropene, the major urinary 

metabolite found was the mercapturic acid conjugate of 1,3-dichloropropene (Osterloh and Feldman 

1993; Osterloh et al. 1984; van Welie et al. 1989).  Studies in rats (Climie et al. 1979; Fisher and Kilgore 

1989; Hutson et al. 1971; Stott and Kastl 1986; Stott et al. 1998; Waechter and Kastl 1988) and one study 

in mice (Dietz et al. 1982) support the identification of the mercapturic acid metabolite as the primary 

1,3-dichloropropene metabolite.  The excretion data in mice and rats are similar; excretion in urine is the 

primary route, followed by excretion of CO2 in the expired air and then by excretion in the feces.  It is 

reasonable to expect that excretion is similar in humans; therefore, rats provide a good model for further 

pharmacokinetic and toxicity studies of 1,3-dichloropropene.  Additional pharmacokinetic studies should 

focus on the rates of absorption, distribution, metabolism, and excretion, particularly by the dermal route, 

after acute or repeated exposures.  Dose-response information on the relative depletion of glutathione 

stores in target organs would help define conditions under which toxicity would be increased. 
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2,3-Dichloropropene. No data are available for the toxicokinetics of 2,3-dichloropropene in humans and 

the only animal studies were conducted in rats.  Studies in rats exposed by inhalation (Bond et al. 1985; 

Dutcher et al. 1985) and by oral gavage (Eder and Dornbusch 1988; Medinsky et al. 1984) indicate that 

metabolic pathways and patterns of excretion are similar to those described for 1,3-dichloropropene.  Rats 

and mice exhibit a different pattern of toxicity in respiratory tissues following inhalation exposure to 

2,3-dichloropropene, with both species showing nasal effects, but only mice exhibiting toxicity in the 

lung (NTP 1989, 2006; Zempel et al. 1987).  Additional studies on the toxicokinetic basis of this 

difference could help to explain whether or not the differences could be related to differences in 

respiratory physiology, the size of glutathione stores in respiratory tissues, or the tissue-specific 

availability of other pathways for detoxification.  

1,1-Dichloropropene. Currently, no data are available for the toxicokinetics of 1,1-dichloropropene in 

humans or animals.  However, in vitro data suggest that 1,1-dichloropropene, unlike 1,3- and 2,3-di

chloropropene is not detoxified, but rather bioactivated to a mutagenic form by reaction with glutathione 

(Granville et al. 2005).  Studies on the absorption, distribution, metabolism, and excretion in rats and 

mice following exposure to 1,1-dichloropropene after oral, inhalation, and dermal exposure would help to 

establish the basis of this apparent paradoxical response. 

1,2- and 3,3-Dichloropropene. No toxicokinetic data are available for these compounds.  Studies on the 

comparative toxicokinetics should be deferred until the toxicity of these compounds has been adequately 

investigated. 

Methods for Reducing Toxic Effects. Information on the metabolism of 1,3-dichloropropene in 

humans (Osterloh and Feldman 1993; Osterloh et al. 1984; van Welie et al. 1989) and for 1,3- and 2,3-di

chloropropene in animals (Bond et al. 1985; Dietz et al. 1982; Eder and Dornbusch 1988; Fisher and 

Kilgore 1988a; Waechter and Kastl 1988) indicates that the major detoxifying pathway occurs via 

conjugation with glutathione, which can occur in target organs such as portal-of-entry tissues (nasal 

epithelia and the stomach) as well as the liver and kidney.  Since depletion of glutathione results in 

saturation of the detoxification pathway, resulting in the use of secondary metabolic pathways that 

produce mutagenic metabolites (Schneider et al. 1998a), research on therapies that increase tissue levels 

of glutathione (for example, N-acetylcysteine) is needed.  Conversely, since 1,1-dichloropropene 

produces mutagenic metabolites upon reaction with glutathione, therapies that interfere with that reaction 

are needed.  Additional studies on the metabolism of 1,1-dichloropropene would help to identify possible 

detoxifying pathways so that therapies could be developed. 
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Additional data are needed on the toxicity of 1,2-, and 3,3-dichloropropene before any studies can be 

conducted on methods for reducing toxic effects of these isomers. 

Children’s Susceptibility. Data needs relating to both prenatal and childhood exposures, and 

developmental effects expressed either prenatally or during childhood, are discussed in detail in the 

Developmental Toxicity subsection above. 

The scant information on the toxicity of dichloropropenes in humans is limited to studies in adults 

exposed to 1,3-dichloropropene.  Data relating to health effects in children are lacking.  As physiological 

parameters differ in fetuses, newborns, young children, and adults (EPA 2001d), studies should be 

conducted in animals to determine the effect on those differences on toxicity of dichloropropenes.  

Especially since children and adults differ with respect to respiratory parameters, animal testing should be 

conducted by the inhalation route to determine whether juveniles are at greater or lesser risk compared to 

adults following exposure.  More information is needed on transfer of dichloropropenes across the 

placenta, the kinetics of transfer, and placental metabolism of dichloropropenes.  Since depletion of 

glutathione stores is possibly related to increased use of bioactivating metabolic pathways by 1,3- and 

2,3-dichloropropene, studies monitoring the conditions under which placental glutathione stores are 

depleted would be useful.  As dichloropropene was previously reported in one of eight samples of human 

breast milk, additional toxicokinetic research is needed to define the risk associated with transfer via milk 

(Pellizzari et al. 1982). 

Child health data needs relating to exposure are discussed in Section 6.8.1, Identification of Data Needs: 

Exposures of Children. 

3.12.3 Ongoing Studies 

NTP is currently evaluating the immuntoxic potential of 1,3-dichloropropene in a 28-day oral exposure 

study in B6C3F1 mice (NTP 2008).  No additional ongoing studies were located on the toxicity or 

mechanism of action of dichloropropenes. 
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4. CHEMICAL AND PHYSICAL INFORMATION
 

4.1  CHEMICAL IDENTITY 

Data pertaining to the chemical identity of 1,1-, 1,2-, cis-1,3-, trans-1,3-, 2,3-, and 3,3-dichloropropene 

are listed in Table 4-1. 

4.2  PHYSICAL AND CHEMICAL PROPERTIES 

The physical and chemical properties of 1,1-, 1,2-, cis-1,3-, trans-1,3-, 2,3-, and 3,3-dichloropropene are 

presented in Table 4-2. 
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4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-1.  Chemical Identity of the Isomers of Dichloropropene 

cis- and trans-
cis-1,3-Dichloro- trans-1,3-Dichloro- 1,3-Dichloro-

Characteristics propene propene propene References 
Chemical name cis-1,3-Dichloro- trans-1,3-Dichloro- 1,3-Dichloropropene Lide 2005; 

propene propene NIOSH 2005 
Synonyms (Z)-1,3-Dichloro- (E)-1,3-Dichloro- 1,3-Dichloropropene; ChemID 

propene; cis-1,3- propene; trans-1,3- 1,3-dichloro-1- 2006a, 2006b 
dichloro-1-propene; dichloro-1-propene; propene; 1,3-dichloro-
cis-1,3-dichloro- trans-1,3-dichloro- propylene; 1,3-D 
propylene; cis-DCP propylene; 

trans-DCP 
Trade names Not applicable Not applicable PIC CLOR; TRICAL; EPA 2006i 

TRI-CAL TRILONE II; 
TRI-FORM; TELONE; 
INLINE 

Chemical formula C3H4Cl2 C3H4Cl2 C3H4Cl2 RTECS 2006 

Lide 2005; 
Identification numbers: 

CAS registry 10061-01-5 10061-02-6 542-75-6 RTECS 2006 
NIOSH RTECS UC8325000 UC8320000 UC8310000 RTECS 2006 
EPA hazardous Not available Not available U084 RTECS 2006 
waste 
DOT/UN/NA/IMCO UN/DOT 2047; UN/DOT 2047; IMO UN/DOT 2047; IMO DOT 2000; 
shipping IMO 3.2 3.2 3.3 HSDB 2006 
HSDB 1503 1504 1109 HSDB 2006 
NCI Not available Not available NCI-C03985 HSDB 2006 

Chemical structure Cl 

Cl 

Cl Cl Cl Cl ChemID 
2006a, 2006b; 
Lemen 2001; 
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4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-1.  Chemical Identity of the Isomers of Dichloropropene 

Characteristics 1,1-Dichloropropene 1,2-Dichloropropene References 
Chemical name 1,1-Dichloropropene 1,2-Dichloropropene	 ChemID 

2006c, 2006d; 
Lide 2005; 
RTECS 2006 

Synonyms	 1,1-Dichloro-1-propene; Propene, 1,2-dichloro-; ChemID 
propene, 1,1-dichloro-; 1,2-dichloropropylene; propylene 2006c, 2006d; 
1,1-dichloropropylene dichloride RTECS 2006 

Trade names	 Not applicable Not applicable 
Chemical formula C3H4Cl2 C3H4Cl2	 RTECS 2006 
Chemical structure Cl Cl	 ChemID 

2006c, 2006d: 
Cl Lide 2005 Cl 

Identification numbers: 
CAS registry 563-58-6 563-54-2 RTECS 2006 
NIOSH RTECS UC8290000 UC8300000 RTECS 2006 
EPA hazardous Not available Not available RTECS 2006 
waste 
DOT/UN/NA/IMCO UN/DOT 2047; IMO not UN/DOT 2047; IMO 3.3 DOT 2000; 
shipping available HSDB 2006 
HSDB Not applicable 6175 HSDB 2006 
NCI Not available Not available HSDB 2006 
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4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-1.  Chemical Identity of the Isomers of Dichloropropene 

Characteristics 2,3-Dichloropropene 3,3-Dichloropropene References 
Chemical name 2,3-Dichloropropene 3,3-Dichloropropene	 ChemID 

2006e, 2006f; 
Lide 2005; 

Synonyms	 2,3-Dichloro-1-propene; 1-Propene, 3,3-dichloro ChemID 
1,2-dichloro-2-propene; 2006e, 2006f 
propene, 2,3-dichloro-; 
2,3-dichloropropylene 

Trade names	 Not applicable Not applicable 
Chemical formula C3H4Cl2 C3H4Cl2	 ChemID 

2006e, 2006f 
Chemical structure Cl 

Cl 

Cl ChemID 
2006e, 2006f 

Cl 

Identification numbers: 
CAS registry 78-88-6 563-57-5 ChemID 

2006e, 2006f 
NIOSH RTECS UC8400000 Not applicable HSDB 2006 
EPA hazardous Not available Not available 
waste 
DOT/UN/NA/IMCO UN/DOT 2047; IMO 3.3 UN/DOT 2047; IMO not available DOT 2000 
shipping 
HSDB 5222 Not applicable HSDB 2006 
NCI Not available Not available 

CAS = Chemical Abstracts Service; DOT/UN/NA/IMCO = Department of Transportation/United Nations/North 
America/Intergovernmental Maritime Consultative Organization; EPA = Environmental Protection Agency; 
HSDB = Hazardous Substance Data Bank; NCI = National Cancer Institute; NIOSH = National Institute for 
Occupational Safety and Health; RTECS = Registry of Toxic Effects of Chemical Substances 



  
 

  
 
 

 
 
 
 
 

 

 
 

   

 

  
     

     
 

     
 

      
        

         
  

  
     

     
       
      

     
          

 
   

 

 

 

 

 

 

     
      
     

 
 

 
        

 
 

   
    

 

   

    
 

 
     

      
  

  
    

   
  

    

 
    

     

183 DICHLOROPROPENES 

4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-2.  Physical and Chemical Properties of the Isomers of Dichloropropene 

cis- and trans-
cis-1,3-Dichloro- trans-1,3-Dichloro- 1,3-Dichloro-

Property propene propene propene References 
Molecular weight 110.97 110.97 110.97 RTECS 2006 
Color Colorless Colorless Colorless to amber Lewis 2001; 

Tomlin 2003 
Physical state Liquid Liquid Liquid Lewis 2001; 

Tomlin 2003 
Melting point Not available Not available -84 °C Verschueren 2001 
Boiling point 104.3 °C 112.0 °C 108 °C O’Neil et al. 2001 
Density 1.224 g/cm3 at 20 °C 1.217 g/cm3 at 20 °C 1.211 g/cm3 at 25 °C Meister et al. 

2006; O’Neil et al. 
2001 

Odor Not available Not available Sweet, penetrating Tomlin 2003 
Odor threshold 

Water Not available Not available Not available 
Air Not available Not available 1 ppm Verschueren 2001 

Solubility 
Water at 20 °C 2.7x103 mg/L 2.8x103 mg/L 2.0x103 mg/L Dilling 1977; 

Tomlin 2003 
Organic solvents Soluble in ether, 

benzene, and 
chloroform 

Soluble in ether, 
benzene, and 
chloroform 

Miscible with hydro-
carbons, halogenated 
solvents, esters, and 
ketones 

Lide 2005; Tomlin 
2003 

Partition coefficients 
Log octanol/water 2.06 2.03 1.82 Tomlin 2003 
Koc 23, 25.7, 26.3, 27.6 26, 27.8, 27.2, 27.5 18–60 Hamaker and 

Thompson 1972; 
Kenaga 1980; Kim 
et al. 2003b 

Vapor pressure 30 mm Hg at 20 °C 22 mm Hg at 20 °C 27.8 mm Hg at 20 °C Dilling 1977; EPA 
1981c 

Vapor density 
(air = 1) 

Not available 

Henry’s law constant 
(atm/m3-molecule 
at 20 °C) 

2.71x10-3 

Not available 

8.71x10-4 

3.83 

3.55x10-3 

Lemen 2001 

EPA 1987b; 
Leistra 1970 

Flashpoint (open 
cup) 

21 °C (69.8 °F) 21 °C (69.8 °F) 35 °C (95 °F) Lewis 2000, 2001 

Conversion factors 
ppm (v/v) to mg/m3 

in air (20 °C) 
4.61 

mg/m3 to ppm (v/v) 
in air (20 °C) 

0.22 

4.61 

0.22 

4.61 

0.22 

Verschueren 2001 

Verschueren 2001 

Bioconcentration Not available Not available Not available 
factor (log BCF) 
Explosive limits Not available Not available 5.3–14.5% NIOSH 2005 
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Table 4-2.  Physical and Chemical Properties of the Isomers of Dichloropropene 

Property 1,1-Dichloropropene 1,2-Dichloropropene References 
Molecular weight 110.97 110.97 RTECS 2006 
Color Not available Not available 
Physical state Liquid Liquid EPA 1981c 
Melting point Not available Not available 
Boiling point 76.5 °C 75 °C Lide 2005; Verschueren 

2001 
Density 1.186 g/cm3 at 25 °C Not available Lide 2005 
Odor Not available Not available 
Odor threshold 

Water Not available Not available 
Air Not available Not available 

Solubility 
Water at Not available 2.7x103 mg/L at 25 °C Gunther et al. 1968 
Organic solvents Soluble in ether, acetone, 

and chloroform 
Soluble in ether, benzene, 
and chloroform 

Lide 2005 

Partition coefficients 
Log octanol/water Not available Not available 
Koc Not available Not available 

Vapor pressure 91 mm Hg at 20 °C 91 mm Hg at 20 °C EPA 1981c 
Vapor density (air=1) Not available 3.83 Lewis 2000; 

Verschueren 2001 
Henry’s law constant 
(atm/m3-molecule at 
20 °C) 

Not available Not available 

Flashpoint Not available Not available 
Conversion factors 

ppm (v/v) to mg/m3 in 
air (20 °C) 
mg/m3 to ppm (v/v) in 
air (20 °C) 

4.61 

0.22 

4.61 

0.22 

Verschueren 2001 

Verschueren 2001 

Bioconcentration factor 
(log BCF) 

Not available Not available 

Explosive limits Not available Not available 
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4.  CHEMICAL AND PHYSICAL INFORMATION 

Table 4-2.  Physical and Chemical Properties of the Isomers of Dichloropropene 

Property 2,3-Dichloropropene 3,3-Dichloropropene References 
Molecular weight 110.97 110.97 ChemID 2006e, 2006f; 

RTECS 2006 
Color Straw-colored Not available Verschueren 2001 
Physical state Liquid Liquid EPA 1981c; Lide 2005 
Melting point 10 °C Not available Lide 2005; Verschueren 

2001 
Boiling point 
Density (20 °C) 

94 °C 
1.211 g/cm3 at 20 °C 

84.4 °C 
1.224 g/cm3 at 20 °C 

EPA 1981c; Lide 2005 
Lide 2005; Meister et al. 
2006; O’Neil et al. 2001 

Odor Pungent Not available Verschueren 2001 
Odor threshold 

Water Not available Not available 
Air Not available Not available 

Solubility 
Water 2.15x103 mg/L at 25 °C Not available Mackay and Shiu 1981 
Organic solvents Miscible in ethanol, soluble in 

ether, benzene, and chloroform 
Soluble in ether, benzene, 
and chloroform 

Lide 2005; Tomlin 2003 

Partition coefficients 
Log octanol/water Not available Not available 
Koc Not available Not available 

Vapor pressure 45 mm Hg at 20 °C 71 mm Hg at 20 °C EPA 1981c 
Vapor density 
(air=1) 

3.8 

Henry’s law constant 
(atm/m3-molecule 
at 20 °C) 

Not available 

Not available 

Not available 

Lewis 2000; 
Verschueren 2001 

Flashpoint 10 °C (50 °F) Not available Lewis 2000 
Conversion factors 

ppm (v/v) to mg/m3 

in air (20 °C) 
4.61 

mg/m3 to ppm (v/v) 
in air (20 °C) 

0.22 

4.61 

0.22 

Verschueren 2001 

Verschueren 2001 

Bioconcentration Not available Not available 
factor (log BCF) 
Explosive limits Not available Not available 
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5. PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 

5.1  PRODUCTION 

1,3-Dichloropropene is produced by either high-temperature chlorination of propylene or from 

1,3-dichloro-2-propanol by dehydration with POCl3 or P2O5 in benzene (Hartwig et al. 2005; Krahling et 

al. 2005; Yang 1986).  All commercial preparations of 1,3-dichloropropene are mixtures of the cis- and 

trans- isomers.  Before 1978, approximately 25 million kilograms (25,000 metric tons) of 1,3-dichloro

propene were produced annually in the United States (Yang 1986).  Over 1 million kilograms 

(1,000 metric tons) of pesticides containing 1,3-dichloropropene were used in California alone in 1978.  

The production volume of 1,3-dichloropropene reported by U.S. manufacturers in 1986, 1990, 1994, 

1998, and 2002 was within the range of >1 million pounds to 10 million pounds (>450–4,500 metric tons) 

(IUR 2002). 

2,3-Dichloropropene is produced during the chlorination of propylene as a byproduct in allyl chloride 

synthesis (Krijgsheld and van der Gen 1986).  It can also be formed by treating 1,2,3-trichloropropane 

with alkali or by chlorination of 2-chloro-1-propene.  Production methods for 1,1-, 1,2-, and 3,3-dichloro

propene were not located.  Based on the International Update Rule data, the production volume of 2,3-di

chloropropene reported by U.S. manufacturers was within the range of >1 million pounds to 10 million 

pounds (>450–4,500 metric tons) in 1986 and <10,000 pounds (4.5 metric tons) in 1990, 1994, 1998, and 

2002 (IUR 2002).  1,1-, 1,2-, and 3,3-Dichloropropene were not listed as high production volume 

chemicals (>10,000 pounds or 4.5 metric tons produced per year) in 1986, 1990, 1994, 1998, or 2002 

(IUR 2002).   

According to SRI (2005), Dow AgroSciences LLC (Freeport, Texas) is the only current manufacturer of 

1,3-dichloropropene.  Active registrants of 1,3-dichloropropene pesticide formulations include Dow 

AgroSciences LLC (Indianapolis, Indiana), Soil Chemicals Corporation (Hollister, California), and Trical 

(Hollister, California).  Current manufacturers of 1,1-, 1,2-, 2,3-, and 3,3-dichloropropene were not 

located in the literature. 

After the use of ethylene dibromide (EDB) was suspended by EPA, 1,3-dichloropropene and methyl 

bromide became the major substitutes for EDB (Yang 1986).  Now that the use of methyl bromide is 

scheduled to be phased out by EPA in 2006, 1,3-dichloropropene is expected to become a substitute for 
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this pesticide as well (Cryer and van Wesenbeeck 2001; El Hadiri et al. 2003; EPA 2006k; Kim et al. 

2003a, 2003b). 1,3-Dichloropropene use permits were suspended in California during 1990 after high 

concentrations of this pesticide were detected in air samples (Baker et al. 1996; EPA 1998; Roby and 

Melichar 1997).  Reintroduction of limited use was approved by the California Department of Pesticide 

Regulation in 1994. 

Tables 5-1 and 5-2 list the facilities in each state that manufacture or process 1,3-dichloropropene and 

2,3-dichloropropene, respectively.  These tables give the intended use and the range of the amounts of 

1,3- and 2,3-dichloropropene stored on site.  The data listed in Tables 5-1 and 5-2 are derived from the 

Toxics Release Inventory (TRI05 2007).  Only certain types of facilities were required to report (EPA 

1997).  Therefore, this is not an exhaustive list.  TRI data are not available for 1,1-, 1,2-, and 3,3-dichloro

propene. 

5.2  IMPORT/EXPORT 

Import and export data for 1,1-, 1,2-, 1,3-, 2,3-, and 3,3-dichloropropene were not located in the literature. 

5.3  USE 

1,3-Dichloropropene is the predominant component of several formulations used in agriculture as soil 

fumigants for parasitic nematodes (Hartwig et al. 2005; Krijgsheld and van der Gen 1986).  Currently, 

there are 14 registered commercial preparations of fumigants that contain 1,3-dichloropropene (EPA 

2006i).  The trade names of these preparations are listed in Chapter 4.  Table 5-3 contains the reported 

chemical compositions of these mixtures.  Some variation may exist in the composition of these products.  

Most of these fumigants are not diluted and are applied directly to the soil of vegetable and tobacco crops 

(Yang 1986).  Much smaller quantities of 1,3-dichloropropene are used as solvents and chemical 

intermediates (Krijgsheld and van der Gen 1986; Lewis 2001). 

2,3-Dichloropropene is used as a chemical intermediate (Krijgsheld and van der Gen 1986).  It was 

formerly used as an active ingredient along with ethylene dichloride in a pesticide formulation (EPA 

2006i).  However, the registration of this pesticide was cancelled in 1985.  Uses for 1,1-, 1,2-, and 3,3-di

chloropropene were not located in the available literature. 
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Table 5-1.  Facilities that Produce, Process, or Use 1,3-Dichloropropene 

Minimum Maximum 
Number of amount on site amount on site 

Statea facilities in poundsb in poundsb Activities and usesc 

AR 2 1,000 99,999 12 
CA 10 1,000 9,999,999 6, 7, 9 
DE 4 10,000 9,999,999 6, 10 
FL 2 100,000 9,999,999 7, 9 
GA 3 10,000 999,999 7, 9 
HI 1 1,000 9,999 10 
IL 2 1,000 99,999 7, 12 
LA 19 0 9,999,999 1, 3, 4, 5, 6, 12, 13 
MI 7 100,000 9,999,999 1, 3, 4, 5, 7, 9, 12 
MS 1 1,000 9,999 10 
NC 2 100,000 9,999,999 9 
NJ 2 1,000 99,999 12 
OH 4 1,000 9,999,999 1, 4, 7, 12 
SC 1 10,000 99,999 6 
TX 20 1,000 99,999,999 1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14 
WA 2 1,000,000 49,999,999 9 

aPost office state abbreviations used 
bAmounts on site reported by facilities in each state 
cActivities/Uses: 
1.  Produce 6.  Impurity 11.  Chemical Processing Aid 
2.  Import 7.  Reactant 12.  Manufacturing Aid 
3.  Onsite use/processing 8.  Formulation Component 13.  Ancillary/Other Uses 
4.  Sale/Distribution 9.  Article Component 14.  Process Impurity 
5.  Byproduct 10.  Repackaging 

Source:  TRI05 2007 (Data are from 2005) 
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Table 5-2.  Facilities that Produce, Process, or Use 2,3-Dichloropropene 

Statea 
Number of 
facilities 

Minimum 
amount on site 
in poundsb 

Maximum 
amount on site 
in poundsb Activities and usesc 

IA 2 100 9,999 1, 5, 13 
IN 1 10,000 99,999 6 
LA 5 10,000 999,999 1, 4, 5, 12, 13 
TX 18 0 49,999,999 1, 2, 3, 5, 6, 7, 8, 11, 12, 13, 14 

aPost office state abbreviations used 
bAmounts on site reported by facilities in each state 
cActivities/Uses: 
1.  Produce 
2.  Import 
3.  Onsite use/processing 
4.  Sale/Distribution 
5.  Byproduct 

6.  Impurity 
7.  Reactant 
8.  Formulation Component 
9.  Article Component 
10.  Repackaging 

11.  Chemical Processing Aid 
12.  Manufacturing Aid 
13.  Ancillary/Other Uses 
14.  Process Impurity 

Source:  TRI05 2007 (Data are from 2005) 
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Table 5-3.  Compositions of Actively Registered Commercial Products Containing 
1,3-Dichloropropene 

Name Composition	 Manufacturer 
Pic Clor 60	 39% 1,3-dichloropropene 

59.4% chloropicrin 
Pic-Chlor 15	 82.9% 1,3-dichloropropene 

14.8% chloropicrin 
Pic-Chlor 30	 68.2% 1,3-dichloropropene 

29.7% chloropicrin 
Tri-Cal Trilone II Soil Fumigant 94% 1,3-dichloropropene 
Tri-Form 40/60	 37.6% 1,3-dichloropropene 

60% chloropicrin 
Telone C-15	 82.9% 1,3-dichloropropene 

14.8% chloropicrin 
Tri-Form 30	 68.2% 1,3-dichloropropene 

29.7% chloropicrin 
Tri-Form 35	 63.4% 1,3-dichloropropene 

34.6% chloropicrin 
Telone C-17	 81.2% 1,3-dichloropropene 

16.5% chloropicrin 
Telone II	 97.5% 1,3-Dichloropropene 
Telone C-35	 63.4% 1,3-dichloropropene 

34.7% chloropicrin 
Telone EC	 93.6% 1,3-dichloropropene 

Telone Technical	 97.5% 1,3-dichloropropene 
Inline	 60.8% 1,3-dichloropropene 

33.3% chloropicrin 

Soil Chemicals Corporation 

Soil Chemicals Corporation 

Soil Chemicals Corporation 

Trical 
Trical 

Trical 

Trical 

Trical 

Dow Agrosciences LLC 

Dow Agrosciences LLC 
Dow Agrosciences LLC 

Dow Agrosciences LLC 

Dow Agrosciences LLC 
Dow Agrosciences LLC 

Source:  EPA 2006i 
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5.4  DISPOSAL 

1,3-Dichloropropene may be disposed of by using a sorbent media that is packaged in an epoxy-lined 

drum and placed in a Resource Conservation and Recovery Act (RCRA)-approved landfill.  1,3-Dichloro

propene may also be disposed of in a high-temperature incinerator with an acid scrubber and a 

temperature/dwell time that will completely destroy the pesticide (HSDB 2006).  Disposal methods 

specific to 1,1-, 1,2-, 2,3-, and 3,3-dichloropropene were not located in the literature; however, disposal 

methods designed for 1,3-dichloropropene are expected to apply to these isomers as well based on the 

similarities in physical and chemical properties. 
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6. POTENTIAL FOR HUMAN EXPOSURE 

6.1  OVERVIEW 

The majority of dichloropropene data pertaining to environmental releases, environmental fate and 

partitioning, monitoring in environmental media, and the potential for human exposure have been 

provided for the 1,3- isomer only.  This is most likely because 1,3-dichloropropene is produced in much 

larger quantities than the other isomers and it is released directly into the environment as a pesticide. 

Therefore, the focus of this chapter is on 1,3-dichloropropene.  Relevant data regarding 1,1-, 1,2-, 2,3-, 

and 3,3-dichloropropene are included whenever available.  

1,1-, 1,2-, 1,3-, and 2,3-Dichloropropene have been identified in at least 2, 9, 107, and 3 of the 

1,699 hazardous waste sites, respectively, that have been proposed for inclusion on the EPA National 

Priorities List (NPL) (HazDat 2008).  However, the number of sites evaluated for 1,1-, 1,2-, 1,3-, and 

2,3-dichloropropene is not known.  The frequency of sites where 1,3-dichloropropene has been identified 

can be seen in Figure 6-3, while those where 1,1-, 1,2-, and 2,3-dichloropropene have been identified can 

be seen in Figures 6-1, 6-2, and 6-4, respectively.  3,3-Dichloropropene was not identified in any of the 

1,699 hazardous waste sites that have been proposed for inclusion on the EPA NPL. 

1,3-Dichloropropene is not a naturally occurring compound (IARC 1986).  It is produced synthetically 

and may be released to the atmosphere in fugitive or accidental emissions during its manufacture, storage, 

and transport.  1,3-Dichloropropene’s use as a soil fumigant for the control of nematodes in various crops 

will result in its direct release to the environment (EPA 1978a; Lao et al. 1982).  1,3-Dichloropropene is 

typically applied to soils prior to planting by underground injection at a depth of 12–18 inches (EPA 

1998).  Due to its volatile nature, it may migrate to the soil surface where it volatilizes to air.  In order to 

reduce potential emissions to air and increase the effectiveness of 1,3-dichloropropene as a fumigant, soil 

sealing techniques such as immediate irrigation, soil compacting, and covering the treated fields with 

tarps are common agricultural practices when using 1,3-dichloropropene and other fumigants (EPA 

1998). 

1,3-Dichloropropene may leach into groundwater and soil from landfills and hazardous waste sites 

(Hauser and Bromberg 1982; Sabel and Clark 1984).  The most common release of 1,3-dichloropropene 
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to soil occurs during the application of the chemical to agricultural fields when used as a soil fumigant 

(CEPA 1982; Cohen 1986; Krijgsheld and van der Gen 1986; Maddy et al. 1982).  Accidental spills may 

also release 1,3-dichloropropene to the environment (Markovitz and Crosby 1984; Sterrett et al. 1986).  

Releases of 1,1-, 1,2-, and 3,3-dichloropropene into the environment are expected to be low since these 

substances are not produced or used on a large scale for commercial or industrial purposes.  2,3-Dichloro

propene may be released from facilities where it is produced or used. 

Limited monitoring data are available for 1,3-dichloropropene in surface water, drinking water, and soil; 

however, the existing data indicate that this substance is not widely detected in these media (Dowty et al. 

1975a, 1975b; EPA 2006j; Krijgsheld and van der Gen 1986; Otson 1987; Rogers et al. 1987).  1,3-Di

chloropropene has not been detected in food (EPA 1998).  1,3-Dichloropropene was positively detected in 

air in generally <5% of urban air samples collected across the United States.  Mean concentrations among 

the positive samples from both urban and rural locations across the United States ranged from 0.088 to 

0.33 ppb. 1,3-Dichloropropene air concentrations as high as 35.2 ppb have been measured at high-use 

locations.  A few nationwide surveys have been conducted in which 1,3-dichloropropene was analyzed 

for in water; however, only the STORET database lists positive detections of this substance (EPA 2006j; 

Kolpin et al. 2000; Moran et al. 2004).  1,3-Dichloropropene was detected in approximately 40% of 

12,673 water samples listed in STORET (EPA 2006j).  However, only 6% of the samples contained 

1,3-dichloropropene above the quantitation limit (unspecified).  The range, mean, and median of 

quantifiable 1,3-dichloropropene concentrations were 0.002–25, 0.5, and 0.5 ppb, respectively.  1,3-Di

chloropropene was detected in only 0.1% of 70,631 public water system samples collected in the United 

States between 1993 and 1997 (EPA 2001c).  

1,1-, 1,2-, 2,3-, and 3,3-Dichloropropene are not commonly found at measurable concentrations in air, 

surface water, drinking water, groundwater, soil, or food.  1,1-Dichloropropene has been detected in 

64% of 5,348 water samples listed in STORET, but only 1% of the samples contained 1,1-dichloro

propene above the quantifiable limit.  The range of quantifiable concentrations in water was 0.001–5 ppb, 

with a mean of 0.4 ppb (EPA 2006j).  1,1-Dichloropropene was detected in only 0.01% of 97,698 public 

water system samples collected in the United States between 1993 and 1997 (EPA 2001c).  

Possible routes of human exposure to 1,3-dichloropropene include inhalation, ingestion of contaminated 

drinking waters, and dermal contact.  1,3-Dichloropropene is rarely detected in foods due to its relatively 

short environmental persistence; therefore, exposure to the general population through the consumption of 

food is considered to be low.  High levels of exposure to 1,3-dichloropropene are most likely to occur in 
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occupational settings where 1,3-dichloropropene is either produced or used as a soil fumigant (Albrecht 

1987b; Albrecht et al. 1986; Markovitz and Crosby 1984; Nater and Gooskens 1976; Osterloh et al. 1984, 

1989a, 1989b; van Joost and de Jong 1988; Wang 1984).  Intake by inhalation or dermal contact is the 

most probable route of workplace exposure to 1,3-dichloropropene.  1,3-Dichloropropene is a volatile 

compound and, after soil application as a fumigant, a fraction of the compound will volatilize and escape 

into the atmosphere (Krijgsheld and van der Gen 1986).  Inhalation and dermal contact are probably the 

major sources of exposure to individuals who work in fields where 1,3-dichloroproene is applied. 

The potential for human exposure to 1,1-, 1,2-, and 3,3-dichloropropene is expected to be low because 

they are not produced or used in high amounts.  Since 2,3-dichloropropene may be released from facilities 

where this substance is produced or used, individuals who work or live near these facilities may be 

exposed to this substance; however, exposure of the general population to 2,3-dichloropropene is not 

expected to be important. 

6.2  RELEASES TO THE ENVIRONMENT 

The Toxics Release Inventory (TRI) data should be used with caution because only certain types of 

facilities are required to report (EPA 2005a).  This is not an exhaustive list.  Manufacturing and 

processing facilities are required to report information to the TRI only if they employ 10 or more full-time 

employees; if their facility is included in Standard Industrial Classification (SIC) Codes 10 (except 1011, 

1081, and 1094), 12 (except 1241), 20–39, 4911 (limited to facilities that combust coal and/or oil for the 

purpose of generating electricity for distribution in commerce), 4931 (limited to facilities that combust 

coal and/or oil for the purpose of generating electricity for distribution in commerce), 4939 (limited to 

facilities that combust coal and/or oil for the purpose of generating electricity for distribution in 

commerce), 4953 (limited to facilities regulated under RCRA Subtitle C, 42 U.S.C. section 6921 et seq.), 

5169, 5171, and 7389 (limited S.C. section 6921 et seq.), 5169, 5171, and 7389 (limited to facilities 

primarily engaged in solvents recovery services on a contract or fee basis); and if their facility produces, 

imports, or processes ≥25,000 pounds of any TRI chemical or otherwise uses >10,000 pounds of a TRI 

chemical in a calendar year (EPA 2005a). 
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6.2.1 Air 

Estimated releases of 5,502 pounds (2.5 metric tons) of 1,3-dichloropropene to the atmosphere from 

16 domestic manufacturing and processing facilities in 2005, accounted for about 92% of the estimated 

total environmental releases from facilities required to report to the TRI (TRI05 2007).  Estimated 

releases of 4,447 pounds (2.0 metric tons) of 2,3-dichloropropene to the atmosphere from five domestic 

manufacturing and processing facilities in 2005, accounted for about 89% of the estimated total 

environmental releases from facilities required to report to the TRI (TRI05 2007).  These releases of 

1,3- and 2,3-dichloropropene are summarized in Tables 6-1 and 6-2, respectively.  1,1-, 1,2-, and 3,3-Di

chloropropene were not listed in the TRI. 

1,3-Dichloropropene is produced synthetically and may be released to the atmosphere as fugitive or 

accidental emissions during its manufacture (Leiber and Berk 1984; van Joost and de Jong 1988), 

transport (Markovitz and Crosby 1984; Sterrett et al. 1986), and storage (Albrecht et al. 1986).  For 

example, on April 8, 1984, a rail accident that occurred about 45 miles southeast of Tucson, Arizona 

resulted in a spill of 15,000 gallons of 1,3-dichloropropene.  During the clean-up, which took place 

between August 1984 and March 1985, approximately 19,000 pounds of 1,3-dichloropropene were 

released to ambient air by an aeration process (Sterrett et al. 1986). 

A major anthropogenic release of 1,3-dichloropropene to the atmosphere occurs during its application as a 

soil fumigant (Albrecht 1987a; Markovitz and Crosby 1984; Osterloh et al. 1984, 1989a, 1989b).  Current 

application methods involve injecting the fumigant at least 12 inches below the soil surface (EPA 1998).  

Off-gassing of 1,3-dichloropropene in chisel trace left behind during application occurs for several days 

after application.  Current methods used to minimize volatilization of 1,3-dichloropropene after 

application include soil compaction, irrigation, and covering with a tarp (EPA 1998).  Modification of 

current application methods and the use of organic and fertilizer amendments are being explored as ways 

to further minimize air emissions of 1,3-dichloropropene from treated fields (Gan et al. 1998a, 1998b; 

Kim et al. 2003b; Wang et al. 2001a, 2001b). 

1,3-Dichloropropene was detected in atmospheric samples of three sites located in Washington state, 

Arizona, and North Carolina following its application (NCFA 1997).  1,3-Dichloropropene was broadcast 

applied to a 20-acre loamy sand field at an application rate of 252 lbs a.i./A at the Washington state site.  

It was row applied to a 20-acre sandy loam located in Arizona at a rate of 121.2 lbs a.i./A, and was 

broadcast applied at a rate of 164 lbs a.i. to a 12-acre sandy loam plot in North Carolina used to grow 
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Table 6-1.  Releases to the Environment from Facilities that Produce, Process, or
 
Use 1,3-Dichloropropenea
 

Reported amounts released in pounds per yearb 

Total release 
Statec RFd Aire Waterf UIg Landh Otheri On-sitej Off-sitek On- and off-site 
AR 1 0 No data 0 0 0 0 0 0 
CA 2 16 0 0 0 0 16 0 16 
DE 1 10 No data 0 0 10 10 10 20 
FL 1 1,340 No data 0 0 0 1,340 0 1,340 
GA 2 1,268 No data 0 0 0 1,268 0 1,268 
LA 3 402 0 0 0 0 402 0 402 
NC 1 500 No data 0 0 0 500 0 500 
OH 2 609 0 0 255 0 609 255 864 
TX 2 1,193 16 0 202 0 1,411 0 1,411 
WA 1 164 No data 0 0 0 164 0 164 
Total 16 5,502 0 0 457 10 5,720 265 5,985 

aThe TRI data should be used with caution since only certain types of facilities are required to report.  This is not an 

exhaustive list.  Data are rounded to nearest whole number.
 
bData in TRI are maximum amounts released by each facility.
 
cPost office state abbreviations are used.
 
dNumber of reporting facilities.

eThe sum of fugitive and point source releases are included in releases to air by a given facility.
 
fSurface water discharges, waste water treatment-(metals only), and publicly owned treatment works (POTWs)
 
(metal and metal compounds).
 
gClass I wells, Class II-V wells, and underground injection.
 
hResource Conservation and Recovery Act (RCRA) subtitle C landfills; other on-site landfills, land treatment, surface 

impoundments, other land disposal, other landfills.

iStorage only, solidification/stabilization (metals only), other off-site management, transfers to waste broker for
 
disposal, unknown

jThe sum of all releases of the chemical to air, land, water, and underground injection wells.

kTotal amount of chemical transferred off-site, including to POTWs.
 

RF = reporting facilities; UI = underground injection 

Source:  TRI05 2007 (Data are from 2005) 
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Table 6-2.  Releases to the Environment from Facilities that Produce, Process, or
 
Use 2,3-Dichloropropenea
 

Reported amounts released in pounds per yearb 

Total release 
Statec RFd Aire Waterf UIg Landh Otheri On-sitej Off-sitek On- and off-site 
IA 1 4,174 No data 0 0 0 4,174 0 4,174 
LA 2 84 0 0 0 0 84 0 84 
TX 2 189 470 0 60 0 719 0 719 
Total 5 4,447 470 0 60 0 4,977 0 4,977 

aThe TRI data should be used with caution since only certain types of facilities are required to report.  This is not an 

exhaustive list.  Data are rounded to nearest whole number.
 
bData in TRI are maximum amounts released by each facility.
 
cPost office state abbreviations are used.
 
dNumber of reporting facilities.

eThe sum of fugitive and point source releases are included in releases to air by a given facility.
 
fSurface water discharges, waste water treatment-(metals only), and publicly owned treatment works (POTWs) (metal
 
and metal compounds).
 
gClass I wells, Class II-V wells, and underground injection.

hResource Conservation and Recovery Act (RCRA) subtitle C landfills; other on-site landfills, land treatment, surface 

impoundments, other land disposal, other landfills.

iStorage only, solidification/stabilization (metals only), other off-site management, transfers to waste broker for
 
disposal, unknown

jThe sum of all releases of the chemical to air, land, water, and underground injection wells.

kTotal amount of chemical transferred off-site, including to POTWs.
 

RF = reporting facilities; UI = underground injection 

Source:  TRI05 2007 (Data are from 2005) 
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tobacco.  Atmospheric samples were monitored over a 15-day period at each site and at distances of up to 

1,600 meters from the site.  These data are summarized in Table 6-3. 

The monitoring data indicated that 1,3-dichloropropene air concentrations peaked during the first 3 days 

following treatment and then declined over a period of 14 days following treatment, which was the 

duration of the air monitoring study.  

Telone II® was applied at approximately 12.8 gallons per acre (121 lbs a.i./acre) to a fallow plot in 

Nevada and 1,3-dichloropropene levels were monitored for 7 days directly above the field and at locations 

up to one-half mile away (EPA 1998).  The average concentration of 1,3-dichloropropene at a 6-inch 

height above the field during 7 days was 465.31 μg/m3; at a 5-foot height at the edge of the field, it was 

94.81 μg/m3; at a 5-foot height 100 feet away from the field, it was 39.39 μg/m3; at a 5-foot height 

0.25 miles from the field, it was 5.17 μg/m3; and at a 5-foot height one-half mile from the field, it was 

3.88 μg/m3. Wind velocity was determined to be the major factor in the dispersion of 1,3-dichloro

propene.  

1,3-Dichloropropene has been identified in air samples collected at 6 of the 1,699 NPL hazardous waste 

sites where it was detected in some environmental media (HazDat 2008).  1,1-, 1,2-, 2,3-, and 3,3-Di

chloropropene were not identified in air samples collected at any of the 1,699 NPL hazardous waste sites. 

6.2.2 Water 

Estimated releases of 470 pounds (0.2 metric tons) of 2,3-dichloropropene to surface water from five 

domestic manufacturing and processing facilities in 2005, accounted for <1% of the estimated total 

environmental releases from facilities required to report to the TRI (TRI05 2007).  These releases are 

summarized in Table 6-2.  According to TRI estimates, there were no releases of 1,3-dichloropropene to 

surface water from 16 domestic manufacturing and processing facilities in 2005 (TRI05 2007).  TRI data 

for 1,3-dichloropropene are summarized in Table 6-1.  1,1-, 1,2-, and 3,3-Dichloropropene were not listed 

in the TRI. 

Very little information regarding the release of 1,3-dichloropropene to water was found in the available 

literature.  It has been suggested that chlorination of organic substances during treatment in water systems 

can result in the formation of low levels of 1,3-dichloropropene (Dowty et al. 1975a, 1975b; Krijgsheld 

and van der Gen 1986; Otson 1987; Rogers et al. 1987).  Trace quantities of 1,3-dichloropropene are 
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Table 6-3.  Maximum Concentrations (24-Hour Time-Weighted Average) of 
1,3-Dichloropropene in Air at Varying Distances from Treated Fields 

Maximum Maximum 
Distance from 4-hour 24-hour TWA Mean 7-day Mean 15-day 
treated field concentration concentration concentration concentration 
(meters)a Location (ppb) (ppb) (ppb) (ppb) 
1,600 Arizona 20.0 5.1 0.7 0.5 
1,200 Arizona 34.7 10.1 1.2 0.8 

800 Arizona 47.5 13.8 2.1 1.4 
800 Washington 37.8 17.5 4.6 3.2 
800 North 

Carolina 13.9 2.4 0.3 0.3 
500 Arizona 106.1 30.9 4.1 2.6 
500 Washington 40.3 20.2 5.3 3.8 
500 North 

Carolina 20.3 3.5 0.5 0.3 
125 Arizona 376.1 127.4 20.2 12.2 
125 Washington 114.7 61.2 12.1 8.8 
125 North 

Carolina 61.8 12.8 2.3 1.3 
25 Arizona 786.6 397.5 43.1 24.7 
25 Washington 68.6 46.7 16.5 13.7 
25 North 

Carolina 86.7 49.0 5.8 3.3 
5 Arizona 350.4 281.2 40.7 23.0 
5 Washington 77.2 51.8 20.2 16.2 
5 North 

Carolina 147.7 75.6 8.4 4.8 
Onsite Arizona 509.6 234.7 69.4 37.6 
Onsite Washington 77.2 58.6 33.3 25.4 
Onsite North 

Carolina 74.8 57.6 16.6 8.9 

aAll samples were obtained at a height of approximately 5 feet above ground. 

Source:  NCFA 1997 
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formed during the chlorination of cooling water, which prevents biofouling at electricity-generating 

power facilities (Bean et al. 1985).  Very little information is available regarding the presence of 1,3-di

chloropropene in drinking water.  A survey of sewage treatment facilities demonstrated that 1,3-dichloro

propene may be released to surface waters via primary and secondary effluents (EPA 1978a; Lao et al. 

1982).  Waste water effluents from petroleum refineries may also release 1,3-dichloropropene to surface 

waters (Snider and Manning 1982).  Waste water from 1,3-dichloropropene production sites can also 

release 1,3-dichloropropene to surface waters (EPA 1981a). 

Due to its high mobility in soils and the fact that 1,3-dichloropropene is injected underground to a depth 

of 12–18 inches when used as a fumigant, migration to groundwater is possible (Cohen 1986; Krijgsheld 

and van der Gen 1986; Maddy et al. 1982).  1,3-Dichloropropene may also be released to groundwater via 

landfills and hazardous waste sites (Hauser and Bromberg 1982; Sabel and Clark 1984). 

2,3-Dichloropropene has been qualitatively identified in groundwater collected from the Ville Mercier 

hazardous waste site located in southern Quebec, Canada (Pakdel et al. 1994). 

1,1-, 1,2-, 1,3-, and 2,3-Dichloropropene have been identified in groundwater samples collected at 1, 3, 

68, and 3 of the 1,699 NPL hazardous waste sites, respectively, where it was detected in some 

environmental media (HazDat 2008).  3,3-Dichloropropene was not identified in groundwater samples 

collected at any of the 1,699 NPL hazardous waste sites.  1,3-Dichloropropene has been identified in 

surface water samples collected at 10 of the 1,699 NPL hazardous waste sites, respectively, where it was 

detected in some environmental media (HazDat 2008).  1,1-, 1,2-, 2,3-, and 3,3-Dichloropropene were not 

identified in surface water samples collected at any of the 1,699 NPL hazardous waste sites. 

6.2.3 Soil 

Estimated releases of 457 pounds (0.2 metric tons) of 1,3-dichloropropene to soils from 16 domestic 

manufacturing and processing facilities in 2005, accounted for about 8% of the estimated total 

environmental releases from facilities required to report to the TRI (TRI05 2007).  Estimated releases of 

60 pounds (0.03 metric tons) of 2,3-dichloropropene to soils from five domestic manufacturing and 

processing facilities in 2005, accounted for 1% of the estimated total environmental releases from 

facilities required to report to the TRI (TRI05 2007).  These releases of 1,3- and 2,3-dichloropropene are 

summarized in Tables 6-1 and 6-2, respectively.  1,1-, 1,2-, and 3,3-Dichloropropene were not listed in 

the TRI. 
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The most common release of 1,3-dichloropropene to soil occurs in agricultural fields where it is applied 

as a soil fumigant (CEPA 1982; Cohen 1986; Krijgsheld and van der Gen 1986).  Accidental spills may 

also release 1,3-dichloropropene to soil (Markovitz and Crosby 1984; Sterrett et al. 1986).  For example, 

on April 8, 1984, a rail accident that occurred about 45 miles southeast of Tucson, Arizona resulted in a 

spill of 15,000 gallons of 1,3-dichloropropene (Sterrett et al. 1986). 

According to the National Pesticide Use Database updated by the National Center for Food and 

Agricultural Policy, a total of approximately 34.7 million pounds (15,700 metric tons) of 1,3-dichloro

propene was used in the United States in 1997 (NCFA 1997).  The estimated amounts applied, crops 

grown, total acres treated in each state are provided in Table 6-4. 

1,1- and 1,3-Dichloropropene have been identified in soil and sediment samples collected at 1 and 0, and 

28 and 6 of the 1,699 NPL hazardous waste sites, respectively, where it was detected in some 

environmental media (HazDat 2008).  1,2-, 2,3-, and 3,3-Dichloropropene were not identified in soil or 

sediment samples collected at any of the 1,699 NPL hazardous waste sites. 

6.3  ENVIRONMENTAL FATE 

6.3.1 Transport and Partitioning 

The transport and partitioning of an organic compound in the environment is a function of the physical 

and chemical properties of that compound and the site-specific characteristics of the environment (e.g., 

percent soil organic matter).  Based upon similarities in their physical and chemical properties, 1,1-, 1,2-, 

cis- and trans-1,3-, 2,3-, and 3,3-dichloropropene should behave similarly in regards to transport and 

partitioning within the environment. 

In the atmosphere, measured vapor pressures of the dichloropropene isomers ranging from 22 to 91 mm 

Hg at 20 °C (EPA 1981c) suggest that these compounds will exist predominantly in the vapor phase 

(Eisenreich et al. 1981).  Water solubility values ranging from 2,000 to 2,700 mg/L (measured at 20– 

25 °C) (Dilling 1977; Gunther et al. 1968; Mackay and Shiu 1981; Tomlin 2003), indicate that wet 

deposition may remove these compounds from the atmosphere.  This is confirmed by the detection of 

1,3-dichloropropene in rainwater (Section 6.4.2). 



   
 

  
 
 

 
 
 
 
 

 

   
 

    
    

    
 

     
 

 
    

     
    

     
    
    
    
    

    
    

    
 

    
    

 
    

 
    

    
  

 
    

     
 

    
    

 
 

 
 

207 DICHLOROPROPENES 

6.  POTENTIAL FOR HUMAN EXPOSURE 

Table 6-4.  Estimated Annual Use of 1,3-Dichloropropene in the United States 

State Acres treated Pounds applied Crops grown in treated soil 
Alabama 10,478 422,120 Cotton, peanuts 
Arizona 18,974 971,942 Cantaloupes, carrots, cotton, melons, 

watermelons 
California 13,296 1,509,058 Beets, Brussels sprouts, cantaloupes, 

carrots, hot peppers, melons, parsley, 
potatoes, sweet potatoes 

Colorado 3,668 246,759 Carrots, sugarbeets 
Florida 29,115 1,826,311 Cotton, peanuts, potatoes, tobacco 
Georgia 83,361 2,994,402 Cotton, peanuts, tobacco 
Idaho 19,692 1,668,071 Onions, potatoes, sugarbeets 
Maryland 321 36,492 Cucumbers 
Michigan Not available Not available Strawberries 
Montana 2,374 113,943 Sugarbeets 
Nebraska 2,418 116,024 Sugarbeets 
New Mexico 22,222 1,066,983 Cotton, hot peppers 
New York 2,436 640,202 Onions, strawberries 
North Carolina 128,557 10,846,670 Cucumbers, peanuts, sweet peppers, sweet 

potatoes, tobacco 
Oklahoma Not available Not available Peanuts 
Oregon 35,185 5,831,260 Asparagus, blueberries, carrots, onions, 

potatoes, strawberries 
South Carolina 42,348 2,548,082 Cotton, cucumbers, peanuts, sweet potatoes, 

tobacco 
Tennessee 191 9,159 Sweet potatoes 
Texas 2,268 153,721 Cantaloupes, carrots, celery, melons, onions, 

peanuts, sweet peppers, sweet potatoes, 
watermelons 

Utah 223 60,634 Onions 
Washington 24,814 3,640,768 Carrots, onions, potatoes, strawberries, 

strawberries 
Wisconsin 51 14,660 Strawberries 
Wyoming Not available Not available Sugarbeets 

Source:  data are from the National Pesticide Use Database updated in 1997 by the National Center for Food and 
Agricultural Policy (NCFA 1997). 
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In surface waters, volatilization of dichloropropenes should be an important fate process that will compete 

with the transformation processes of biodegradation and hydrolysis (Section 6.3.2.2).  Based on 

experimentally measured Henry's law constants for cis- and trans-1,3-dichloropropene of 2.71x10-3 and 

8.71x10-4 atm-m3/mol at 20 °C, respectively (Leistra 1970), these chemicals are expected to volatilize 

from environmental waters (Thomas 1982).  Using the method of Thomas (1982), the estimated 

volatilization half-lives of cis- and trans-1,3-dichloropropene from a model river 1 meter deep, flowing at 

a velocity of 1 m/sec with a wind velocity of 3 m/sec are 3.8 and 4.2 hours, respectively.  Experimental 

Koc values for cis- and trans-1,3-dichloropropene in aqueous solutions are reportedly 23 and 26, 

respectively (Kenaga 1980).  Based on these Koc values, 1,3-dichloropropene is not expected to adsorb to 

suspended solids and sediment in the water column.  Based on similarities in structure, vapor pressure, 

and water solubility, volatilization of 1,1-, 1,2-, 2,3-, and 3,3-dichloropropene from water surfaces and 

adsorption of these substances to sediment is expected to be similar to that of 1,3-dichloropropene.  

In soil, 1,3-dichloropropene can exist as a gas or dissolved in water.  The adsorption characteristics for 

each form are different.  Experimental Koc values for 1,3-dichloropropene in Arlington sandy loam, 

Chualar clay loam, Mocho silty clay loam, and Pahokee muck ranged from 18 to 60 (Kim et al. 2003b).  

Koc values measured in soils of 3.19, 10.4, and 55.1% organic carbon were 25.7, 26.3, and 27.6, 

respectively, for cis-1,3-dichloropropene and 27.8, 27.2, and 27.5, respectively, for trans-1,3-dichloro

propene (Hamaker and Thompson 1972).  These Koc values indicate a high mobility in soil (Swann et al. 

1983) and a potential for leaching.  Although movement in saturated soils is possible, concurrent 

hydrolysis and biodegradation should attenuate the amounts of 1,3-dichloropropene that may actually 

leach to groundwater.  Furthermore, extensive groundwater monitoring programs, conducted in 

California, have not demonstrated that 1,3-dichloropropene is contaminating well waters in areas of 

continued field applications of the pesticide (Cohen 1986; Maddy et al. 1982).  Measured Koc values were 

not located for 1,1-, 1,2-, 2,3-, or 3,3-dichloropropene; however, the mobility of these substances in soils 

is expected to be similar to that of 1,3-dichloropropene. 

1,3-Dichloropropene is more likely to adsorb to soil when it is in the vapor phase than when it is 

dissolved in water (Munnecke and Vangundy 1979).  Adsorption for the vapor phase depends partly upon 

the soil's temperature and organic content (Leistra 1970).  Soil adsorption isotherms show a positive 

correlation between adsorption of 1,3-dichloropropene and the percentage of organic matter in soil.  It 

was also observed that adsorption of vapor-phase 1,3-dichloropropene is approximately 3 times greater at 

2 °C than it is at 20 °C.  Adsorption isotherms measured for humus sand, peaty sand, and peat indicate 
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vapor-phase Koc values for 1,3-dichloropropene ranging from about 450 to 750. These Koc values suggest 

medium to low soil mobility for 1,3-dichloropropene in the vapor phase in soil (Swann et al. 1983). 

The factors influencing the volatility of 1,3-dichloropropene from a field following its application are soil 

organic matter, wind speed, soil moisture content, depth of incorporation-injection, soil temperature and 

soil porosity.  1,3-Dichloropropene was soil injected to a depth of 12–14 inches at an application rate of 

346 lb. a.i. per acre into a sandy loam field, loamy sand field, and muck soil.  At 6–12 hours 

posttreatment, 1,3-dichloropropene reached a maximum concentration of 0.4–20.3 μg/m3 at a height of 

6 inches above the soil surface (EPA 1998).  1,3-Dichloropropene concentrations decreased to 

≤0.14 μg/m3 in all air samples from all locations by seven days posttreatment.  It was not detected above 

the loamy sand and sandy loam soils by 14 days or above the muck soil by 21 days.  Volatilization rates 

appeared to be inversely proportional to the amount of soil organic matter and proportional to soil 

porosity.   

Field management practices such as covering the treated fields with tarps, compacting the treated soils, 

and irrigating the treated soil post injection are commonly used practices to reduce volatilization losses of 

soil fumigants such as 1,3-dichloropropene. Following application of 1,3-dichloroporpene at 98 kg/ha 

(87.5 lbs/A), volatilization losses from uncovered soil columns (12.5 cm inside diameter) were 62, 47, 

and 36% at injection depths of 20, 30, and 40 cm, respectively, after 20 days (Gan et al. 1998b).  The total 

volatilization loss for 1,3-dichloropropene injected to a depth of 20 cm and then covered with a high 

density polyethylene (HDPE) tarp was 53% after 20 days.  It was determined that the high permeability of 

HDPE reduced its ability to act as an effective barrier for 1,3-dichloropropene.  However, volatilization 

losses were reduced substantially if the soil was immediately irrigated post injection.  Only 34% of the 

nominally applied 1,3-dichloropropene was volatilized after injection at a depth of 20 cm, followed by 

irrigation with 184 mL of water applied to the soil surface at a rate of 2 mL/minute.  The authors observed 

that the volatilization rate of the cis isomer was consistently greater than the trans isomer in each 

experiment.  This observation is consistent with the fact that the cis isomer possesses a lower boiling 

point, higher vapor pressure, and larger Henry’s law constant than the trans isomer.  

As discussed in Section 6.3.2.3, dichloropropenes can be removed from soils via hydrolysis, microbial 

degradation, and volatilization.  Since the rate of these processes can vary significantly with soil 

conditions, the wide range of reported persistence half-lives for 1,3-dichloropropene is not surprising and 

demonstrates that the persistence of this substance in soil depends upon specific local conditions. 
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Measured bioconcentration factor (BCF) values for the dichloropropene isomers were not found in the 

literature.  Using a measured log Kow of 2.0 and a regression derived equation, a BCF of 19.5 can be 

estimated for 1,3-dichloropropene (Meylan et al. 1999; Tomlin 2003).  According to a classification 

scheme developed by Franke et al. (1994), this BCF value suggests that the potential for bioconcentration 

of 1,3-dichloropropene in aquatic organisms is low.  Based on their structural similarities to 1,3-dichloro

propene, bioconcentration of 1,1-, 1,2-, 2,3-, and 3,3-dichloropropene in aquatic organisms is also 

expected to be low. 

6.3.2 Transformation and Degradation 

6.3.2.1 Air 

The important environmental fate process for the degradation of 1,3-dichloropropene in ambient air is the 

vapor-phase reaction with photochemically produced hydroxyl radicals.  The rate constants for the 

reactions of cis- and trans-1,3-dichloropropene with hydroxyl radicals have been experimentally 

determined to be 7.7x10-12 and 1.3x10-11 cm3/molecule-sec at 22 °C, respectively (Tuazon et al. 1984).  

1,3-Dichloropropene will also be removed from air via reaction with ozone; however, this reaction is 

expected to be secondary to photooxidation with hydroxyl radicals.  The rate constants for the reactions of 

cis- and trans-1,3-dichloropropene with ozone molecules have been experimentally determined to be 

1.5x10-19 and 6.7x10-19 cm3/molecule-sec at 22 °C, respectively (Tuazon et al. 1984).  

Assuming that the average yearly troposphere hydroxyl radical and ozone molecule concentrations are 

5.0x105 and 7.0x1011 molecules/cm3, respectively (Atkinson et al. 1979), the corresponding half-lives for 

cis-1,3-dichloropropene in air are about 2.1 days (50 hours) and 76 days.  The corresponding half-lives 

for trans-1,3-dichloropropene in air would be about 1.2 days (30 hours) and 17 days.  Tuazon et al. (1984) 

calculated the respective half-lives of 52 and 12 days for cis- and trans-1,3-dichloropropene reactions 

with ozone based on an average background tropospheric concentration for ozone of 

1.0x1012 molecules/cm3. For the cis and trans isomers, the authors also calculated respective half-lives of 

12 and 7 hours for the reactions with photochemically generated hydroxyl radicals present at an average 

concentration of 2.0x106 molecules/cm3 (Tuazon et al. 1984). 

The estimates of average hydroxyl radical and ozone concentrations in air used by Tuazon et al. (1984) 

are more indicative of urban atmospheres.  In general, the hydroxyl radical and ozone concentrations in 

polluted air may increase by an order of magnitude over those estimates used by Atkinson et al. (1979).  
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Therefore, the half-life of 1,3-dichloropropene in ambient air may range between 7 and 50 hours, 

depending on the concentrations of cis- and trans-isomers and hydroxyl radicals in the troposphere. 

Formyl chloride and chloroacetaldehyde have been identified as reaction products of 1,3-dichloropropene 

with both hydroxyl radicals and ozone.  Reaction with ozone also yields chloroacetic acid, formic acid, 

hydrogen chloride, carbon dioxide, and carbon monoxide (Tuazon et al. 1984). 

1,3-Dichloropropene is also susceptible to photolysis in air.  However, direct photodegradation of 1,3-di

chloropropene should not be an important fate process, compared to its reaction with hydroxyl radicals 

(EPA 1981b).  Nevertheless, some evidence that the photodecomposition of 1,3-dichloropropene may be 

enhanced by the presence of atmospheric particulates exists (Tuazon et al. 1984). 

Data regarding the degradation of 1,1-, 1,2-, 2,3-, and 3,3-dichloropropene in air are not available.  Based 

on the physical and chemical properties of these isomers, photooxidation is expected to be similar to that 

of 1,3-dichloropropene.  As is expected for 1,3-dichloropropene, ozonolysis and direct photolysis may 

occur for 1,1-, 1,2-, 2,3-, and 3,3-dichloropropene; however, photooxidation is expected to be the 

dominant removal mechanism for dichloropropenes in the atmosphere.  

6.3.2.2 Water 

River die-away test data pertaining to the biodegradation of 1,3-dichloropropene in natural waters were 

not available in the literature.  Several aerobic biological screening studies, which used settled domestic 

waste water for inocula, demonstrated that 1,3-dichloropropene is biodegradable (Tabak et al. 1981a, 

1981b).  Within 7 days, the original cultures, added to synthetic media that contained 5 mg yeast 

extract/L, were able to degrade about 50% of the 1,3-dichloropropene at an initial concentration of 

10 ppm (Tabak et al. 1981a, 1981b).  Acclimation to a series of subcultures was also demonstrated.  The 

third subculture, with identical concentrations and under identical conditions, showed an approximate 

85% removal of 1,3-dichloropropene within the same period of time (Tabak et al. 1981a, 1981b). 

Nevertheless, the rate of biodegradation for 1,3-dichloropropene in natural waters cannot be inferred from 

screening study data. 

Yon et al. (1991) studied the dissipation of 14C-labeled 1,3-dichloropropene at 5 μg/mL in a 

sediment/water system made from ditch bottom sediments and aerobic ditch water.  Although 49–58% of 

the 1,3-dichloropropene volatilized after 7 days, degradation was also observed based on the presence of 
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the radiolabeled metabolite 3-chloropropenic acid and other unspecified polar products.  The authors 

reported this degradation as aerobic aquatic metabolism; however, the possible role of hydrolysis was not 

addressed. 

In addition to losses via biodegradation, 1,3-dichloropropene may undergo hydrolysis in natural waters.  

Hydrolysis half-lives measured in buffered solutions at pH 5, 7, and 9 were 13.5 days at 20 °C (EPA 

1998).  Hydrolysis half-lives measured at pH 5.5 and 7.5 were 2 days at 29 °C, 11–13 days at 15 °C, and 

90–100 days at 2 °C (EPA 1998).  McCall (1987) reported similar hydrolysis half-lives of 3.1, 11.3, and 

51 days measured at 30, 20, and 10 °C, respectively, in sterile, buffered water and stated that this process 

was independent of pH.  However, Guo et al. (2004) measured half-lives of 8.7, 7.2, and 2.8 days at pH 4, 

7, and 10, respectively, in buffer solutions at 20 °C during a more extensive examination of the effect of 

pH on hydrolysis.  In contrast to McCall (1987), these authors concluded that the rate of hydrolysis of 

1,3-dichloropropene increases with increasing pH.  The primary hydrolysis product of 1,3-dichloro

propene is 3-chloroallyl alcohol, which is broken down further to 3-chloroacrylic acid and eventually to 

CO2 (Guo et al. 2004). 

Aquatic biodegradation and hydrolysis data were not available for 1,1-, 1,2-, 2,3-, and 3,3-dichloro

propene.  Based on structural similarities, these isomers are expected to biodegrade similarly to 1,3-di

chloropropene.  Hydrolysis of 2,3- and 3,3-dichloropropene will also be similar to that of 1,3-dichloro

propene; however, hydrolysis of 1,1- and 1,2-dichloropropene is expected to be much slower due to the 

inhibiting effect of the two vinylic chlorine atoms (Smith and March 2001). 

6.3.2.3  Sediment and Soil 

1,3-Dichloropropene reportedly biodegrades in soil (Castro and Belser 1966, 1968; Roberts and Stoydin 

1976; Tu 1988, van der Pas and Liestra 1987).  Belser and Castro (1971) reported that the microbial 

degradative pathway for both the cis and trans isomers followed a similar sequence.  The initial step of 

the reaction involves allylic dechlorination of 1,3-dichloropropene and hydroxyl substitution to form the 

corresponding chloroallylalcohol (Castro and Belser 1966; Roberts and Stoydin 1976).  Again, both cis-

and trans-chloroallylalcohols undergo oxidation, resulting in the formation of the corresponding 

chloroacrylic acids (Castro and Belser 1968; Roberts and Stoydin 1976).  Next, vinylic chlorines are 

removed and subsequently, propanoic acid 3-aldehyde is oxidized to carbon dioxide (Belser and Castro 

1971). 
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1,3-Dichloropropene is degraded more rapidly in soil that has a history of treatment with this pesticide 

than in previously untreated soil (Chung et al. 1999; Ou 1989, 1998; Ou et al. 1995; Verhagen et al. 

1996).  Furthermore, while the degradation rates of the cis- and trans- isomers are similar in untreated 

soil, degradation in previously treated soil has been shown to be more rapid for trans-1,3-dichloropropene 

than for cis-1,3-dichloropropene.  For example, cis- and trans-1,3-dichloropropene applied to previously 

untreated soil plots (16 μg/g) were degraded by approximately 68 and 72%, respectively, after 28 days 

(Ou 1998).  In a soil plot that had been previously treated with this pesticide 6 times over the past 

12 years, cis-1,3-dichloropropene (16 μg/g) was degraded by approximately 100% after 28 days while 

trans-1,3-dichloropropene was degraded by approximately 99% after 14 days.  Chung et al. (1999) 

observed the enhanced degradation of trans-1,3-dichloropropene over cis-1,3-dichloropropene in soils 

increasing with increasing numbers of field applications; approximately 100% of cis- and trans-1,3-di

chloropropene in these soils (16 μg/g) were degraded after 5–10 and 7–14 days, respectively.  However, 

the degradation rates of cis- and trans-1,3-dichloropropene were again similar to each other in soil that 

had been left untreated for 2 years and resembled degradation rates in previously untreated control soils; 

approximately 75–100% of cis- and trans-1,3-dichloropropene were degraded after 28 days. 

1,3-Dichloropropene may also hydrolyze in moist soils.  In laboratory studies, hydrolysis rates have been 

measured in soil slurries and buffer solutions.  For soil-water slurries with a concentration of 10-2 M, 

1,3-dichloropropene hydrolyzed at a rate of 3.4% per day (Castro and Belser 1966).  In general, soils 

possess a relative humidity of >98%.  Under dry conditions, the relative humidity of soil may fall below 

90% (U.S. Army 1985).  Therefore, 1,3-dichloropropene is likely to hydrolyze in moist soils.  Once again, 

corresponding chloroallylalcohols were reported as the products of hydrolysis for cis- and trans-1,3-di

chloropropene (Castro and Belser 1966).  Greater than 60% of 1,3-dichloropropene applied at <61 g/kg to 

both sterile and nonsterile Arlington sandy loam with a 10% moisture content hydrolyzed within 30 days 

(Guo et al. 2004).  Initially, there was no difference between the degradation in sterile and nonsterile 

soils; however, degradation in the nonsterile soil began to exceed degradation in the sterile soil after 

10 days of incubation as soil microorganisms adapted to the pesticide. 

Batzer et al. (1996) studied the fate of 1,3-dichloropropene in sealed aerobic soil incubation flasks.  The 

degradation half-lives of 14C-labeled-1,3-dichloropropene measured in Wahiawa silty clay, Catlin silt 

loam, and Fuquay loamy sand were 1.8, 12.3, and 61 days, respectively (Batzer et al. 1996; EPA 1998).  

These authors stated that the rapid degradation in the Wahiawa silty clay may have been a result of the 

combination of biodegradation and abiotic hydrolysis. Major metabolites formed during the 

biodegradation 1,3-dichloropropene identified during this study were 3-chloroallyl alcohol and 3-chloro
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acrylic acid.  Minor metabolites identified (<0.4% applied 14C) were acetic acid, adipic acid, butyric acid, 

chloroacetic acid, 4-chlorobutyric acid, fumaric acid, glycolic acid, hexanoic acid, lactic acid, malonic 

acid, 2-methylmalonic acid, oxalic acid, propionic acid, and succinic acid. 

Anaerobic metabolism half-lives measured for 1,3-dichloropropene at 15 and 25 °C were 9.1 and 

2.4 days, respectively, in a silty clay loam soil and 7.7 and 2.4 days, respectively, in a sandy loam soil 

(EPA 1998).  The metabolites identified included chloroacrylic acid and propionic acid. 

The persistence of 1,3-dichloropropene in soil has been measured by a number of investigators.  

van der Pas and Leistra (1987) reported half-lives of 3–4 days in fields used for planting flower bulbs.  

Only very small amounts of 1,3-dichloropropene remained after periods up to 49 days.  Leistra (1970) 

reported a much slower degradation rate of 0.035/day for a loam soil, which corresponds to a half-life of 

19.8 days.  A degradation rate of 0.01/day, which corresponds to a half-life of 69 days, was reported for 

sandy and peat soils (Leistra 1970).  Albrecht (1987a) has reported half-lives of 3–25 days at 20 °C for 

1,3-dichloropropene.  Radiolabeled cis- and trans-1,3-dichloropropene was applied to soils and stored in 

sealed jars for 12 weeks.  In a sandy loam soil, 19% of the cis isomer and 18% of the trans isomer 

remained, while 10% of the cis isomer and 22% of the trans isomer persisted in a medium loam soil 

(Roberts and Stoydin 1976).  The half-lives of 1,3-dichloropropene measured in water-saturated sandy 

subsoils (24 g/m3) ranged from 16 to 64 days (Boesten et al. 1991).  Smelt et al. (1989) reported that 

1,3-dichloropropene at initial concentrations of 62–80 mg/kg in moist loamy soils was quickly degraded 

(100% after 5–8 days) following a 3–6-day lag phase.  The initial and second half-lives of cis- and trans-

1,3-dichloropropene applied at 345 lb a.i./A to bare loamy sand soil were 1 and 7 days, respectively, in 

the 24-inch surface layer (EPA 1998).  1,3-Dichloropropene, applied at 342 lb a.i./A to a sand soil field 

plot, declined from a maximum concentration of 130,000 ppb in the 0.3–0.45 m layer of soil immediately 

following application to below the detection limit (10 ppb) in any soil layer after 71 days (EPA 1998). 

Biodegradation and hydrolysis data for 1,1-, 1,2-, 2,3-, and 3,3-dichloropropene in soil or sediment were 

not available.  Based on structural similarities, these isomers are expected to biodegrade similarly to 

1,3-dichloropropene.  Hydrolysis of 2,3- and 3,3-dichloropropene in soil will also be similar to that of 

1,3-dichloropropene; however, hydrolysis of 1,1- and 1,2-dichloropropene is expected to be much slower 

due to the inhibiting effect of the two vinylic chlorine atoms (Smith and March 2001). 

http:0.3�0.45
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6.4  LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT 

Reliable evaluation of the potential for human exposure to 1,3-dichloropropene depends in part on the 

reliability of supporting analytical data from environmental samples and biological specimens.  

Concentrations of 1,3-dichloropropene in unpolluted atmospheres and in pristine surface waters are often 

so low as to be near the limits of current analytical methods.  In reviewing data on 1,3-dichloropropene 

levels monitored or estimated in the environment, it should also be noted that the amount of chemical 

identified analytically is not necessarily equivalent to the amount that is bioavailable.  The analytical 

methods available for monitoring 1,3-dichloropropene in a variety of environmental media are detailed in 

Chapter 7. 

The majority of the available dichloropropene monitoring data are for the 1,3- isomer.  Therefore, the data 

reported in Section 6.4 refer primarily to 1,3-dichloropropene.  When available, monitoring data for the 

other dichloropropene isomers are included. 

6.4.1 Air 

1,3-Dichloropropene is not a widely occurring atmospheric pollutant.  According to the National Ambient 

Volatile Organic Compounds (VOCs) Database, a compilation of published and unpublished air 

monitoring data from 1970 to 1987, the median urban atmospheric concentration of cis-1,3-dichloro

propene is 23.9 ppbV (parts per billion by volume) for 148 samples collected from representative 

locations (EPA 1988).  Information regarding the occurrence of cis-1,3-dichloropropene in suburban, 

rural, remote, source-dominated (air surrounding a facility or known release of the chemical in question), 

workplace, and indoor and personal atmospheres was not included by the VOC database.  Also, no data 

were reported for trans-1,3-dichloropropene (EPA 1988). 

cis- and trans-1,3-Dichloropropene were detected in 15 (4.3%) and 10 (2.9%) out of 349 air samples, 

respectively, collected from Camden, New Jersey; Washington, DC; Orlando, Florida; Pensacola, Florida; 

Chicago, Illinois; Sauget, Illinois; Toledo, Ohio; Houston, Texas; Baton Rouge, Louisiana; Port Neches, 

Texas; and Wichita, Kansas during the 1990 Urban Air Toxics Program conducted by EPA (1991).  The 

range, mean, and median of concentrations in positive samples were 0.04–0.59, 0.23, and 0.22 ppbV, 

respectively, for cis-1,3-dichloropropene and 0.01–2.62, 0.70, and 0.17 ppbV, respectively, for trans-

1,3-dichloropropene.  cis- and trans-1,3-Dichloropropene concentrations were <1 ppbV in urban air 

samples from 13 sites located in Louisiana, Texas, Vermont, and New Jersey collected from 

http:0.01�2.62
http:0.04�0.59
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September 1996 to August 1997 (Mohamed et al. 2002).  cis- and trans-1,3-Dichloropropene were each 

detected in only 3 out of 267 air samples from 13 semi-rural to urban locations in Maine, Massachusetts, 

New Jersey, Pennsylvania, Ohio, Illinois, Louisiana, and California collected from 1997 to 1999 (Pankow 

et al. 2003). Positive concentrations were 0.013–0.018 ppbV for cis-1,3-dichloropropene and 0.007– 

0.008 ppbV for trans-1,3-dichloropropene; limits of detection were not specified.  cis- and trans-1,3-Di

chloropropene were detected in 0 and 3% of air samples, respectively, collected from six locations in the 

Columbus, Ohio area; concentrations and detection limits were not specified (Spicer et al. 1996).  Out of 

2,507 air samples collected from 25 sites across the state of Minnesota over a period of 8 years (1991– 

1998), cis-1,3-dichloropropene was detected above 0.14 μg/m3 (0.031 ppb) in 43 air samples and trans-

1,3-dichloropropene was detected above 0.21 μg/m3 (0.046 ppb) in 82 air samples (Pratt et al. 2000).  The 

mean and maximum concentrations were 0.02 and 0.99 μg/m3 (0.004 and 0.22 ppb), respectively, for cis-

1,3-dichloropropene and 0.03 and 1.48 μg/m3 (0.007 and 0.326 ppb), respectively, for trans-1,3-dichloro

propene. 

During a study conducted by the California Air Resources Board in July 1995, 1,3-dichloropropene was 

detected in 100% of samples collected from four sites in California representative of high use areas with 

mean and maximum concentrations of 24 and 160 μg/m3 (5.3 and 35.2 ppb), respectively (Baker et al. 

1996).  During measurements of airborne pesticide concentrations in an urban area of California, 1,3-di

chloropropene was detected in 8 out of 8 samples in 1990, 16 out of 21 samples in 1996, and 14 out of 

53 samples in 2000 (Lee et al. 2002).  Mean 1,3-dichloropropene concentrations in these samples were 

0.9, 0.57, and 0.40 μg/m3 (0.20, 0.13, and 0.088 ppb), respectively.  In air from rural California 

communities, 1,3-dichloropropene was detected in 32 out of 32 samples in 1990, 64 out of 84 samples in 

1996, and 77 out of 267 samples in 2000.  Mean 1,3-dichloropropene concentrations in these samples 

were 24, 1.4, and 1.5 μg/m3 (5.3, 0.31, and 0.33 ppb), respectively. 

The concentrations of dichloropropene (unspecified isomers) in air samples collected from Deer Park, 

Texas; Freeport, Texas; Plaquemine, Louisiana; and Baton Rouge, Louisiana during the 1970s ranged 

from 7 to 570 ppt where it was detected (Brodzinsky and Singh 1982; EPA 1979).  Dichloropropene 

(unspecified isomers) was qualitatively identified in 1 out of 10 ambient air samples collected in the 

Kanawha Valley, West Virginia during 1977 (EPA 1978b). 
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6.4.2 Water 

According to 1999–2006 nationwide U.S monitoring data from the STORET database, 1,3-dichloro

propene was detected in 5,465 out of 12,673 water samples; however, only 771 of these detections were 

above the quantitation limit (unspecified).  The mean, median, and range of quantifiable concentrations 

were 0.5, 0.5, and 0.002–25 μg/L (ppb), respectively (EPA 2006j).  1,1-Dichloropropene was detected in 

3,443 out of 5,348 water samples; however, only 70 of these detections were above the quantitation limit 

(unspecified). The mean, median, and range of quantifiable concentrations were 0.4, 0.5, and 0.001– 

5 μg/L (ppb), respectively (EPA 2006j).  The source of 1,1-dichloropropene in these water samples is 

unknown.  1,1-Dichloropropene does not appear to be produced or used based on available data; 

therefore, direct release of this substance into the environment is not expected.  1,1-Dichloropropene may 

be formed as a metabolite during the anaerobic degradation of higher chlorinated propenes.  Data for 1,2-, 

2,3-, and 3,3-dichloropropene were not listed in STORET. 

1,3-Dichloropropene was detected in groundwater contaminated by leachates from municipal landfills in 

New York, Minnesota, and Wisconsin at concentrations up to 18 μg/L (ppb) (Sabel and Clark 1984).  In 

California, 1,3-dichloropropene was detected in groundwater at unspecified concentrations as a result of 

pesticide applications (Cohen 1986).  An extensive groundwater monitoring program for agricultural 

chemicals in California detected cis-1,3-dichloropropene in only two groundwater samples, and trans-

1,3-dichloropropene in only one groundwater sample (Cohen 1986).  By comparison, dibromochloro

propane, another soil fumigant, was detected in 2,522 groundwater samples.  In 54 municipal wells of 

varying depths of 65–1,200 feet in areas of California where Telone® or DD® had been applied for over 

15 years, 1,3-dichloropropene was not detected in any sample at or above the quantification limit of 

0.1 ppb (Maddy et al. 1982). 

cis- and trans-1,3-Dichloropropene were not detected (detection limit 0.20 μg/L) in groundwater samples 

from 1,831 sites located in 20 of the U.S. major hydrologic basins (Kolpin et al. 2000).  During the U.S. 

Geological Survey’s (USGS) National Water-Quality Assessment (NWQA) Program conducted from 

1986 to 1999, concentrations of cis- and trans-1,3-dichloropropene were below the detection limit of 

0.2 μg/L (ppb) in untreated groundwater from 1,685 and 1,592 rural private wells, respectively (Moran et 

al. 2004).  Concentrations of cis- and trans-1,3-dichloropropene were below the detection limit of 

0.09 μg/L (ppb) in 30 randomly distributed monitoring wells located in Wichita, Kansas during the High 

Plains Regional Ground-Water Study conducted in 2000 as part of the USGS NWQA Program (USGS 

2002).  The concentrations of cis- and trans-1,3-dichloropropene measured in 34 wells (including 5 public 
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use wells) in Cook Inlet Basin, Alaska during 1999 were below 0.09 and 0.13 μg/L (ppb), respectively 

(USGS 2001). 

During the registration of Telone II®, Dow AgroSciences conducted a small-scale prospective 

groundwater monitoring study at a site in Wisconsin to satisfy EPA requirements (EPA 1998).  In 

September 1997, Telone II® was applied to a sugar beet field at 28 gallons per acre (266 pounds per acre).  

Depth to the groundwater of an aquifer used for drinking water ranged from 15 to 22 feet.  Over a period 

of 11 months, the mean and maximum concentrations of 1,3-dichloropropene were 134 and 579 ppb, 

respectively, in on-site wells and 26.6 and 173 ppb, respectively, in an off-site well located 65 feet 

downgradient. 

Dow AgroSciences performed a similar groundwater study in southern Florida (EPA 1998).  In 

December 1995, Telone C-17® was applied to a pepper field at 22.5 gallons per acre (214 pounds per 

acre).  The concentration of 1,3-dichloropropene in eight shallow (1–2 feet deep) on-site wells peaked at 

833 ppb and then dropped to 0.19 ppb by 110 days after application.  The concentration in five off-site 

wells ranged from trace levels to 0.23 ppb.  The mean and range of 1,3-dichloropropene concentrations 

were 0.30 and 0.05–21.6 ppb, respectively, in eight on-site wells at a depth of 10 feet and 0.04 and 0.05– 

1.03 ppb, respectively, in the on-site wells that tapped the Lower Tamiami Aquifer, a possible drinking 

water source, at a depth of 70 feet.  The mean concentration of 1,3-dichloropropene plus its degradates 

was 1.15 ppb in the 10 feet deep on-site wells, 0.17 ppb in the 70 feet deep on-site wells, and 0.074 ppb in 

the off-site wells.  1,3-Dichloropropene was not detected in an off-site deep well.  1,3- and 2,3-Dichloro

propene were detected above 0.1 ppb in 5 and 3 out of 42 piezometers and domestic wells, respectively, 

in the area of the Abbotsford aquifer in southwestern British Colombia, Canada (Zebarth et al. 1998).  

Maximum concentrations ranged from 0.15 to 0.76 ppb for 1,3-dichloropropene and from 0.10 to 

0.67 ppb for 2,3-dichloropropene. 

According to Round 2 data (1993–1997) reported under the EPA Unregulated Contaminant Monitoring 

Program (UCM), 1,3-dichloropropene was detected in 81 out of 70,631 samples collected from public 

water systems across the United States with a mean concentration of 1.282 ppb and a range of 0.20– 

39.00 ppb (EPA 2001c).  1,1-Dichloropropene was detected in 18 out of 97,698 public water system 

samples with a mean concentration of 8.944 ppb and a range of 0.10–153.00 ppb.  1,2-, 2,3-, and 3,3-Di

chloropropene were not included in the UCM data; these chemicals are not listed as drinking water 

contaminant candidates by EPA (EPA 2001c). 

http:0.10�153.00
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1,3-Dichloropropene was qualitatively identified in New Orleans, Louisiana, drinking water collected in 

August 1974 (Dowty et al. 1975a, 1975b).  Unspecified isomers of dichloropropene were qualitatively 

identified in drinking water samples collected in Philadelphia, Pennsylvania in 1995 and 1996 (Suffet et 

al. 1980).  An analysis of 15 drinking water samples from Denver collected between October 1, 1985, and 

March 31, 1986, did not detect cis- or trans-1,3-dichloropropene at or above detection limits of 0.13 ppb 

(Rogers et al. 1987).  At quantities above the detection limit of 0.1 ppb, 1,3-dichloropropene was not 

detected in 42 raw and 42 finished drinking water samples collected between July 1982 and May 1983 

from nine municipalities along the Great Lakes (Otson 1987). 

The concentrations of cis- and trans-1,3-dichloropropene/L detected in rainwater collected in Portland, 

Oregon, in 1982 were 10 and 2 ng/L (ppt), respectively (Mazurek and Simoneit 1986). 

6.4.3 Sediment and Soil 

According to 1999–2006 nationwide U.S monitoring data from the STORET database, 1,3-dichloro

propene was detected in only 2 out of 613 soil samples (EPA 2006j).  1,3-Dichloropropene concentrations 

in these two samples were 0.04 and 0.005 mg/kg.  According to the STORET data, 1,3-dichloropropene 

was detected in 139 out of 324 sediment samples; however, none of these detections were above the 

quantitation limit (unspecified) (EPA 2006j).  1,1-Dichloropropene was not detected above the 

quantitation limit (unspecified) in 74 soil samples and 37 sediment samples.  Data for 1,2-, 2,3-, and 

3,3-dichloropropene were not listed in STORET. No other information regarding the levels of dichloro

propenes found in soil or sediment was located in the available literature. 

6.4.4 Other Environmental Media 

According to the National Pesticide Use Database updated by the National Center for Food and 

Agricultural Policy in 1997, 1,3-dichloropropene is applied to fields used to grow the following crops in 

the United States each year:  asparagus, beets, blueberries, Brussels sprouts, cantaloupes, carrots, celery, 

cotton, cucumbers, hot peppers, melons, onions, parsley, peanuts, potatoes, strawberries, sugarbeets, 

sweet peppers, sweet potatoes, tobacco, and watermelons.  However, 1,3-dichloropropene residues have 

not been found in crops grown in soils treated with this pesticide (EPA 1998; Roby and Melichar 1997). 

This is most likely because 1,3-dichloropropene is a preplant fumigant that breaks down quickly in the 

soil and is therefore not expected to be available for plant uptake (EPA 1998). 
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Neither 1,3-dichloropropene nor its metabolites were detected in carrot, lettuce, radish, tomato, and wheat 

grown in soil treated with this 14C-labeled 1,3-dichloropropene; however, natural incorporation of the 
14C-label was observed (Barnekow et al. 1996).  Similarly, soybean plants grown in 14C-labeled 1,3-di

chloropropene at 380 L/ha did not contain the pesticide or its metabolites (Barnekow et al. 1995).  The 
14C-label residue was detected in the fatty acids, protein, pigments, organic acids, sucrose and other 

carbohydrates, and lignin of the soybean plants. 

During a study of organic compounds in tobacco smoke, the concentrations of 1,3-dichloropropene in 

ultra low tar, full flavor low tar, and full flavor cigarette brands were 11.4, 11.7, and 14.4 μg/cigarette, 

respectively (Bi et al. 2005). 

6.5  GENERAL POPULATION AND OCCUPATIONAL EXPOSURE 

Possible routes of human exposure to 1,3-dichloropropene include the inhalation of vapors, ingestion of 

drinking water, and dermal contact. 

Monitoring data regarding the presence of 1,3-dichloropropene in foods were not located (see 

Section 6.4.4).  This may be the result of rapid degradation of 1,3-dichloropropene taking place before the 

pesticide can be taken up by the crop plants.  It has been suggested that chlorination of water can lead to 

the formation of 1,3-dichloropropene, and that the detection of 1,3-dichloropropene in various treated 

water samples confirm this (Krijgsheld and van der Gen 1986).  However, information pertaining to the 

occurrence of 1,3-dichloropropene in drinking water is also very limited, and 1,3-dichloropropene is not 

expected to occur at levels which are a concern to human health.  1,1-Dichloropropene was detected in 

only 0.01% of public water system samples collected nationwide; therefore, exposure to this substance via 

drinking water is expected to be very low (EPA 2001c). 

Occupational exposures to 1,3-dichloropropene, occurring mainly during handling and application as a 

soil fumigant, have been documented (Albrecht 1987a; Albrecht et al. 1986; Markovitz and Crosby 1984; 

Nater and Gooskens 1976; Osterloh et al. 1984, 1989a, 1989b; Schenker and McCurdy 1986; van Joost 

and de Jong 1988; Wang 1984).  According to the NOES conducted by NIOSH between 1981 and 1983, 

it has been estimated that 2,162 workers were potentially exposed to 1,3-dichloropropene (NIOSH 2006).  

The NOES database does not contain information on the frequency, concentration, or duration of workers' 

exposure to any of the chemicals listed therein.  The survey provides only estimates on the number of 
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workers potentially exposed to chemicals in the workplace.  The most probable routes of occupational 

exposure are inhalation and dermal contact at places where 1,3-dichloropropene- and/or 1,3-dichloro

propene-containing compounds are produced or used as a soil fumigant.  Albrecht (1987a) studied the 

inhalation exposure of 1,3-dichloropropene to workers involved in applying Telone II® to pineapple fields 

in Hawaii.  Exposures were predominantly below 1 ppm.  According to Osterloh et al. (1989a), 

15 individuals applying 1,3-dichloropropene were exposed at a mean air concentration of 2.56 mg/m3 

over a period of 2–7 hours.  The mean concentration of the metabolite, N-acetyl-S-[cis-3-chloro-prop

2-enyl]-cysteine, in the urine of these individuals was 1.37 μg/mg creatinine following exposure. 

Exposure monitoring studies were conducted for workers using 1,3-dichloropropene as a fumigant on 

treated fields in North Carolina, Washington, and Arizona (EPA 1998).  Employee exposure was 

estimated by monitoring personal air samples for product loaders, applicators, and re-entry workers over 

4-hour periods or during short job specific tasks.  The 4-hour samples provided time-weighted average air 

concentrations over a major portion of an actual work day, while the task-specific samples measured the 

air concentrations associated only with high-contact activities.  For product loaders, these activities were 

the actual loading events.  The 4- hour loader samples included the loading events, and the time spent on 

site between loading events.  1,3-Dichloropropene was broadcast applied to a sandy loam used to grow 

potatoes at an application rate of 252 lbs a.i./A at the Washington state site.  It was row applied in 

Arizona to a loamy sand used to grown cotton at a rate of 121.2 lbs a.i./A, and was row applied at a rate 

of 82 lbs a.i. to a field in North Carolina used to grow tobacco.  The exposure levels of the employees 

categorized by job function are summarized in Table 6-5. 

The Monsanto Agricultural Products Company conducted research to ensure that workers in the 

workplace were not being exposed to unacceptable levels of 1,3-dichloropropene in the air during its 

manufacture.  Under laboratory conditions simulating the workplace environment, atmospheric levels of 

1,3-dichloropropene ranged from 0.4 to 4.0 ppm (Leiber and Berk 1984). These levels can be compared 

to the NIOSH recommended 8- and 10-hour time weighed average (TWA) of 1 ppm for 1,3-dichloro

propene (NIOSH 2005). 

The primary metabolites for cis- and trans-1,3-dichloropropene in the body are the corresponding 

mercapturic acids, metabolite N-acetyl-S-(cis- and trans-3-chloro-2-propenyl)-L-cysteine (abbreviated 

cis- and trans-DCP-MA) (Brouwer et al. 2000; He 1993; van Welie et al. 1991a; Verberk et al. 1990).  

Exposure to 1,3-dichloropropene can be tested by analyzing for these metabolites in urine samples.  The 
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Table 6-5.  Exposure Levels of Employees to 1,3-Dichloropropene Measured 

During Loading and Application
 

Exposure Mean Median 

Job activity Site durationa Range (ppb) concentration (ppb) concentration (ppb)
 
Loading	 Washington, 4 hours 38.9–1,305 359 137 

Arizona 
Loading	 Washington, Task only 116–7,148 2,383 1,069 

Arizona 
Loading	 North Carolina Task only 11–260 102 97.2 
Application	 Washington, 4 hours and 9.5–1,448 299 253 

Arizona, North task 
Carolina 

aTask-specific operations lasted 4–46 minutes 
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geometric mean and range of cis-DCP-MA concentrations in urine samples collected from 14 application 

workers in the Netherlands on 114 application days were 9.33 and 0.04–55.1 mg/g creatinine, respectively 

(Brouwer et al. 2000).  The corresponding geometric mean and range of calculated 8-hour time-weighted 

average exposure concentrations were 2.7 and 0.1–9.5 mg/m3, respectively.  Twelve individuals applying 

cis- and trans-1,3-dichloropropene to Dutch flower bulb fields were exposed to an 8-hour time-weighted 

average air concentrations of 0.34–10.78 mg/m3 for the cis isomer and 0.11–8.07 mg/m3 for the trans 

isomer (Brouwer et al. 1991a; van Welie et al. 1991a). At comparable respiratory exposures, cis-1,3-di

chloropropene yielded approximately 3 times more mercapturic acid in urine samples than the trans 

isomer, which was attributed to differences in metabolism.  Approximate cumulative urinary excretions of 

cis- and trans-DCP-MA at the maximum respiratory exposures were 50 mg (at 10.7 mg/m3) and 15 mg (at 

8 mg/m3), respectively.  A related study reported that the proportion between respiratory exposure to 

1,3-dichloropropene and urinary mercapturic acid excretion for field bystanders was similar to that of 

applicators (van Welie et al. 1991b).  Kezic et al. (1996) compared dermal 1,3-dichloropropene exposure 

to respiratory exposure.  The estimated mean total uptake of cis-1,3-dichloropropene in five adults 

dermally exposed on the forearm and hand to 86 mg/m3 of the pesticide vapor for 45 minutes was 67 μg.  

The average total cis-DCP-MA excreted in urine over a 24-hour period was 48 μg.  The authors 

concluded that when whole-body dermal exposure is compared with inhalation, dermal uptake amounts to 

only 2–5% of absorption through inhalation. 

Populations that live near hazardous waste sites may be exposed to 1,3-dichloropropene via inhalation, 

drinking contaminated groundwater, or dermal contact with contaminated soil.  Individuals who shower 

or bathe in groundwater contaminated with 1,3-dichloropropene may be exposed through inhalation and 

dermal contact.  1,3-Dichloropropene has been identified in at least 107 of the 1,699 hazardous waste 

sites that have been proposed for inclusion on the EPA National Priorities List (NPL) (HazDat 2008). 

Pertinent monitoring data regarding the dermal exposure of 1,3-dichloropropene were not located in the 

available literature.  Dermal exposure is possible for workers involved in fumigant applications of 1,3-di

chloropropene. 

Data regarding human exposure to 1,1-, 1,2-, 2,3-, and 3,3-dichloropropene were not located in the 

available literature.  Exposure of the general population to these substances is expected to be low since 

they are not produced or used in large quantities (IUR).  1,1-Dichloropropene has been detected in 

drinking water.  However, it was found in only 0.01% of 97,698 public water system samples collected 

nationwide; therefore, exposure to this substance via drinking water is expected to be very low.  

http:0.11�8.07
http:0.34�10.78
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Occupational exposure may occur through inhalation and dermal contact at facilities where the dichloro

propene isomers are produced or used.  People who live near these facilities may also be exposed if these 

substances are released into the surrounding areas.  According to the National Occupational Exposure 

Survey (NOES) conducted by NIOSH between 1981 and 1983, it has been estimated that 302 workers 

(3 female workers) were potentially exposed to 2,3-dichloropropene (NIOSH 2006).  

6.6  EXPOSURES OF CHILDREN 

This section focuses on exposures from conception to maturity at 18 years in humans.  Differences from 

adults in susceptibility to hazardous substances are discussed in Section 3.7, Children’s Susceptibility. 

Children are not small adults.  A child’s exposure may differ from an adult’s exposure in many ways.  

Children drink more fluids, eat more food, breathe more air per kilogram of body weight, and have a 

larger skin surface in proportion to their body volume.  A child’s diet often differs from that of adults.  

The developing human’s source of nutrition changes with age:  from placental nourishment to breast milk 

or formula to the diet of older children who eat more of certain types of foods than adults.  A child’s 

behavior and lifestyle also influence exposure.  Children crawl on the floor, put things in their mouths, 

sometimes eat inappropriate things (such as dirt or paint chips), and spend more time outdoors.  Children 

also are closer to the ground, and they do not use the judgment of adults to avoid hazards (NRC 1993). 

Dichloropropene (unspecified isomers) was qualitatively identified in 1 out of 12 samples of breast milk 

collected from Bayonne, New Jersey; Jersey City, New Jersey; Bridgeville, Pennsylvania; and Baton 

Rouge, Louisiana during the late 1970s (EPA 1980; Pellizzari et al. 1982). 

Current data regarding the exposure of children to dichloropropenes (including body burden data, 

detection in breast milk, dietary exposure data, pathways of exposure, differences in intake compared to 

adults, and secondary exposure data) are not available.  Individuals with the greatest potential for 

exposure to 1,3-dichloropropene include bystanders and residents located near fields treated with this 

fumigant who may inhale 1,3-dichloropropene that has volatilized into the air (EPA 1998).  Therefore, 

children who live or play near fields where 1,3-dichloropropene is applied may be exposed to this 

substance through inhalation. 
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6.7  POPULATIONS WITH POTENTIALLY HIGH EXPOSURES 

High levels of exposure to 1,3-dichloropropene are most likely to occur in occupational settings where 

1,3-dichloropropene is either produced or used as a soil fumigant.  Intake by inhalation or dermal contact 

is the most probable route of high exposure to 1,3-dichloropropene.  1,3-Dichloropropene is a volatile 

compound and, after soil application as a fumigant, a fraction of the compound will volatilize and escape 

into the atmosphere (Krijgsheld and van der Gen 1986).  Potentially high exposures to 2,3-dichloro

propene should be limited to individuals who work at facilities where these substances are produced or 

used. 

6.8  ADEQUACY OF THE DATABASE 

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the 

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 

adequate information on the health effects of dichloropropenes is available.  Where adequate information 

is not available, ATSDR, in conjunction with NTP, is required to assure the initiation of a program of 

research designed to determine the health effects (and techniques for developing methods to determine 

such health effects) of dichloropropenes. 

The following categories of possible data needs have been identified by a joint team of scientists from 

ATSDR, NTP, and EPA.  They are defined as substance-specific informational needs that if met would 

reduce the uncertainties of human health assessment.  This definition should not be interpreted to mean 

that all data needs discussed in this section must be filled.  In the future, the identified data needs will be 

evaluated and prioritized, and a substance-specific research agenda will be proposed. 

6.8.1 Identification of Data Needs 

Although the following discussion covers 1.1-, 1,2-, 1,3-, and 2,3-dichloropropene, testing to fill data 

gaps for 1,3-dichloropropene should take priority, since it is the only isomer currently in production at a 

significant volume. 

Physical and Chemical Properties. The physical and chemical properties of both cis- and trans-

1,3-dichloropropene have been described and are readily available in the literature (Dilling 1977; EPA 
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1981a; Kenaga 1980; Leistra 1970; Lewis 2001; Lide 2005; O'Neil et al. 2001; Verschueren 2001).  Some 

of these physical properties were required for assessing the fate and transport of 1,3-dichloropropene in 

the environment because experimental data were not available.  The literature values were sufficient for 

performing the necessary estimates.  No data needs regarding the physical and chemical properties of 

1,3-dichloropropene are identified at this time.  Measured vapor pressure values are available for 1,1-, 

1,2-, 2,3-, and 3,3-dichloropropene.  Measured log octanol/water partition coefficients, Henry’s law 

constants, soil/water partitioning coefficients, and bioconcentration factors are lacking for these isomers.  

In addition, measured water solubility data are lacking for 1,1- and 3,3-dichloropropene.  Measured 

values for these end points would be helpful in predicting the fate and transport of these isomers where 

experimental data are lacking. 

Production, Import/Export, Use, Release, and Disposal. According to the Emergency Planning 

and Community Right-to-Know Act of 1986, 42 U.S.C. Section 11023, industries are required to submit 

substance release and off-site transfer information to the EPA.  The TRI, which contains this information 

for 2005, became available in May of 2007.  This database is updated yearly and should provide a list of 

industrial production facilities and emissions. 

Current dichloropropene production and import/export volumes are unavailable in the literature.  Much of 

the information regarding 1,3-dichloropropene has been included in combination with other chemicals. 

For example, USITC (1989) data for 1,3-dichloropropene are grouped with other soil fumigants.  

Historical production volumes are well documented (Yang 1986), but information regarding future 

domestic production, and past, present, and future imports and exports are lacking in the literature 

Literature pertaining to the use of 1,3-dichloropropene as an agricultural soil fumigant is readily available 

(Krijgsheld and van der Gen 1986).  Information on the uses of 1,1-, 1,2-, and 3,3-dichloropropene and 

more detailed use information for 2,3-dichloropropene would be helpful.  Disposal methods for 1,3-di

chloropropene have been described and appear to be satisfactory; however, methods that describe the 

disposal of 1,1-, 1,2-, 2,3-, and 3,3-dichloropropene are not available.  

Environmental Fate. Information concerning the partitioning of 1,3-dichloropropene in the 

environment is available (Cohen 1986; Dilling 1977; EPA 1986; Kenaga 1980; Leistra 1970; Munnecke 

and Vangundy 1979; Roberts and Stoydin 1976; Thomas and McKenry 1974; van der Pas and Leistra 

1987).  Information on the transport and degradation of 1,3-dichloropropene in environmental media is 

also available (Cohen 1986; Dilling 1977; EPA 1986; Leistra 1970; Munnecke and Vangundy 1979; 
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Roberts and Stoydin 1976; Swann et al. 1983; Thomas 1982; van der Pas and Leistra 1987).  No data 

needs are identified regarding the environmental fate of 1,3-dichloropropene.  Data regarding the 

environmental fate of 1,1-, 1,2-, 2,3-, and 3,3-dichloropropene were not located in the literature. 

Although the environmental fate of these substances is expected to be similar to that of 1,3-dichloro

propene, there may be some differences especially pertaining to the rates of hydrolysis and ozonolysis.  

Measured data for these isomers would provide a much better understanding of their environmental fate 

and partitioning. 

Bioavailability from Environmental Media. Case reports of people who have experienced 1,3-di

chloropropene poisoning following oral, dermal, and inhalation exposure indicate that 1,3-dichloro

propene can be absorbed by these routes (Albrecht 1987a; Markovitz and Crosby 1984; Osterloh et al. 

1984, 1989a, 1989b).  However, information regarding oral or dermal absorption of 1,3-dichloropropene 

in water, soil, or plant material have not been found.  Studies of absorption of 1,3-dichloropropene from 

air, water, soil, and plant material would allow determination of the rate and extent of absorption from 

each of these media, and allow comparison of the potential hazard posed by 1,3-dichloropropene 

contained in each.  A data need exists regarding the bioavailability of 1,3-dichloropropene from these 

media.  Bioavailability data for 1,1-, 1,2-, 2,3-, and 3,3-dichloropropene were not located in the literature.  

Although the bioavailability of these substances is expected to be low, additional information would be 

helpful in verifying this. 

Food Chain Bioaccumulation. Few data are available describing the food chain bioaccumulation 

of dichloropropenes.  Experimental data are unavailable; therefore, we do not know if the 

bioconcentration potential is consistent with estimated values obtained from regression equations (Lyman 

1982).  Information concerning the potential for food chain biomagnification has not been described.  

Knowledge in this area would enable scientists to assess the dangers of human exposure to dichloro

propenes via food such as fish and seafoods. 

Exposure Levels in Environmental Media. Reliable monitoring data for the levels of dichloro

propenes in contaminated media at hazardous waste sites are needed so that the information obtained on 

levels of dichloropropenes in the environment can be used in combination with the known body burden of 

the dichloropropenes to assess the potential risk of adverse health effects in populations living in the 

vicinity of hazardous waste sites. 
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Air and groundwater monitoring data are available for 1,3-dichloropropene.  However, more information 

on the levels of 1,3-dichloropropene in surface water, drinking water, soil, and sediment would be helpful 

since data related to these media are lacking.  Monitoring data indicate that 1,3-dichloropropene is 

generally not detected in table-ready foods.  1,3-Dichloropropene is not expected to be present in crops 

grown in soil treated with this pesticide; however, additional monitoring for 1,3-dichloropropene in these 

types of foods would be helpful in confirming this.  Environmental monitoring data for 1,1-, 1,2-, 2,3-, 

and 3,3-dichloropropene are very limited.  Although concentrations of these substances in the 

environment are expected to be low, additional information would be helpful in verifying this. 

Exposure Levels in Humans. 1,3-Dichloropropene is not a naturally occurring substance (IARC 

1986).  Available information shows that N-acetyl cysteine is present in the urine of people who were 

occupationally exposed to 1,3-dichloropropene (Osterloh et al. 1984, 1989a, 1989b).  Additional 

information regarding the utility of this biomarker as an indicator of general population exposure to the 

compound may be useful in monitoring the frequency of human exposure to 1,3-dichloropropene.  

Information concerning the numbers of persons potentially exposed to 1,3-dichloropropene near waste 

sites and manufacturing, production, and use facilities is also not available.  In these areas and those of 

widespread use, the potential for human exposure is high.  Human exposure data for 1,1-, 1,2-, 2,3-, or 

3,3-dichloropropene were not located in the literature.  Although human exposure to these substances is 

not expected to be important, information would be helpful in verifying this. 

This information is necessary for assessing the need to conduct health studies on these populations. 

Exposures of Children. Data regarding the exposure of children to dichloropropenes (including 

body burden data, detection in breast milk, dietary exposure data, pathways of exposure, differences in 

intake compared to adults, and secondary exposure data) are not available.  Exposure data for children 

who live or play near fields where 1,3-dichloropropene is applied would be particularly helpful. 

Child health data needs relating to susceptibility are discussed in Section 3.12.2, Identification of Data 

Needs:  Children’s Susceptibility. 

Exposure Registries. No exposure registries for the dichloropropenes were located.  These 

substances are not currently among the compounds for which sub-registries have been established in the 

National Exposure Registry.  These substances will be considered in the future when chemical selection is 

made for sub-registries to be established.  The information that is amassed in the National Exposure 
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Registry facilitates the epidemiological research needed to assess adverse health outcomes that may be 

related to exposure to these substances. 

6.8.2 Ongoing Studies 

The Federal Research in Progress (FEDRIP 2006) database provides additional information obtainable 

from a few ongoing studies that may fill in some of the data needs identified in Section 6.8.1.  

D.O. Chellemi and J.W. Noling of the University of Florida, Institute of Food and Agriculture, 

Gainesville, Florida are being funded by the U.S. Department of Agriculture (USDA) to conduct field-

scale demonstration/validation studies of alternatives for methyl bromide using new developments in 

application technology and methods.  S.R. Yates and S.K. Papiernik, S.K. of Agricultural Research 

Service, Riverside, California are being funded by the USDA to study the fate and transport of alternative 

fumigants and methyl bromide.  L.T. Ou and A.V. Ogram of the University of Florida, Soil and Water 

Science, Gainesville, Florida are being funded by the USDA to study the mechanisms and mitigation of 

agrochemical impacts on human and environmental health.  This will include characterization of biotic 

and abiotic processes, degradation rates, and determination of degradation products. 

Ongoing studies regarding the environmental fate and partitioning, environmental monitoring, or the 

potential for human exposure of 1,1-, 1,2-, 2,3-, and 3,3-dichloropropene were not identified in the 

Federal Research in Progress database (FEDRIP 2006). 
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7. ANALYTICAL METHODS 

The purpose of this chapter is to describe the analytical methods that are available for detecting, 

measuring, and/or monitoring dichloropropene isomers, their metabolites, and other biomarkers of 

exposure and effect to dichloropropene isomers.  The intent is not to provide an exhaustive list of 

analytical methods.  Rather, the intention is to identify well-established methods that are used as the 

standard methods of analysis.  Many of the analytical methods used for environmental samples are the 

methods approved by federal agencies and organizations such as EPA and the National Institute for 

Occupational Safety and Health (NIOSH).  Other methods presented in this chapter are those that are 

approved by groups such as the Association of Official Analytical Chemists (AOAC) and the American 

Public Health Association (APHA).  Additionally, analytical methods are included that modify previously 

used methods to obtain lower detection limits and/or to improve accuracy and precision. 

Since the majority of the analytical data on dichloropropenes are for the 1,3- isomer, the focus of this 

chapter is on methods that measure for 1,3-dichloropropene.  Environmental analytical methods for 

1,1- and 1,2-dichloropropene have been located; however, most of these are adequately described in the 

context of measuring for 1,3-dichloropropene.  Analytical methods for measuring 2,3- and 3,3-dichloro

propene in biological or environmental media were not located in the available literature. 

7.1  BIOLOGICAL MATERIALS 

The primary method for determining human exposure to 1,3-dichloropropene is measurement of the 

mercapturic acid metabolites N-acetyl-S-(cis-3-chloropropenyl-2)-L-cysteine (or cis-DCP-MA) and 

N-acetyl-S-(trans-3-chloropropenyl-2)-L-cysteine (or trans-DCP-MA) in the urine (Osterloh et al. 1984, 

1989a, 1989b).  Van Welie et al. (1989) describes a procedure whereby these metabolites are extracted 

from urine samples and analyzed using gas chromatography (GC) followed by sulfur-selective detection 

with a flame-photometric detector (FPD).  During this study, the urine samples were collected from 

applicators before, during, and up to 24 hours after finishing soil fumigation with 1,3-dichloropropene.  

These samples were stored in the dark at 4 °C until they were transported (within 2 days); thereafter, they 

were stored at -18 °C.  Methods for the analysis of these metabolites in human blood have not been 

located in the available literature. 
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Kastl and Hermann (1983) developed an analytical procedure for determining the level of cis- and 

trans-1,3-dichloropropene in whole rat blood.  Blood is extracted, 200 μL n-hexane is added, and the 

sample is vortexed and centrifuged at 800 g for 1 minute.  Samples are either directly injected onto a GC 

column for GC/mass spectrometry (MS) analysis or diluted with hexane for GC/electron capture detection 

(ECD) analysis. Percent recoveries of the GC analysis range from 80.8 to 98.5 for the cis isomer and 

from 81.3 to 98.2 for trans-1,3-dichloropropene.  For GC/MS analysis, percent recoveries are between 

83.1 and 94.9 for cis- and 88.7 and 98.8 for trans-1,3-dichloropropene.  The GC/ECD method is sensitive 

to cis and trans isomeric concentrations in rat blood of 5.88–1.17x104 and 5.35–1.07x104 ng/mL, 

respectively.  The GC/MS method is sensitive to cis- and trans-1,3-dichloropropene concentrations in rat 

blood of 5.18x101–1.29x104 and 4.71x101–1.18x104 ng/mL, respectively. 

Fisher and Kilgore (1989) extracted the glutathione conjugate of 1,3-dichloropropene from the blood of 

rats.  After collection, the blood was frozen and stored at -20 °C until analysis.  Solutions of 1 mL whole 

blood and 2 mL 10 mM HCl in an acetone dry-ice slurry were repeatedly frozen and thawed and then 

finally centrifuged.  The supernatant (1 mL) was deproteinated using 0.33 mL of 70% perchloric acid and 

then centrifuged again. The resulting clear supernatant was either injected into the high performance 

liquid chromatography (HPLC) or stored at -20 °C.  Schneider et al. (1998a) described a method for 

analyzing 1,3-dichloropropene epoxides in mouse liver.  Livers were homogenized in 2 mL 100 mM 

sodium phosphate buffer.  Ethyl acetate containing 2 μg of internal standard was added followed by 

homogenization and centrifugation.  After removal of the organic layer, the pellet was extracted using 

ethyl acetate without the internal standard and analyzed using GC/MS.  Recoveries for cis/trans-1,3-di

chloropropene and cis/trans-1,3-dichloropropene epoxides were 81–95%.  Bond et al. (1985) described a 

method for analyzing 2,3-dichloropropene in the urine, feces, and tissues (including blood) of rats.  Tissue 

samples from rats exposed to C-14 labeled 2,3-dichloropropene were homogenized in ice-cold distilled 

water and added to acetonitrile.  Following centrifugation and extraction, the supernantant was diluted in 

water to give a final concentration of 50% water and 50% acetonitrile.  Analysis was performed using a 

liquid scintillation spectrometer.  Recovery in spiked samples was >95%. 

Table 7-1 summarizes the methods used to detect 1,3-dichloropropene in biological materials, including a 

procedure for detecting 1,3-dichloropropene in foods (Daft 1989). 

Analytical methods for measuring 1,1-, 1,2-, 2,3-, or 3,3-dichloropropene in biological media were not 

located in the literature. 
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Table 7-1. Analytical Methods for Determining cis- and trans-1,3-Dichloro
propene and Metabolites in Biological Materials 

Sample Analytical Sample Percent 
matrix Preparation method method detection limit recovery Reference 
Urine	 Addition of internal 

standard, extraction using 
ethyl acetate, dissolve in 
methanol, methylation 
using ethereal 
diazomethane, redissolve 
in ethyl acetate 

Rat blood 	 Extract with hexane vortex 
and centrifuge 

Rat blood 	 Extract with hexane vortex 
and centrifuge 

Food 	 Extract composited, table-
ready foods with isooctane 
or acetone-aqueous 
phosphoric acid-isooctane 
mixture 

GC/FPD 

GC/MS 

GC/ECD 

GC-ECD/ 
HECD 

107 ng/mL 
(trans-DCP-MA); 
115 ng/mL (cis-
DCP-MA) 

5.18 ng/mL (cis); 
4.71 ng/day 
(trans) 
5.88 ng/day 
(cis); 5.35 ng/mL 
(trans) 
No data 

69 (trans-DCP-
MA); 70 (cis-
DCP-MA) 

83.1–94.9 (cis); 
88.7–98.8 
(trans) 
80.8–98.5 (cis); 
81.3–98.2 
(trans) 
45–112 

van Welie et al. 
1989 

Kastl and Hermann 
1983 

Kastl and Hermann 
1983 

Daft 1989, 1990 

ECD = electron capture detection; FPD = Flame-photometric detection; GC = gas chromatography; HECD = Hall 
electron capture detection; MS = mass spectrometry 
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7.2  ENVIRONMENTAL SAMPLES 

Procedures for detecting cis- and trans-1,3-dichloropropene in water and soil samples at hazardous waste 

sites are outlined in the method for semivolatiles in the Contract Laboratory Program (CLP) Statement of 

Work for Organics Analysis (EPA 1999).  The required quantification limits for both cis- and trans-

1,3-dichloropropene are 10 ppb for water samples and 10 ppb for soil samples in this monitoring 

program. 

For the most part, soil and sediment samples are analyzed in a similar manner to water samples, with the 

exception that a small amount of water is added to soil and sediment samples.  At this point, all three 

matrices are subjected to a purge-and-trap cycle.  An inert gas is bubbled through the sample, volatilizing 

1,3-dichloropropene.  The gas stream is then passed though an adsorbent tube, which recollects the 1,3-di

chloropropene.  The sorbent tube is attached to a GC, heated, and backflushed with an inert gas to desorb 

the halocarbons onto a GC column.  Quantification can be accomplished using either a flame ionization 

detector or an MS, depending on the total concentration of organics in the sample. 

EPA's Test Methods for Organic Chemical Analysis of Municipal and Industrial Wastewater (EPA 1982) 

and Test Methods for Solid Waste (EPA 1986) are very similar to those already outlined.  However, the 

purge-and-trap cycle may be bypassed for aqueous process wastes with expected concentrations in excess 

of 10,000 μg/L.  In these instances, the sample may be directly injected into the GC system with a 10 μL 

syringe (EPA 1986).  EPA-Office of Solid Waste Methods 8021B and 8260B can be applied to solid 

waste (EPA 1996a, 1996b).  Method 8021B uses GC followed by a photoionization detector (PID) and a 

Hall electron capture detector (HECD) connected in series (EPA 1996a). 

It is important to note the discrepancies in detection limits between the standardized methods.  CLP cites 

a detection limit of 10 ppb, yet gives no information regarding the percent recoveries (EPA 1999).  The 

EPA procedures for solid wastes (EPA Method 8010) and municipal and industrial waste waters (EPA 

Method 601), however, maintain a detection limit of 0.34 ppb.  The percent recovery, according to the 

Solid Waste Manual, ranges from 22 to 178 (EPA 1986).  Therefore, results from EPA Method 8010 must 

be interpreted with caution.  For municipal and industrial waste waters, the average percent recoveries for 

the cis- and trans-isomers are reportedly 86.7 and 73.5 with standard deviations of 6.0 and 17.2%, 

respectively (EPA 1982).  Again, the precision at which the trans-isomer can be measured is questionable. 
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Other standardized methods used for detection of 1,3-dichloropropene in water samples by purge and trap 

followed by GC/MS include EPA Methods 524.2, 624, and 1624, Standard Methods 6200B and 6200C, 

ASTM Method D5790, and USGS-NWQL Method O-4127-96 (EPA 1995a, 2001b, 2005b; NEMI 1997b, 

2001; USGS 1998).  Detection limits and percent recoveries for determination of both isomers in water 

range were 0.02–10 ppb and 78–110%, respectively, using these methods. 

A few methods have appeared in the available literature.  Leiber and Berk (1984) outlined a method for 

determining 1,3-dichloropropene in ambient air.  Tenax-GC sampling tubes are used for sample 

collection.  Solvent desorption is accomplished with isooctane containing 4.0 μg/L of 1,3,5-tribromo

benzene, followed by heat treatment at 90 °C for 15 minutes; the mixture is then left to stand for 12 hours.  

After centrifugation, an aliquot of the resulting solution is injected onto the GC column.  Sample analysis 

by capillary GC/ECD was validated for the range of 0.4–4.0 ppm, with a mean percent recovery of 100.  

Table 7-2 summarizes the methods for detecting cis- and trans-1,3-dichloropropene in environmental 

media. 

Several of the environmental methods mentioned above for measuring 1,3-dichloropropene (EPA-OSW 

method 8021B and 8260B, ASTM method D5790, Standard Methods 6200B and 6200C, and USGS

NWQL Method O-4127-96) also include 1,1-dichloropropene as an analyte (EPA 1996a, 1996b; NEMI 

1997a, 1997b, 2001; USGS 1998).  Table 7-3 provides information specific to the measurement of 1,1-di

chloropropene in environmental media using these methods.  In addition, EPA-NERL method 502.2 can 

be used to measure 1,1-dichloropropene in water using GC followed by either photoionization detection 

or electrolytic conductivity detection (EPA 1995a). 

EPA method 524.2 was the only method identified for measuring 1,2-dichloropropene in environmental 

media.  This method uses purge and trap followed by GC/MS to analyze for the substance in water.  The 

sample detection limit and percent recovery are 0.02 ppb and 98%, respectively (NEMI 1992).  Analytical 

methods for measuring 2,3- and 3,3-dichloropropene in environmental media were not located in the 

available literature. 

7.3  ADEQUACY OF THE DATABASE 

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the 

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 

adequate information on the health effects of dichloropropenes is available.  Where adequate information 
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7.  ANALYTICAL METHODS 

Table 7-2. Analytical Methods for Determining 1,3-Dichloropropene in 

Environmental Materials
 

Sample Analytical Sample Percent 
matrix Preparation method method detection limit recovery Reference 
Air	 Adsorb (Tenax-GC); GC/ECD 0.4–4.0 ppm 100 Leiber and Berk 

desorb (isooctane); inject 1984 
aliquot 

Water Purge and trap	 GC/MS (EPA 10 ppb No data EPA 1999 
CLP Method) 

Water Purge and trap	 GC/MS (EPA 0.34 ppb 22–178 EPA 1986 
Method 8010) 

Wastewater Purge and trap	 GC/MS (EPA 0.20 ppb 100 (cis) EPA 2001a 
Method 601) 0.34 ppb 100 (trans) 

Soil Add water, heat, purge GC/MS (EPA 10 ppb No data EPA 1999 
and trap, thermal CLP Method) 
desorption 

Solid waste Purge and trap, direct GC/PID and/or No data No data EPA 1996a 
injection, vacuum HECD 
distillation (EPA-OSW 

Method 8021B) 
Air, water, Purge and trap GC/MS No data No data EPA 1996b 
solid waste (aqueous, solid, and (EPA-OSW 

waste oil), direct injection Method 8260B) 
(waste oil), automatic 
static headspace (solid), 
closed system vacuum 
distillation (aqueous, 
solid, oil, and tissue), or 
desorption from trapping 
media (air) 

Water Purge and trap GC/MS 0.02 ppb (cis) 100 (cis) EPA 1995a 
(EPA Method 
524.2) 0.048 ppb 110 (trans) 

(trans) 
Water Purge and trap GC/MS 5 ppb (cis) 100 (cis) EPA 2005b 

(EPA Method 
624) Not available 100 (trans) 

(trans) 
Water Purge and trap GC/MS Not available Not available EPA 2001b 

(EPA Method (cis) (cis) 
1624)	 10 ppb (trans) Not available 

(trans) 

Water Purge and trap	 GC/MS 0.21 ppb (cis) 93% (cis) NEMI 2001 
(ASTM Method 0.2 ppb (trans) 85% (trans) 
D5790) 

Water Purge and trap	 GC/MS 0.04 ppb (cis) 99% (cis) NEMI 1997a 
(Standard 0.05 ppb (trans) 101% (trans) 
Methods 6200B) 
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Table 7-2. Analytical Methods for Determining 1,3-Dichloropropene in 

Environmental Materials
 

Sample Analytical Sample Percent 
matrix Preparation method method detection limit recovery Reference 
Water Purge and trap	 GC 0.06 ppb (cis) 78% (cis) NEMI 1997b 

(Standard 0.02 ppb (trans) 78% (trans) 
Method 6200C) 

Water Purge and trap	 GC/MS 0.048 ppb (cis) 93% (cis) USGS 1998 
(USGS-NWQL 0.072 ppb 85% (trans) 
Method O-4127- (trans) 
96) 

ECD = electron capture detection; FID = flame ionization detector; GC = gas chromatography; HECD = Hall electron 
capture detection; MS = mass spectrometry; PID = photoionization detector 
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7.  ANALYTICAL METHODS 

Table 7-3. Analytical Methods for Determining 1,1-Dichloropropene in 

Environmental Materials
 

Sample 
matrix Preparation method 

Analytical 
method 

Sample 
detection limit 

Percent 
recovery Reference 

Water Purge and trap GC/PID or ELCD 
(EPA-NERL 
Method 502.2) 

0.02 ppb 103% EPA 1995b 

Solid waste Purge and trap, direct 
injection, vacuum 
distillation 

GC/PID and/or 
ELCD 
(EPA-OSW 
Method 8021B) 

0.02 ppb 103% EPA 1996a 

Air, water, 
solid waste 

Purge and trap 
(aqueous, solid, and 
waste oil), direct injection 
(waste oil), automatic 
static headspace (solid), 
closed system vacuum 
distillation (aqueous, 
solid, oil, and tissue), or 
desorption from trapping 
media (air) 

GC/MS 
(EPA-OSW 
Method 8260B) 

Not available 102% EPA 1996b 

Water Purge and trap GC/MS 
(ASTM Method 
D5790) 

0.18 ppb 107% NEMI 2001 

Water Purge and trap GC/MS 
(Standard 
Method 6200B) 

0.04 ppb 110% NEMI 1997a 

Water Purge and trap GC 
(Standard 
Method 6200C) 

0.01 ppb 74% NEMI 1997b 

Water Purge and trap GC/MS 
(USGS-NWQL 
Method 

0.028 ppb Not available USGS 1998 

O-4127-96) 

ELCD = electrolytic conductivity detection; FID = flame ionization detector; GC = gas chromatography; MS = mass 
spectrometry; PID = photoionization detector 
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is not available, ATSDR, in conjunction with NTP, is required to assure the initiation of a program of 

research designed to determine the health effects (and techniques for developing methods to determine 

such health effects) of dichloropropene isomers. 

The following categories of possible data needs have been identified by a joint team of scientists from 

ATSDR, NTP, and EPA.  They are defined as substance-specific informational needs that if met would 

reduce the uncertainties of human health assessment.  This definition should not be interpreted to mean 

that all data needs discussed in this section must be filled.  In the future, the identified data needs will be 

evaluated and prioritized, and a substance-specific research agenda will be proposed. 

7.3.1 Identification of Data Needs 

Although the following discussion covers 1,1-, 1,2-, 1,3-, and 2,3-dichloropropene, testing to fill data 

gaps for 1,3-dichloropropene should take priority, since it is the only isomer currently in production at a 

significant volume. 

Methods for Determining Biomarkers of Exposure and Effect. 

Exposure.  Van Welie et al. (1989) has described a method for determining the mercapturic acid 

metabolites N-acetyl-S-(cis-3-chloropropenyl-2)-L-cysteine (or cis-DCP-MA) and N-acetyl-S-(trans

3-chloropropenyl-2)-L-cysteine (or trans-DCP-MA) in the urine.  Additional study and the development 

of standardized methods regarding the detection of dichloropropene metabolites in human biological 

materials (urine, blood, and tissue) are needed. 

Effect.  There are no known biomarkers of effect that are unique to dichloropropenes.  Therefore, 

standardized analytical methods for their determination are not warranted. 

Methods for Determining Parent Compounds and Degradation Products in Environmental 
Media. Methods for determining of 1,3-dichloropropene in environmental matrices have appeared in 

the literature.  Of these, standardized methods exist only for the analysis of surface water, soil, or 

sediment samples (EPA 1982, 1986, 1999).  For sediments and soils, the levels of accuracy have not been 

reported.  Both the accuracy and precision at which the trans-isomer can be measured in water is 

questionable.  Therefore, refinement of the current procedures and establishing standardized methods for 

analyzing other media such as air will aid in determining levels of human exposure to 1,3-dichloro



   
 

  
 
 

 
 
 
 
 

   

   

   

 

 

  

   

   

      

 

 

 

    
 

 

 

 

    

    

     

 

 

 

240 DICHLOROPROPENES 

7.  ANALYTICAL METHODS 

propene.  A limited number of methods are available for determining 1,1- and 1,2-dichloropropene in 

environmental media, while no methods were located for 2,3- or 3,3-dichloropropene.  Development of 

standardized methods for determining levels of 1,1-, 1,2-, 2,3-, and 3,3-dichloropropene in environmental 

materials would be helpful. 

A limited number of methods is available to determine 1,3-dichloropropene in biological materials (Daft 

1989; Kastl and Hermann 1983), and none of the methods have been standardized.  The establishment of 

standardized methods for determining of 1,3-dichloropropene in biological materials, together with 

methods that are unique to 1,3-dichloropropene exposure, would be helpful in determining the levels of 

and exposure to the general population.  No methods for determining 1,1-, 1,2-, 2,3-, or 3,3-dichloro

propene in biological materials have been located.  Development of standardized methods for determining 

levels of these isomers in biological materials would be helpful. 

7.3.2 Ongoing Studies 

Ongoing studies related to analytical methods for dichloropropenes were not located in the Federal 

Research in Progress database (FEDRIP 2006).  

The Environmental Health Laboratory Sciences Division of the National Center for Environmental 

Health, Centers for Disease Control and Prevention, is developing methods for the analysis of 

dichloropropenes and other volatile organic compounds in blood. These methods use purge and trap 

methodology, high-resolution gas chromatography, and magnetic sector mass spectrometry, which give 

detection limits in the low parts per trillion (ppt) range. 
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International and national regulations and guidelines pertinent to human exposure to 1,3- and 2,3-di

chloropropene are summarized in Table 8-1. 

2,3-Dichloropropene. An acute-duration inhalation MRL of 0.002 ppm was derived for very slight 

hyperplasia of the nasal respiratory epithelium in female rats exposed to 2,3-dichloropropene vapor at a 

minimal LOAEL of 5 ppm, 6 hours/day, for 9 out of 11 days (Zempel et al. 1987).  The MRL was based 

on 0.14 ppm, the human equivalent concentration (LOAELHEC) to the duration-adjusted minimal LOAEL 

of 1.25 ppm.  An uncertainty factor of 90 (3 for the use of a minimal LOAEL, 3 for extrapolation from 

animals to humans using dosimetric adjustment, and 10 for human variability) was applied to the 

LOAELHEC. 

1,3-Dichloropropene. An intermediate-duration inhalation MRL of 0.008 ppm was derived for slight 

hypertrophy/hyperplasia of the nasal respiratory epithelium observed in male B6CF1 mice exposed to 

1,3-dichloropropene vapor (92.1% purity) at a concentration of 60 ppm, 6 hours/day, 5 days/week, for 

6 months (Lomax et al. 1989).  The MRL was based on 0.23 ppm, the human equivalent concentration 

(HEC) to the benchmark concentration limit (BMCL10), the 95% lower confidence limit on the maximum 

likelihood estimate of the concentration corresponding to 10% risk; concentrations were adjusted for 

compound purity and intermittent exposure before modeling.  An uncertainty factor of 30 (3 for 

extrapolation between animal and human using dosimetric adjustment and 10 for human variability) was 

applied to the (BMCL10)HEC. A chronic-duration inhalation MRL of 0.007 ppm has been derived for 

hypertrophy/hyperplasia of the nasal respiratory epithelium in female B6CF1 mice exposed to 1,3-di

chloropropene vapor at a concentration of 20 ppm, 6 hours/day, 5 days/week for 2 years (Lomax et al. 

1989).  The MRL was based on 0.20 ppm, the human equivalent concentration to a benchmark 

concentration limit (95% lower confidence limit on the maximum likelihood estimate of the concentration 

corresponding to 10% risk) ([BMCL10]HEC). An uncertainty factor of 30 (3 for extrapolation between 

animal and human using dosimetric adjustment and 10 for human variability) was applied to the 

(BMCL10)HEC. An intermediate-duration oral MRL of 0.04 mg/kg/day has been derived based on a 

BMDL10 of 3.6 mg/kg/day for basal cell hyperplasia of the nonglandular stomach in male Fischer rats 

(Haut et al. 1996) exposed to Telone II®b in the diet at a dose of 15 mg/kg/day for 13 weeks; a composite 

uncertainty factor of 100 (10 for extrapolation between animals and humans and 10 for human variability) 

was applied to the BMDL10. The chronic-duration oral MRL is based on benchmark dose modeling of the 
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incidence of basal cell hyperplasia in female Fischer rats (Stebbins et al. 2000) exposed to Telone II®b in 

the diet at a dose of 12.5 mg/kg/day for 2 years.  Application of a composite uncertainty factor of 

100 (10 for extrapolation between animals and humans and 10 for human variability) to the BMDL10 of 

3.51 mg/kg/day would result in a chronic oral MRL of 0.04 mg/kg/day.  This value is in agreement with 

EPA’s chronic oral RfD of 0.03 mg/kg/day, which was based on a point of departure of 3.4 mg/kg/day for 

the same data set. Therefore, 0.03 mg/kg/day was selected as the chronic-duration oral MRL for 

1,3-dichloropropene. 

In 2000, EPA derived an oral reference dose (RfD) value for 1,3-dichloropropene of 0.03 mg/kg/day 

based on a benchmark dose limit (95% lower confidence limit on the maximum likelihood estimate of the 

dose corresponding to 10% risk) (BMDL10) of 3.4 mg/kg/day for chronic irritation in Fischer 344 rats in a 

chronic feeding study (IRIS 2006); an uncertainty factor of 100 was applied (10 for interspecies 

extrapolation and 10 for intraspecies variation) (IRIS 2006). 

In 2000, EPA derived an inhalation reference concentration (RfC) value for 1,3-dichloropropene of 

0.02 mg/m3 based on a benchmark concentration limit (95% lower confidence limit on the maximum 

likelihood estimate of the dose corresponding to 10% risk) (BMCL10) of 3.7 mg/m3 (adjusted) (IRIS 

2006) for hypertrophy/hyperplasia of the nasal respiratory epithelium in B6C3F1 mice during a chronic 

inhalation study (Lomax et al. 1989); an uncertainty factor of 30 was applied (3 for interspecies 

extrapolation to reflect the pharmacodynamic component of interspecies uncertainty and 10 for 

intraspecies variation) (IRIS 2006). 

In 1999, the International Agency for Research on Cancer (IARC) classified 1,3-dichloropropene as a 

Group 2B carcinogen (possibly carcinogenic to humans) (IARC 2004).  In 2000, EPA classified 1,3-di

chloropropene as a B2 carcinogen (probable human carcinogen) (IRIS 2006).  The National Toxicology 

Program (NTP) has classified 1,3-dichloropropene as reasonably anticipated to be a human carcinogen 

(NTP 2004).  The American Conference of Governmental Industrial Hygienists (ACGIH) has classified 

1,3-dichloropropene as an A3 carcinogen (confirmed animal carcinogen with unknown relevance to 

humans) (ACGIH 2005).  The National Institute of Occupational Safety and Health (NIOSH) has also 

identified 1,3-dichloropropene as a potential occupational carcinogen (NIOSH 2005). 

OSHA has not required employers of workers who are occupationally exposed to 1,3-dichloropropene to 

institute engineering controls and work practices to reduce and maintain employee exposure at or below 

permissible exposure limits (PELs) (OSHA 2005), although both ACGIH and NIOSH have recommended 



  
 

 
 
 

 
 
 
 
 

   

 

 

   

  

  

 

  

 

   

   

   

    

   

 

 

 

243 DICHLOROPROPENES 

8.  REGULATIONS AND ADVISORIES 

an 8- and 10-hour time-weighted averages (TWAs) of 1 ppm for 1,3-dichloropropene (ACGIH 2005; 

NIOSH 2005). 

1,3-Dichloropropene is regulated by the Clean Water Effluent Guidelines for the following industrial 

point sources: electroplating, organic chemicals production, steam electricity power generation, asbestos 

product manufacturing, timber products processing, metal finishing, paving, roofing, paint formulating, 

ink formulating, gum and wood chemicals manufacturing, and carbon black manufacturing; see the 

electronic Code of Federal Regulations for details (NARA 2006). 

EPA regulates 1,3-dichloropropene under the Clean Water Act (CWA) and the Clean Air Act (CAA) and 

has designated it as a hazardous substance and a hazardous air pollutant (HAP) (EPA 2006b, 2006c).  1,3

and 2,3-Dichloropropene are on the list of chemicals appearing in “Toxic Chemicals Subject to Section 

313 of the Emergency Planning and Community Right-to-Know Act of 1986" (EPA 2006g).  1,3- and 

2,3-Dichloropropene has been assigned a reportable quantity (RQ) limit of 100 pounds (EPA 2006f).  The 

RQ represents the amount of a designated hazardous substance which, when released to the environment, 

must be reported to the appropriate authority. 



  
 

 
 
 

 
 
 
 
 

 

  
 

    
    

    
     
     
     

    

 
   

    
      
     
     

 
      
   
     

   
     

   
  

 

  
   

 
 

  

      
  

 
  

     
      
  

 
  

  
  

 
 

  
   

     
     
  

 
  

     
     

244 DICHLOROPROPENES 

8.  REGULATIONS AND ADVISORIES 

Table 8-1.  Regulations and Guidelines Applicable to Dichloropropenesa 

Agency Description Information Reference 
INTERNATIONAL 
Guidelines: 

IARC Carcinogenicity classification Group 2Bb IARC 2004 
WHO Air quality guidelines 

Drinking water quality guidelines 
No data 
0.02 mg/Lc 

WHO 2000 
WHO 2004 

NATIONAL 
Regulations and 
Guidelines: 
a.  Air 

ACGIH TLV (8-hour TWA) 1 ppmd ACGIH 2005 
EPA AEGL No data EPA 2006a 

Hazardous air pollutant Yes EPA 2006c 
42 USC 7412 

NIOSH REL (10-hour TWA) 1 ppme,f NIOSH 2005 
IDLH No data 

OSHA PEL (8-hour TWA) for general industry No data OSHA 2005 
29 CFR 1910.1000 

b.  Water 
EPA Designated as hazardous substances in 

accordance with Section 311(b)(2)(A) of 
the Clean Water Act for 1,3-dichloro-
propene and 2,3-dichloropropene 

Yes EPA 2006b 
40 CFR 116.4 

Drinking water standards and health 
advisories 

EPA 2004 

1-day health advisory for a 10-kg child 0.03 mg/L 
10-day health advisory for a 10-kg 
child 

0.03 mg/L 

DWEL 
10-4 Cancer risk 

1 mg/L 
0.04 mg/L 

National primary drinking water 
standards 

No data EPA 2003 

Toxics criteria for those states not EPA 2006h 
complying with Clean Water Act Section 
303(c)(2)(B); human health (10-6 risk for 
carcinogens) for consumption of: 

Water + organisms 
Organism only 

10 µg/Lg 

1,700 µg/Lg 

40 CFR 131.36 

Water quality criteria for human health 
consumption of: 

Water + organism 
Organism only 

0.34 µg/Lh 

21 µg/Lh 

EPA 2006e 



  
 

 
 
 

 
 
 
 
 

  
 

    
     

    
     

   
    

     
     
    
      

 
     
    
    
  

 
  

   
 

  
 

  
   

   
 

 

     
        
        
   

 
  

   
     
     

245 DICHLOROPROPENES 

8.  REGULATIONS AND ADVISORIES 

Table 8-1.  Regulations and Guidelines Applicable to Dichloropropenesa 

Agency Description	 Information Reference 
NATIONAL (cont.) 

c.	  Food 
FDA	 Bottled drinking water No data FDA 2005 

21 CFR 165.110 
d.	  Other 

ACGIH Carcinogenicity classification A3i ACGIH 2005 
EPA Carcinogenicity classification B2j IRIS 2006 

Oral slope factor 0.01 per mg/kg/day 
Drinking water unit risk 1x10-6 to 3x10-6 per 

mg/kg/day 
Inhalation unit risk 4x10-6 per mg/m3 

RfC 0.02 mg/m3 

RfD 0.03 mg/kg/day 
Identification and listing of hazardous U084 EPA 2006d 
substances	 40 CFR 261, 

Appendix VIII 
Superfund, emergency planning, and EPA 2006f 
community right-to-know 40 CFR 302.4 

Designated CERCLA hazardous Yes 
substance 

Reportable quantity 
1,3-Dichloropropene 100 pounds 
2,3-Dichloropropene 100 pounds 

Effective date of toxic chemical EPA 2006g 
release reporting 40 CFR 372.65 
1,3-Dichloropropene 01/01/87 
2,3-Dichloropropene 01/01/90 
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Table 8-1.  Regulations and Guidelines Applicable to Dichloropropenesa 

Agency Description	 Information Reference 
NTP Carcinogenicity classification	 Reasonably anticipated NTP 2004 

to be a human 
carcinogen 

aAll regulations cited are applicable to 1,3-dichloropropene except where indicated.
bGroup 2B:  possibly carcinogenic to humans 
cFor substances that are considered to be carcinogenic, the guideline value is the concentration in drinking-water 
associated with an upper-bound excess lifetime cancer risk of 10-5 (one additional cancer per 100,000 of the 
population ingesting drinking-water containing the substance at the guideline value for 70 years).
dSkin notation:  refers to the potential significant contribution to the overall exposure by the cutaneous route, including 
mucous membranes and the eyes, either by contact with vapors or, of probable greater significance, by direct skin 
contact with the substance. 
ePotential occupational carcinogen 
fSkin designation: indicates the potential for dermal absorption; skin exposure should be prevented as necessary 
through the use of good work practices, gloves, coveralls, goggles, and other appropriate equipment.
gCriteria revised to reflect current agency q1* or RfD, as contained in the IRIS.  The fish tissue bioconcentration factor 
from the 1980 criteria documents was retained in all cases. 
hThis criterion is based on carcinogenicity of 10-6 risk. 
iGroup A3: confirmed animal carcinogen with unknown relevance to humans 
jB2:  probable human carcinogen 

ACGIH = American Conference of Governmental Industrial Hygienists; AEGL = Acute Exposure Guideline Levels; 
CERCLA = Comprehensive Environmetnal Response, Compensation, and Liability Act; CFR = Code of Federal 
Regulations; DWEL = drinking water equivalent level; EPA = Environmental Protection Agency; FDA = Food and 
Drug Administration; IARC = International Agency for Research on Cancer; IDLH = immediately dangerous to life or 
health; NIOSH = National Institute for Occupational Safety and Health; NTP = National Toxicology Program; 
OSHA = Occupational Safety and Health Administration; PEL = permissible exposure limit; REL = recommended 
exposure limit; RfC = inhalation reference concentration; RfD = oral reference dose; TLV = threshold limit values; 
TWA = time-weighted average; USC = United States Code; WHO = World Health Organization 
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Absorption—The taking up of liquids by solids, or of gases by solids or liquids. 

Acute Exposure—Exposure to a chemical for a duration of 14 days or less, as specified in the 
Toxicological Profiles. 

Adsorption—The adhesion in an extremely thin layer of molecules (as of gases, solutes, or liquids) to the 
surfaces of solid bodies or liquids with which they are in contact. 

Adsorption Coefficient (Koc)—The ratio of the amount of a chemical adsorbed per unit weight of 
organic carbon in the soil or sediment to the concentration of the chemical in solution at equilibrium. 

Adsorption Ratio (Kd)—The amount of a chemical adsorbed by sediment or soil (i.e., the solid phase) 
divided by the amount of chemical in the solution phase, which is in equilibrium with the solid phase, at a 
fixed solid/solution ratio.  It is generally expressed in micrograms of chemical sorbed per gram of soil or 
sediment. 

Benchmark Dose (BMD)—Usually defined as the lower confidence limit on the dose that produces a 
specified magnitude of changes in a specified adverse response.  For example, a BMD10 would be the 
dose at the 95% lower confidence limit on a 10% response, and the benchmark response (BMR) would be 
10%.  The BMD is determined by modeling the dose response curve in the region of the dose response 
relationship where biologically observable data are feasible.   

Benchmark Dose Model—A statistical dose-response model applied to either experimental toxicological 
or epidemiological data to calculate a BMD. 

Bioconcentration Factor (BCF)—The quotient of the concentration of a chemical in aquatic organisms 
at a specific time or during a discrete time period of exposure divided by the concentration in the 
surrounding water at the same time or during the same period. 

Biomarkers—Broadly defined as indicators signaling events in biologic systems or samples. They have 
been classified as markers of exposure, markers of effect, and markers of susceptibility. 

Cancer Effect Level (CEL)—The lowest dose of chemical in a study, or group of studies, that produces 
significant increases in the incidence of cancer (or tumors) between the exposed population and its 
appropriate control. 

Carcinogen—A chemical capable of inducing cancer. 

Case-Control Study—A type of epidemiological study that examines the relationship between a 
particular outcome (disease or condition) and a variety of potential causative agents (such as toxic 
chemicals).  In a case-controlled study, a group of people with a specified and well-defined outcome is 
identified and compared to a similar group of people without outcome. 

Case Report—Describes a single individual with a particular disease or exposure.  These may suggest 
some potential topics for scientific research, but are not actual research studies. 
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Case Series—Describes the experience of a small number of individuals with the same disease or 
exposure.  These may suggest potential topics for scientific research, but are not actual research studies. 

Ceiling Value—A concentration of a substance that should not be exceeded, even instantaneously. 

Chronic Exposure—Exposure to a chemical for 365 days or more, as specified in the Toxicological 
Profiles. 

Cohort Study—A type of epidemiological study of a specific group or groups of people who have had a 
common insult (e.g., exposure to an agent suspected of causing disease or a common disease) and are 
followed forward from exposure to outcome.  At least one exposed group is compared to one unexposed 
group. 

Cross-sectional Study—A type of epidemiological study of a group or groups of people that examines 
the relationship between exposure and outcome to a chemical or to chemicals at one point in time. 

Data Needs—Substance-specific informational needs that if met would reduce the uncertainties of human 
health assessment. 

Developmental Toxicity—The occurrence of adverse effects on the developing organism that may result 
from exposure to a chemical prior to conception (either parent), during prenatal development, or 
postnatally to the time of sexual maturation.  Adverse developmental effects may be detected at any point 
in the life span of the organism. 

Dose-Response Relationship—The quantitative relationship between the amount of exposure to a 
toxicant and the incidence of the adverse effects. 

Embryotoxicity and Fetotoxicity—Any toxic effect on the conceptus as a result of prenatal exposure to 
a chemical; the distinguishing feature between the two terms is the stage of development during which the 
insult occurs.  The terms, as used here, include malformations and variations, altered growth, and in utero 
death. 

Environmental Protection Agency (EPA) Health Advisory—An estimate of acceptable drinking water 
levels for a chemical substance based on health effects information.  A health advisory is not a legally 
enforceable federal standard, but serves as technical guidance to assist federal, state, and local officials. 

Epidemiology—Refers to the investigation of factors that determine the frequency and distribution of 
disease or other health-related conditions within a defined human population during a specified period.  

Genotoxicity—A specific adverse effect on the genome of living cells that, upon the duplication of 
affected cells, can be expressed as a mutagenic, clastogenic, or carcinogenic event because of specific 
alteration of the molecular structure of the genome. 

Half-life—A measure of rate for the time required to eliminate one half of a quantity of a chemical from 
the body or environmental media. 

Immediately Dangerous to Life or Health (IDLH)—The maximum environmental concentration of a 
contaminant from which one could escape within 30 minutes without any escape-impairing symptoms or 
irreversible health effects. 
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Immunologic Toxicity—The occurrence of adverse effects on the immune system that may result from 
exposure to environmental agents such as chemicals. 

Immunological Effects—Functional changes in the immune response. 

Incidence—The ratio of individuals in a population who develop a specified condition to the total 
number of individuals in that population who could have developed that condition in a specified time 
period. 

Intermediate Exposure—Exposure to a chemical for a duration of 15–364 days, as specified in the 
Toxicological Profiles. 

In Vitro—Isolated from the living organism and artificially maintained, as in a test tube. 

In Vivo—Occurring within the living organism. 

Lethal Concentration(LO) (LCLO)—The lowest concentration of a chemical in air that has been reported 
to have caused death in humans or animals. 

Lethal Concentration(50) (LC50)—A calculated concentration of a chemical in air to which exposure for 
a specific length of time is expected to cause death in 50% of a defined experimental animal population. 

Lethal Dose(LO) (LDLo)—The lowest dose of a chemical introduced by a route other than inhalation that 
has been reported to have caused death in humans or animals. 

Lethal Dose(50) (LD50)—The dose of a chemical that has been calculated to cause death in 50% of a 
defined experimental animal population. 

Lethal Time(50) (LT50)—A calculated period of time within which a specific concentration of a chemical 
is expected to cause death in 50% of a defined experimental animal population. 

Lowest-Observed-Adverse-Effect Level (LOAEL)—The lowest exposure level of chemical in a study, 
or group of studies, that produces statistically or biologically significant increases in frequency or severity 
of adverse effects between the exposed population and its appropriate control. 

Lymphoreticular Effects—Represent morphological effects involving lymphatic tissues such as the 
lymph nodes, spleen, and thymus. 

Malformations—Permanent structural changes that may adversely affect survival, development, or 
function. 

Minimal Risk Level (MRL)—An estimate of daily human exposure to a hazardous substance that is 
likely to be without an appreciable risk of adverse noncancer health effects over a specified route and 
duration of exposure. 

Modifying Factor (MF)—A value (greater than zero) that is applied to the derivation of a Minimal Risk 
Level (MRL) to reflect additional concerns about the database that are not covered by the uncertainty 
factors.  The default value for a MF is 1. 

Morbidity—State of being diseased; morbidity rate is the incidence or prevalence of disease in a specific 
population. 
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Mortality—Death; mortality rate is a measure of the number of deaths in a population during a specified 
interval of time. 

Mutagen—A substance that causes mutations.  A mutation is a change in the DNA sequence of a cell’s 
DNA.  Mutations can lead to birth defects, miscarriages, or cancer. 

Necropsy—The gross examination of the organs and tissues of a dead body to determine the cause of 
death or pathological conditions. 

Neurotoxicity—The occurrence of adverse effects on the nervous system following exposure to a 
chemical. 

No-Observed-Adverse-Effect Level (NOAEL)—The dose of a chemical at which there were no 
statistically or biologically significant increases in frequency or severity of adverse effects seen between 
the exposed population and its appropriate control.  Effects may be produced at this dose, but they are not 
considered to be adverse. 

Octanol-Water Partition Coefficient (Kow)—The equilibrium ratio of the concentrations of a chemical 
in n-octanol and water, in dilute solution. 

Odds Ratio (OR)—A means of measuring the association between an exposure (such as toxic substances 
and a disease or condition) that represents the best estimate of relative risk (risk as a ratio of the incidence 
among subjects exposed to a particular risk factor divided by the incidence among subjects who were not 
exposed to the risk factor).  An OR of greater than 1 is considered to indicate greater risk of disease in the 
exposed group compared to the unexposed group. 

Organophosphate or Organophosphorus Compound—A phosphorus-containing organic compound 
and especially a pesticide that acts by inhibiting cholinesterase. 

Permissible Exposure Limit (PEL)—An Occupational Safety and Health Administration (OSHA) 
allowable exposure level in workplace air averaged over an 8-hour shift of a 40-hour workweek. 

Pesticide—General classification of chemicals specifically developed and produced for use in the control 
of agricultural and public health pests. 

Pharmacokinetics—The dynamic behavior of a material in the body, used to predict the fate 
(disposition) of an exogenous substance in an organism.  Utilizing computational techniques, it provides 
the means of studying the absorption, distribution, metabolism, and excretion of chemicals by the body. 

Pharmacokinetic Model—A set of equations that can be used to describe the time course of a parent 
chemical or metabolite in an animal system.  There are two types of pharmacokinetic models:  data-based 
and physiologically-based.  A data-based model divides the animal system into a series of compartments, 
which, in general, do not represent real, identifiable anatomic regions of the body, whereas the 
physiologically-based model compartments represent real anatomic regions of the body. 

Physiologically Based Pharmacodynamic (PBPD) Model—A type of physiologically based dose-
response model that quantitatively describes the relationship between target tissue dose and toxic end 
points.  These models advance the importance of physiologically based models in that they clearly 
describe the biological effect (response) produced by the system following exposure to an exogenous 
substance. 
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Physiologically Based Pharmacokinetic (PBPK) Model—Comprised of a series of compartments 
representing organs or tissue groups with realistic weights and blood flows. These models require a 
variety of physiological information:  tissue volumes, blood flow rates to tissues, cardiac output, alveolar 
ventilation rates, and possibly membrane permeabilities.  The models also utilize biochemical 
information, such as air/blood partition coefficients, and metabolic parameters.  PBPK models are also 
called biologically based tissue dosimetry models. 

Prevalence—The number of cases of a disease or condition in a population at one point in time. 

Prospective Study—A type of cohort study in which the pertinent observations are made on events 
occurring after the start of the study.  A group is followed over time. 

q1*—The upper-bound estimate of the low-dose slope of the dose-response curve as determined by the 
multistage procedure.  The q1* can be used to calculate an estimate of carcinogenic potency, the 
incremental excess cancer risk per unit of exposure (usually μg/L for water, mg/kg/day for food, and 
μg/m3 for air). 

Recommended Exposure Limit (REL)—A National Institute for Occupational Safety and Health 
(NIOSH) time-weighted average (TWA) concentration for up to a 10-hour workday during a 40-hour 
workweek. 

Reference Concentration (RfC)—An estimate (with uncertainty spanning perhaps an order of 
magnitude) of a continuous inhalation exposure to the human population (including sensitive subgroups) 
that is likely to be without an appreciable risk of deleterious noncancer health effects during a lifetime.  
The inhalation reference concentration is for continuous inhalation exposures and is appropriately 
expressed in units of mg/m3 or ppm. 

Reference Dose (RfD)—An estimate (with uncertainty spanning perhaps an order of magnitude) of the 
daily exposure of the human population to a potential hazard that is likely to be without risk of deleterious 
effects during a lifetime.  The RfD is operationally derived from the no-observed-adverse-effect level 
(NOAEL, from animal and human studies) by a consistent application of uncertainty factors that reflect 
various types of data used to estimate RfDs and an additional modifying factor, which is based on a 
professional judgment of the entire database on the chemical.  The RfDs are not applicable to 
nonthreshold effects such as cancer. 

Reportable Quantity (RQ)—The quantity of a hazardous substance that is considered reportable under 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).  Reportable 
quantities are (1) 1 pound or greater or (2) for selected substances, an amount established by regulation 
either under CERCLA or under Section 311 of the Clean Water Act.  Quantities are measured over a 
24-hour period. 

Reproductive Toxicity—The occurrence of adverse effects on the reproductive system that may result 
from exposure to a chemical.  The toxicity may be directed to the reproductive organs and/or the related 
endocrine system.  The manifestation of such toxicity may be noted as alterations in sexual behavior, 
fertility, pregnancy outcomes, or modifications in other functions that are dependent on the integrity of 
this system. 
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Retrospective Study—A type of cohort study based on a group of persons known to have been exposed 
at some time in the past.  Data are collected from routinely recorded events, up to the time the study is 
undertaken.  Retrospective studies are limited to causal factors that can be ascertained from existing 
records and/or examining survivors of the cohort. 

Risk—The possibility or chance that some adverse effect will result from a given exposure to a chemical. 

Risk Factor—An aspect of personal behavior or lifestyle, an environmental exposure, or an inborn or 
inherited characteristic that is associated with an increased occurrence of disease or other health-related 
event or condition. 

Risk Ratio—The ratio of the risk among persons with specific risk factors compared to the risk among 
persons without risk factors.  A risk ratio greater than 1 indicates greater risk of disease in the exposed 
group compared to the unexposed group. 

Short-Term Exposure Limit (STEL)—The American Conference of Governmental Industrial 
Hygienists (ACGIH) maximum concentration to which workers can be exposed for up to 15 minutes 
continually.  No more than four excursions are allowed per day, and there must be at least 60 minutes 
between exposure periods.  The daily Threshold Limit Value-Time Weighted Average (TLV-TWA) may 
not be exceeded. 

Standardized Mortality Ratio (SMR)—A ratio of the observed number of deaths and the expected 
number of deaths in a specific standard population. 

Target Organ Toxicity—This term covers a broad range of adverse effects on target organs or 
physiological systems (e.g., renal, cardiovascular) extending from those arising through a single limited 
exposure to those assumed over a lifetime of exposure to a chemical. 

Teratogen—A chemical that causes structural defects that affect the development of an organism. 

Threshold Limit Value (TLV)—An American Conference of Governmental Industrial Hygienists 
(ACGIH) concentration of a substance to which most workers can be exposed without adverse effect.  
The TLV may be expressed as a Time Weighted Average (TWA), as a Short-Term Exposure Limit 
(STEL), or as a ceiling limit (CL). 

Time-Weighted Average (TWA)—An allowable exposure concentration averaged over a normal 8-hour 
workday or 40-hour workweek. 

Toxic Dose(50) (TD50)—A calculated dose of a chemical, introduced by a route other than inhalation, 
which is expected to cause a specific toxic effect in 50% of a defined experimental animal population. 

Toxicokinetic—The absorption, distribution, and elimination of toxic compounds in the living organism. 



   
 

  
 
 

 
 
 
 
 

  
 

    
   

  
 

    
   

 
 

 
 
 

277 DICHLOROPROPENES 

10.  GLOSSARY 

Uncertainty Factor (UF)—A factor used in operationally deriving the Minimal Risk Level (MRL) or 
Reference Dose (RfD) or Reference Concentration (RfC) from experimental data.  UFs are intended to 
account for (1) the variation in sensitivity among the members of the human population, (2) the 
uncertainty in extrapolating animal data to the case of human, (3) the uncertainty in extrapolating from 
data obtained in a study that is of less than lifetime exposure, and (4) the uncertainty in using lowest
observed-adverse-effect level (LOAEL) data rather than no-observed-adverse-effect level (NOAEL) data.  
A default for each individual UF is 10; if complete certainty in data exists, a value of 1 can be used; 
however, a reduced UF of 3 may be used on a case-by-case basis, 3 being the approximate logarithmic 
average of 10 and 1. 

Xenobiotic—Any chemical that is foreign to the biological system. 
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APPENDIX A.  ATSDR MINIMAL RISK LEVELS AND WORKSHEETS 

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) [42 U.S.C. 

9601 et seq.], as amended by the Superfund Amendments and Reauthorization Act (SARA) [Pub. L. 99– 

499], requires that the Agency for Toxic Substances and Disease Registry (ATSDR) develop jointly with 

the U.S. Environmental Protection Agency (EPA), in order of priority, a list of hazardous substances most 

commonly found at facilities on the CERCLA National Priorities List (NPL); prepare toxicological 

profiles for each substance included on the priority list of hazardous substances; and assure the initiation 

of a research program to fill identified data needs associated with the substances. 

The toxicological profiles include an examination, summary, and interpretation of available toxicological 

information and epidemiologic evaluations of a hazardous substance.  During the development of 

toxicological profiles, Minimal Risk Levels (MRLs) are derived when reliable and sufficient data exist to 

identify the target organ(s) of effect or the most sensitive health effect(s) for a specific duration for a 

given route of exposure.  An MRL is an estimate of the daily human exposure to a hazardous substance 

that is likely to be without appreciable risk of adverse noncancer health effects over a specified duration 

of exposure. MRLs are based on noncancer health effects only and are not based on a consideration of 

cancer effects.  These substance-specific estimates, which are intended to serve as screening levels, are 

used by ATSDR health assessors to identify contaminants and potential health effects that may be of 

concern at hazardous waste sites.  It is important to note that MRLs are not intended to define clean-up or 

action levels. 

MRLs are derived for hazardous substances using the no-observed-adverse-effect level/uncertainty factor 

approach.  They are below levels that might cause adverse health effects in the people most sensitive to 

such chemical-induced effects.  MRLs are derived for acute (1–14 days), intermediate (15–364 days), and 

chronic (365 days and longer) durations and for the oral and inhalation routes of exposure.  Currently, 

MRLs for the dermal route of exposure are not derived because ATSDR has not yet identified a method 

suitable for this route of exposure.  MRLs are generally based on the most sensitive chemical-induced end 

point considered to be of relevance to humans.  Serious health effects (such as irreparable damage to the 

liver or kidneys, or birth defects) are not used as a basis for establishing MRLs.  Exposure to a level 

above the MRL does not mean that adverse health effects will occur. 
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MRLs are intended only to serve as a screening tool to help public health professionals decide where to 

look more closely.  They may also be viewed as a mechanism to identify those hazardous waste sites that 

are not expected to cause adverse health effects.  Most MRLs contain a degree of uncertainty because of 

the lack of precise toxicological information on the people who might be most sensitive (e.g., infants, 

elderly, nutritionally or immunologically compromised) to the effects of hazardous substances.  ATSDR 

uses a conservative (i.e., protective) approach to address this uncertainty consistent with the public health 

principle of prevention.  Although human data are preferred, MRLs often must be based on animal studies 

because relevant human studies are lacking.  In the absence of evidence to the contrary, ATSDR assumes 

that humans are more sensitive to the effects of hazardous substance than animals and that certain persons 

may be particularly sensitive.  Thus, the resulting MRL may be as much as 100-fold below levels that 

have been shown to be nontoxic in laboratory animals. 

Proposed MRLs undergo a rigorous review process:  Health Effects/MRL Workgroup reviews within the 

Division of Toxicology and Environmental Medicine, expert panel peer reviews, and agency-wide MRL 

Workgroup reviews, with participation from other federal agencies and comments from the public.  They 

are subject to change as new information becomes available concomitant with updating the toxicological 

profiles.  Thus, MRLs in the most recent toxicological profiles supersede previously published levels.  

For additional information regarding MRLs, please contact the Division of Toxicology and 

Environmental Medicine, Agency for Toxic Substances and Disease Registry, 1600 Clifton Road NE, 

Mailstop F-32, Atlanta, Georgia 30333. 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 

Chemical Name: 2,3-Dichloropropene 
CAS Numbers: 78-88-6 
Date: June 2008 
Profile Status: Final Draft Post-public 
Route: [X] Inhalation   [ ] Oral 
Duration: [X] Acute [ ] Intermediate   [ ] Chronic 
Graph Key: 3 
Species: Rat 

Minimal Risk Level: 0.002 [ ] mg/kg/day  [X] ppm 

Reference:  Zempel JA, Grandjean M, Young JT.  1987.  2,3-Dichloropropene:  Results of a two-week 
inhalation toxicity study in Fischer-344 rats and B6C3F1 mice.  Dow Chemical Company.  Submitted to 
the U.S. Environmental Protection Agency under TSCA Section FYI.  OTS0000499-1. 

Note: The principal study is an unpublished study that has been peer reviewed. 

Experimental design:  Groups (five/sex/concentration) of B6C3F1 mice and F344 rats were exposed to 
vapors of 2,3-dichloropropene (>99% purity) 6 hours/day for nine exposures over 11 days at 
concentrations of 0, 5, 25, or 75 ppm (0, 22.7, 113.5, or 340 mg/m3).  Animals were examined daily for 
signs of toxicity.  Body weights were measured on days 1, 3, 5, and 12.  Urine samples were collected 
from rats before the last exposure on day 11.  At termination on day 12 after an overnight fast, blood 
samples were taken from rats and mice for hematology and serum chemistry analyses.  All rats and mice 
received a complete necropsy examination that, for rats, included the eyes.  Absolute and relative organ 
weights were recorded and calculated for brain, heart, liver, thymus, kidneys, and testes.  All saved tissues 
were examined microscopically for all animals in the control and 75 ppm groups; in the 5 and 25 ppm 
groups, target tissues were examined for histopathology (liver, kidneys, bone marrow, lungs, and nasal 
tissues in both species, and also thymus, trachea, and larynx in mice).  The study was conducted under 
Good Laboratory Practice standards. 

Effects noted in study and corresponding doses:  NOAELs were not identified in rats or mice.  The lowest 
tested concentration, 5 ppm, was a LOAEL for respiratory lesions in both species. 

Rats: Treatment caused no significant changes in survival, daily activities, or hematology, serum 
chemistry, or urinalysis results in rats.  Statistically significant reductions in body weight in ≥25 ppm 
groups compared to controls were not biologically significant.  Observed organ weight changes reflected 
changes in body weight and were not accompanied by histopathology.  Histopathology of the respiratory 
tract was the major effect of exposure, showing concentration-related increases in severity.  In all rats 
exposed at 25–75 ppm, slight-to-moderate degeneration (thinning) of the nasal olfactory epithelium was 
observed, secondarily producing inflammation and sloughing of necrotic cells. Hyperplasia of the nasal 
respiratory epithelium was observed in nearly all treated rats except for one male treated at 5 ppm:  the 
severity of this lesion was very slight at ≥5 ppm, slight at 25 ppm, and moderate at 75 ppm (Table A-1).  
Slight peribronchiolar infiltration of eosinophils was observed in one male at 5 ppm and most rats at 25– 
75 ppm, but the study authors were uncertain as to the toxicological significance of this lesion.  In male 
and female rats, 5 ppm was a LOAEL for hyperplasia of the nasal respiratory epithelium. 
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Table A-1.  Incidence of Significant Lesions in Fischer 344 Rats and B6C3F1 Mice 

Exposed to 2,3-Dichloropropene (>99%) Vapor 6 Hours/Day, for 9/11 Daysa
 

Control 5 ppm 25 ppm 75 ppm 
Rats 

Hyperplasia of nasal respiratory epithelium 
Male 0/5 4/5* 5/5** 5/5*** 
Female 0/5 5/5* 5/5** 5/5*** 

Mice 
Hyperplasia of nasal respiratory epithelium 

Male 0/5 3/5* 5/5** 5/5*** 
Female 0/5 4/5* 5/5** 5/5*** 

Diffuse degeneration of bronchial/bronchiolar epithelium 
Male 0/5 5/5** 5/5*** 5/5**** 
Female 0/5 5/5** 3/5***+ 2/5**** 5/5**** 

aSeverity: *very slight; **slight; ***moderate; ****severe 

Source:  Zempel et al. 1987 

Mice: Treatment had no significant effect on survival in mice.  Upon repeated exposure, reduced activity 
levels were observed in all groups in a concentration-related manner; beginning with the third exposure at 
25 or 75 ppm, slow and labored respiration was observed during exposure on days 3 and 5.  Food intake 
(as estimated by fecal output) appeared to be reduced in the 25 and 75 ppm groups during the first week.  
Body weights were significantly lower compared to controls by 12–25% in males and 16–26% in females 
exposed at 25 or 75 ppm.  According to the study authors, hematology and serum chemistry changes 
indicated mild dehydration and stress-induced lymphopenia at ≥25 ppm rather than direct toxic effects of 
the compound (for example, increased ALT at 75 ppm was not accompanied by histology, but seemed to 
be a consequence of hemoconcentration).  At gross necropsy, the size and weight of the thymus were 
reduced in male and female mice exposed at ≥25 ppm.  Microscopic examination showed diffuse cortical 
atrophy of the thymus, which study authors considered secondary to stress, at 75 ppm.  Histopathology of 
the respiratory tract was the most significant effect of exposure and showed concentration-related 
increases in severity (Table A-1).  Slight-to-moderate degeneration of nasal olfactory epithelium was 
observed at ≥25 ppm and very slight-to moderate hyperplasia of the nasal respiratory mucosa occurred at 
≥5 ppm.  Hyperplasia (very slight-to-slight) of the laryngeal epithelium was observed at ≥25 ppm.  In the 
bronchial/bronchiolar tissue, a diffuse degenerative lesion of the ciliated respiratory epithelium was slight 
at 5 ppm (irregular cells size and apical nuclei in many cells), moderate at 25 ppm and severe at 75 ppm, 
showing flattened or cuboidal epithelium (rather than columnar) with sparse ciliation and apical rather 
than basal nuclei.  In male and female mice, 5 ppm was a LOAEL for very slight hyperplasia of the nasal 
respiratory epithelium and slight diffuse degeneration of the bronchial/bronchiolar epithelium. 

Dose and end point used for MRL derivation: Very slight hyperplasia of nasal respiratory epithelium in 
female rats exposed to 5 ppm 2,3-dichloropropene (>99% purity), 6 hours/day, for 9/11 days.  The effect 
is considered minimal because the severity of the lesion was characterized by the study authors as very 
slight.  Using EPA (1994) dosimetric adjustments (see below), a regional gas dose ratio (RGDRET) of 
0.1143 for extrathoracic effects was applied to the duration-adjusted LOAEL of 1.25 ppm, resulting in a 
human equivalent concentration (LOAELHEC) of. 0.1429 ppm, the point of departure for the MRL. 

[ ] NOAEL   [X] [LOAEL]HEC 
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Uncertainty Factors used in MRL derivation:  90 applied to the LOAELHEC of 0.1429 ppm 

[X]  3 for use of a minimal LOAEL 
[X]  3 for extrapolation from animals to humans using dosimetric adjustments 
[X]  10 for human variability 

0.1429 ppm / 90  =  0.0016 ppm, rounded to 0.002 ppm 

Was a conversion factor used from ppm in food or water to a mg/body weight dose? Not applicable. 

If an inhalation study in animals, list conversion factors used in determining human equivalent dose: 
EPA (1994) methods for calculating dosimetric adjustments across species for inhalation exposures were 
applied to data for nasal lesions, defined as extrathoracic (ET) effects, in rats and mice, and for bronchial 
and bronchiolar lesions, defined as trachiobronchial (TB) effects, in mice.  Values used in these 
calculations and the calculated regional gas dose ratios are given in Table A-2. 

Table A-2.  Values Used for Calculating Human Equivalent Concentrations to 

LOAELs of 5 ppm for Fischer F344 Rats and B6C3F1 Mice Exposed
 

6 Hours/Day, 9/11 Days to 2,3-Dichloropropenea 


Rats Mice 
Human Male Female Male Female 

Intercept b0
b -0.578 -0.578 0.326 0.326 

Slope b1
b 0.821 0.821 1.050 1.050 

Time-weighted-average body 0.2326 kg 0.1502 kg 0.0254 kg 0.0211 kg 
weightc (kg) 
VE (minute volume) (mL/minute) 13,800 b 169.42 118.3106 29.2857 24.1033 
SA ET (surface area of extra- 200 cm2 15 cm2 15 cm2 3 cm2 3 cm2 

thoracic region)b 

RGDR ET 0.1637 0.1143 0.1415 0.1164 
(LOAEL-adjusted)HEC-ET (ppm) 0.2046 0.1429 0.1769 0.1455 
SA TB (surface area of tracheo- 3,200 cm2 Not applicable Not applicable 3.5 cm2 3.5 cm2 

bronchial region)b 

RGDR TB Not applicable Not applicable 1.7771 1.4305 
(LOAEL-adjusted)HEC-TB ppm Not applicable Not applicable 2.2214 1.7881 

aZempel et al. (1987)

bEPA (1994)
 
cCalculated from data in Zempel et al. (1987)
 

Although 2,3-dichloropropene is a category 2 gas, the extrathoracic (ET) regional gas dose ratios 
(RGDRs) were calculated from rat and mouse data using the equation for a category 1 gas by default, 
since an equation is not available for category 2 gases (EPA 1994). 

RGDRET = (RGD ET)rodent /(RGD ET)human =  (VE/SA ET)rodent /(VE/SA ET)human 
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The tracheobronchial (TB) regional gas dose ratios were calculated from mouse data using the equation 
for a category 1 gas by default. 

RGDRTB = (RGD TB)mouse /(RGD TB)human 

/(VE/SA TB)human ] [ (e –[SAet/VE]mouse) / (e –[SAet/VE]human)]=  [(VE/SA TB)mouse 

Where: 
VE = minute volume in mL/minute 
SA = surface area in cm2 

The minute volumes (VE) for male and female rats and mice were calculated using the equation 
LN (VE) = b0 + b1 [LN (BW in kg)]. 

Slopes and intercepts for rats and mice were taken from EPA (1994).  The acute time-weighted-average 
body weights for male and female B6C3F1 mice, and male and female Fischer 344 rats, were calculated 
from data reported in the key study.  Values for calculating minute volumes are in Table A-2. 

The calculated regional gas dose ratios for extrathoracic effects in rats and mice and tracheobronchial 
effects in mice (Table A-2) were applied to the common duration-adjusted LOAEL of 1.25 ppm.  The 
lowest human equivalent concentration was 0.1429 ppm for extrathoracic effects (hyperplasia of nasal 
respiratory epithelium) in female rats, which was selected as the point of departure for calculating the 
MRL since it would be protective against all effects.  

Although a NOAEL was not available in this study, benchmark dose modeling was not performed to 
estimate an exposure level without appreciable risk because the data were not suitable. The group sizes 
were too small to model data sets for each sex separately, and the dose-response data for the combined 
sets provided no information as to the shape of the response curve below the tested exposure levels 
incidences for rats or mice with respiratory tract lesions increased from 0/10 in the control to 70–100% in 
the lowest exposure groups (Table A-1).  For these reasons, the MRL was calculated using the 
NOAEL/LOAEL approach. 

Was a conversion used from intermittent to continuous exposure?  Yes. The LOAEL, 5 ppm, was 
adjusted for intermittent exposure (6 hours/24 hours), resulting in a duration-adjusted LOAEL of 
1.25 ppm. 

Other additional studies or pertinent information that lend support to this MRL: No data were available 
for the acute-duration inhalation toxicity of 2,3-dichloropropene in humans, and acute-duration inhalation 
data for animals, aside from the principal study, are limited to lethality studies (Dietz et al. 1985b; 
Monsanto 1967; Smyth et al. 1962; Union Carbide Corp. 1958).  Exposure to an unquantified 
concentrated vapor of 2,3-dichloropropene resulted in effects on the eye (closure of eyelids, lacrimation), 
respiratory system (gasping, labored breathing, nasal discharge and, at necropsy, hemorrhagic lungs and 
inflammation of the nasal mucosa) and central nervous system (reduced activity, unconsciousness), and 
death within 30 minutes in rats (Monsanto 1967).  An acute lethality inhalation study in rats reported no 
mortality at 250 ppm, 50% mortality at 500 ppm, and 100% mortality at 1,000 ppm after a 4-hour 
exposure (Smyth et al. 1962; Union Carbide Corp. 1958); this study provided no information about target 
organ specificity.  In a 1-hour acute inhalation lethality study (for which even-numbered pages were 
missing), all rats exhibited irritant effects on the eye (lacrimation), respiratory tract (gasping, shallow 
respiration), gastrointestinal system (diarrhea), and central nervous system (lethargy) during exposure at 
concentrations of 693–1,963 ppm (Dietz et al. 1985b); postexposure lethargy and labored respiration were 
observed in rats exposed at 1,963 ppm.  As described in Dietz et al. (1985b), results of a 6-hour range-
finding inhalation study in rats included no overt toxicity at 75 ppm, crusted noses at 250 ppm, and 
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bloody noses, diarrhea, lethargy, and death at 500 ppm; irritation of the eyes and nose were named as the 
primary treatment-related effects in the range-finding study. 

The limited database indicates that irritant effects, especially on the respiratory system, are the critical 
effects of acute-duration inhalation exposure to 2,3-dichloropropene.  The study by Zempel et al. (1987) 
was selected as the principal study since it was adequately designed and reported, and it documented 
respiratory effects at the lowest tested concentration in rats and mice, providing reliable LOAELs for 
these effects. 

Agency Contacts (Chemical Managers):   Annette Ashizawa, Sharon Wilbur, and Heraline Hicks 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name:  1,3-Dichloropropene 
CAS Numbers:   542-75-6  
Date:   June 2008 
Profile Status:  Final Draft Post-public 
Route:   [X] Inhalation   [ ] Oral 
Duration:  [ ] Acute   [X] Intermediate   [ ] Chronic 
Graph Key:  20 
Species:    Mouse  
 
Minimal Risk Level:  0.008   [ ] mg/kg/day   [X] ppm 
 
Reference:  Lomax L, Stott W, Johnson K, et al.  1989.  The chronic toxicity and oncogenicity of inhaled 
technical grade 1,3-dichloropropene in rats and mice.  Fundam Appl Toxicol 12:418-431. 
 
Experimental design:  Groups (10/sex/concentration) of B6C3F1 mice and F344 rats were exposed to 
vapors of 1,3-dichloropropene 6 hours/day, 5 days/week for 6 months at concentrations of 0, 5, 20, or 
60 ppm (0, 22.7, 90.8, or 272 mg/m3).  These were designed as interim satellite groups for a 2-year study.  
The test material was 92.1% pure (49.5% cis; 42.6% trans) and contained 2.0% epoxidized soybean oil 
(ESO) as a stabilizer, 0.7% 1,2-dichloropropane, and a calculated 5.2% mixtures of hexanes and 
hexadienes.  Animals were observed after each exposure for clinical signs and moribund animals 
necropsied to minimize postmortem autolysis.  Body weights were recorded before the study began, 
weekly for the first 13 weeks, and at monthly intervals thereafter.  Urinalysis was conducted on rats 
during the week prior to termination; hematology and clinical chemistry parameters were analyzed in 
blood samples taken from rats and mice at the time of necropsy.  All animals received examination by 
gross necropsy, at which time absolute and relative brain, heart, kidney, liver, and testicular weights were 
recorded.  More than 40 tissues, in addition to gross lesions, were examined for histopathology in control 
and high-exposure animals at scheduled sacrifice and in all animals dying prematurely.  About 17 tissues, 
in addition to gross lesions, were examined in low- and mid-exposure animals at scheduled termination. 
 
Effects noted in study and corresponding doses:  Exposure to 1,3-dichloropropene for 6 months had no 
adverse effect on survival, clinical signs, or hematological or clinical chemistry parameters in mice.  Body 
weights of high-dose mice were depressed compared to controls, but the differences were not biologically 
significant at 6 months.  Reductions in liver and kidney weights in males at 60 ppm were attributed by 
study authors to the reduced body weight and were not accompanied by histopathology.  Statistically 
significant increased incidences of histopathological lesions were observed in mice treated at 60 ppm:  
hypertrophy/hyperplasia of the nasal respiratory epithelium in male and female mice and hyperplasia of 
the urinary bladder in female mice (Table A-3). 
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Table A-3.  Incidence of Significant Lesions in B6C3F1 Mice Exposed to  
1,3-Dichloropropene (92.1%) Vapor 6 Hours/Day, 5 Days/Week  

for 6 Months 
 

 Control 22.7 mg/m3 
(5 ppm) 

90.8 mg/m3 
(20 ppm) 

272 mg/m3 
(60 ppm) 

Slight hypertrophy/hyperplasia of nasal respiratory epithelium 
 Male 1/10 0/10 3/10 10/10a 
 Female 0/10 0/10 0/10 7/10a 
Hyperplasia of urinary bladder 
 Male 0/10 0/10 0/10 1/10 
 Female  0/10 0/10 0/10 4/10a 
 
aDifferent from control using Fisher Exact Test 
 
Source:  Lomax et al. 1989 
 
Dose and end point used for MRL derivation:  Hypertrophy/hyperplasia of nasal respiratory epithelium in 
male and female B6C3F1 mice exposed to 60 ppm (272 mg/m3) 1,3-dichloropropene (92.1% purity), 
6 hours/day, 5 days/week for 6 months was selected as the critical effect.  Using benchmark concentration 
analysis, a BMCL10 value of 1.0678 mg/m3 was calculated for male mice and 13.5227 mg/m3 was 
calculated for female mice (see Tables A-4 and A-6).  Using EPA (1994) dosimetric adjustments, the 
male BMCL10 value was converted to a human equivalent concentration ([BMCL10]HEC) of 1.0678 mg/m3 
(0.2349 ppm), which was selected as the point of departure for the MRL since it was lower than the 
female value.  Note that concentrations in mg/m3 were converted to ppm by using a factor of 0.22 (see 
Table 4-2 in this profile). 
 
[ ] NOAEL   [ ] LOAEL 
[X]  [BMCL10] 
 
Uncertainty Factors used in MRL derivation:  30 applied to the [BMCL0]HEC of 0.2349 ppm for nasal 
effects in male mice 
 
 [ ]    10 for use of a LOAEL 
 [X]    3 for extrapolation from animals to humans using dosimetric adjustments 
 [X]  10 for human variability 
  
Was a conversion factor used from ppm in food or water to a mg/body weight dose?  Not applicable. 
 
If an inhalation study in animals, list conversion factors used in determining human equivalent dose:   
Although 1,3-dichloropropene is a category 2 gas, the extrathoracic (ET) regional gas dose ratios 
(RGDRs) were calculated from rat and mouse data using the equation for a category 1 gas by default, 
since an equation is not available for category 2 gases.  This is equation 4-18 in EPA (1994); in this 
section, all pages/equations/tables refer to EPA (1994). 
 
RGDRET = (Dose ET)mouse /(Dose ET)human  =  (VE/SA ET)mouse /(VE/SA ET)human   
 
The minute volumes (VE) for male and female mice were calculated using equation 4-4. 
LN (VE) = b0 + b1 [LN (BW in kg)]    
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Intercept b0 of 0.326 and slope b1 of 1.050 for mouse were taken from Table A-6. 
 
The subchronic body weights of 0.0316 kg for male and 0.0246 kg for female B6C3F1 mice were taken 
from Table 4-5. 
 
VE mouse  = mouse minute volume (L/minute)   = 36.8353 mL/minute for male mice and 
           28.3168 mL/minute for females. 
(SA ET) mouse  = mouse surface area of extrathoracic region  = 3 cm3, from Table A-4   
VE human  = human minute volume (L/minute)   = 13,800 mL/minute, from page 4-33  
(SA ET) human  = human surface area of extrathoracic region  = 200 cm3, from Table A-4  
 
Extrathoracic regional gas dose ratios were calculated as 0.1779 for male mice and 0.1368 for females 
exposed in an intermediate-duration study.  These values were used to convert the respective male and 
female mouse BMCL values to human equivalent concentrations (see below). 
 
Was a conversion used from intermittent to continuous exposure?  Yes.  The exposure concentrations (in 
mg/m3 as reported by study authors) were adjusted by the purity of the compound (92.1%) and 
intermittent exposure (6 hours/24 hours x 5 days/7 days).  Benchmark concentration analyses were 
conducted using these adjusted exposure levels. 
 
Other additional studies or pertinent information that lend support to this MRL:  In the only intermediate-
duration inhalation study in humans, no evidence of renal or hepatic damage was detected in clinical 
chemistry analyses of blood and serum in pesticide applicators using cis-1,3-dichloropropene for an 
average of 521 (±230) minutes/day at a geometric mean concentration (8-hour TWA) of 2.7 mg/m3 (range 
0.1–9.5 mg/m3) (0.594 [0.22–2.09] ppm) over a 117-day period compared to unexposed controls 
(Verplanke et al. 2000).  No other end points were examined in this study.  Respiratory effects (mucous 
membrane irritation, chest pain, cough, and breathing difficulties) have been observed following 
accidental acute exposure to high concentrations (Flessel et al. 1978; Markovitz and Crosby 1984). 
 
The available data from the inhalation exposure animal studies indicate that hypertrophy/hyperplasia of 
the nasal respiratory epithelium and hyperplasia of the urinary bladder in mice are the most sensitive 
effects associated with intermediate-duration exposed to 1,3-dichloropropene.  Increased incidences of 
hypertrophy/hyperplasia of the nasal respiratory epithelium occurred in male and female B6C3F1 mice 
exposed to 60 ppm Telone II®b (92.1% 1,3-dichloropropene with 2% epoxidized soybean oil) vapor 
6 hours/day, 5 days/week for 6 months (Lomax et al. 1989).  Female mice in this study exposed at 60 ppm 
also had a marginally increased incidence of hyperplasia of the urinary bladder.  Fischer 344 rats exposed 
in this study under the same protocol did not exhibit histopathology after 6 months exposure (Lomax et 
al. 1989).  Slight reductions in body weights were observed in rats and mice exposed at 60 ppm, but the 
differences were not biologically significant (were <10% lower than controls) at 6 months (Lomax et al. 
1989).  Nasal lesions were also observed in rats exposed to ≥90 ppm Telone II®b 6 hours/day, 5–
7 days/week for 3 months in a reproductive toxicity assay (Breslin et al. 1989).  Nasal hyperplasia in rats 
and mice and urinary bladder hyperplasia in mice occurred in groups exposed to ≥90 ppm Telone II®a 
(90.9% 1,3-dichloropropene with 1.2% epichlorohydrin) 6 hours/day, 5 days/week for 13 weeks (Stott et 
al. 1988).  One 13-week study by Coate (1979a) reported nasal lesions in rats exposed 6 hours/day, 
5 days/week to Telone II®a at 30 ppm, but since the purity of the test material was not reported, the 
significance of the result is uncertain. 
 
Although increased incidences of hypertrophy/hyperplasia of the nasal respiratory epithelium and 
hyperplasia of the urinary bladder were both sensitive effects in mice at a LOAEL of 60 ppm, urinary 
hyperplasia was only observed in females and at a marginal increase (p=0.043; Fisher Exact Test) over 
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controls.  Since the nasal lesions were observed in both sexes at a higher incidence, they were selected as 
the critical effect for development of the intermediate-duration MRL for 1,3-dichloropropene.  The 
6-month study with male and female mice exposed to Telone II®b by Lomax et al. (1989) was selected as 
the principal study because the study was adequately designed and reported, and because the test material 
contained a relatively high concentration of 1,3-dichloropropene without the confounding presence of 
epichlorohydrin or chloropicrin. 
 
Potential points of departure for deriving the intermediate-duration MRL, derived with benchmark dose 
(concentration) analysis, are shown in Table A-4.  Before the analysis, exposure concentrations in ppm 
were converted to mg/m3 and adjusted for 92.1% purity and discontinuous exposure.  Additional details 
of the benchmark dose (concentration) analysis are described below.   
 
For increased incidence of hypertrophy/hyperplasia of nasal epithelium in male and female mice, the 
potential point of departure was the BMCL associated with 10% extra risk; this BMR is the default 
recommended in EPA (2000a). 
 

Table A-4.  Potential Points of Departure for Determining the Intermediate-
duration Inhalation MRL for 1,3-Dichloropropene 

 

End point 
BMCa 
(mg/m3) 

BMCLa 
(mg/m3) 

Increased incidence of hypertrophy/hyperplasia of nasal respiratory 
epithelium in male and female mice exposed to Telone II®b vapor 
6 hours/day, 5 days/week for 6 months 

BMR = 10% extra risk 

M 12.6179 
F 28.7185 

M 6.0022 
F 13.5227 

 
aAdjusted for <100% purity and discontinuous exposure; To convert to ppm, multiply by 0.22 
 
BMC = benchmark concentration; BMCL = 95% lower confidence limit for the benchmark concentration; 
BMR = benchmark response level; F = female; M = male; MRL = Minimal Risk Level 
 
Source:  Lomax et al. 1989 
 
The mouse BMCL10 values were multiplied by the extrathoracic regional dose ratios (mouse/human) 
(calculated above) for male and female B6C3F1 mice.  The male BMCL20 of 6.0022 mg/m3 for 
hypertrophy/hyperplasia of nasal respiratory epithelium multiplied by an RGDR of 0.1779 results in a 
human equivalent concentration of 1.0678 mg/m3 (0.2349 ppm).  The female BMCL10 of 13.5227 mg/m3 
for the same lesion multiplied by an RGDR of 0.1368 results in a human equivalent concentration of 
1.8499 mg/m3 (0.407 ppm).  The lower value based on male mice was selected as the point of departure 
for MRL derivation because it would be more protective of human health.  A total uncertainty factor of 30 
was applied to the male [BMCL10]HEC of 0.2349 ppm to calculate the intermediate-duration inhalation 
MRL for 1,3-dichloropropene.  
 
The intermediate-duration inhalation MRL for 1,3-dichloropropene is based on the Lomax et al. (1989) 
study which used technical grade dichloropropene containing 92.1% 1,3-dichloropropene, 0.7% 
1,2-dichloropropene, 2% epoxidized soybean oil as a stabilizer, and a calculated 5.2% mixture of hexanes 
and hexadienes.  It is unlikely that hexane significantly contributed to the toxicity of 1,3-dichloropropene.  
Although hexane and 1,3-dichloropropene both affect the olfactory epithelium, the lowest LOAEL for 
this effect by n-hexane is almost 2 orders of magnitude higher than for 1,3-dichloropropene.  As such, the 
hexane and hexadiene component is not considered to be a confounder in toxicity assessments for 
1,3-dichloropropene. 
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Details of Benchmark Dose Analysis for the Intermediate-duration Inhalation MRL 
 
Male and Female Mice:  
 
All available dichotomous models in the EPA Benchmark Dose Software (BMDS version 1.3.2) were fit 
to the incidence data for hypertrophy/hyperplasia of nasal respiratory epithelium in male and female 
B6C3F1 mice exposed to 1,3-dichloropropene via inhalation for 6 months (Table A-5).  Predicted 
concentrations associated with 10, 5, and 1% extra risks were calculated. 
 
Table A-5.  Incidence of Hypertrophy/Hyperplasia of Nasal Respiratory Epithelium 

in Male and Female B6C3F1 Mice Exposed 6 months, Adjusted for Purity and 
Discontinuous Exposure 

 
Administered 
concentration Adjusted for 92.1% 

purity (mg/m3) 
Adjusted for discontinuous 
exposure and rounded (mg/m3)

Incidence 
ppm mg/m3 Males Females 

0 0 0 0 1/10 0/10 
5 22.7 20.9067 3.7 0/10 0/10 

20 90.8 83.6268 14.9 3/10 0/10 
60 272 250.512 44.7 10/10 7/10 

 
Source:  Lomax et al. 1989 
 
Hypertrophy/hyperplasia of nasal respiratory epithelium in male and female mice 
 
As assessed by the chi-square goodness-of-fit test, several models in the software provided adequate fits 
to the data (x2 p-value ≥0.1) for the incidence of hypertrophy/hyperplasia of nasal respiratory epithelium 
in male (Table A-6) and female (Table A-7) B6C3F1 mice.  Comparing across models, a better fit is 
indicated by a lower Akaike’s Information Criteria value (AIC) (EPA 2000b).  The gamma model was 
determined to be the best-fitting model for both males and females, as indicated by the AIC (Tables A-6 
and A-7; Figures A-1 and A-2).  Benchmark concentrations (BMCs and BMCLs) associated with an extra 
risk of 10, 5, and 1%, calculated from the best fitting model, are shown in Table A-8.  
 

Table A-6.  Goodness of Fit Statistics and BMC10s and BMCL10s from Models Fit 
to Incidence Data for Hypertrophy/Hyperplasia of Nasal Respiratory  

Epithelium in Male B6C3F1 Mice Exposed to 1,3-Dichloropropene  
via Inhalation for 6 Months 

 
Model AIC X2 p-valuea BMC10 (mg/m3)b BMCL10 (mg/m3)b 
Gammac 24.1579 0.5908 12.6179 6.00215 
Logistic 25.1526 0.3291 8.41841 5.1448 
Log-Logistic 26.1579 0.3049 13.939 7.23456 
Multistage 25.3494 0.4014 7.62026 3.9162 
Probit 25.2768 0.3167 7.64022 4.69897 
Log-probit 26.1579 0.3049 13.2999 6.97026 
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Table A-6.  Goodness of Fit Statistics and BMC10s and BMCL10s from Models Fit 
to Incidence Data for Hypertrophy/Hyperplasia of Nasal Respiratory  

Epithelium in Male B6C3F1 Mice Exposed to 1,3-Dichloropropene  
via Inhalation for 6 Months 

 
Model AIC X2 p-valuea BMC10 (mg/m3)b BMCL10 (mg/m3)b 
Quantal-linear 31.8559 0.0529 2.70925 1.64437 
Quantal-quadratic 25.3494 0.4014 7.62026 5.43757 
Weibull 26.1579 0.3049 13.1405 5.44413 
 
aValues <0.1 fail to meet conventional goodness-of-fit criteria. 
bTo convert to ppm, multiply by 0.22. 
cBest-fitting model  
 
AIC = Akaike’s Information Criteria; BMC = benchmark concentration; BMCL = lower confidence limit (95%) on the 
benchmark concentration; p = p-value from the Chi-squared test 
 
Source:  Lomax et al. 1989 
 

Figure A-1.  Observed and Predicted Incidences of Hypertrophy/Hyperplasia of 
Nasal Respiratory Epithelium in Male B6C3F1 Mice Exposed to 1,3-Dichloro-

propene via Inhalation for 6 Months* 

 
 
*BMCs and BMCLs indicated are for a 10% extra risk and are in units of mg/m3. 
BMC = benchmark concentration; BMCL = lower confidence limit (95%) on the benchmark concentration 
Source:  Lomax et al. 1989 
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The form and parameters of the gamma model for the male mouse data are as follows: 
 
P[response]= background+(1-background)*CumGamma[slope*dose,power], 

where CumGamma(.) is the cumulative Gamma distribution function 
 
background  =   0.0499995 
slope   =   1.01615 
power   =     18 
 

Table A-7.  Goodness of Fit Statistics and BMC10s and BMCL10s from Models 
Fit to Incidence Data for Hypertrophy/Hyperplasia of Nasal Respiratory 

Epithelium in Female B6C3F1 Mice Exposed to 1,3-Dichloropropene  
via Inhalation for 6 Months 

 
Model AIC X2 p-valuea BMC10 (mg/m3)b BMCL10 (mg/m3)b 
Gammac 14.2213 1.0000 28.7185 13.5227 
Logistic 16.2173 1.0000 40.0892 17.7767 
Log-Logistic 16.2173 1.0000 37.7164 13.5983 
Multistage 16.779 0.6925 14.6277 8.36083 
Probit 16.2173 1.0000 35.9801 16.19 
Log-probit 16.2173 1.0000 32.4372 13.6137 
Quantal-linear 21.6296 0.1851 6.90725 3.87399 
Quantal-quadratic 16.779 0.6925 14.6277 10.8645 
Weibull 16.2173 1.0000 38.8344 13.5533 
 

aValues <0.1 fail to meet conventional goodness-of-fit criteria. 
bTo convert to ppm, multiply by 0.22. 
cBest-fitting model  
 
AIC = Akaike’s Information Criteria; BMC = benchmark concentration; BMCL = lower confidence limit (95%) on 
the benchmark concentration; p = p-value from the Chi-squared test 
 
Source:  Lomax et al. 1989 
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Figure A-2.  Observed and Predicted Incidences of Hypertrophy/Hyperplasia of 
Nasal Respiratory Epithelium in Female B6C3F1 Mice Exposed to 1,3-Dichloro-

propene via Inhalation for 6 Months* 

 
 
*BMCs and BMCLs indicated are for a 10% extra risk and are in units of mg/m3. 
BMC = benchmark concentration; BMCL = lower confidence limit (95%) on the benchmark concentration 
 
Source:  Lomax et al. 1989 
 
The form and parameters of the gamma model for the female mouse data are as follows: 
 
P[response]=background+(1-background)*CumGamma[slope*dose,power], 

where CumGamma(.) is the cumulative Gamma distribution function 
 
background  =  0 
slope   =  0.446459 
power   =  18 
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Table A-8.  Best-fitting Model Predictions for 1, 5, and 10% Extra Risk for 
Hypertrophy/Hyperplasia of Nasal Respiratory Epithelium in Male  

and Female B6C3F1 Mice Exposed to 1,3-Dichloropropene  
via Inhalation for 6 Months 

 
Best fitting model BMR (percent extra risk) BMC (mg/m3)a BMCL (mg/m3)a 
Male mice 
Gamma 1 9.46353 1.96448 
 5 11.4494 4.23342 
 10b 12.6179 6.00215 
Female mice 
Gamma 1 21.5391 5.06945 
 5 26.059 9.93499 
 10 28.7185 13.5227 
 
aTo convert to ppm, multiply by 0.22. 
bBest-fitting model 
BMC = benchmark concentration; BMCL = lower confidence limit (95%) on the benchmark concentration; 
BMR = benchmark response 
 
Source:  Lomax et al. 1989 
 
Agency Contacts (Chemical Managers):  Annette Ashizawa, Sharon Wilbur, and Heraline Hicks 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name:  1,3-Dichloropropene 
CAS Numbers:   542-75-6 
Date:   June 2008 
Profile Status:  Final Draft Post-public 
Route:   [X] Inhalation   [ ] Oral 
Duration:  [ ] Acute   [ ] Intermediate   [X] Chronic 
Graph Key:  44 
Species:  Mouse 
 
Minimal Risk Level:  0.007   [ ] mg/kg/day   [X] ppm 
 
Reference:  Lomax L, Stott W, Johnson K, et al.  1989.  The chronic toxicity and oncogenicity of inhaled 
technical grade 1,3-dichloropropene in rats and mice.  Fundam Appl Toxicol 12:418-431. 
 
Experimental design:  Groups (50/sex/concentration) of B6C3F1 mice and F344 rats were exposed to 
vapors of 1,3-dichloropropene 6 hours/day, 5 days/week for 2 years at concentrations of 0, 5, 20, or 
60 ppm (0, 22.7, 90.8, or 272 mg/m3).  Additional satellite groups (10/sex/concentration) were established 
interim sacrifices at 6 and 12 months (results for the 6-month sacrifice are given under the description for 
the intermediate-duration inhalation MRL).  The test material was 92.1% pure 1,3-dichloropropene 
(49.5% cis; 42.6% trans) and contained 2.0% ESO as a stabilizer, 0.7% 1,2-dichloropropane, and 
calculated 5.2% mixtures of hexanes and hexadienes.  Animals were observed after each exposure for 
clinical signs, and moribund animals necropsied to minimize postmortem autolysis.  Body weights were 
recorded before the study began, weekly for the first 13 weeks, and at monthly intervals thereafter.  
Urinalysis was conducted on rats during the week prior to termination; hematology and clinical chemistry 
parameters were analyzed in blood samples taken from rats and mice at the time of necropsy.  All animals 
received examination by gross necropsy, at which time absolute and relative brain, heart, kidney, liver, 
and testicular weights were recorded.  More than 40 tissues, in addition to gross lesions, were examined 
for histopathology in control and high-exposure animals at scheduled sacrifice and in all animals dying 
prematurely.  About 17 tissues, in addition to gross lesions, were examined in low- and mid-exposure 
animals at scheduled termination. 
 
Effects noted in study and corresponding doses:  Exposure to Telone II®b vapor for 2 years had no 
significant adverse effect on survival, body weight, the incidence of clinical signs, hematology, or clinical 
chemistry parameters in mice.  In the 1-year satellite group, incidences of hypertrophy/hyperplasia of the 
nasal respiratory epithelium were significantly higher than controls in males at ≥20 ppm and in females at 
60 ppm; females at 60 ppm also had increased incidences of epithelial hyperplasia and inflammation of 
the urinary bladder.  Significant lesions observed in mice after 2 years of exposure are given in Table A-9.  
Nasal and urinary bladder lesions were elevated in males at 60 ppm and in females at ≥20 ppm.  Increases 
in inflammation of the urinary bladder were not observed in males and were relatively small in females.  
Degeneration of the nasal olfactory epithelium was not statistically elevated in either sex at concentrations 
lower than 60 ppm.  Hypertrophy/hyperplasia of the nasal respiratory epithelium and epithelial 
hyperplasia of the urinary bladder in females at ≥20 ppm were the most sensitive effects in this study. 
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Table A-9.  Incidence of Significant Lesions in B6C3F1 Mice Exposed to  
1,3-Dichloropropene (92.1%) Vapor 6 Hours/Day, 5 Days/Week  

for 2 Years 
 

 Control 22.7 mg/m3 
(5 ppm) 

90.8 mg/m3 
(20 ppm) 

272 mg/m3 
(60 ppm) 

Hypertrophy/hyperplasia of nasal respiratory epithelium (slight) 
 Male 5/50 1/50 4/50 48/50a 
 Female 4/50 4/50 28/50a 49/50a 
Degeneration of nasal olfactory epithelium (slight) 
 Male 1/50 0/50 1/50 48/50a 
 Female 0/50 0/50 1/50 45/50a 
Hyperplasia of urinary bladder (slight-moderate) 
 Male 4/48 7/48 11/48 37/47a 
 Female 1/47 4/46 21/48a 44/45a 
Inflammation of urinary bladder (slight-severe) 
 Male 0/48 0/48 0/48 2/47 
 Female 0/47 1/46 6/48a 8/45a 
 
aStatistically different from control 
 
Source:  Lomax et al. 1989 
 
Dose and end point used for MRL derivation:  Hypertrophy/hyperplasia of nasal respiratory epithelium in 
female B6C3F1 mice exposed at a LOAEL of 20 ppm (272 mg/m3) 1,3-dichloropropene (92.1% purity), 
6 hours/day, 5 days/week for 2 years.  Using benchmark concentration analysis, BMCL10 value of 
4.5673 mg/m3 was calculated (see Tables A-10 and A-15), and a human equivalent concentration 
([BMCL10]HEC) of 0.9130 mg/m3 (0.2009 ppm) was calculated using EPA (1994) dosimetric adjustments.  
Note that concentrations in mg/m3 were converted to ppm by using a factor of 0.22 (see Table 4-2 in this 
profile). 
 
[ ]    NOAEL   [ ] LOAEL 
[X]  [BMCL10] 
 
Uncertainty Factors used in MRL derivation:  30 applied to the [BMCL10]HEC of 0.2009 ppm for nasal 
effects in female B6C3F1 mice 
 
 [ ]    10 for use of a LOAEL 
 [X]    3 for extrapolation from animals to humans 
 [X]  10 for human variability 
 
0.2009 ppm  /  30  =    0.0067, rounded to 0.007 ppm 
 
Was a conversion factor used from ppm in food or water to a mg/body weight dose?  Not applicable. 
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If an inhalation study in animals, list conversion factors used in determining human equivalent dose:   
Although 1,3-dichloropropene is a category 2 gas, the extrathoracic (ET) regional gas dose ratios 
(RGDRs) were calculated from rat and mouse data using the equation for a category 1 gas by default, 
since an equation is not available for category 2 gases EPA (1994).  
 
RGDRET = (Dose ET )mouse /(Dose ET )human  =  (VE/SA ET )mouse /(VE/SA ET )human   
 
The minute volumes (VE) for female mice were calculated using the equation 
LN (VE) = b0 + b1 [LN (BW in kg)].    
Intercept b0 of 0.326, slope b1 of 1.050 for mouse, and chronic body weight of 0.0353 kg for chronic 
female B6C3F1 mice were taken from (EPA 1994). 
 
VE mouse  = mouse minute volume (L/minute)   = 41.3741 mL/minute for chronic  
           female mice 
(SA ET) mouse  = mouse surface area of extrathoracic region  = 3 cm3 
VE human  = human minute volume (L/minute)   = 13,800 mL/minute 
(SA ET) human  = human surface area of extrathoracic region  = 200 cm3 
 
An extrathoracic regional gas dose ratio of 0.1999 was calculated for female mice exposed in a chronic-
duration study.  These values were used to convert the female mouse BMCL value for nasal lesions to a 
human equivalent concentration (see below). 
 
Since epithelial hyperplasia of the urinary bladder is an extrarespiratory effect, the conversion to a human 
equivalent concentration is calculated for a category 3 gas using the ratio of animal/human blood:gas 
partition coefficients.  However, as no blood:gas partition coefficients for 1,3-dichloropropene were 
located in the published literature, the default ratio of 1 is applied.  The human equivalent BMCL10 values 
are unchanged from the mouse values. 
 
Was a conversion used from intermittent to continuous exposure?  Yes.  The exposure concentrations (in 
mg/m3 as reported by study authors) were adjusted for the purity of the compound (92.1%) and 
intermittent exposure (6 hours/24 hours x 5 days/7 days).  Benchmark concentration analyses were 
conducted using these adjusted exposure levels. 
 
Other additional studies or pertinent information that lend support to this MRL:  No data are available for 
effects in humans following chronic-duration inhalation exposure to 1,3-dichloropropene.  Fischer F344 
rats and B6C3F1 mice were evaluated for chronic-duration inhalation exposure to Telone II®b (92.1% 
1,3-dichloropropene stabilized with 2% epoxidized soybean oil) for 1 or 2 years (Lomax et al. 1989). 
 
The available data from chronic-duration studies indicate that lesions of the nasal epithelium and urinary 
bladder in mice are the most sensitive effects associated with chronic-duration inhalation exposure to 
1,3-dichloropropene.  After 1 year, incidences of hypertrophy/hyperplasia of the nasal respiratory 
epithelium were increased in male mice exposed at ≥20 ppm and in female mice at 60 ppm.  In addition, 
the incidences of hyperplasia and inflammation of the urinary bladder were increased in female mice 
exposed to 60 ppm for 1 year.  After 2 years of exposure, increased incidences of hypertrophy/hyperplasia 
of the nasal respiratory epithelium occurred in female mice at ≥20 ppm and males exposed at 60 ppm, and 
increased degeneration of the nasal olfactory epithelium occurred in male and female mice exposed at 
60 ppm.  In rats, nasal lesions were only detected at 60 ppm after 2 years of exposure and at lower 
incidences than in exposed mice:  decreased thickness of the olfactory epithelium in males and females, 
erosion of the olfactory epithelium in males, and submucosal fibrosis in males.  The incidences of 
epithelial hyperplasia of the urinary bladder were increased in female mice exposed for 2 years at 
≥20 ppm and male mice exposed at 60 ppm; the incidence of inflammation of the bladder epithelium was 
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increased in female mice exposed for 2 years at ≥20 ppm, but not in males.  No histopathology of the 
urinary bladder was observed in rats. 
 
Based on these findings, hypertrophy/hyperplasia of the nasal respiratory epithelium and hyperplasia of 
the urinary bladder epithelium in mice exposed for 2 years were selected as co-critical effects for 
development of the chronic-duration inhalation MRL for 1,3-dichloropropene.  The mouse study by 
Lomax et al. (1989) is accepted as the principal study because the test material in this adequately designed 
and reported study had a purity of 92.1% and did not contain epichlorohydrin or chloropicrin as a 
possibly confounding toxic additive. 
 
Potential points of departure for deriving the chronic-duration inhalation MRL using benchmark 
concentration analysis are shown in Table A-10.  Before the analysis, exposure concentrations in ppm 
were converted to mg/m3, and adjusted for 92.1% purity and discontinuous exposure.  Additional details 
of the benchmark concentration analysis are described below.  None of the models in the EPA BMD 
software provided an adequate fit to the data for hypertrophy/hyperplasia of the nasal respiratory 
epithelium in male mice, so no BMCL could be calculated.  For increased incidence of 
hypertrophy/hyperplasia of nasal respiratory epithelium in female mice or hypertrophy of urinary bladder 
epithelium in male and female mice, the potential points of departure were the 95% lower confidence 
limits on estimated concentrations (BMCL10s) associated with 10% extra risk compared to control values.  
This benchmark response (BMR) level is the default recommended by EPA (2000a). 
 

Table A-10.  Potential Points of Departure for Determining the Chronic-duration 
Inhalation MRL for 1,3-Dichloropropene 

 
End point BMC10

a (mg/m3)b BMCL10
a (mg/m3)b 

Hypertrophy/hyperplasia of nasal respiratory epithelium 
(slight) in B6C3F1 mice exposed to Telone II®b vapor for 
2 years  

BMR =  10% extra risk 

Mc 
F 7.0833 
 

Mc 
F 4.5673 
 

Hyperplasia of urinary bladder (slight-moderate) in B6C3F1 
mice exposed to Telone II®b vapor for 2 years  

BMR = 10% extra risk 

M 9.9024 
F  6.9087 
 

M 8.0838 
F  5.9079 

 

aAdjusted for <100% purity and discontinuous exposure 
bTo convert to ppm, multiply by 0.22. 
cNo models provided adequate fits to the data. 
 
BMC = benchmark concentration; BMCL = 95% lower confidence limit for the benchmark concentration; 
BMR = benchmark response level 
 
Source:  Lomax et al. 1989 
 
Mouse BMCL values were converted to human equivalent concentrations using EPA (1994) dosimetry 
methods.  The BMCL10 of 4.5673 mg/m3 for hypertrophy/hyperplasia of nasal respiratory epithelium in 
female mice was multiplied by the extrathoracic regional dose ratio (mouse/human) of 0.1999 (calculated 
above), resulting in a human equivalent concentration of 0.9130 mg/m3 (0.2009 ppm).  The default ratio 
of 1 was applied for calculating the human equivalent concentrations for the extrarespiratory effects and 
urinary bladder lesions, resulting in values unchanged from those of male and female mice:  respectively, 
8.0838 and 5.9079 mg/m3 (1.7784 and 1.2997 ppm).  
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The [BMCL10]HEC value of 0.2009 ppm for hypertrophy/hyperplasia of nasal respiratory epithelium in 
female mice was selected as the more sensitive point of departure for the chronic-duration inhalation 
MRL for 1,3-dichloropropene.   
 
The chronic-duration inhalation MRL for 1,3-dichloropropene is based on the Lomax et al. (1989) study 
which used technical grade dichloropropene containing 92.1% 1,3-dichloropropene, 0.7% 1,2-dichloro-
propene, 2% epoxidized soybean oil as a stabilizer, and a calculated 5.2% mixture of hexanes and 
hexadienes.  It is unlikely that hexane significantly contributed to the toxicity of 1,3-dichloropropene.  
Although hexane and 1,3-dichloropropene both affect the olfactory epithelium, the lowest LOAEL for 
this effect by n-hexane is almost 2 orders of magnitude higher than for 1,3-dichloropropene.  As such, the 
hexane and hexadiene component is not considered to be a confounder in toxicity assessments for 
1,3-dichloropropene. 
 
 
Details of Benchmark Dose Analysis for the Chronic-duration Inhalation MRL 
 
Male and Female Mice: 
 
All available dichotomous models in the EPA Benchmark Dose Software (BMDS version 1.3.2) were fit 
to the incidence data for hypertrophy/hyperplasia of nasal respiratory and urinary bladder epithelium in 
male and female B6C3F1 mice exposed to 1,3-dichloropropene via inhalation for 2 years (Table A-11).  
Predicted concentrations associated with 10, 5, and 1% extra risks were calculated. 
 

Table A-11.  Incidence of Hypertrophy/Hyperplasia of Nasal Respiratory 
Epithelium and Urinary Bladder Epithelium in Male and Female  
B6C3F1 Mice Adjusted for Purity and Discontinuous Exposure 

 

 

Administered 
concentration 
(mg/m3)a 

Concentration adjusted for 
92.1% purity and for 
discontinuous exposure 
(mg/m3)a 

Incidence 

Males Females 
Nasal 
respiratory 
epithelium 

0 0 5/50 4/50 
22.7 3.7 1/50 4/50 
90.8 14.9 4/50 28/50 

272 44.7 48/50 49/50 
Urinary 
bladder 
epithelium 

0 0 4/48 1/47 
22.7 3.7 7/48 4/46 
90.8 14.9 11/48 21/48 

272 44.7 37/47 44/45 
 
aTo convert to ppm, multiply by 0.22. 
 
Source:  Lomax et al. 1989 
 
Hypertrophy/hyperplasia of nasal respiratory epithelium in male and female mice 
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As assessed by the chi-square goodness-of-fit test, no models in the software provided adequate fits to the 
data for the incidence of hypertrophy/hyperplasia of nasal respiratory epithelium in male B6C3F1 mice 
since all of the chi-square p-values were lower than 0.1 (data not shown).  Several models in the software 
provided adequate fits to the data for the incidence of for hypertrophy/hyperplasia of nasal respiratory 
epithelium in female B6C3F1 mice (x2 p-value ≥0.1) (Table A-12).  Comparing across models, a better fit 
is indicated by a lower AIC (EPA 2000b).  The log-probit model was determined to be the best-fitting 
model for the female data, as indicated by the AIC (Table A-12).  Benchmark concentrations (BMCs and 
BMCLs ) associated with an extra risk of 10, 5, and 1%, calculated from the best fitting model, are shown 
in Table A-15.  
 
Table A-12.  Goodness of Fit Statistics and BMC10s and BMCL10s from Models Fit 
to Incidence Data for Hypertrophy/Hyperplasia of Nasal Respiratory Epithelium 

in Female B6C3F1 Mice Exposed to 1,3-Dichloropropene  
via Inhalation for 2 Years 

 
Model AIC X2 p-valuea BMC10 (mg/m3)b BMCL10 (mg/m3)b 
Gamma 140.696 0.4605 5.88054 3.64206 
Logistic 141.091 0.1720 5.39501 4.3506 
Log-Logistic 140.177 0.8712 7.6296 4.86553 
Multistage 142.702 0.1047 4.9972 2.62038 
Probit 142.872 0.0716 5.19777 4.23194 
Log-probitc 140.166 0.9004 7.08327 4.56728 
Quantal-linear 150.075 0.0082 1.90984 1.53078 
Quantal-quadratic 141.085 0.1307 6.30223 5.39173 
Weibull 141.736 0.2167 4.94384 3.13411 
 

aValues <0.1 fail to meet conventional goodness-of-fit criteria. 
bTo convert to ppm, multiply by 0.22. 
cBest-fitting model  
 
AIC = Akaike’s Information Criteria; BMC = benchmark concentration; BMCL = lower confidence limit (95%) on the 
benchmark concentration; p = p-value from the Chi-squared test 
 
Source:  Lomax et al. 1989 
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Figure A-3.  Observed and Predicted Incidences of Hypertrophy/Hyperplasia of 
Nasal Respiratory Epithelium in Female B6C3F1 Mice Exposed to  

1,3-Dichloropropene via Inhalation for 2 Years* 

 
 
*BMCs and BMCLs indicated are for a 10% extra risk and are in units of mg/m3. 
BMC = benchmark concentration; BMCL = lower confidence limit (95%) on the benchmark concentration 
 
Source:  Lomax et al. 1989 
 
The form and parameters of the log-probit model for the female mouse nasal lesion data are as 
follows: 
 
P[response] = Background+ (1-Background)* CumNorm(Intercept+Slope*Log(Dose)), 
 

where CumNorm(.) is the cumulative normal distribution function 
 
background  = 0.0769028 
intercept  = -4.80042 
slope   = 1.79742 
 
Slight/moderate hyperplasia of urinary bladder epithelium in male and female mice  
 
As assessed by the chi-square goodness-of-fit test, several models in the software provided adequate fits 
to the data (x2 p-value ≥0.1) for the incidence of for slight/moderate hyperplasia of urinary bladder 
epithelium in male (Table A-13; Figure A-4) and female (Table A-14; Figure A-5) B6C3F1 mice.  
Comparing across models, a better fit is indicated by a lower AIC (EPA 2000b).  The logistic model was 
determined to be the best fitting model for the male data (Table A-13), whereas the quantal quadratic 
model was determined to be the best-fitting model for the female data (Table A-14), as indicated by the 
AIC.  Benchmark concentrations (BMCs and BMCLs) associated with an extra risk of 10, 5, and 1%, 
calculated from the best fitting models for both sexes, are shown in Table A-15.  
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Table A-13.  Goodness of Fit Statistics and BMC10s and BMCL10s from  
Models Fit to Incidence Data for Slight/Moderate Hyperplasia of  

Urinary Bladder Epithelium in Male B6C3F1 Mice Exposed to  
1,3-Dichloropropene via Inhalation for 2 Years 

 
Model AIC X2 p-valuea BMC10 (mg/m3)b BMCL10 (mg/m3)b 
Gamma 174.596 0.3561 12.9064 5.9353 
Logisticc 172.196 0.7929 9.90241 8.08381 
Log-Logistic 174.593 0.3576 13.1008 7.37023 
Multistage 174.403 0.4119 10.9233 4.95677 
Probit 172.305 0.7515 9.13794 7.58289 
Log-probit 174.671 0.3380 13.5586 8.28718 
Quantal-linear 177.633 0.0631 4.15472 3.1987 
Quantal-quadratic 172.465 0.6951 12.1536 10.4772 
Weibull 174.465 0.3939 12.1787 5.68456 
 

aValues <0.1 fail to meet conventional goodness-of-fit criteria. 
bTo convert to ppm, multiply by 0.22. 
cBest-fitting model  
 
AIC = Akaike’s Information Criteria; BMC = benchmark concentration; BMCL = lower confidence limit (95%) on the 
benchmark concentration; p = p-value from the Chi-squared test 
 
Source:  Lomax et al. 1989 
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Figure A-4.  Observed and Predicted Incidences of Slight/Moderate Hyperplasia  
of Urinary Bladder Epithelium in Male B6C3F1 Mice Exposed to  

1,3-Dichloropropene via Inhalation for 2 Years* 

 
 
*BMCs and BMCLs indicated are for a 10% extra risk and are in units of mg/m3. 
BMC = benchmark concentration; BMCL = lower confidence limit (95%) on the benchmark concentration 
 
Source:  Lomax et al. 1989 
 
The form and parameters of the logistic model for the male mouse data are as follows: 
 
P[response] = 1/[1+EXP(-intercept-slope*dose)] 
 
background  = 0 (Specified)    
intercept = -2.19615 
slope   = 0.0769886 
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Table A-14.  Goodness of Fit Statistics and BMC10s and BMCL10s from  
Models Fit to Incidence Data for Slight/Moderate Hyperplasia of  
Urinary Bladder Epithelium in Female B6C3F1 Mice Exposed to  

1,3-Dichloropropene via Inhalation for 2 Years 
 

Model AIC X2 p-valuea BMC10 (mg/m3)b BMCL10 (mg/m3)b 
Gamma 119.054 0.3665 5.94769 3.5405 
Logistic 118.133 0.3632 6.93667 5.55287 
Log-Logistic 120.1 0.1816 8.84738 5.10377 
Multistage 118.241 0.9777 4.99209 2.90579 
Probit 118.606 0.2979 6.62106 5.3209 
Log-probit 120.27 0.1657 8.76593 4.86738 
Quantal-linear 126.03 0.0206 2.16273 1.72952 
Quantal-quadraticc 117.42 0.5326 6.90872 5.90793 
Weibull 118.378 0.7085 5.4465 3.42639 
 

aValues <0.1 fail to meet conventional goodness-of-fit criteria. 
bTo convert to ppm, multiply by 0.22. 
cBest-fitting model  
 
AIC = Akaike’s Information Criteria; BMC = benchmark concentration; BMCL = lower confidence limit (95%) on the 
benchmark concentration; p = p-value from the Chi-squared test 
 
Source:  Lomax et al. 1989 
 

Figure A-5.  Observed and Predicted Incidences of Slight/Moderate Hyperplasia  
of Urinary Bladder Epithelium in Female B6C3F1 Mice Exposed to  

1,3-Dichloropropene via Inhalation for 2 Years* 

 
 
*BMCs and BMCLs indicated are for a 10% extra risk and are in units of mg/m3. 
BMC = benchmark concentration; BMCL = lower confidence limit (95%) on the benchmark concentration 
 
Source:  Lomax et al. 1989 
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The form and parameters of the quantal-quadratic model for the female mouse data are as follows: 
 
P[response] = background + (1-background)*[1-EXP(-slope*dose^2)] 
 
background  =   0.03125 
slope   =   0.00169733 
power   =  2 (Specified) 
 
 

Table A-15.  Best-fitting Model Predictions for 1, 5, and 10% Extra Risk for 
Hypertrophy/Hyperplasia of Nasal Respiratory in Female and Urinary  

Bladder Epithelium in Male and Female B6C3F1 Mice Exposed to  
1,3-Dichloropropene via Inhalation for 2 Years  

 
Best fitting model BMR (percent extra risk) BMC (mg/m3)a BMCL (mg/m3)a 
Male miceb 
Urinary bladder epithelium:  

quantal quadratic 
1 1.30075 0.988608 

 5 5.65321 4.47585 
 10 9.90241 8.08381 
Female mice 
Nasal respiratory 
epithelium: Log-Probit 

1 3.96085 2.0326 

 5 5.78698 3.45244 
 10c 7.08327 4.56728 
Urinary bladder epithelium:  

quantal quadratic 
1 2.13378 1.82468 

 5 4.82046 4.12218 
 10 6.90872 5.90793 
 
BMC = benchmark concentration; BMCL = lower confidence limit (95%) on the benchmark concentration; 
BMR = benchmark response 
 

aTo convert to ppm, multiply by 0.22. 
bNo models provided adequate fits for the incidence data for nasal lesions in male mice. 
cBest-fitting model 
 
Source:  Lomax et al. 1989 
 
Agency Contacts (Chemical Managers):  Annette Ashizawa, Sharon Wilbur, and Heraline Hicks 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: 1,3-Dichloropropene 
CAS Numbers:   542-75-6 
Date:   June 2008 
Profile Status:  Final Draft Post-public 
Route:   [ ] Inhalation   [X] Oral 
Duration:  [ ] Acute   [X] Intermediate   [ ] Chronic 
Graph Key:  10 
Species:  Rat 
 
Minimal Risk Level:  0.04  [X] mg/kg/day   [ ] ppm 
 
Reference:  Haut KT, Stebbins KE, Johnson KA, et al. 1996.  Subchronic toxicity of ingested 1,3-di-
chloropropene in rats and mice.  Fundam Appl Toxicol 32:224-232. 
 
Experimental design:  Haut et al. (1996) exposed groups of male and female Fischer 344 rats 
(10/sex/group) to 1,3-dichloropropene at doses of 0, 5, 15, 50, or 100 mg/kg/day for 13 weeks.  The test 
material, Telone II®b, was 95.8% pure 1,3-dichloropropene (50.7% cis; 45.1% trans) stabilized with 
epoxidized soybean oil, and was microencapsulated in a starch/sucrose (80:20) microsphere matrix before 
addition to the diets; separate tests showed that the microencapsulated compound was stable in feed for at 
least three weeks, but test diets were mixed fresh weekly.  Control diets received empty microspheres in 
an amount equivalent to the high-dose treated group.  Animals were examined daily for clinical signs of 
toxicity and received a weekly clinical examination.  Body weights and feed intake were recorded prior to 
testing and weekly during the study.  For rats, urinalysis was conducted during the week before the 
scheduled necropsy and at necropsy, blood samples were collected for hematology and clinical chemistry 
evaluations.  At necropsy, absolute and relative organ weights were recorded for brain, liver, kidneys, 
heart, and adrenals.  Samples of 65 tissues from all rats were preserved and those of the control and high-
dose groups were examined for histopathology; gross lesions and tissues from five organs (lung, liver, 
kidney, stomach, female mesenteric tissues) from low- and mid-dose animals were scheduled for 
histopathological examination.   
 
Effects noted in study and corresponding doses:  Treatment with 1,3-dichloropropene had no adverse 
effect on survival in rats.  Body weights were significantly reduced by 16% in male rats treated at 
50 mg/kg/day and by 11% in female rats treated at 100 mg/kg/day; statistically significant reductions in 
body weights at lower doses were not biologically significant.  The study authors indicated that 
significantly reduced feed intake at the high doses likely contributed to the reduced body weights, as well 
as the slightly reduced absolute organ weights and increased relative organ weights.  The authors 
attributed minor changes in clinical chemistry parameters in rats (e.g., reduction in triglycerides) to the 
poorer nutritional status of high-dose rats. 
 
A NOAEL of 5 mg/kg/day and a LOAEL of 15 mg/kg/day were identified for minimal basal cell 
hyperplasia of the nonglandular stomach in male rats treated at 15 mg/kg/day and female rats at 
50 mg/kg/day (Table A-16).  Female rats at 100 mg/kg/day also exhibited hyperkeratosis of the 
nonglandular stomach.  These lesions represent portal-of-entry effects from ingested 1,3-dichloropropene.   
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Table A-16.  Incidence of Histopathological Lesions of Basal Cells in the 
Nonglandular Stomach in F344 Rats Exposed to 1,3-Dichloropropene  

(Telone II®b) in the Diet for 13 Weeks 
 

 Dose (doses in mg/kg/day; group size = 10) 
0 5 15 50 100 

Hyperplasia      
 Males 0 0 4a 10a 10a 
 Females 0 0 3 10a 10a 
Hyperkeratosis      
 Males 0 0 1 3 3 
 Females 0 0 0 3 5a 
 
aStatistically different from control, Fisher Exact Test performed by Syracuse Research Corporation. 
 
Source:  Haut et al. 1996 
 
Dose and end point used for MRL derivation:  Minimal hyperplasia of the nonglandular stomach mucosa 
in male Fischer 344 rats treated at 15 mg/kg/day for 13 weeks.  The calculated BMDL10 value of 
3.5722 mg/kg/day (see Table A-17) was used as the point of departure for the MRL 
 
[ ] NOAEL   [ ] LOAEL   [X]  BMDL10  
 
Uncertainty Factors used in MRL derivation:  100 applied to the BMDL10 of 3.5722 mg/kg/day for 
increased incidence of forestomach basal cell hyperplasia in male rats 
 
 [ ]  10 for use of a LOAEL 
 [X]  10 for extrapolation from animals to humans 
 [X]  10 for human variability 
 
3.5722 mg/kg/day / 100 = 0.0357, rounded to 0.04 mg/kg/day  
 
Was a conversion factor used from ppm in food or water to a mg/body weight dose?  No.  Study authors 
reported doses as calculated from feed intake. 
 
If an inhalation study in animals, list conversion factors used in determining human equivalent dose:   
Not applicable. 
 
Was a conversion used from intermittent to continuous exposure?  Not applicable.  Intake was ad libitum. 
 
Other additional studies or pertinent information that lend support to this MRL:  No data are available for 
effects in humans following intermediate-duration oral exposure to 1,3-dichloropropene.  Intermediate-
duration oral exposure studies with rats, mice, and dogs exposed to different commercial formulations of 
1,3-dichloropropene isomers have been conducted by oral gavage or dietary exposure.  
 
The available data from the oral exposure animal studies indicate that lesions in the nonglandular stomach 
mucosa in rats and microcytic anemia in dogs are the most sensitive effects associated with intermediate-
duration oral exposure to 1,3-dichloropropene (see Chapter 3 for more detailed discussion of health 
effects associated with 1,3-dichloropropene).  Increased incidences of basal cell hyperplasia of the 
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nonglandular stomach occurred in male Fischer 344 rats exposed to doses ≥15 mg/kg/day Telone II®b 
microencapsulated in feed for 13 weeks; female rats displayed hyperkeratosis of the nonglandular 
stomach epithelium at doses of 100 mg/kg/day in this study (Haut et al. 1996).  B6C3F1 mice exposed to 
Telone II®b via the same protocol for 13 weeks did not display any adverse effects on histologic or 
hematologic end points (Haut et al. 1996).  Microcytic anemia (decreased hematocrit, hemoglobin 
concentration, and corpuscular volume) occurred in beagle dogs exposed to doses ≥15 mg/kg/day 
Telone II®b encapsulated in feed for 13 weeks (Stebbins et al. 1999).  Reductions in terminal body weight 
were observed in rats, mice, and dogs exposed to Telone II®b in feed for 13 weeks, but reduced food 
intake associated with decreased palatability may have contributed to these effects (Haut et al. 1996; 
Stebbins et al. 1999).  In an earlier 13-week study with Telone®, a commercial formulation of lesser 
1,3-dichloropropene purity than Telone II®b, increased liver or kidney weights were observed in rats at 
doses as low as 10 and 30 mg/kg/day, respectively, but the lack of renal or kidney adverse noncancer 
effects in the intermediate- or chronic-duration studies with Telone II®b suggests that these organs are not 
consistently observed noncancer toxicity targets of 1,3-dichloropropene.   
 
Basal cell hyperplasia in the nonglandular stomach of male rats and decreased hemoglobin concentration 
and corpuscular volume in male or female dogs were sensitive effects occurring at the same exposure 
levels.  However, the intermediate-duration study in dogs by Stebbins et al. (1999) was judged to be 
inadequate as a critical study because no histopathology examination was conducted and the group sizes 
were small.  Therefore, basal cell hyperplasia in the nonglandular stomach of male rats was selected as 
the critical effect for development of the intermediate-duration MRL for 1,3-dichloropropene.  The 
13-week study with male rats (Haut et al. 1996) exposed to microencapsulated Telone II®b was selected 
as the principal study, because the test material in these adequately designed and reported studies was the 
most purified 1,3-dichloropropene formulation tested and did not contain potentially confounding toxic 
materials such as epichlorohydrin or chloropicrin.   
 
Potential points of departure for deriving the intermediate-duration MRL, derived with benchmark dose 
analysis, are shown in Table A-17.  Details of the benchmark dose analyses are given below.   
 

Table A-17.  Potential Points of Departure for Determining the Intermediate-
duration Oral MRL for 1,3-Dichloropropene 

 

End point 
BMD 
(mg/kg/day) 

BMDL 
(mg/kg/day) 

Increased incidence of basal cell hyperplasia of nonglandular 
stomach mucosa in male rats exposed to Telone II®b in feed for 
13 weeks (Haut et al. 1996) 

BMR = 10% extra risk 

9.0030 3.5722 

 
BMD = benchmark dose; BMDL = 95% lower confidence limit for the benchmark dose; BMR = benchmark response 
level; MRL = Minimal Risk Level 
 
For increased incidence of basal hyperplasia in nonglandular stomach mucosa of rats, the potential point 
of departure was the BMDL associated with 10% extra risk; this BMR was the default recommended in 
EPA (2000a).   
 
An intermediate-duration oral MRL of 0.04 mg/kg/day was derived by dividing the rat BMDL10 of 
3.5722 mg/kg/day for basal cell hyperplasia by a composite uncertainty factor of 100 (10 for extrapolation 
from animals to humans and 10 for human variability).  The MRL is based on the Haut et al. (1996) study 
which used Telone II®b containing 95.8% 1,3-dichloropropene with no other constituents reported. 
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Details of Benchmark Dose Analysis for the Intermediate-duration Oral MRL 
 
Male Rats:  
 
All available dichotomous models in the EPA Benchmark Dose Software (BMDS version 1.3.2) were fit 
to the incidence data for basal cell hyperplasia of nonglandular stomach mucosa in male rats exposed to 
1,3-dichloropropene in the diet for 13 weeks (Table A-18).  Predicted doses associated with 10, 5, and 1% 
extra risks were calculated (Table A-20). 
 

Table A-18.  Incidence of Basal Cell Hyperplasia of Nonglandular Stomach 
Mucosa (minimal) in Fisher 344 Rats Exposed to 1,3-Dichloropropene  

in the Diet for 13 Weeks  
 

 Doses in mg/kg body weight/day 
Control 5  15  50  100 

Males 0/10 0/10 4/10a 10/10a 10/10a 
 
aStatistically different from control (Fisher Exact Test performed by SRC March 2006) 
 
Source:  Haut et al. 1996 
 
Male Rats: 
 
As assessed by the chi-square goodness-of-fit test, several models in the software provided adequate fits 
to the data for the incidence of basal cell hyperplasia of nonglandular stomach mucosa in male rats 
(x2 p-value ≥0.1) (Table A-19).  Comparing across models, a better fit is indicated by a lower AIC (EPA 
2000b).  A 3-degree polynomial multi-stage model was determined to be the best-fitting model, as 
indicated by the AIC (Table A-19; Figure A-6).  Benchmark doses (BMDs and BMDLs) associated with 
an extra risk of 10, 5, and 1%, calculated from the best fitting model, are shown in Table A-20.  
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Table A-19.  Goodness of Fit Statistics and BMD10s and BMDL10s from Models Fit 
to Incidence Data for Basal Cell Hyperplasia of Nonglandular Stomach Mucosa 

in Male Rats Exposed to 1,3-Dichloropropene in the Diet for 13 Weeks 
 

Model AIC X2 p-valuea BMD10 (mg/kg/day) BMDL10 (mg/kg/day) 
Gamma 15.4607 1.0000 11.5681 5.1935 
Logistic 17.4602 1.0000 14.0398 6.8305 
Log-Logistic 17.4602 1.0000 13.5206 6.25073 
Multistageb 15.8298 0.9957 9.00298 3.57217 
Probit 17.4602 1.0000 13.1012 6.25656 
Log-probit 17.4602 1.0000 12.213 5.92308 
Quantal-linear 22.7351 0.3922 2.40324 1.53389 
Quantal-quadratic 16.6383 0.9616 7.05272 5.01843 
Weibull 17.4612 1.0000 12.4316 4.82232 
 

aValues <0.1 fail to meet conventional goodness-of-fit criteria. 
bBest-fitting model  
 
AIC = Akaike’s Information Criteria; BMD = benchmark dose; BMDL = lower confidence limit (95%) on the 
benchmark dose; NA = not applicable; p = p-value from the Chi-squared test 
 
Source:  Haut et al. 1996 
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Figure A-6.  Observed and Predicted Incidences of Basal Cell Hyperplasia of 
Nonglandular Stomach Mucosa in Male Rats Exposed to  

1,3-Dichloropropene in the Diet for 13 Weeks* 
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*BMDs and BMDLs indicated are for a 10% extra risk and are in units of mg/kg/day. 
BMD = benchmark dose;  BMDL = lower confidence limit (95%) on the benchmark dose 
 
Source:  Haut et al. 1996 
 
The form and parameters of the multi-stage model for the male rat data are as follows: 
 
P[response] = background + (1-background)*[1-EXP(-beta1*dose^1-beta2*dose^2-beta3*dose^3)] 
 
background  =   0 
Beta(1)   =  0 
Beta(2)   =   0 
Beta(3)   =   0.000144384 
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Table A-20.  Best-fitting Model Predictions for 1, 5, and 10% Extra Risk for Basal 
Cell Hyperplasia of Nonglandular Stomach Mucosa in Male Rats Exposed to 

1,3-Dichloropropene in the Diet for 13 Weeks 
 

Best fitting model BMR (% extra risk) BMD (mg/kg/day) BMDL (mg/kg/day) 
Male:  Multistage 1 4.11358 0.416759 
 5 7.0824 1.76019 
 10 9.00298 3.57217 
 
BMD = benchmark dose; BMDL = lower confidence limit (95%) on the benchmark dose; BMR = benchmark 
response 
 
Source:  Haut et al. 1996 
 
Agency Contacts (Chemical Managers):  Annette Ashizawa, Sharon Wilbur, and Heraline Hicks 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name:  1,3-Dichloropropene 
CAS Numbers:   542-75-6 
Date:   June 2008 
Profile Status:  Final Draft Post-public 
Route:   [ ] Inhalation   [X] Oral 
Duration:  [ ] Acute   [ ] Intermediate   [X] Chronic 
Graph Key:  18 
Species:  Rat 
 
Minimal Risk Level:  0.03   [X ] mg/kg/day   [ ] ppm 
 
References:  Co-principal studies:  
 
Stebbins KE, Johnson KA, Jeffries TK, et al. 2000.  Chronic toxicity and oncogenicity studies of ingested 
1,3-dichloropropene in rats and mice.  Regul Toxicol Pharmacol 32:1-13. 
 
Stebbins KE, Quast JF, Haut KT, et al.  1999.  Subchronic and chronic toxicity of ingested 1,3-dichloro-
propene in dogs.  Regul Toxicol Pharmacol 30:233-243. 
 
Experimental design:  Stebbins et al. (2000) exposed groups of male and female Fischer 344 rats 
(50/sex/group) to 1,3-dichloropropene in the diet at doses of 0, 2.5, 12.5, or 25 mg/kg/day for 2 years; 
satellite groups of 10/sex/group were scheduled for interim sacrifice at 12 months.  Stebbins et al. (1999) 
exposed beagle dogs (4/sex/group) to dose of 0, 0.5, 2.5, or 15 mg/kg/day for 1 year.  In both studies, the 
test material, Telone II®b, was 95.8% pure 1,3-dichloropropene (50.7% cis; 45.1% trans) with 2% ESO as 
a stabilizer and was microencapsulated in a starch/sucrose (80:20) microsphere matrix before addition to 
the diets; separate tests showed that the microencapsulated compound was stable in feed for at least three 
weeks, but test diets were mixed fresh weekly.  Control diets received empty microspheres in an amount 
equivalent to that given to the high-dose treated group.  Animals were examined daily for clinical signs of 
toxicity and received a weekly clinical examination.  Body weights and feed intake were recorded prior to 
testing and weekly during the first 13 weeks of the study and at monthly intervals thereafter.  For rats, 
urinalysis samples and blood samples for hematology and clinical chemistry and were obtained from the 
satellite groups at 6 and 12 months and from survivors in the main group at 18 months (10 animals/sex/
group) and 24 months (20 animals/sex/group).  For dogs, blood samples were collected prior to testing 
and after 3, 6, and 9 months of dosing and during the week prior to termination; urine samples were taken 
from dogs at necropsy.  At necropsy, absolute and relative organ weights were recorded for brain, liver, 
kidneys, testes, ovaries, heart, and adrenals in both species and for thyroids plus parathyroids in dogs.  
Complete sets tissues from all animals were preserved and, in rats, those of the control and high-dose 
groups and animals dying prematurely were examined for histopathology; gross lesions and tissues from 
selected organs (lung, liver, uterus, kidney, stomach, and testes) from low- and mid-dose animals were 
scheduled for histopathological examination.  All dogs were examined for histopathology in the full range 
of tissues.  
 
Effects noted in study and corresponding doses:  Both studies:  Dietary exposure to Telone II®b had no 
effect on survival in rats exposed for 2 years or dogs exposed for 1 year.   
 
Rats:   
 
Body weights of high-dose male and female rats were 15–16% lower than controls, but feed consumption 
was also reduced by 12–13%.  Exposure had no significant effect on hematology, clinical chemistry, or 
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urinalysis parameters.  Reduced triglyceride counts in high-dose males and females were attributed by the 
authors to the decreased body weights, rather than a toxicological response.  
 
In rats, the most sensitive effect of exposure after 2 years was basal cell hyperplasia of the nonglandular 
stomach mucosa observed in male and female rats exposed at 12.5 or 25 mg/kg/day (Table A-21).  The 
incidence of this lesion was also significantly elevated in the satellite group after 1 year of exposure in 
males at 12.5 mg/kg/day and in females at 25 mg/kg/day.  The incidence of hepatic foci of any type was 
not increased with treatment, but treated rats showed increases of eosinophilic foci compared to 
basophilic foci.  The incidence of benign hepatocellular adenomas was significantly increased in male rats 
at 25 mg/kg/day (incidence 2/50, 1/50, 6/50, 9/50), whereas females showed a positive trend for these 
tumors (incidence 0/50, 0/50, 0/50, 4/50).  One male rat treated at 25 mg/kg/day had a hepatic carcinoma. 
 

Table A-21.  Incidence of Histopathological Lesions of Basal Cells in the 
Nonglandular Stomach in F344 Rats Exposed to 1,3-Dichloropropene 

(Telone II®b) in the Diet for 2 Years 
 

 Dose (doses in mg/kg/day; group size = 50) 
0 2.5 12.5 25 

Hyperplasia     
 Males 3 3 20a 30a 
 Females 0 1 20a 37a 
 
aStatistically different from controls 
 
Source:  Stebbins et al. 2000 
 
Dogs:   
 
Terminal body weights were significantly lower than controls by 11% in male dogs and 15% in female 
dogs exposed at 15 mg/kg/day.  Exposure had no effect on feed consumption or urinalysis results.  The 
study authors indicated that changes in clinical chemistry parameters were not associated with 
histopathology in any organ.  In dogs, the most sensitive effects were reductions in hemoglobin, 
hematocrit, and mean corpuscular volume, all characteristic of microcytic anemia observed in dogs at a 
LOAEL of 15 mg/kg/day (Table A-22); the NOAEL was 2.5 mg/kg/day in dogs. 
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Table A-22.  Hematological Effects in Beagle Dogs Exposed to  
1,3-Dichloropropene (Telone II®b) in the Diet for 1 Year 

 
 Dose (doses in mg/kg/day; group size = 4/sex/dose) 

0 0.5 2.5 15 
Hemoglobin (g/dL)     
 Males  17.4±1.6 17.5±1.0 13.7±1.3 12.3±3.1a 
 Females 17.3±2.1 17.1±1.2 18.0±0.6 12.6±1.2a 
Hematocrit (%)     
 Males  57.0±4.1 56.6±3.0 55.7±1.4 40.5±10.4a 
 Females 57.3±5.7 56.6±3.4 60.4±2.8 40.9±3.5a 
Mean corpuscular volume (fL)     
 Males 73±1 72±2 69±4 44±4a 
 Females 75±3 73±2 72 ±3 43±5a 
 
aStatistically different from control 
 
Source:  Stebbins et al. 1999 
 
Dose and end point used for MRL derivation:  Basal cell hyperplasia of the nonglandular stomach mucosa 
observed in female rats exposed at a LOAEL of 12.5 mg/kg/day for 2 years.  BMDL values were 
calculated for these and other effects (see Table A-23).  If the BMDL10 value of 3.5124 mg/kg/day for 
female rats was used as the point of departure, the derived MRL would be 0.04 mg/kg/day.  This is in 
agreement with the EPA (2000a) chronic oral RfD of 0.03 mg/kg/day based on a BMDL10 of 
3.4 mg/kg/day for the same data.  Therefore, EPA’s BMDL10 of 3.4 mg/kg/day was selected as the point 
of departure for the chronic-duration oral MRL. 
 
[ ] NOAEL   [ ] LOAEL  [X]  BMDL10 
 
Uncertainty Factors used in MRL derivation:  100 applied to EPA’s BMDL10 of 3.4 mg/kg/day for 
increased incidence of forestomach basal cell hyperplasia in female rats. 
 
 [ ]  10 for use of a LOAEL 
 [X]  10 for extrapolation from animals to humans 
 [X]  10 for human variability 
3.4 mg/kg/day / 100  =  0.034, rounded to 0.03 mg/kg/day 
  
Was a conversion factor used from ppm in food or water to a mg/body weight dose?  No.  Study authors 
reported doses based on feed intake data. 
 
If an inhalation study in animals, list conversion factors used in determining human equivalent dose:  Not 
applicable. 
 
Was a conversion used from intermittent to continuous exposure?  Not applicable.  Intake was ad libitum. 
 
Other additional studies or pertinent information that lend support to this MRL:  No data are available for 
effects in humans following chronic-duration oral exposure to 1,3-dichloropropene.  Chronic-duration 
oral exposure studies with rats, mice, and dogs exposed to different commercial formulations of 1,3-di-
chloropropene isomers have been conducted by oral gavage or dietary exposure.  
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As with the animal data for intermediate-duration exposure, the available data indicate that lesions in the 
nonglandular stomach mucosa in rats and microcytic anemia in dogs are the most sensitive effects 
associated with chronic-duration oral exposure to 1,3-dichloropropene (see Chapter 3 for a more detailed 
discussion of health effects associated with 1,3-dichloropropene).  Basal cell hyperplasia of the 
nonglandular stomach mucosa was observed in male and female Fischer 344 rats exposed to doses as low 
as 12.5 mg/kg/day Telone II®b (but not 2.5 mg/kg/day) encapsulated in feed for 1 or 2 years (Stebbins et 
al. 2000), and in male and female F344 rats and female B6C3F1 mice exposed to gavage doses of 
25 mg/kg/day Telone II®a (89% dichloropropene isomers plus 1% epichlorohydrin) 3 times/week for up 
to 2 years (NTP 1985).  Increased incidences of this lesion did not occur in male or female B6C3F1 mice 
exposed to 2.5, 25, or 50 mg/kg/day Telone II®b encapsulated in feed for 1 or 2 years (Stebbins et al. 
2000) or in male or female beagle dogs exposed to 0.5, 2.5, or 15 mg/kg/day Telone II®b encapsulated in 
feed for 1 year (Stebbins et al. 1999).  However, male and female beagle dogs exposed to 15 mg/kg/day, 
but not 2.5 mg/kg/day, Telone II®b encapsulated in feed for 1 year showed decreased values for mean 
hematocrit, hemoglobin concentration, and corpuscular volume, compared with control values, which are 
indicative of microcytic anemia.  Exposure-related reductions in terminal body weight were observed in 
rats, mice, and dogs exposed to Telone II®b in feed for 1 or 2 years, but reduced food intake associated 
with decreased palatability may have contributed to these effects (Stebbins et al. 1999, 2000).   
 
Adverse noncancer effects on the liver or kidney are not as clearly associated with chronic-duration oral 
exposure to 1,3-dichloropropene as forestomach basal cell hyperplasia in rats or microcytic anemia in 
dogs.  Exposure-related kidney effects include increased incidence of hydronephrosis in female, but not 
male, B6C3F1 mice exposed to gavage doses of 100 mg/kg/day Telone II®a , but not 50 mg/kg/day, for 
up to 2 years (NTP 1985) and increased incidence of nephropathy in female, but not male, Fischer 344 
rats exposed to 25 or 50 mg/kg/day Telone II®a for up to 2 years (NTP 1985).  However, no exposure-
related kidney effects were observed in Fischer 344 rats, B6C3F1 mice, or beagle dogs exposed to 
Telone II®b encapsulated in feed for 1 or 2 years at doses as high as 25 mg/kg/day for rats, 50 mg/kg/day 
for mice, and 15 mg/kg/day for dogs (Stebbins et al. 1999; 2000).  Observed noncancer effects in the liver 
include decreased size of hepatocytes in male, but not female, B6C3F1 mice exposed to 50 mg/kg/day, 
but not 25 mg/kg/day, Telone II®b encapsulated in feed for 1 year, but not in mice exposed for 2 years 
(Stebbins et al. 2000) and increased incidence of slight or very slight eosinophilic foci of altered liver 
cells in male and female Fischer 344 rats exposed to 2.5, 12.5, or 25 mg/kg/day Telone II®b encapsulated 
in feed for 2 years.  The toxicological significance of these apparent liver effects is equivocal given the 
inconsistency of the findings in the mouse study and the common spontaneous occurrence of liver foci 
(eosinophilic or basophilic) in aged Fischer 344 rats.  
 
Based on the findings from the chronic-duration oral exposure animal studies, basal cell hyperplasia in the 
nonglandular stomach of male rats and decreased hemoglobin concentration and corpuscular volume in 
male or female dogs were selected as co-critical effects for development of the chronic-duration MRL for 
1,3-dichloropropene.  The 2-year rat study (Stebbins et al. 2000) and 1-year dog study (Stebbins et al. 
1999) involving exposure to microencapsulated Telone II®b were selected as the principal studies, 
because the test material in these adequately designed and reported studies was the most purified 1,3-di-
chloropropene formulation tested (95.8% pure 1,3-dichloropropene—50.7% cis; 45.1% trans—with 2% 
epoxidized soybean oil as a stabilizer) and did not contain potentially confounding toxic materials such as 
epichlorohydrin or chloropicrin.   
 
Potential points of departure for deriving the chronic-duration MRL, derived with benchmark dose 
analysis, are shown in Table A-23.  Additional details of the benchmark dose analysis are described 
below.   
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For decreased hemoglobin concentration, which was as an index of 1,3-dichloropropene-induced 
microcytic anemia in dogs, potential points of departure were 95% lower confidence limits on estimated 
doses (i.e., BMDLs) associated with a value lower than 10th percentile values for the distribution of 
hemoglobin concentrations in a sample of normal beagle dogs (Table A-23).   
 

Table A-23.  Potential Points of Departure for Determining the Chronic-duration 
Oral MRL for 1,3-Dichloropropene 

 

End point 
BMD 
(mg/kg/day) 

BMDL 
(mg/kg/day) 

Decreased hemoglobin concentration in beagle dogs exposed to 
Telone II®b in feed for 1 year (Stebbins et al. 1999). 

BMR = 10th percentile hemoglobin concentrations in normal beagle 
dogs, age >1year: 14.6 mg/dL males (n=169) and 14.1 mg/dL 
females (n=185) (Wolford et al. 1986). 

 M  8.3455 
 F  10.978 

 M  6.0453 
 F  8.8294 

Increased incidence of basal cell hyperplasia of nonglandular 
stomach mucosa in Fischer 344 rats exposed to Telone II®b in 
feed for 2 years (Stebbins et al. 2000) 

BMR = 10 % extra risk 

M  5.3432 
 F  5.4209 

 M  4.2568 
 F   3.5124 

 
BMD = benchmark dose; BMDL = 95% lower confidence limit for the benchmark dose; BMR = benchmark response 
level; F = female; M = male 
 
For increased incidence of basal hyperplasia in nonglandular stomach mucosa of rats, the potential point 
of departure was the BMDL associated with 10% extra risk.  This benchmark response (BMR) level is the 
default recommended by EPA (2000a). 
 
The lowest BMDL, the BMDL10 of 3.5124 mg/kg/day for increased incidence of nonglandular stomach 
basal cell hyperplasia in female rats, was selected as the point of departure for deriving the chronic-
duration oral MRL since it should be protective against all effects. 
 
A chronic-duration oral MRL of 0.04 mg/kg/day was derived by dividing the BMDL10 of 
3.5124 mg/kg/day for basal cell hyperplasia of the forestomach in female rats by a total uncertainty factor 
of 100 (10 for extrapolation from animals to humans and 10 for human variability).  The MRL is based on 
the Stebbins et al. (1999, 2000) studies which used approximately 96% 1,3-dichloropropene with 2% 
epoxidized soybean oil as a stabilizer; no other constituents were reported. 
 

Details of Benchmark Dose Analysis for the Chronic-duration Oral MRL 
Male and Female Rats:  
 
All available dichotomous models in the EPA Benchmark Dose Software (BMDS version 1.3.2) were fit 
to the incidence data for basal cell hyperplasia of nonglandular stomach mucosa in male rats, female rats, 
and combined male and female rats exposed to 1,3-dichloropropene in the diet for 2 years (Table A-24).  
Predicted doses associated with 10, 5, and 1 extra risks were calculated. 
 



DICHLOROPROPENES  A-40 
 

APPENDIX A 
 
 

 
 
 
 
 

Table A-24.  Incidence of Basal Cell Hyperplasia of Nonglandular Stomach 
Mucosa (Slight or Very Slight) in Fisher 344 Rats Exposed to  

1,3-Dichloropropene in the Diet for 2 Years 
 

 Control 2.5 mg/kg/day 12.5 mg/kg/day 25 mg/kg/day 
Males 3/50 3/50 20/50 30/50 
Females 0/50 1/50 20/50 37/50 
Both sexes 3/100 4/100 40/100 67/100 
 
Male Rats: 
 
As assessed by the chi-square goodness-of-fit test, several models in the software provided adequate fits 
to the data for the incidence of basal cell hyperplasia of nonglandular stomach mucosa in male rats 
(x2 p-value ≥0.1) (Table A-25).  Comparing across models, a better fit is indicated by a lower AIC (EPA 
2000b).  The log-probit model was determined to be the best-fitting model, as indicated by the AIC 
(Table A-25; Figure A-9).  Benchmark doses (BMDs and BMDLs) associated with an extra risk of 10, 5, 
and 1%, calculated from the best fitting model, are shown in Table A-27.  
 
Table A-25.  Goodness of Fit Statistics and BMD10s and BMDL10s from Models Fit 
to Incidence Data for Basal Cell Hyperplasia of Nonglandular Stomach Mucosa 

in Male Rats Exposed to 1,3-Dichloropropene  
in the Diet for 2 Years 

 
Model AIC X2 p-valuea BMD10 (mg/kg/day) BMDL10 (mg/kg/day) 
Gamma 187.302 0.2589 4.89969 2.57775 
Logistic 189.052 0.0784 7.13438 5.92049 
Log-Logistic 186.872 0.3554 4.96556 2.47384 
Multistage 188.102 0.1603 4.06715 2.46921 
Probit 188.191 0.1202 6.62804 5.54609 
Log-probitb 184.503 0.7769 5.34316 4.25684 
Quantal-linear 186.563 0.3216 3.09733 2.41788 
Quantal-quadratic 188.62 0.0871 7.96066 6.94702 
Weibull 187.529 0.2243 4.63368 2.54375 
 

aValues <0.1 fail to meet conventional goodness-of-fit criteria. 
bBest-fitting model  
 
AIC = Akaike’s Information Criteria; BMD = benchmark dose; BMDL = lower confidence limit (95%) on the 
benchmark dose; NA = not applicable; p = p-value from the Chi-squared test 
 
Source:  Stebbins et al. 2000 
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Figure A-7.  Observed and Predicted Incidences of Basal Cell Hyperplasia of 
Nonglandular Stomach Mucosa in Male Rats Exposed  

to 1,3-Dichloropropene in the Diet for 2 Years* 
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*BMDs and BMDLs indicated are for a 10% extra risk and are in units of mg/kg/day. 
BMD = benchmark dose; BMDL = lower confidence limit (95%) on the benchmark dose 
 
Source:  Stebbins et al. 2000 
 
The form and parameters of the log-probit model for the male rat data are as follows: 
 
P[response] = Background+ (1-Background)* CumNorm(Intercept+Slope*Log(Dose)), 
 

where CumNorm(.) is the cumulative normal distribution function 
 
background  =   0.0531859 
intercept  =   -2.95737 
slope   =     1 
 
Female Rats: 
 
As assessed by the chi-square goodness-of-fit test, several models in the software provided adequate fits 
to the data for the incidence of basal cell hyperplasia of nonglandular stomach mucosa in female rats 
(x2 p-value ≥0.1) (Table A-26).  Comparing across models, a better fit is indicated by a lower AIC (EPA 
2000b).  The log-logistic model was determined to be the best-fitting model, as indicated by the AIC 
(Table A-26; Figure A-8).  Benchmark doses (BMDs and BMDLs) associated with an extra risk of 10, 5, 
and 1%, calculated from the best fitting model, are shown in Table A-27.  
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Table A-26.  Goodness of Fit Statistics and BMD10s and BMDL10s from Models Fit 
to Incidence Data for Basal Cell Hyperplasia of Nonglandular Stomach Mucosa 

in Female Rats Exposed to 1,3-Dichloropropene  
in the Diet for 2 Years 

 
Model AIC X2 p-valuea BMD10 (mg/kg/day) BMDL10 (mg/kg/day) 
Gamma 138.598 0.9121 5.25023 3.31605 
Logistic 148.131 0.0176 7.67354 6.23867 
Log-Logisticb 138.416 0.9973 5.4209 3.51236 
Multistage 139.663 0.5468 5.29306 2.91991 
Probit 145.812 0.0404 7.31771 5.93502 
Log-probit 138.52 0.9461 5.07542 3.57721 
Quantal-linear 143.267 0.1648 2.39166 1.92514 
Quantal-quadratic 138.493 0.5372 6.49982 5.81197 
Weibull 139.013 0.7530 5.08921 3.1648 
 

aValues <0.1 fail to meet conventional goodness-of-fit criteria. 
bBest-fitting model  
 
AIC = Akaike’s Information Criteria; BMD = benchmark dose; BMDL = lower confidence limit (95%) on the 
benchmark dose; NA = not applicable; p = p-value from the Chi-squared test 
 
Source:  Stebbins et al. 2000 
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Figure A-8.  Observed and Predicted Incidences of Basal Cell Hyperplasia of 
Nonglandular Stomach Mucosa in Female Rats Exposed  

to 1,3-Dichloropropene in the Diet for 2 Years* 
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*BMDs and BMDLs indicated are for a 10% extra risk and are in units of mg/kg/day. 
BMD = benchmark dose; BMDL = lower confidence limit (95%) on the benchmark dose 
 
Source:  Stebbins et al. 2000 
 
The form and parameters of the log-logistic model for the female rat data are as follows: 
 
P[response] = background+(1-background)/[1+EXP(-intercept-slope*Log(dose))] 
 
background  =   0 
intercept  =   -5.8536 
slope   =     2.14828 
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Table A-27.  Best-fitting Model Predictions for 1, 5, and 10% Extra Risk for Basal 
Cell Hyperplasia of Nonglandular Stomach Mucosa in Male and Female Rats 

Exposed to 1,3-Dichloropropene in the Diet for 2 Years 
 

Best fitting model BMR (% extra risk) BMD (mg/kg/day) BMDL (mg/kg/day) 
Male:  Log-Probit 1 2.10426 1.25833 
 5 3.7369 2.48751 
 10 5.34316 4.25684 
Female:  Log-logistic 1 1.13014 0.258277 
 5 3.13078 1.23116 
 10 5.4209 3.51236 
 
BMD = benchmark dose; BMDL = lower confidence limit (95%) on the benchmark dose; BMR = benchmark 
response 
 
Source:  Stebbins et al. 2000 
 
Male and Female Dogs: 
 
The linear model in the EPA Benchmark Dose Software (BMDS version 1.3.2) was fit to the data 
(Table A-28) for decreased hemoglobin concentration in beagle dogs exposed to 1,3-dichloropropene in 
the diet for 1 year.  The linear model was selected as it is the simplest model available in the BMD 
software which adequately fits the hemoglobin concentration data.  Hemoglobin concentration was 
selected as the most clearly adverse variable associate with 1,3-dichloropropene-induced microcytic 
anemia.  BMDs and BMDLs associated with a value lower than the 10th percentile value for hemoglobin 
in normal beagle dogs were calculated (Table A-29, Figures A-9 and A-10).  The 10th percentile 
hemoglobin concentrations in normal beagle dogs, age >1 year for the 1-year exposure were 14.6 mg/dL 
for males and 14.1 mg/dL for females (Wolford et al. 1986).   
 

 

Table A-28.  Hemoglobin Concentrations in Male and Female Beagle Dogs 
Exposed for 1 Year 

 

Dose 
mg/kg/day 

Male 
mean hemoglobin  
concentration ± standard deviation 
(g/dL) 

Female 
Mean hemoglobin concentration ± 
standard deviation (g/dL) 

0 17.4±1.6 17.3±2.1 
0.5 17.5±1.0 17.1±1.2 
2.5 13.7±1.3 18.0±0.6 
15 12.3±3.1* 12.6±1.2* 
 
Source:  Stebbins et al. 1999 
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Table A-29.  Linear Model Predictions for the Dose Associated with the  
10th Percentile Value for Hemoglobin Concentration  

in Normal Beagle Dogs with the  
95% Lower Confidence Limit 

 

Data-set 
BMD10th%ile  
(mg/kg/day) 

BMDL10th%ile 
(mg/kg/day) 

Chronic 
 Malea 8.3455 6.04528 
 Female 10.978 8.82939 
 
aNonhomogeneous variance model 
 
BMD = benchmark dose; BMDL = lower confidence limit (95%) on the benchmark dose
 

Figure A-9.  Linear (Nonhomogeneous Variance) Model Predicted Change in 
Hemoglobin Concentration in Male Beagle Dogs Exposed  

to 1,3-Dichloropropene in the Diet for 1 Year* 
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*BMDs and BMDLs indicated are doses associated with the 10th percentile value for hemoglobin concentration in 
normal beagle dogs and are in units of mg/kg/day. 
BMD = benchmark dose;  BMDL = lower confidence limit (95%) on the benchmark dose 
 
Source:  Stebbins et al. 1999 
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Figure A-10.  Linear Model Predicted Change in Hemoglobin Concentration in 
Female Beagle Dogs Exposed to 1,3-Dichloropropene in the Diet for 1 Year* 
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*BMDs and BMDLs indicated are doses associated with the 10th percentile value for hemoglobin concentration in 
normal beagle dogs and are in units of mg/kg/day 
BMD = benchmark dose;  BMDL = lower confidence limit (95%) on the benchmark dose 
 
Source:  Stebbins et al. 1999 
 
Agency Contacts (Chemical Managers):  Annette Ashizawa, Sharon Wilbur, and Heraline Hicks 
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APPENDIX B.  USER'S GUIDE 

Chapter 1 

Public Health Statement 

This chapter of the profile is a health effects summary written in non-technical language.  Its intended 
audience is the general public, especially people living in the vicinity of a hazardous waste site or 
chemical release.  If the Public Health Statement were removed from the rest of the document, it would 
still communicate to the lay public essential information about the chemical. 

The major headings in the Public Health Statement are useful to find specific topics of concern.  The 
topics are written in a question and answer format.  The answer to each question includes a sentence that 
will direct the reader to chapters in the profile that will provide more information on the given topic. 

Chapter 2 

Relevance to Public Health 

This chapter provides a health effects summary based on evaluations of existing toxicologic, 
epidemiologic, and toxicokinetic information.  This summary is designed to present interpretive, weight
of-evidence discussions for human health end points by addressing the following questions: 

1.	 What effects are known to occur in humans? 

2.	 What effects observed in animals are likely to be of concern to humans? 

3.	 What exposure conditions are likely to be of concern to humans, especially around hazardous 
waste sites? 

The chapter covers end points in the same order that they appear within the Discussion of Health Effects 
by Route of Exposure section, by route (inhalation, oral, and dermal) and within route by effect.  Human 
data are presented first, then animal data.  Both are organized by duration (acute, intermediate, chronic).  
In vitro data and data from parenteral routes (intramuscular, intravenous, subcutaneous, etc.) are also 
considered in this chapter.  

The carcinogenic potential of the profiled substance is qualitatively evaluated, when appropriate, using 
existing toxicokinetic, genotoxic, and carcinogenic data.  ATSDR does not currently assess cancer 
potency or perform cancer risk assessments.  Minimal Risk Levels (MRLs) for noncancer end points (if 
derived) and the end points from which they were derived are indicated and discussed. 

Limitations to existing scientific literature that prevent a satisfactory evaluation of the relevance to public 
health are identified in the Chapter 3 Data Needs section. 

Interpretation of Minimal Risk Levels 

Where sufficient toxicologic information is available, ATSDR has derived MRLs for inhalation and oral 
routes of entry at each duration of exposure (acute, intermediate, and chronic).  These MRLs are not 
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meant to support regulatory action, but to acquaint health professionals with exposure levels at which 
adverse health effects are not expected to occur in humans. 

MRLs should help physicians and public health officials determine the safety of a community living near 
a chemical emission, given the concentration of a contaminant in air or the estimated daily dose in water.  
MRLs are based largely on toxicological studies in animals and on reports of human occupational 
exposure. 

MRL users should be familiar with the toxicologic information on which the number is based.  Chapter 2, 
"Relevance to Public Health," contains basic information known about the substance.  Other sections such 
as Chapter 3 Section 3.9, "Interactions with Other Substances,” and Section 3.10, "Populations that are 
Unusually Susceptible" provide important supplemental information. 

MRL users should also understand the MRL derivation methodology.  MRLs are derived using a 
modified version of the risk assessment methodology that the Environmental Protection Agency (EPA) 
provides (Barnes and Dourson 1988) to determine reference doses (RfDs) for lifetime exposure.  

To derive an MRL, ATSDR generally selects the most sensitive end point which, in its best judgement, 
represents the most sensitive human health effect for a given exposure route and duration.  ATSDR 
cannot make this judgement or derive an MRL unless information (quantitative or qualitative) is available 
for all potential systemic, neurological, and developmental effects.  If this information and reliable 
quantitative data on the chosen end point are available, ATSDR derives an MRL using the most sensitive 
species (when information from multiple species is available) with the highest no-observed-adverse-effect 
level (NOAEL) that does not exceed any adverse effect levels.  When a NOAEL is not available, a 
lowest-observed-adverse-effect level (LOAEL) can be used to derive an MRL, and an uncertainty factor 
(UF) of 10 must be employed.  Additional uncertainty factors of 10 must be used both for human 
variability to protect sensitive subpopulations (people who are most susceptible to the health effects 
caused by the substance) and for interspecies variability (extrapolation from animals to humans).  In 
deriving an MRL, these individual uncertainty factors are multiplied together.  The product is then 
divided into the inhalation concentration or oral dosage selected from the study.  Uncertainty factors used 
in developing a substance-specific MRL are provided in the footnotes of the levels of significant exposure 
(LSE) tables. 

Chapter 3 

Health Effects 

Tables and Figures for Levels of Significant Exposure (LSE) 

Tables and figures are used to summarize health effects and illustrate graphically levels of exposure 
associated with those effects.  These levels cover health effects observed at increasing dose 
concentrations and durations, differences in response by species, MRLs to humans for noncancer end 
points, and EPA's estimated range associated with an upper- bound individual lifetime cancer risk of 1 in 
10,000 to 1 in 10,000,000.  Use the LSE tables and figures for a quick review of the health effects and to 
locate data for a specific exposure scenario. The LSE tables and figures should always be used in 
conjunction with the text.  All entries in these tables and figures represent studies that provide reliable, 
quantitative estimates of NOAELs, LOAELs, or Cancer Effect Levels (CELs). 

The legends presented below demonstrate the application of these tables and figures.  Representative 
examples of LSE Table 3-1 and Figure 3-1 are shown.  The numbers in the left column of the legends 
correspond to the numbers in the example table and figure. 
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LEGEND 
See Sample LSE Table 3-1 (page B-6) 

(1)	 Route of Exposure. One of the first considerations when reviewing the toxicity of a substance 
using these tables and figures should be the relevant and appropriate route of exposure. Typically 
when sufficient data exist, three LSE tables and two LSE figures are presented in the document.  
The three LSE tables present data on the three principal routes of exposure, i.e., inhalation, oral, 
and dermal (LSE Tables 3-1, 3-2, and 3-3, respectively).  LSE figures are limited to the inhalation 
(LSE Figure 3-1) and oral (LSE Figure 3-2) routes.  Not all substances will have data on each 
route of exposure and will not, therefore, have all five of the tables and figures. 

(2)	 Exposure Period. Three exposure periods—acute (less than 15 days), intermediate (15– 
364 days), and chronic (365 days or more)—are presented within each relevant route of exposure.  
In this example, an inhalation study of intermediate exposure duration is reported.  For quick 
reference to health effects occurring from a known length of exposure, locate the applicable 
exposure period within the LSE table and figure. 

(3)	 Health Effect. The major categories of health effects included in LSE tables and figures are 
death, systemic, immunological, neurological, developmental, reproductive, and cancer.  
NOAELs and LOAELs can be reported in the tables and figures for all effects but cancer.  
Systemic effects are further defined in the "System" column of the LSE table (see key number 
18). 

(4)	 Key to Figure. Each key number in the LSE table links study information to one or more data 
points using the same key number in the corresponding LSE figure.  In this example, the study 
represented by key number 18 has been used to derive a NOAEL and a Less Serious LOAEL 
(also see the two "18r" data points in sample Figure 3-1). 

(5)	 Species. The test species, whether animal or human, are identified in this column.  Chapter 2, 
"Relevance to Public Health," covers the relevance of animal data to human toxicity and 
Section 3.4, "Toxicokinetics," contains any available information on comparative toxicokinetics.  
Although NOAELs and LOAELs are species specific, the levels are extrapolated to equivalent 
human doses to derive an MRL. 

(6)	 Exposure Frequency/Duration. The duration of the study and the weekly and daily exposure 
regimens are provided in this column.  This permits comparison of NOAELs and LOAELs from 
different studies.  In this case (key number 18), rats were exposed to “Chemical x” via inhalation 
for 6 hours/day, 5 days/week, for 13 weeks.  For a more complete review of the dosing regimen, 
refer to the appropriate sections of the text or the original reference paper (i.e., Nitschke et al. 
1981). 

(7)	 System. This column further defines the systemic effects.  These systems include respiratory, 
cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal, and 
dermal/ocular.  "Other" refers to any systemic effect (e.g., a decrease in body weight) not covered 
in these systems.  In the example of key number 18, one systemic effect (respiratory) was 
investigated. 

(8) NOAEL. A NOAEL is the highest exposure level at which no harmful effects were seen in the 
organ system studied.  Key number 18 reports a NOAEL of 3 ppm for the respiratory system, 
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which was used to derive an intermediate exposure, inhalation MRL of 0.005 ppm (see 
footnote "b"). 

(9)	 LOAEL. A LOAEL is the lowest dose used in the study that caused a harmful health effect.  
LOAELs have been classified into "Less Serious" and "Serious" effects.  These distinctions help 
readers identify the levels of exposure at which adverse health effects first appear and the 
gradation of effects with increasing dose.  A brief description of the specific end point used to 
quantify the adverse effect accompanies the LOAEL.  The respiratory effect reported in key 
number 18 (hyperplasia) is a Less Serious LOAEL of 10 ppm.  MRLs are not derived from 
Serious LOAELs. 

(10)	 Reference. The complete reference citation is given in Chapter 9 of the profile. 

(11)	 CEL. A CEL is the lowest exposure level associated with the onset of carcinogenesis in 
experimental or epidemiologic studies.  CELs are always considered serious effects.  The LSE 
tables and figures do not contain NOAELs for cancer, but the text may report doses not causing 
measurable cancer increases. 

(12)	 Footnotes.  Explanations of abbreviations or reference notes for data in the LSE tables are found 
in the footnotes.  Footnote "b" indicates that the NOAEL of 3 ppm in key number 18 was used to 
derive an MRL of 0.005 ppm. 

LEGEND 
See Sample Figure 3-1 (page B-7) 

LSE figures graphically illustrate the data presented in the corresponding LSE tables.  Figures help the 
reader quickly compare health effects according to exposure concentrations for particular exposure 
periods. 

(13)	 Exposure Period. The same exposure periods appear as in the LSE table.  In this example, health 
effects observed within the acute and intermediate exposure periods are illustrated. 

(14)	 Health Effect. These are the categories of health effects for which reliable quantitative data 
exists.  The same health effects appear in the LSE table. 

(15)	 Levels of Exposure. Concentrations or doses for each health effect in the LSE tables are 
graphically displayed in the LSE figures.  Exposure concentration or dose is measured on the log 
scale "y" axis.  Inhalation exposure is reported in mg/m3 or ppm and oral exposure is reported in 
mg/kg/day. 

(16)	 NOAEL. In this example, the open circle designated 18r identifies a NOAEL critical end point in 
the rat upon which an intermediate inhalation exposure MRL is based.  The key number 18 
corresponds to the entry in the LSE table.  The dashed descending arrow indicates the 
extrapolation from the exposure level of 3 ppm (see entry 18 in the table) to the MRL of 
0.005 ppm (see footnote "b" in the LSE table). 

(17)	 CEL. Key number 38m is one of three studies for which CELs were derived.  The diamond 
symbol refers to a CEL for the test species-mouse.  The number 38 corresponds to the entry in the 
LSE table. 
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(18)	 Estimated Upper-Bound Human Cancer Risk Levels. This is the range associated with the upper-
bound for lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000.  These risk levels are derived 
from the EPA's Human Health Assessment Group's upper-bound estimates of the slope of the 
cancer dose response curve at low dose levels (q1*). 

(19)	 Key to LSE Figure. The Key explains the abbreviations and symbols used in the figure. 
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SAMPLE
 

1 →	 Table 3-1.  Levels of Significant Exposure to [Chemical x] – Inhalation 

LOAEL (effect) Exposure 
Key to 	 frequency/ NOAEL Less serious Serious (ppm) 
figurea Species duration System (ppm) (ppm)	 Reference 

2 

3 

4 

→	 INTERMEDIATE EXPOSURE 

5 6 7 8 9 10 

→ Systemic ↓	 ↓ ↓ ↓ ↓ ↓ 

18 Rat	 13 wk Resp 3b 10 (hyperplasia) 
→	 5 d/wk Nitschke et al. 1981 

6 hr/d 
CHRONIC EXPOSURE 

Cancer	 11 

↓ 

38 Rat	 18 mo 20 (CEL, multiple Wong et al. 1982 
5 d/wk organs) 
7 hr/d 

39 Rat	 89–104 wk 10 (CEL, lung tumors, NTP 1982 
5 d/wk nasal tumors) 
6 hr/d 

40 Mouse	 79–103 wk 10 (CEL, lung tumors, NTP 1982 
5 d/wk hemangiosarcomas) 
6 hr/d 

12 →	 
a The number corresponds to entries in Figure 3-1. 
b Used to derive an intermediate inhalation Minimal Risk Level (MRL) of 5x10-3 ppm; dose adjusted for intermittent exposure and divided 
by an uncertainty factor of 100 (10 for extrapolation from animal to humans, 10 for human variability). 
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APPENDIX C. ACRONYMS, ABBREVIATIONS, AND SYMBOLS 

ACGIH American Conference of Governmental Industrial Hygienists 
ACOEM American College of Occupational and Environmental Medicine 
ADI acceptable daily intake 
ADME absorption, distribution, metabolism, and excretion 
AED atomic emission detection 
AFID alkali flame ionization detector 
AFOSH Air Force Office of Safety and Health 
ALT alanine aminotransferase 
AML acute myeloid leukemia 
AOAC Association of Official Analytical Chemists 
AOEC Association of Occupational and Environmental Clinics 
AP alkaline phosphatase 
APHA American Public Health Association 
AST aspartate aminotransferase 
atm atmosphere 
ATSDR Agency for Toxic Substances and Disease Registry 
AWQC Ambient Water Quality Criteria 
BAT best available technology 
BCF bioconcentration factor 
BEI Biological Exposure Index 
BMD benchmark dose 
BMR benchmark response 
BSC Board of Scientific Counselors 
C centigrade 
CAA Clean Air Act 
CAG Cancer Assessment Group of the U.S. Environmental Protection Agency 
CAS Chemical Abstract Services 
CDC Centers for Disease Control and Prevention 
CEL cancer effect level 
CELDS Computer-Environmental Legislative Data System 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
CFR Code of Federal Regulations 
Ci curie 
CI confidence interval 
CL ceiling limit value 
CLP Contract Laboratory Program 
cm centimeter 
CML chronic myeloid leukemia 
CPSC Consumer Products Safety Commission 
CWA Clean Water Act 
DHEW Department of Health, Education, and Welfare 
DHHS Department of Health and Human Services 
DNA deoxyribonucleic acid 
DOD Department of Defense 
DOE Department of Energy 
DOL Department of Labor 
DOT Department of Transportation 
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DOT/UN/ Department of Transportation/United Nations/ 
NA/IMDG North America/Intergovernmental Maritime Dangerous Goods Code 

DWEL drinking water exposure level 
ECD electron capture detection 
ECG/EKG electrocardiogram 
EEG electroencephalogram 
EEGL Emergency Exposure Guidance Level 
EPA Environmental Protection Agency 
F Fahrenheit 
F1 first-filial generation 
FAO Food and Agricultural Organization of the United Nations 
FDA Food and Drug Administration 
FEMA Federal Emergency Management Agency 
FIFRA Federal Insecticide, Fungicide, and Rodenticide Act 
FPD flame photometric detection 
fpm feet per minute 
FR Federal Register 
FSH follicle stimulating hormone 
g gram 
GC gas chromatography 
gd gestational day 
GLC gas liquid chromatography 
GPC gel permeation chromatography 
HPLC high-performance liquid chromatography 
HRGC high resolution gas chromatography 
HSDB Hazardous Substance Data Bank 
IARC International Agency for Research on Cancer 
IDLH immediately dangerous to life and health 
ILO International Labor Organization 
IRIS Integrated Risk Information System 
Kd adsorption ratio 
kg kilogram 
kkg metric ton 
Koc organic carbon partition coefficient 
Kow octanol-water partition coefficient 
L liter 
LC liquid chromatography 
LC50 lethal concentration, 50% kill 
LCLo lethal concentration, low 
LD50 lethal dose, 50% kill 
LDLo lethal dose, low 
LDH lactic dehydrogenase 
LH luteinizing hormone 
LOAEL lowest-observed-adverse-effect level 
LSE Levels of Significant Exposure 
LT50 lethal time, 50% kill 
m meter 
MA trans,trans-muconic acid 
MAL maximum allowable level 
mCi millicurie 
MCL maximum contaminant level 
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APPENDIX C 

MCLG maximum contaminant level goal 
MF modifying factor 
MFO mixed function oxidase 
mg milligram 
mL milliliter 
mm millimeter 
mmHg millimeters of mercury 
mmol millimole 
mppcf millions of particles per cubic foot 
MRL Minimal Risk Level 
MS mass spectrometry 
NAAQS National Ambient Air Quality Standard 
NAS National Academy of Science 
NATICH National Air Toxics Information Clearinghouse 
NATO North Atlantic Treaty Organization 
NCE normochromatic erythrocytes 
NCEH National Center for Environmental Health 
NCI National Cancer Institute 
ND not detected 
NFPA National Fire Protection Association 
ng nanogram 
NHANES National Health and Nutrition Examination Survey 
NIEHS National Institute of Environmental Health Sciences 
NIOSH National Institute for Occupational Safety and Health 
NIOSHTIC NIOSH's Computerized Information Retrieval System 
NLM National Library of Medicine 
nm nanometer 
nmol nanomole 
NOAEL no-observed-adverse-effect level 
NOES National Occupational Exposure Survey 
NOHS National Occupational Hazard Survey 
NPD nitrogen phosphorus detection 
NPDES National Pollutant Discharge Elimination System 
NPL National Priorities List 
NR not reported 
NRC National Research Council 
NS not specified 
NSPS New Source Performance Standards 
NTIS National Technical Information Service 
NTP National Toxicology Program 
ODW Office of Drinking Water, EPA 
OERR Office of Emergency and Remedial Response, EPA 
OHM/TADS Oil and Hazardous Materials/Technical Assistance Data System 
OPP Office of Pesticide Programs, EPA 
OPPT Office of Pollution Prevention and Toxics, EPA 
OPPTS Office of Prevention, Pesticides and Toxic Substances, EPA 
OR odds ratio 
OSHA Occupational Safety and Health Administration 
OSW Office of Solid Waste, EPA 
OTS Office of Toxic Substances 
OW Office of Water 
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OWRS Office of Water Regulations and Standards, EPA 
PAH polycyclic aromatic hydrocarbon 
PBPD physiologically based pharmacodynamic 
PBPK physiologically based pharmacokinetic 
PCE polychromatic erythrocytes 
PEL permissible exposure limit 
pg picogram 
PHS Public Health Service 
PID photo ionization detector 
pmol picomole 
PMR proportionate mortality ratio 
ppb parts per billion 
ppm parts per million 
ppt parts per trillion 
PSNS pretreatment standards for new sources 
RBC red blood cell 
REL recommended exposure level/limit 
RfC reference concentration 
RfD reference dose 
RNA ribonucleic acid 
RQ reportable quantity 
RTECS Registry of Toxic Effects of Chemical Substances 
SARA Superfund Amendments and Reauthorization Act 
SCE sister chromatid exchange 
SGOT serum glutamic oxaloacetic transaminase 
SGPT serum glutamic pyruvic transaminase 
SIC standard industrial classification 
SIM selected ion monitoring 
SMCL secondary maximum contaminant level 
SMR standardized mortality ratio 
SNARL suggested no adverse response level 
SPEGL Short-Term Public Emergency Guidance Level 
STEL short term exposure limit 
STORET Storage and Retrieval 
TD50 toxic dose, 50% specific toxic effect 
TLV threshold limit value 
TOC total organic carbon 
TPQ threshold planning quantity 
TRI Toxics Release Inventory 
TSCA Toxic Substances Control Act 
TWA time-weighted average 
UF uncertainty factor 
U.S. United States 
USDA United States Department of Agriculture 
USGS United States Geological Survey 
VOC volatile organic compound 
WBC white blood cell 
WHO World Health Organization 
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> greater than 
≥ greater than or equal to 
= equal to 
< less than 
≤ less than or equal to 
% percent 
α alpha 
β beta 
γ gamma 
δ delta 
μm micrometer 
μg microgram 
q1

* cancer slope factor 
– negative 
+ positive 
(+) weakly positive result 
(–) weakly negative result 



   
 

 
 
 

 
 
 
 
 

 
 

C-6 DICHLOROPROPENES 

APPENDIX C 

This page is intentionally blank. 



   
 
 
 
 

 
 
 
 

 

 
 

   
   

   
   

   
   
   

   
   

   
   

   
   

  
   

   
   

   
   

    
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

   
   

   
   

    
   

   
   

D-1 DICHLOROPROPENES 

APPENDIX D.  INDEX
 

absorbed dose.................................................................................................................................... 136, 149
 
adrenal gland............................................................................................................................................... 13
 
adrenals ..................................................................................................................................................... 129
 
adsorption.................................................................................................................................................. 208
 
aerobic............................................................................................................................................... 211, 213
 
alanine aminotransferase (see ALT) ........................................................................................................... 31
 
ALT (see alanine aminotransferase) ..................................................................................................... 31, 67
 
ambient air ............................................................................................................ 7, 200, 210, 211, 216, 235
 
anaerobic ................................................................................................................................................... 217
 
anemia............................................................................... 3, 10, 12, 23, 24, 25, 26, 100, 101, 165, 172, 173
 
bioaccumulation........................................................................................................................................ 227
 
bioavailability ................................................................................................................................... 128, 227
 
bioconcentration factor ............................................................................................................. 210, 226, 246
 
biodegradation............................................................................................................... 7, 208, 211, 212, 213
 
biomarker .................................................... 9, 66, 68, 69, 148, 149, 150, 171, 172, 173, 174, 228, 231, 239
 
body weight effects ........................................................................................................................... 104, 112
 
breast milk......................................................................................................................... 148, 177, 224, 228
 
cancer .................................................................................... 10, 12, 13, 36, 73, 74, 106, 115, 147, 171, 246
 
carcinogen............................................................................................................................... 4, 13, 242, 246
 
carcinogenic .............................................. 10, 12, 13, 14, 15, 35, 36, 74, 106, 160, 165, 166, 171, 242, 246
 
carcinogenicity...................................................................................................... 12, 13, 106, 160, 171, 246
 
carcinoma............................................................................................................................ 13, 103, 106, 165
 
cardiovascular ........................................................................................................................... 9, 64, 98, 112
 
cardiovascular effects........................................................................................................................ 9, 64, 98
 
chromosomal aberrations .......................................................................................................................... 124
 
clearance ................................................................................................................................................... 150
 
death.................................................... 9, 13, 14, 16, 22, 35, 60, 61, 73, 74, 75, 97, 107, 134, 160, 169, 171
 
deoxyribonucleic acid (see DNA)............................................................................................................... 13
 
developmental effects ..................................................................................... 10, 16, 73, 106, 115, 169, 177
 
DNA (see deoxyribonucleic acid)....... 13, 116, 117, 118, 119, 120, 121, 122, 123, 124, 149, 166, 167, 172
 
elimination half-time................................................................................................................................. 150
 
endocrine................................................................................................................................... 112, 145, 146
 
erythema...................................................................................................................... 10, 113, 114, 150, 162
 
estrogen receptor....................................................................................................................................... 146
 
fetus................................................................................................................................................... 146, 148
 
gastrointestinal effects .................................................................................................. 9, 11, 22, 65, 99, 112
 
general population............................................................................. 2, 8, 148, 170, 198, 199, 223, 228, 240
 
genotoxic............................................................................................................. 35, 115, 122, 160, 167, 168
 
genotoxicity................................................................................... 13, 35, 122, 123, 124, 160, 166, 167, 168
 
groundwater .............................................................................. 7, 8, 193, 198, 205, 208, 217, 218, 223, 228
 
half-life.................................................................................................. 7, 128, 137, 138, 139, 149, 211, 214
 
hematological effects .......................................................................................... 10, 12, 23, 65, 66, 100, 101
 
hepatic effects ....................................................................................................................... 66, 67, 101, 102
 
hydrolysis.......................................................... 7, 8, 125, 130, 133, 136, 144, 208, 209, 212, 213, 214, 227
 
hydroxyl radical ............................................................................................................................ 7, 210, 211
 
immune system ................................................................................................................................... 71, 170
 
immunological .............................................................................................................. 35, 70, 104, 161, 170
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immunological effects................................................................................................................. 70, 104, 170
 
Kow ............................................................................................................................................................ 210
 
LD50........................................................................................................................... 22, 32, 75, 97, 107, 128
 
leukemia................................................................................................................................ 12, 74, 161, 165
 
metabolic effects ....................................................................................................................................... 104
 
micronuclei ....................................................................................................................................... 116, 117
 
milk ................................................................................................................................................... 153, 177
 
musculoskeletal effects ............................................................................................................... 66, 101, 112
 
neoplastic .............................................................................................................. 98, 99, 102, 103, 106, 150
 
neurobehavioral......................................................................................................................................... 146
 
neurological effects............................................................................................. 71, 105, 114, 160, 170, 171
 
ocular effects....................................................................................................................... 70, 103, 112, 113
 
odds ratio..................................................................................................................................................... 73
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pharmacodynamic ............................................................................................................................. 139, 242
 
pharmacokinetic................................................................................ 126, 139, 140, 141, 147, 171, 172, 175
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placenta ............................................................................................................................................. 148, 177
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renal effects..................................................................................................... 68, 69, 70, 102, 103, 171, 173
 
reproductive effects..................................................................................................... 72, 105, 115, 160, 168
 
respiratory effects.............................................. 9, 11, 14, 30, 31, 61, 62, 63, 64, 97, 98, 112, 162, 171, 174
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systemic effects............................................................................................................... 16, 61, 97, 112, 160
 
T3.................................................................................................................................................. 37, 76, 108
 
thyroid......................................................................................................................................................... 13
 
toxicokinetic........................................................................ 13, 14, 15, 33, 35, 125, 173, 174, 175, 176, 177
 
tumors ................................................................................................... 10, 62, 100, 102, 106, 115, 165, 166
 
vapor phase ....................................................................................................................................... 206, 208
 
vapor pressure ................................................................................................................... 206, 208, 209, 226
 
volatility ................................................................................................................................................ 8, 209
 
volatilization ............................................................................................................................. 200, 208, 209
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QUICK REFERENCE FOR HEALTH CARE PROVIDERS 

Toxicological Profiles are a unique compilation of toxicological information on a given hazardous 
substance. Each profile reflects a comprehensive and extensive evaluation, summary, and interpretation of 
available toxicologic, and epidemiologic information on a substance. Health care providers treating 
patients potentially exposed to hazardous substances will find the following information helpful for fast 
answers to often-asked questions. 

Primary Chapters/Sections of Interest 

Chapter 1: Public Health Statement: The Public Health Statement can be a useful tool for educating 
patients about possible exposure to a hazardous substance. It explains a substance’s relevant 
toxicologic properties in a nontechnical, question-and-answer format, and it includes a review of 
the general health effects observed following exposure. 

Chapter 2: Relevance to Public Health: The Relevance to Public Health Section evaluates, interprets, 
and assesses the significance of toxicity data to human health. 

Chapter 3: Health Effects: Specific health effects of a given hazardous compound are reported by type 
of health effect (death, systemic, immunologic, reproductive), by route of exposure, and by length 
of exposure (acute, intermediate, and chronic). In addition, both human and animal studies are 
reported in this section. 

NOTE: Not all health effects reported in this section are necessarily observed in 
the clinical setting. Please refer to the Public Health Statement to identify 
general health effects observed following exposure. 

Pediatrics: Four new sections have been added to each Toxicological Profile to address child health 
issues: 
Section 1.6 How Can (Chemical X) Affect Children? 
Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)? 
Section 3.7 Children’s Susceptibility 
Section 6.6 Exposures of Children 

Other Sections of Interest: 
Section 3.8 Biomarkers of Exposure and Effect 
Section 3.11 Methods for Reducing Toxic Effects 

ATSDR Information Center 
Phone:  1-888-42-ATSDR or (404) 498-0110 Fax: (404) 498-0057 
E-mail: atsdric@cdc.gov Internet:  http://www.atsdr.cdc.gov 

The following additional material can be ordered through the ATSDR Information Center: 

Case Studies in Environmental Medicine: Taking an Exposure History—The importance of taking an 
exposure history and how to conduct one are described, and an example of a thorough exposure 
history is provided. Other case studies of interest include Reproductive and Developmental 
Hazards; Skin Lesions and Environmental Exposures; Cholinesterase-Inhibiting Pesticide 
Toxicity; and numerous chemical-specific case studies. 
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Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene 
(prehospital) and hospital medical management of patients exposed during a hazardous materials incident. 
Volumes I and II are planning guides to assist first responders and hospital emergency department 
personnel in planning for incidents that involve hazardous materials. Volume III—Medical Management 
Guidelines for Acute Chemical Exposures—is a guide for health care professionals treating patients 
exposed to hazardous materials. 

Fact Sheets (ToxFAQs) provide answers to frequently asked questions about toxic substances. 

Other Agencies and Organizations 

The National Center for Environmental Health (NCEH) focuses on preventing or controlling disease, 
injury, and disability related to the interactions between people and their environment outside the 
workplace. Contact: NCEH, Mailstop F-29, 4770 Buford Highway, NE, Atlanta, GA 30341-
3724 • Phone: 770-488-7000 • FAX: 770-488-7015. 

The National Institute for Occupational Safety and Health (NIOSH) conducts research on occupational 
diseases and injuries, responds to requests for assistance by investigating problems of health and 
safety in the workplace, recommends standards to the Occupational Safety and Health 
Administration (OSHA) and the Mine Safety and Health Administration (MSHA), and trains 
professionals in occupational safety and health. Contact: NIOSH, 200 Independence Avenue, 
SW, Washington, DC 20201 • Phone: 800-356-4674 or NIOSH Technical Information Branch, 
Robert A. Taft Laboratory, Mailstop C-19, 4676 Columbia Parkway, Cincinnati, OH 45226-1998 
• Phone: 800-35-NIOSH. 

The National Institute of Environmental Health Sciences (NIEHS) is the principal federal agency for 
biomedical research on the effects of chemical, physical, and biologic environmental agents on 
human health and well-being. Contact: NIEHS, PO Box 12233, 104 T.W. Alexander Drive, 
Research Triangle Park, NC 27709 • Phone: 919-541-3212. 

Referrals 

The Association of Occupational and Environmental Clinics (AOEC) has developed a network of clinics 
in the United States to provide expertise in occupational and environmental issues. Contact: 
AOEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 • Phone: 202-347-4976 • 
FAX: 202-347-4950 • e-mail: AOEC@AOEC.ORG • Web Page: http://www.aoec.org/. 

The American College of Occupational and Environmental Medicine (ACOEM) is an association of 
physicians and other health care providers specializing in the field of occupational and 
environmental medicine. Contact:  ACOEM, 55 West Seegers Road, Arlington Heights, IL 
60005 • Phone: 847-818-1800 • FAX: 847-818-9266. 
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CONTRIBUTORS 

CHEMICAL MANAGER(S)/AUTHORS(S): 

Stephanie Miles-Richardson, D.V.M., Ph.D.

ATSDR, Division of Toxicology, Atlanta, GA


Stephen Bosch, M.S.

Steven Swarts, Ph.D.

Fernando Llados, Ph.D. 

D. Anthony Gray, Ph.D.

Syracuse Research Corporation, Syracuse, NY


THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS: 

1.	 Health Effects Review. The Health Effects Review Committee examines the health effects 
chapter of each profile for consistency and accuracy in interpreting health effects and classifying 
end points. 

2.	 Minimal Risk Level Review. The Minimal Risk Level Workgroup considers issues relevant to 
substance-specific minimal risk levels (MRLs), reviews the health effects database of each 
profile, and makes recommendations for derivation of MRLs. 

3.	 Data Needs Review. The Research Implementation Branch reviews data needs sections to assure 
consistency across profiles and adherence to instructions in the Guidance. 
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PEER REVIEW 

A peer review panel was assembled for DEHP. The panel consisted of the following members: 

1.	 Daland R. Juberg, Ph.D.
Principal
International Center for Toxicology and Medicine 
139 Greenway Road 
Rochester, NY 14610 

2.	 James E. Klaunig, Ph.D.
Director, Division of Toxicology
Professor of Toxicology
Indiana University School of Medicine 
135 Bennington Drive
Zionsville, IN 46077 

3.	 James E. Trosko, Ph.D. 
Professor of Pediatrics and Human Development 
Michigan State University
246 National Food Safety Toxicology Center 
East Lansing, MI 48824 

These experts collectively have knowledge of DEHP's physical and chemical properties, toxicokinetics,
key health end points, mechanisms of action, human and animal exposure, and quantification of risk to
humans. All reviewers were selected in conformity with the conditions for peer review specified in
Section 104(I)(13) of the Comprehensive Environmental Response, Compensation, and Liability Act, as 
amended. 

Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed the peer
reviewers' comments and determined which comments will be included in the profile. A listing of the
peer reviewers' comments not incorporated in the profile, with a brief explanation of the rationale for their
exclusion, exists as part of the administrative record for this compound. A list of databases reviewed and 
a list of unpublished documents cited are also included in the administrative record. 

The citation of the peer review panel should not be understood to imply its approval of the profile's final 
content. The responsibility for the content of this profile lies with the ATSDR. 
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1. PUBLIC HEALTH STATEMENT 

This public health statement tells you about di(2-ethylhexyl) phthalate (DEHP) and the effects of 

exposure. 

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in 

the nation. These sites make up the National Priorities List (NPL) and are the sites targeted for 

long-term federal cleanup activities. DEHP has been found in at least 737 of the 1,613 current or 

former NPL sites. However, the total number of NPL sites evaluated for DEHP is not known. 

As more sites are evaluated, the sites at which DEHP is found may increase. This information is 

important because exposure to DEHP may harm you and because these sites may be sources of 

exposure. 

When a substance is released from a large area, such as an industrial plant, or from a container, 

such as a drum or bottle, it enters the environment. This release does not always lead to 

exposure. You are exposed to a substance only when you come in contact with it. You may be 

exposed by breathing, eating, or drinking the substance, or by skin contact. 

If you are exposed to DEHP, many factors determine whether you’ll be harmed. These factors 

include the dose (how much), the duration (how long), and how you come in contact with it. 

You must also consider the other chemicals you’re exposed to and your age, sex, diet, family 

traits, lifestyle, and state of health. 

1.1 WHAT IS DEHP? 

DEHP, which is an abbreviation for di(2-ethylhexyl) phthalate, is a manufactured chemical that 

is commonly added to plastics to make them flexible. Other names for this compound are 

dioctyl phthalate (DOP) and bis(2-ethylhexyl) phthalate (BEHP). (Note that di-n-octyl 

phthalate, however, is the name for a different chemical.) Trade names used for DEHP include 

Platinol DOP, Octoil, Silicol 150, Bisoflex 81, and Eviplast 80. DEHP is a colorless liquid with 

almost no odor. It does not evaporate easily, and little will be present in the air even near 
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sources of production. It dissolves more easily in materials such as gasoline, paint removers, and 

oils than it does in water. It is present in many plastics, especially vinyl materials, which may 

contain up to 40% DEHP, although lower levels are common. DEHP is present in plastic 

products such as wall coverings, tablecloths, floor tiles, furniture upholstery, shower curtains, 

garden hoses, swimming pool liners, rainwear, baby pants, dolls, some toys, shoes, automobile 

upholstery and tops, packaging film and sheets, sheathing for wire and cable, medical tubing, 

and blood storage bags. Additional information on the properties of DEHP and its uses is found 

in Chapters 4 and 5. 

1.2 WHAT HAPPENS TO DEHP WHEN IT ENTERS THE ENVIRONMENT? 

DEHP can enter the environment through releases from factories that make or use DEHP and 

from household items containing it. Over long periods of time, it can move out of plastic 

materials into the environment. Therefore, DEHP is widespread in the environment; about 

291,000 pounds were released in 1997 from industries. It is often found near industrial settings, 

landfills, and waste disposal sites. A large amount of plastic that contains DEHP is buried at 

landfill sites. DEHP has been found in groundwater near waste disposal facilities. 

When DEHP is released to soil, it usually attaches strongly to the soil and does not move very 

far away from where it was released. When DEHP is released to water, it dissolves very slowly 

into underground water or surface waters that contact it. It takes many years before DEHP in 

buried or discarded materials disappears from the environment. Because DEHP does not 

evaporate easily, normally very little goes into the air. DEHP in air will bind to dust particles 

and will be carried back down to earth through gravity and rain or snow. Indoor releases of 

DEHP to the air from plastic materials, coatings, and flooring in home and work environments, 

although small, can lead to higher indoor levels than are found in the outdoor air. 

DEHP can break down in the presence of other chemicals to produce mono(2-ethylhexyl)

phthalate (MEHP) and 2-ethylhexanol. Many of the properties of MEHP are like those of 

DEHP, and therefore its fate in the environment is similar. In the presence of oxygen, DEHP in 

water and soil can be broken down by microorganisms to carbon dioxide and other simple 
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chemicals. DEHP does not break down very easily when deep in the soil or at the bottom of 

lakes or rivers where there is little oxygen. It can be found in small amounts in fish and other 

animals, and some uptake by plants has been reported. You will find additional information on 

the fate of DEHP in the environment in Chapters 5 and 6. 

1.3 HOW MIGHT I BE EXPOSED TO DEHP? 

You can be exposed to DEHP through air, water, or skin contact with plastics that have DEHP in 

them. Food may also contain DEHP, but it is not certain how much. 

It is not clear, but it is likely that a little DEHP is transferred by skin contact with plastic clothing 

or other articles that contain DEHP. Exposure through this route is expected to be low since 

plastic articles of clothing, like raincoats, do not have direct contact with your skin, and transfer 

is probably very low even if they do touch you. 

You may be exposed to DEHP through drinking water, but it is not known how common this is. 

If you drink water from a well located near a landfill or waste site, you may be exposed to 

higher-than-average levels of DEHP. 

You can breathe in DEHP that has been released to the environment. The average air level of 

DEHP is very low, less than 2 parts of DEHP per trillion parts of air (ppt) in cities and industrial 

areas. DEHP levels in the indoor air in a room with recently installed flooring could be higher 

than levels in the outdoor air. Workers in factories that make or use DEHP also breathe in 

higher-than-average levels of this compound. 

DEHP also can enter your body during certain medical procedures, and medical exposures are 

likely to be greater than any environmental exposures. Blood products that are stored in plastic 

bags and used for transfusions contain from 4.3 to 1,230 parts of DEHP per million parts of 

blood (ppm). Other plastic medical products also release DEHP. Flexible tubing used to 

administer fluids or medication can transfer DEHP to the patient. The plastic tubing used for 

kidney dialysis frequently contains DEHP and causes DEHP to enter the patient's blood. DEHP 
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also is present in the plastic tubing of respirators and is carried from it to the lungs. Additional 

information concerning sources of exposure to DEHP is found in Chapter 6. 

1.4 HOW CAN DEHP ENTER AND LEAVE MY BODY? 

DEHP enters your body when you eat food or drink water containing this material or when you 

breathe in contaminated air. Small amounts of DEHP might enter your body by skin contact 

with plastics, but scientists are fairly certain that very little enters this way. Most DEHP that 

enters your body in food, water, or air is taken up into the blood from the intestines and lungs. 

DEHP can be introduced directly into your bloodstream if you get a blood transfusion, receive 

medicines through flexible plastic tubing, or have dialysis treatments. 

After DEHP is ingested, most of it is rapidly broken down in the gut to MEHP and 

2-ethylhexanol. Breakdown is much slower if DEHP enters your blood directly by way of a 

transfusion. Although some MEHP is absorbed into the bloodstream from the gut, MEHP is 

poorly absorbed, so that much of ingested DEHP leaves the body in the feces. The compounds 

that do enter the blood travel through the bloodstream to your liver, kidneys, testes, and other 

tissues, and small amounts might become stored in your fat and could possibly be secreted in 

breast milk. Most of the DEHP, MEHP, and 2-ethylhexanol leaves your body within 24 hours in 

the urine and feces. Additional information on the uptake, metabolism, and excretion of DEHP 

is found in Chapter 3. 

1.5 HOW CAN DEHP AFFECT MY HEALTH? 

To protect the public from the harmful effects of toxic chemicals and to find ways to treat people 

who have been harmed, scientists use many tests. 

One way to see if a chemical will hurt people is to learn how the chemical is absorbed, used, and 

released by the body; for some chemicals, animal testing might be necessary. Animal testing 

might also be used to identify health effects such as cancer or birth defects. Without laboratory 

animals, scientists would lose a basic method to get information needed to make wise decisions 
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to protect public health. Scientists have the responsibility to treat research animals with care and 

compassion. Laws today protect the welfare of research animals, and scientists must comply 

with strict animal care guidelines. 

DEHP, at the levels found in the environment, is not expected to cause adverse health effects in 

humans. A man who voluntarily swallowed 10 g (approximately 0.4 ounces) of DEHP had 

stomach irritation and diarrhea. Most of what we know about the health effects of DEHP comes 

from studies of rats and mice that were given DEHP in their food, or the DEHP was placed in 

their stomach with the aid of a tube through their mouth. In most of these studies, the amounts 

of DEHP given to the animals were much higher than the amounts found in the environment. 

Rats and mice appear to be particularly sensitive to some of the effects of DEHP. Thus, because 

certain animal models may not apply to humans, it is more difficult to predict some of the health 

effects of DEHP in humans using information from these studies. 

Breathing DEHP does not appear to have serious harmful effects. Studies in rats have shown 

that DEHP in the air has no effect on lifespan or the ability to reproduce. As mentioned 

previously, almost no DEHP evaporates into air.  You probably will not have any health effects 

from skin contact with DEHP because it cannot be taken up easily through the skin. 

Short-term oral exposures to levels of DEHP much higher than those found in the environment 

interfered with sperm formation in mice and rats. These effects were reversible, but sexual 

maturity was delayed when the animals were exposed before puberty. Short-term exposures to 

low levels of DEHP appeared to have no effect on male fertility. 

Studies of long-term exposures in rats and mice have shown that high oral doses of DEHP 

caused health effects mainly in the liver and testes. These effects were induced by levels of 

DEHP that are much higher than those received by humans from environmental exposures. 

Toxicity of DEHP in other tissues is less well characterized, although effects in the thyroid, 

ovaries, kidneys, and blood have been reported in a few animal studies. The potential for kidney 

effects is a particular concern for humans because this organ is exposed to DEHP during dialysis 

and because structural and functional kidney changes have been observed in some exposed rats. 
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Since changes in the kidneys of long-term dialysis patients might be due to the underlying 

kidney disease, and kidney changes have not been consistently seen in animals exposed to 

DEHP, the significance of the rat kidney changes is not clear. 

Humans absorb and breakdown DEHP in the body differently than rats and mice. Therefore, 

many of the effects seen in rats and mice after exposures to DEHP might not occur in humans 

and higher animals like monkeys (primates). More information on the health effects of DEHP is 

found in Chapters 2 and 3. 

No studies have evaluated the potential for DEHP to cause cancer in humans. Eating high doses 

of DEHP for a long time resulted in liver cancer in rats and mice. 

The Department of Health and Human Services (DHHS) has determined that DEHP may 

reasonably be anticipated to be a human carcinogen. EPA has determined that DEHP is a 

probable human carcinogen. These determinations were based entirely on liver cancer in rats 

and mice. The International Agency for Research on Cancer (IARC) has recently changed its 

classification for DEHP from “possibly carcinogenic to humans” to “cannot be classified as to its 

carcinogenicity to humans,” because of the differences in how the livers of humans and primates 

respond to DEHP as compared with the livers of rats and mice. 

1.6 HOW CAN DEHP AFFECT CHILDREN? 

This section discusses potential health effects from exposures during the period from conception 

to maturity at 18 years of age in humans. 

Children can be exposed to DEHP if they eat food or drink water contaminated with DEHP or if 

they breathe in the chemical from ambient or indoor air. Small children can also be exposed by 

sucking on or skin contact with plastic objects (toys) and pacifiers that contain DEHP, as well as 

by ingestion of breast milk containing DEHP. Children also can be exposed to DEHP if they 

undergo certain medical procedures that require the use of flexible tubing such as that used to 
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administer fluids or medication to the patient. However, there is no conclusive evidence of 

adverse health effects in children exposed to DEHP in any of these ways. 

In studies of pregnant mice and rats orally exposed to large doses of DEHP, effects on the 

development of the fetus, including birth defects and even fetal death, were observed. 

Researchers observed alterations in the structure of bones and of parts of the brain, and in the 

liver, kidney, and testes of the young animals. These harmful effects suggested that DEHP or 

some of its breakdown products passed across the placenta and reached the fetus. Therefore, 

humans exposed to sufficiently high levels of DEHP during pregnancy could possibly have 

babies with low birth weights and/or skeletal or nervous system developmental problems, but 

this is not certain. Studies in animals also have shown that DEHP or some of its breakdown 

products can pass from mother to babies via the breast milk and alter the development of the 

young animals. This could also happen in humans because DEHP has been detected in human 

milk. 

We do not know whether children differ from adults in their susceptibility to health effects from 

DEHP. However, studies suggest that young male animals are more susceptible than older ones 

to the adverse effects of DEHP on the sex organs. 

More information regarding children’s health and DEHP can be found in Section 3.7, Children’s 

Susceptibility. 

1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO DEHP? 

If your doctor finds that you have been exposed to significant amounts of DEHP, ask whether 

your children might also be exposed. Your doctor might need to ask your state 

health department to investigate. As discussed in Section 1.8, tests for DEHP only provide a 

measure of recent exposure to the chemical. 

DEHP is used in many products that are made from plastic, but especially a plastic known as 

polyvinyl chloride (PVC) or vinyl. When it is found in products, DEHP is at a higher level when 
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that product is new. Less is found in products that are old. Items made from PVC include many 

plastic toys, some plastic furniture, car and furniture upholstery, shower curtains, some garden 

hoses, tablecloths, and some flooring (vinyl flooring). Not all PVC products contain DEHP, but 

it is found in many products. Because DEHP might be in some toys, there is a concern that 

children chewing on such toys might be exposed. One study has shown that DEHP can go from 

plastics to laboratory-simulated saliva. 

1.8	 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN 
EXPOSED TO DEHP? 

The most specific test that can be used to determine if you have been exposed to DEHP is the 

measurement of MEHP and other breakdown chemicals in your urine or blood. This test only 

provides a measure of recent exposure, since DEHP is rapidly broken down into other substances 

and excreted from your body. You also could be tested for another breakdown product (phthalic 

acid), but this test would not be specific for DEHP. One or 2 days after exposure, your feces 

could be tested for the presence of DEHP metabolites. These tests are not routinely available 

through health care providers. More information on medical tests for DEHP is found in 

Chapters 3 and 7. 

1.9	 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO 
PROTECT HUMAN HEALTH? 

The federal government develops regulations and recommendations to protect public health. 

Regulations can be enforced by law. Federal agencies that develop regulations for toxic 

substances include the Environmental Protection Agency (EPA), the Occupational Safety and 

Health Administration (OSHA), and the Food and Drug Administration (FDA). 

Recommendations provide valuable guidelines to protect public health but cannot be enforced by 

law. Federal organizations that develop recommendations for toxic substances include the 

Agency for Toxic Substances and Disease Registry (ATSDR) and the National Institute for 

Occupational Safety and Health (NIOSH). 
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Regulations and recommendations can be expressed in not-to-exceed levels in air, water, soil, or 

food that are usually based on levels that affect animals; then they are adjusted to help protect 

people. Sometimes these not-to-exceed levels differ among federal organizations because of 

different exposure times (an 8-hour workday or a 24-hour day), the use of different animal 

studies, or other factors. 

Recommendations and regulations are also periodically updated as more information becomes 

available. For the most current information, check with the federal agency or organization that 

provides it. Some regulations and recommendations for DEHP include the following: 

Several federal guidelines regulate DEHP in consumer products, drinking water, and the work 

environment. FDA limits the types of food packaging materials that can contain DEHP. EPA 

limits the amount of DEHP in drinking water to 6 parts of DEHP per billion parts of water 

(6 ppb). EPA requires that spills of 100 pounds or more of DEHP to the environment be 

reported to the agency. The average concentration of DEHP in workplace air is limited by 

OSHA to 5 milligrams of DEHP per cubic meter (mg/m3) of air over an 8-hour workday. The 

short-term (15-minute) exposure limit is 10 mg/m3. The guidelines established by the American 

Conference of Governmental Industrial Hygienists (ACGIH) for the workplace are the same as 

the OSHA regulations. More information on government regulations pertaining to DEHP is 

found in Chapter 8. 

1.10 WHERE CAN I GET MORE INFORMATION? 

If you have any more questions or concerns, please contact your community or state health or 

environmental quality department or 

Agency for Toxic Substances and Disease Registry

Division of Toxicology

1600 Clifton Road NE, Mailstop E-29

Atlanta, GA 30333

Web site: http://www.atsdr.cdc.gov


* Information line and technical assistance 
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Phone: 1-888-42-ATSDR (1-888-422-8737) 
Fax: 1-404-498-0057 

ATSDR can also tell you the location of occupational and environmental health clinics. These 

clinics specialize in recognizing, evaluating, and treating illnesses resulting from exposure to 

hazardous substances. 

* To order toxicological profiles, contact 

National Technical Information Service

5285 Port Royal Road

Springfield, VA 22161

Phone: 1-800-553-6847 or 1-703-605-6000
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2.1	 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO DI(2-ETHYLHEXYL)-
PHTHALATE IN THE UNITED STATES 

Di(2-ethylhexyl)phthalate, commonly referred to as DEHP, is predominantly used as a plasticizer in the 

production of flexible polyvinyl chloride (PVC) products. At least 95% of DEHP produced is used as a 

plasticizer for PVC. PVC is made flexible by addition of plasticizers and is used in many common items 

such as wall coverings, tablecloths, floor tiles, furniture upholstery, shower curtains, garden hoses, 

swimming pool liners, rainwear, baby pants, dolls, toys, shoes, automobile upholstery and tops, 

packaging film and sheet, sheathing for wire and cable, medical tubing, and blood storage bags. 

Numerous nonplasticizer uses of DEHP have been reported; however, it is not clear to what extent these 

uses are, or have ever been, important. Because of concerns regarding potential health effects from 

DEHP exposure, many toy manufacturers have discontinued use of DEHP in their products. The use of 

DEHP in domestically produced baby teethers and rattles has been discontinued, and DEHP is also no 

longer used as a plasticizer in plastic food wrap products. 

DEHP is a widely used chemical that enters the environment predominantly through disposal of industrial 

and municipal wastes in landfills and, to a much lesser extent, volatilization into air (from industrial and 

end uses of DEHP), carried in waste water from industrial sources of DEHP, and within effluent from 

municipal waste water treatment plants. It tends to sorb strongly to soils and sediments and to 

bioconcentrate in aquatic organisms. Biodegradation is expected to occur under aerobic conditions. 

Sorption, bioaccumulation, and biodegradation are likely to be competing processes, with the dominant 

fate being determined by local environmental conditions. When DEHP is present in the environment, it is 

usually at very low levels. It is very difficult to determine these low levels accurately since DEHP is a 

ubiquitous laboratory contaminant, and laboratory contamination may cause false positives to be reported 

in the literature. 

The principal route of human exposure to DEHP is oral. Most of the available monitoring data are old 

and may not represent current exposures, especially since the uses of DEHP have changed over the last 

20 years. Even so, some recent estimates for the average total daily individual ambient exposures to 

DEHP of 3–30 Fg/kg/day (in a 70-kg adult) have been proposed. These intake approximations indicate 

that the general population is exposed to DEHP at levels that are 3–4 orders of magnitude lower than 

those observed to cause adverse health effects in animal studies (see Section 2.2). Occupational 
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exposures may be significant, but the highest exposures to DEHP result from medical procedures such as 

blood transfusions (upper bound limit of 8.5 mg/kg/day) or hemodialysis (upper bound limit of 

0.36 mg/kg/day), during which DEHP may leach from plastic equipment into biological fluids. 

Exposures of neonatal children to DEHP can be especially high as a result of some medical procedures. 

For example, upper-bound doses of DEHP have been estimated to be as high as 2.5 mg/kg/day during 

total parenteral nutrition (TPN) administration and 14 mg/kg/day during extracorporeal membrane 

oxygenation (ECMO) procedures. 

People residing near hazardous waste disposal sites or municipal landfills may be subject to higher than 

average levels of DEHP in ambient air and drinking water. Even so, the concentrations of DEHP in these 

media will be greatly limited by the low volatility and water solubility of DEHP, and subpopulations 

living in the vicinity of hazardous waste sites are much less highly exposed than those exposed to DEHP 

during medical procedures. DEHP is included in the priority list of hazardous substances identified by 

ATSDR and the EPA, and has been found in at least 733 of the 1,613 current or former NPL sites. 

However, the number of NPL sites evaluated for DEHP is not known. As more sites are evaluated, the 

sites at which DEHP is found may increase. 

2.2 SUMMARY OF HEALTH EFFECTS 

The health effects of DEHP are well studied in animals, particularly by the oral route, but there is a 

paucity of data in humans by any route of exposure. Information on the oral toxicity of DEHP in humans 

is limited to gastrointestinal symptoms (mild abdominal pain and diarrhea) in two individuals who 

ingested a single large dose of the compound. Studies in rats, mice, and other rodent species show that 

DEHP has a low order of acute oral toxicity, with some data indicating that young animals are more 

susceptible than adults. Numerous repeated dose oral studies in rats and mice have clearly established 

that the main targets of DEHP toxicity are the liver and testes. Toxicity of DEHP in other tissues is less 

well characterized, although effects in the thyroid, ovaries, kidneys, and blood have been reported in a 

few studies. In contrast to the findings in rats and mice, non-human primates appear to be relatively 

insensitive to the hepatic and testicular effects of DEHP. Manifestations of testicular toxicity in rats and 

mice include loss of spermatogenesis and decreased fertility. A more limited data set indicates that long-

term oral exposure to DEHP can also cause adverse reproductive effects in female rats and mice. There is 

sufficient evidence showing that DEHP is fetotoxic and teratogenic in rodents, inducing a range of effects 

that includes abnormal development of the male reproductive tract following perinatal exposure. DEHP 

has been extensively tested for genotoxicity in a variety of in vitro and in vivo microbial and mammalian 
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assay systems with results that are predominately negative or misinterpreted as positive. The weight of 

evidence indicates that DEHP is not genotoxic, but exerts multiple effects by an epigenetic mechanism 

that can alter the expression of genes in cells. Sustained long-term oral exposure to DEHP is 

hepatocarcinogenic in rats and mice, but the mechanism by which liver cancer (and liver toxicity) is 

induced in these species does not appear to be operative in humans. 

Limited information is available on the health effects of DEHP in humans or animals following inhalation 

or dermal exposure. Regarding effects of inhalation, lung disorders resembling hyaline membrane 

disease were observed during the fourth week of life in three children who had received respiratory 

ventilation via PVC tubing as preterm infants. Although interpretation of these findings is complicated 

by confounding variables such as compromised health status of the preterm infants, the available 

information suggests that the lung disorders were related to DEHP released from the walls of the 

respiratory tubing. One inhalation study in rats that were intermittently exposed to DEHP aerosol for 

28 days reported increased lung and liver weights and histological changes in the lungs that were reversed 

following cessation of exposure. Two inhalation studies found no evidence of DEHP-induced 

reproductive or developmental toxicity in rats. One dermal study found no indications of skin irritation or 

sensitization in humans, skin irritation in rabbits, or ocular irritation in rabbits. 

Additional information on the main health effects of DEHP is discussed below. Because its effects are 

exerted in animals in a dose-related manner, exhibit threshold responses, and are not necessarily relevant 

to humans due to rodent-specific mechanisms, and concentrations of DEHP in the environment are almost 

certain to be well below effect thresholds, ambient levels exposure are not expected to be toxicologically 

significant, even in the vicinity of hazardous waste sites. DEHP therefore is not expected to pose a 

serious public health concern for the vast majority of the population. 

Hepatotoxicity and Liver Cancer. Acute, intermediate, and chronic oral exposures to DEHP have 

profound effects in the rodent liver. Characteristic hepatic effects in rats and mice observed in numerous 

studies include hypertrophy and hyperplasia, beginning within 24 hours of exposure as reflected by 

induction of DNA synthesis and mitosis; proliferation of hepatic peroxisomes and, to a lesser extent, 

mitochondria and lysosomes; induction of peroxisome β-oxidation enzymes, with an accompanying 

increase in mitochondrial fatty acid oxidation; decreased cholesterol synthesis and degradation; induction 

of microsomal CYP4A-associated enzymes; altered concentrations of membrane proteins and lipids; 

increased production of H2O2 and reduction of H2O2-degrading enzymes; decreased liver glycogen; 

alterations in the morphology of the bile ducts; increases in malondialdehyde, conjugated dienes, and 
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lipofuscin deposits, indicating increased cellular concentration of free radical oxygen due to insufficient 

catalase; possible increased 8-hydroxydeoxy-guanosine in hepatic DNA; and eventual appearance of 

precancerous altered cell foci, nodules, and tumors. 

It is generally believed that many of these liver effects are mediated through transcriptional activation of 

the peroxisome proliferator-activated receptor α (PPARα). The conclusion that the hepatic effects of 

DEHP are largely due to peroxisome proliferation is supported by findings that increased cell 

proliferation, hypertrophy, induction of peroxisomal and microsomal fatty acid-oxidizing enzymes, 

increased fatty acyl-CoA oxidase activity, excess production of hydrogen peroxide, decreased plasma 

lipid levels, and expression and activation of PPARα are common effects among structurally unrelated 

chemicals and drugs inducing peroxisome proliferation. As discussed in Section 3.5.2 Mechanisms of 

Toxicity, there are marked species differences in hepatic peroxisome proliferation. In particular, although 

human liver has low expression of PPARα, the characteristic effects of rodent peroxisome proliferators 

have not been observed in humans, either in liver biopsies from humans exposed to peroxisome 

proliferators, or in human hepatocytes exposed to peroxisome proliferators in vitro. The overall evidence 

indicates that most of the hepatic effects observed in DEHP-exposed rodents, including liver cancer, 

result from a mechanism that does not operate in humans. 

It is well documented that long-term oral exposure to DEHP causes cancer of the liver in both rats and 

mice. There is no evidence that DEHP is genotoxic or a liver tumor initiator in rats and mice, although it 

does appear to have tumor promotion activity. Based on the findings from one of the cancer studies, an 

NTP bioassay, EPA classified DEHP in Group B2 (probable human carcinogen) and derived a cancer risk 

value (q1*) of 1.4x10-2 (mg/kg/day)-1. Based largely on the same findings, the U.S. Department of Health 

and Human Services suggests that it is reasonable to consider DEHP as a human carcinogen. IARC 

recently (2001) updated its cancer classification of DEHP from Group 2B (possibly carcinogenic to 

humans) to Group 3 (not classifiable as to its carcinogenicity to humans). In making its overall 

evaluation of the carcinogenicity of DEHP to humans, IARC took into consideration that (1) DEHP 

produces liver tumors in rats and mice by a non-DNA-reactive mechanism involving peroxisome 

proliferation, (2) peroxisome proliferation and hepatocellular proliferation have been demonstrated under 

the conditions of the carcinogenicity studies of DEHP in rats and mice, and (3) peroxisome proliferation 

has not been documented either in human hepatocyte cultures exposed to DEHP or in the liver of 

nonhuman primates. Based on these three lines of evidence, IARC concluded that the mechanism by 

which DEHP increases the incidence of hepatocellular tumors in rats and mice is not relevant to humans. 

This conclusion is based on the assumption that peroxisome proliferation is the mechanism causing liver 
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cancer. The peroxisome proliferation mechanism of DEHP hepatocarcingenicity in rodents seems to be 

threshold-based and the NOEL for peroxisome proliferation in rats and mice is in the range of 

20–25 mg/kg/day.  Although there is a real difference in the induction of peroxisome proliferation ability 

between rats/mice and humans, peroxisome proliferation might only be correlated with, but not be the 

actual mechanism of, tumor promotion. 

Even though studies have shown that DEHP can cause liver cancer in rats and mice, the mechanism data 

suggests that these findings may not be relevant to the probability of DEHP causing cancer in humans. 

Reproductive and Developmental Toxicity. No studies were located regarding reproductive 

effects of DEHP in humans. There are multiple studies in adult rats in which oral exposure to DEHP 

decreased the weights of the testes, prostate, seminal vesicles, and epididymis, and caused atrophy and 

degeneration of the seminiferous tubules with consequent altered sperm measures and reduced fertility. 

Testicular effects were induced in rats at doses as low as 37.6 mg/kg/day for 13 weeks, 50 mg/kg/day for 

30 days, and 14 mg/kg/day for 102 weeks. The testicular damage was more severe in young male rats 

than in older rats, and appeared to be reversible if DEHP was withdrawn from the diet before sexual 

maturity was reached. Oral exposure to DEHP similarly induced testicular atrophy in mice, and mating of 

exposed male and female mice in a continuous breeding study resulted in significantly reduced number of 

litters and live births. Few reproductive studies of DEHP have been conducted in nonrodent species. 

Available data in monkeys suggest that non-human primates are less sensitive than rodents to the 

testicular effects of DEHP. As discussed in Section 2.3, decreased fertility and testicular toxicity are the 

bases of the intermediate- and chronic-duration minimal risk levels (MRLs) for oral exposure to DEHP. 

Few studies have investigated the reproductive toxicity of DEHP in female animals. When female mice 

were exposed to a dietary dose of 420 mg/kg/day DEHP for 105 days and mated with unexposed males, 

combined weights of the ovaries, oviducts, and uterus were reduced, and no litters were produced. When 

female mice exposed to 14 or 140 mg DEHP/kg/day were mated with males given these same doses, there 

was a dose-related decline in the number of litters, live pups per litter, and live pup weight. Short-term 

gavage exposure to a very high level of DEHP (2,000 mg/kg/day), particularly with respect to possible 

human exposure, had clear effects on estradiol synthesis, manifested as decreased serum estradiol levels 

and anovulatory cycles and polycystic ovaries, in female rats. These data indicate that oral exposure to 

DEHP can affect reproductive processes in female rodents. 
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No studies were located regarding developmental toxicity in humans exposed to DEHP. Oral exposure to 

doses as low as 375 mg DEHP/kg/day during gestation and lactation altered development of the 

reproductive system in male rat offspring. A variety of effects were observed in androgen-sensitive 

tissues of young male rats, including reduced (female-like) anogenital distance and permanent nipples, 

vaginal pouch, penile morphological abnormalities, hemorrhagic and undescended testes, testicular and 

epididymal atrophy or agenesis, and small to absent sex accessory glands. These morphological effects, 

as well as reduced fetal and neonatal testosterone levels and adult sexual behavioral changes in male rats 

following gestational and lactational exposure, are consistent with an antiandrogenic action of DEHP. 

Function as well as development of the reproductive system were adversely affected in male offspring of 

rats that were orally exposed to DEHP in a two-generation study. The changes in the development, 

structure, and function of the male reproductive tract observed in various studies indicate that effects of 

DEHP on reproduction and development are interrelated. 

Most of the developmental toxicity evaluations of DEHP are traditionally designed studies in which 

physical development was evaluated just prior to birth in pups of rodents that were orally exposed during 

gestation only.  These studies clearly show that gestational exposure to DEHP was embryotoxic and 

teratogenic in rats and mice. A range of effects were observed including intrauterine deaths, skeletal and 

cardiovascular malformations, neural tube closure defects, increased perinatal mortality, and 

developmental delays. 

2.3 MINIMAL RISK LEVELS 

A minimal risk level (MRL) is an estimate of the daily human exposure to a hazardous substance that is 

likely to be without appreciable risk of adverse noncancer health effects over a specified duration of 

exposure. MRLs are based on noncancer health effects only and are not based on a consideration of 

cancer effects. These substance-specific estimates, which are intended to serve as screening levels, are 

used by ATSDR health assessors to identify contaminants and potential health effects that may be of 

concern at hazardous waste sites. MRLs are not intended to define clean-up or action levels. Additional 

background information on MRLs is provided in Appendix A. 
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Inhalation MRLs 

No inhalation MRLs were derived for DEHP due to inadequate data for this route of exposure. As 

summarized in Section 2.2, the inhalation database for DEHP is essentially limited to two studies in rats 

that found some reversible effects in the lungs and liver following exposure for 28 days and no evidence 

for reproductive or developmental toxicity (Klimisch et al. 1991; Merkle et al. 1988). 

Oral MRLs 

An MRL was not derived for acute-duration oral exposure (#14 days) to DEHP due to insufficient data on 

male reproductive effects, a known critical end point based on longer duration studies. In particular, 

derivation of an acute oral MRL is precluded by a lack of dose-response information on development of 

the male reproductive system in offspring acutely exposed during gestation and/or lactation. As 

previously discussed in Reproductive and Developmental Toxicity (Section 2.2, Summary of Health 

Effects), morphological and other effects in androgen-sensitive tissues, as well as reduced fetal and 

neonatal testosterone levels and adult sexual behavioral changes, have been observed in male rat offspring 

exposed to DEHP during gestation and lactation for intermediate durations of exposure. 

•     An MRL of 0.1 mg/kg/day was derived for intermediate-duration oral exposure (15–364 days) to 
DEHP. 

This MRL is lower than the previous intermediate-duration MRL derived in the 1993 profile but is based 

on a more appropriate end point. Refer to Chapter 8 for additional information. 

The intermediate MRL is based on a no-observed-adverse-effects level (NOAEL) of 14 mg/kg/day for 

decreased fertility in a mouse reproductive toxicity study (Lamb et al. 1987). A continuous breeding 

protocol was used in which pairs of mice were exposed to DEHP in the diet at doses of 0, 14, 140, or 

420 mg/kg/day for up to 126 days. There were 20 breeding pairs in each exposed group and 40 pairs in 

the control group. No reproductive effects were observed at 14 mg/kg/day.  Fertility was reduced at 

140 mg/kg/day, as shown by reductions in number of litters per pair, number of live pups per litter, and 

proportion of live pups, indicating that this dose is the lowest-observed-adverse effects level (LOAEL). 

Exposure to 420 mg/kg/day caused complete infertility during the continuous breeding part of the study 

(0/18 fertile pairs). Fertility was also profoundly reduced in crossover mating trials conducted in the 

420 mg/kg/day mice (lower doses not tested) at the end of the continuous breeding phase of the study. 

The crossover study involved mating high dose mice of each sex to unexposed mice of the opposite sex to 
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determine the affected sex; near to complete infertility occurred in both sexes (0/16 fertile females and 

4/20 fertile males). Other effects included reduced combined testis, epididymis, and prostate weights, 

reduced percentages of motile sperm and abnormal sperm, and reduced sperm concentration in the males, 

and reduced combined weight of ovaries, oviducts, and uterus in the females. Essentially all of the high-

dose males had some degree of bilateral atrophy of the seminiferous tubules, but no exposure-related 

reproductive histopathology was observed in the females. Considering the reduced fertility and 

reproductive organ weights in the high-dose females, there is evidence that reproductive performance was 

impaired in both sexes at 420 mg/kg/day.  Because the crossover mating study was only conducted at the 

high dose level, the reduced fertility observed at the 140 mg/kg/day LOAEL is not necessarily due to 

reproductive toxicity in both sexes. 

Other studies have established that testicular toxicity is a critical effect of DEHP. It is well documented 

that oral exposure to DEHP in adult rats and mice causes decreased weights of the testes, prostate, 

seminal vesicles, and epididymis, atrophy and degeneration of the seminiferous tubules, and/or altered 

sperm measures and reduced fertility (David et al. 2000a; Dostal et al. 1988; Ganning et al. 1991; Gray 

and Butterworth 1980; Gray and Gangolli 1986; Kluwe et al. 1982a; Lamb et al. 1987; Oishi 1986, 1994; 

Parmar et al. 1987, 1995; Price et al. 1987; Sjoberg et al. 1986a, 1986b). The lowest reproductive effect 

levels in these studies are a NOAEL and LOAEL for testicular histopathology of 3.7 and 38 mg/kg/day, 

respectively, in rats exposed for 90 days (Poon et al. 1997), and 5.8 and 29 mg/kg/day, respectively, in 

rats exposed for 104 weeks (David et al. 2000a). Because the 14 mg/kg/day NOAEL in the critical study 

(Lamb et al. 1987) is higher than the NOAELs of 3.7 and 5.9 mg/kg/day (David et al. 2000a; Poon et al. 

1997), and is based on an assessment of fertility rather than histological examination without evaluation 

of reproductive function, the 14 mg/kg/day NOAEL is the most appropriate basis for derivation of the 

intermediate-duration MRL. 

Gestational and lactational exposure to DEHP has adversely affected the morphological development of 

the reproductive system, as well as caused reduced fetal and neonatal testosterone levels and adult sexual 

behavioral changes, in male rat offspring (Arcadi et al. 1998; Gray et al. 1999, 2000; Moore et al. 2001; 

Parks et al. 2000). One of these studies (Arcadi et al. 1998) was used as the basis of a provisional 

intermediate-duration oral MRL in a previous draft of the DEHP toxicological profile (i.e., the Draft for 

Public Comment). In the Arcadi et al. (1998) study, severe testicular histopathological changes were 

observed at 21–56 days of age in male offspring of rats that were exposed to DEHP in the drinking water 

at reported estimated doses of 3.3 or 33 mg/kg/day throughout pregnancy and continuing during postnatal 

days 1–21. The 3.3 mg/kg/day dose was classified as a serious LOAEL and was used to derive a MRL of 
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0.01 mg/kg/day by using an uncertainty factor of 300 (10 for the use of a LOAEL, 10 for interspecies 

extrapolation, and 3 for human variability). A component factor of 3 was used for human variability 

because DEHP was administered during the most sensitive period during development. The MRL was 

provisional because it was derived from a serious LOAEL, which is not conventional ATSDR 

methodology. The Arcadi et al. (1998) study is now judged to be inadequate for MRL derivation because 

the NTP-CERHR Expert Panel on DEHP (NTP 2000) concluded that the effect levels are reliable and are 

unsuitable for identifying a LOAEL. In particular, NTP (2000) found that (1) the methods used to verify 

and characterize the administered doses were not clearly described or completely reported, and could not 

be resolved, and (2) the study authors did not reconcile their blood DEHP concentration data with other 

studies. 

The intermediate MRL of 0.1 mg/kg/day was derived by dividing the 14 mg/kg/day reproductive NOAEL 

by an uncertainty factor of 100 (10 for extrapolation from animals to humans and 10 for human 

variability). Additional information regarding the derivation of this MRL, including evidence supporting 

selection of the uncertainty factor, is provided in Appendix A. 

•    An MRL of 0.06 mg/kg/day was derived for chronic-duration oral exposure (365 days) to 
DEHP. 

The chronic MRL is based on a NOAEL of 5.8 mg/kg/day for testicular pathology in male rats from a 

comprehensive chronic toxicity study (David et al. 2000a). Groups of 50–80 rats of both sexes were fed 

DEHP in the diet for up to 104 weeks. Reported average daily doses were 0, 5.8, 29, 147, or 789 mg/kg/ 

day in males and 0, 7.3, 36, 182, or 939 mg/kg/day in females. End points evaluated in all dose groups 

included clinical observations, food consumption, body and organ weights, and clinical pathology indices. 

Necropsy and histological examinations included the control and two highest dose groups after 78 weeks, 

the control and high-dose groups after 104 weeks, and target tissues and gross lesions from the remaining 

dose groups after 104 weeks. No exposure-related effects were observed at 5.8 mg/kg/day in the males or 

7.3 mg/kg/day in the females. Bilateral aspermatogenesis was significantly (p#0.05) increased in the 

higher dose male groups, indicating that the LOAEL for testicular effects is 29 mg/kg/day.  The 

incidences of bilateral spermatogenesis were 37/64 (58%), 34/50 (64%), 43/55 (78%), 48/65 (74%), and 

62/64 (97%), showing a dose-related increase and consistency with a significant reduction in relative 

testes weight observed at 789 mg/kg/day (59% less than controls). Examinations at week 78 showed 

aspermatogenesis at 789,but not 147 mg/kg/day (no interim exams were performed in the lower dose 

groups), suggesting the possibility that the lesion was age- rather than treatment-related at 29 and 

147 mg/kg/day.  Also observed in the high dose males was an increased incidence of castration cells in 
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the pituitary gland, which are promoted by reduced testosterone secretions from the testes. Other 

significant changes were essentially limited to the liver, including increased liver weights accompanied by 

increased peroxisome proliferation in both sexes at $147 mg/kg/day, spongiosis hepatis in males at 

$147 mg/kg/day, and hepatocellular neoplasms in males at $147 mg/kg/day and in females at 

939 mg/kg/day, but the mechanism for these hepatic effects is probably not relevant to humans as 

previously discussed in Hepatotoxicity and Liver Cancer (Section 2.2, Summary of Health Effects). A 

variety of renal changes were observed in all dose groups (e.g., increases in kidney weight, incidence and 

severity of mineralization of the renal papilla, and severity of normally occurring chronic progressive 

nephropathy and renal tubule pigmentation), but are unlikely to be toxicologically significant because 

they appeared to be age-related and/or species-specific. Body weight gain was significantly reduced 

throughout the study only in the high dose males and females (approximately 15% lower than controls at 

the end of the study). 

The chronic MRL of 0.06 mg/kg/day was derived by dividing the 5.8 mg/kg/day testicular NOAEL by an 

uncertainty factor of 100 (10 for extrapolation from animals to humans and 10 for human variability). 

Additional information regarding the derivation of this MRL, including evidence supporting selection of 

the uncertainty factor, is provided in Appendix A. 
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3.1 INTRODUCTION 

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and 

other interested individuals and groups with an overall perspective on the toxicology of DEHP. It 

contains descriptions and evaluations of toxicological studies and epidemiological investigations and 

provides conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health. 

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile. 

3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE 

To help public health professionals and others address the needs of persons living or working near 

hazardous waste sites, the information in this section is organized first by route of exposure (inhalation, 

oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive, 

developmental, genotoxic, and carcinogenic effects). These data are discussed in terms of three exposure 

periods: acute (14 days or less), intermediate (15–364 days), and chronic (365 days or more). 

Levels of significant exposure for each route and duration are presented in tables and illustrated in 

figures. The points in the figures showing no-observed-adverse-effect levels (NOAELs) or 

lowest-observed-adverse-effect levels (LOAELs) reflect the actual doses (levels of exposure) used in the 

studies. Dose conversions, if necessary, were performed using EPA reference methodology. LOAELS 

have been classified into "less serious" or "serious" effects. "Serious" effects are those that evoke failure 

in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress or death). 

"Less serious" effects are those that are not expected to cause significant dysfunction or death, or those 

whose significance to the organism is not entirely clear. ATSDR acknowledges that a considerable 

amount of judgment may be required in establishing whether an end point should be classified as a 

NOAEL, "less serious" LOAEL, or "serious" LOAEL, and that in some cases, there will be insufficient 

data to decide whether the effect is indicative of significant dysfunction. However, the Agency has 

established guidelines and policies that are used to classify these end points. ATSDR believes that there 

is sufficient merit in this approach to warrant an attempt at distinguishing between "less serious" and 

"serious" effects. The distinction between "less serious" effects and "serious" effects is considered to be 

important because it helps the users of the profiles to identify levels of exposure at which major health 
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effects start to appear. LOAELs or NOAELs should also help in determining whether or not the effects 

vary with dose and/or duration, and place into perspective the possible significance of these effects to 

human health. 

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and 

figures may differ depending on the user's perspective. Public health officials and others concerned with 

appropriate actions to take at hazardous waste sites may want information on levels of exposure 

associated with more subtle effects in humans or animals (LOAELs) or exposure levels below which no 

adverse effects (NOAELs) have been observed. Estimates of levels posing minimal risk to humans 

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike. 

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of DEHP are 

indicated in Table 3-2 and Figure 3-2. Because cancer effects could occur at lower exposure levels, 

Figure 3-2 also shows a range for the upper bound of estimated excess risks, ranging from a risk of 1 in 

10,000 to 1 in 10,000,000 (10-4 to 10-7), as developed by EPA. 

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have been 

made for DEHP. An MRL is defined as an estimate of daily human exposure to a substance that is likely 

to be without an appreciable risk of adverse effects (noncarcinogenic) over a specified duration of 

exposure. MRLs are derived when reliable and sufficient data exist to identify the target organ(s) of 

effect or the most sensitive health effect(s) for a specific duration within a given route of exposure. 

MRLs are based on noncancerous health effects only and do not consider carcinogenic effects. MRLs can 

be derived for acute, intermediate, and chronic duration exposures for inhalation and oral routes. 

Appropriate methodology does not exist to develop MRLs for dermal exposure. 

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990e), 

uncertainties are associated with these techniques.  Furthermore, ATSDR acknowledges additional 

uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an 

example, acute inhalation MRLs may not be protective for health effects that are delayed in development 

or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic 

bronchitis. As these kinds of health effects data become available and methods to assess levels of 

significant human exposure improve, these MRLs will be revised. 
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A User's Guide has been provided at the end of this profile (see Appendix B). This guide should aid in 

the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs. A limited 

amount of information is available on health effects of DEHP in humans and essentially all of the 

significant levels of exposure that are presented in Tables 3-1 and 3-2 and Figures 3-1 and 3-2 are based 

on animal data. The LOAELs observed in animal studies cannot be directly extrapolated to humans, do 

not necessarily constitute levels of concern for humans, and are much higher than intake levels normally 

encountered by humans. As discussed in Chapter 6 (Section 6.5, Potential for Human Exposure), recent 

estimates of average total daily intake of DEHP from ambient exposures in the U.S. general population 

are in the range of 3–30 Fg/kg/day (David 2000; Doull et al. 1996; Huber et al. 1996; Kohn et al. 2000; 

NTP 2000b; Tickner et al. 2001), which is 3–4 orders of magnitude lower than the lowest LOAELs in 

animals. Additional factors that may preclude the direct extrapolation or assumption of similar effects in 

animals and humans include the dose-related, species-specific, and route-specific nature of some of the 

effects, such as evidence indicating that most of the hepatic changes observed in DEHP-exposed rodents, 

including liver cancer, result from a mechanism that does not operate in humans (see Section 3.5, 

Mechanisms of Action). 

3.2.1 Inhalation Exposure 

3.2.1.1 Death 

No studies were located regarding lethality in humans after inhalation exposure to DEHP. 

Studies in animals suggest that DEHP has low toxicity when inhaled. No deaths occurred in rats exposed 

to 300 mg/m3 for 6 hours/day for 10 days (Merkle et al. 1988) or hamsters exposed to 0.015 mg/m3 for 

their lifetime (Schmezer et al. 1988). At a concentration of 0.015 mg/m3, DEHP is present as a vapor, 

while at 300 mg/m3 it is an ultra fine aerosol. On the other hand, DEHP was found to be lethal to rats 

after 2–4 hours of exposure to a mist prepared by passing air through a heated sample of DEHP (Shaffer 

et al. 1945). The concentration of DEHP in the mist was not measured. 

3.2.1.2 Systemic Effects 

No studies were located regarding cardiovascular, gastrointestinal, musculoskeletal, renal, or 

dermal/ocular effects in humans or animals after inhalation exposure to DEHP. The systemic effects 

observed after inhalation exposure are discussed below. The highest NOAEL and all reliable LOAEL 
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values from each reliable study for systemic effects in each species and duration category are recorded in 

Table 3-1 and Figure 3-1. 

Respiratory Effects. Unusual lung effects were observed during the fourth week of life in three 

children who were exposed to DEHP during mechanical ventilation as preterm infants (Roth et al. 1988). 

The effects clinically and radiologically resembled hyaline membrane disease, a disorder caused by 

insufficient surfactant production in the lungs of newborn infants. Although interpretation of these 

findings is complicated by the preexisting compromised health status of the preterm infants, the 

information indicates that the lung disorders were related to DEHP released from the walls of polyvinyl 

chloride (PVC) respiratory tubes. 

Increased lung weights accompanied by thickening of the alveolar septa and proliferation of foam cells 

were observed in male rats that were exposed to 1,000 mg/m3 of DEHP aerosol for 6 hours/day, 

5 days/week for 4 weeks (Klimisch et al. 1991). These effects were reversible within an 8-week post-

exposure period. Females rats exposed to this concentration were not affected nor were animals of either 

sex at concentrations of 10 and 50 mg/m3. 

Hepatic Effects. No studies were located regarding hepatic effects in humans after inhalation 

exposure to DEHP. In male and female rats relative liver weights were increased by exposure to 

1,000 mg/m3 administered as an aerosol 6 hours/day, 5 days/week for a 4-week period (Klimisch et al. 

1991). However, there was no evidence of peroxisome proliferation in thin slices of the livers examined 

under an electron microscope. Relative liver weights were not increased in animals examined 8 weeks 

after the last exposure to DEHP. 

3.2.1.3 Immunological and Lymphoreticular Effects 

No studies were located regarding immunological effects in humans or animals after inhalation exposure 

to DEHP. 
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Table 3-1. Levels of Significant Exposure to (Di-(2-ethylhexyl)phthalte - Inhalation 

Exposure/ LOAEL 
aKeyto Species duration/ NOAEL Less serious Serious Reference 

figure (strain) frequency System (mg/m3) (mg/m3) (mg/m3) Chemical Form 

	
 ACUTE EXPOSURE 

Developmental 

Rat 10 d 300 Merkle et al. 1988 

(Wistar)	 Gd 6-15 
6hr/d 
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Table 3-1. Levels of Significant Exposure to (Di-(2-ethylhexyl)phthalte - Inhalation (continued) 	
	

 

D
I-(2-ETH

YLH
EXYL 

	
	

	
	

	
	

	
	

	
	

	
 

26 

Exposure/ LOAEL 
aKeyto Species duration/ NOAEL Less serious Serious Reference 

figure (strain) frequency System (mg/m3) (mg/m3) (mg/m3) Chemical Form 

	
 

INTERMEDIATE EXPOSURE 
Systemic 

2 Rat 28 d Resp 50 1000 (increased lung weight, 

(Wistar) 5 d/wk 
6 hr/d 

foam cell proliferation, 
thickening of alveolar 
septa) 

Hepatic 50 1000 (increased relative liver 
weight) 

Reproductive 

3 Rat 28 d 1000 

(Wistar)	 5 d/wk 
6 hr/d 

	
 

Klimisch et al. 1991 

Klimisch et al. 1991 
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a
Thenumbercorrespondsto entries in Figure 3-1.


d = days; Gd = gestationday; hr = hour(s); LOAEL = lowest-observed-effect level; NOAEL = no-observed-adverse-effect level; Resp= respiratory; wk = week(s)




Figure 3-1. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate- Inhalation 
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3.2.1.4 Neurological Effects 

No studies were located regarding neurological effects in humans or animals after inhalation exposure to 

DEHP. 

3.2.1.5 Reproductive Effects 

No studies were located regarding reproductive effects in humans after inhalation exposure to DEHP. 

The fertility and mating performance of male rats was not effected by a 4-week exposure, 6 hours/day, 

5 days/week to a DEHP aerosol (10–1,000 mg/m3) (Klimisch et al. 1991). Mating with unexposed 

females was carried out at 2 and 6 weeks after the end of DEHP exposure period. At sacrifice, there were 

no observable effects of DEHP on testicular structure. 

3.2.1.6 Developmental Effects 

No studies were located regarding developmental effects in humans after inhalation exposure to DEHP. 

In rats, there was no evidence of any treatment-related prenatal or postnatal developmental effects in the 

offspring of females exposed to up to 300 mg/m3 DEHP (the highest dose tested) 6 hours/day during the 

period of organogenesis (gestation days 6–15) (Merkle et al. 1988). Newborn rats were evaluated for 

survival and several measures of neurological development (righting test on day 6, gripping reflex on 

day 13, pupillar reflex on day 20, and hearing test on day 21). These data indicated that there were no 

developmental effects when DEHP was present in the atmosphere during gestation. This NOAEL for 

developmental effects in rats is recorded in Table 3-1 and plotted in Figure 3-1. 

3.2.1.7 Cancer 

No studies were located regarding cancer in humans after inhalation exposure to DEHP. Lifetime 

exposure of hamsters to 0.015 mg/m3 DEHP did not result in any significant increases in the incidence of 

tumors (Schmezer et al. 1988). Because the concentration in this study was very low, it is not possible to 

reach conclusions concerning whether or not higher concentrations might produce different results. 
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3.2.2 Oral Exposure 

3.2.2.1 Death 

Single oral doses of up to 10 g DEHP are not lethal to humans (Shaffer et al. 1945), and no cases of death 

in humans after oral exposure to DEHP were located.  These data indicate that DEHP is very unlikely to 

cause acute mortality in humans. This is supported by studies in rabbits and rats which indicate that 

single dose oral LD50 values are quite high (30,600–33,900 mg/kg) (Shaffer et al. 1945). To receive an 

equivalent dose, an adult human would have to consume about 4½ pounds of DEHP. Some species seem 

to be more sensitive than others. Repeated administrations of 2,000 mg/kg/day DEHP (the only dose 

tested) was lethal to adult rabbits and guinea pigs when administered for up to 7 days, but not to adult 

mice and rats (Parmar et al. 1988). However, two doses of 2,000 mg DEHP/kg caused a high incidence 

of mortality in #21-day-old rats, but there were no deaths in 6-week-old or older rats, suggesting that age 

influences susceptibility to DEHP (Dostal et al. 1987a).  Similar results regarding higher susceptibility to 

lethal doses among younger rats were reported by Parmar et al. (1994). Treatment of lactating female rats 

(postpartum days 1–7) with 5,000 mg DEHP/kg by gavage resulted in 25% mortality within 1 week of 

treatment, but no mortality occurred with #2,500 mg DEHP/kg (Cimini et al. 1994). In a 24-week 

feeding study, a diet that provided approximately 2,400 mg DEHP/kg/day induced 100% mortality in 

Sv/129 male mice after 16 weeks of dosing (Ward et al. 1998); at the time of death, mean body weights 

were approximately 50% that of controls, food consumption data were not provided. Survival was 

reduced in male F344 rats (12% less than controls) and male B6C3F1 mice (45% less than controls) that 

ingested 147 and 1,266 mg DEHP/kg/day in the diet, respectively, for up to 104 weeks (David et al. 

2000a, 2000b). The most frequent cause of death in the chronic studies was mononuclear cell leukemia in 

the rats and liver tumors in the mice. The LOAEL values for death in each species and duration category 

are recorded in Table 3-2 and plotted in Figure 3-2. 

3.2.2.2 Systemic Effects 

The highest NOAEL values and all reliable LOAEL values for systemic effects in each species and 

duration category are recorded in Table 3-2 and plotted in Figure 3-2. 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 

ACUTE EXPOSURE 
Death 

1 Rat 7d 

(Fischer- 344) ppd 1-7 
1 x/d 

2 Rat 5 d 

(Sprague-
1x/d 

Dawley) (GO) 

3 Rat 
7 d 
1x/d 

(Wistar) 
(GO) 

4 
(Wistar) 

1x/d 

(G) 

5 Rabbit 7 d 

(NS) 
1x/d 

(GO) 

6 Rabbit 

(NS) 

1 d 
1x/d 

(G) 

Rat 7 d 

Systemic 

	
 5000 F	 (25% mortality within one 

week) 

1000	 (68% mortality in 
14-18-day -old rats died after 
5 doses; older rats were less 
susceptible) 

2000	 (10% mortality at 7 days in 
3-week -old rats; 0% in 
untreated or in treated older 
rats) 

30600 (LD
50

) 

2000 (50% mortality) 

33900 (LD
50

) 

Cirnini et al. 1994 

Dostal et al. 1987a 

Parmar et al. 1994 

Shaffer et al. 1945 

Parmar et al. 1988 

Shaffer et al. 1945 

Shaffer et al. 1945 
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7 Human 1 dose 
Gastro 71.4 143 (gastrointestinal distress) 

1x/d 

(C) 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 Pughet al. 2000 

(20% increase in liver Rhodes et al. 1986 

weight) 

2000 (70% reduction in body 
weight gain) 

8 Monkey 14d Hemato 500 M 

(Cynomotgus)1 x/d 
(G) Hepatic 500 

Renal 500 

Bd Wt 500 

9 Monkey 14 d Hepatic 2000 

(Marmoset) 1x/d 
(GO) Renal 2000 

Bd Wt 

10 Rat 3 d Hepatic 1200 

(Fischer-344) 1 x/d 
(GO) Other 1200 

11 Rat once Hepatic 1500 

(Fischer- 344) (GO) 

Endocr 5000 

12 Rat 14 d Hepatic 150 

(Fischer-344) 1 x/d 

(GO) 

Endocr 1500 
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Adinehzadeh and Reo 

1998 

Berman et al. 1995 

Berman et at. 1995 

David et al. 1999 

(altered liver lipid profile) 

(44% reduction in food 
consumption) 

(centrilobular necrosis or 
inflammation) 

(18% increase in relative 
liver weight; incresed 
metosis) 

13	 Rat 7 d Hepatic 11 53 M (increased relative liver 

(Fischer-344) (F) weight) 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

D
I-(2-ETH

YLH
EXYL 

	
	

	
	

	
	

	
	

	
	

	
 

32 

Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 14 Rat 5 d Hepatic 

(Sprague- 1x/d 
Dawley) (GO) 

Renal 

15 Rat 5 d Hepatic 

(Sprague- Ld 6-10 
Dawley) 1x/d 

(GO) 

Bd Wt 

16	 Rat 5 d Hepatic 

(Sprague- Ld 14 -18 
Dawley) 1x/d 

(GO) 

Bd Wt 

Other 

17 Rat 5 d Hepatic 

(Sprague- Ld 2-6 
Dawley) 1x/d 

(GO) 

Bd Wt 

18 Rat 5 d Bd Wt 

(Sprague- 1x/d 
Dawley) (GO) 

10 100 (increased liver weight 
and activity of palmitoyl 
CoA oxidase and carnitine 
acetyl transferase) 

100 1000 (increased kidney 
weight) 

2000 (increased liver weight; 
increased enzyme 
activity; decreased 
serum cholesterol) 

2000 (18% decrease in body 
weight gain) 

2000 (increased liver weights 
and enzyme activities; 
decreased cholesterol 
and triglycerides) 

2000 (17% decrease in bd wt 
gain) 

2000 (decreased food 
consumption) 

2000 (increased liver weight; 
increased enzyme 
activity; decreased 
plasma cholesterol and 
triglycerides) 

2000 (14% decrease in body 
weight gain) 

500 1000 (15% decrease in body 
weight gain) 

Dostal et al. 1987a 

Dostal et al.1987b 

Dostal et al. 1987b 

Dostal et al. 1987b 

Dostal et al. 1988 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 	
	

 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 19 

20 

21 

22 

23 

24 

Rat 10 d 

(Wistar) ppd 105-
114 
1x/d 

(GO) 

Rat 10 d 

(Wistar) ppd 70-77 
1x/d 

(GO) 

Rat 10 d 

(Wistar) ppd 28-37 
1x/d 

(GO) 

Rat 3 d 

(Wistar) (F) 

Rat 7 d 

(Sprague- (F) 

Dawley) 

Rat 2 d 

(Fischer-344) 1x/d 

(GO) 

Bd Wt 

Bd Wt 

Bd Wt 

Endocr 

Hepatic 

Hepatic 

Bd Wt 950 

2800	 (11% decrease in final Gray and Butterworth 

body weight) 1980 

2800	 (21% reduction in final body Gray and Butterworth 
weight) 1980 

2800	 (22% reduction in final body Gray and Butterworth 
weight) 1980 
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2000	 (decreased serum T4 
ultrastructural changes 
consistent with thyroid 
hyperactivity) 

2000	 (35% increase in relative 
liver weight; induction of 
microsomal 
carboxylesterases) 

950	 (26% increase in 
absolute liver weight; 
1300% increased DNA 
synthesis; 20% reduced 
apoptosis) 

Hinton et al. 1986 

Hosokawa et al. 1994 

James et al. 1998 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

D
I-(2-ETH

YLH
EXYL 
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 25	 Rat 14 d 

(Sprague- 1x/d 
Dawley) (GO) 

26 Rat 10 d 

(Sprague-
Dawley) 

(F) 

27 Rat 7 d 
(Wistar) 1x/d 

(GO) 

28 Rat 7 d 

(Wistar) 1x/d 
(GO) 

29 Rat 7 d 

(albino) 
1x/d 
(GO) 

30 Rat 14 d 
1x/d

(Wistar) (GO) 

Hepatic 1000 (72 Yoincreased relative Lake et al. 1986 

liver weight; increased 
activity of peroxisomal 
and microsomal 
enzymes) 

Bd Wt 1740 M (22% lower final body weight) Mehrotra et al. 1997 

Hepatic 1000	 (36% increased relative Oishi 1989 

liver weight) 

Bd Wt 1500 

Hepatic 2000 (52% increased relative Oishi 1994 

liver weight) 

Hepatic 2000 (increased liver weight, Parmar et al. 1988 

increased enzyme 
activity) 

Bd Wt 2000 (10% decrease in body 
weight gain) 

Hepatic 2000 (40% increase in liver Rhodes et al. 1986 

weight, peroxisome 
proliferation) 

Renal 2000 

Bd Wt 2000 (40% decrease in body 
weight gain) 
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D
I-(2-ETH

YLH
EXYL 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 Shin et al. 1999 

Sjoberg et al. 1986a 

Sjoberg et al. 1986a 

Sjoberg et al. 1986a 

31 

32 

33 

34 

35 

36 

37 

Rat 14 d Hepatic 

(Sprague- (F)
Dawley) 

Bd Wt 

Rat 14 d Bd Wt 

(Sprague- ppd 25-38 
Dawley) (F) 

Rat 14 d Bd Wt 

(Sprague- ppd 40-53 
Dawley) (F) 

Rat 14 d Bd Wt 

(Sprague- ppd 60-73 
Dawley) (F) 

Rat 14 d Bd Wt 

(Sprague-
Dawley) 

(F)

Rat 14 d Hepatic 

(Fischer- 344) (F) 

Renal 

Rat 14 d Hepatic 

(Wistar) (F) 

Bd Wt 

1905	 (87% increased liver 
weight; peroxisome 
proliferation; increased 
synthesis of NAD+ from 
tryptophan) 

1905 

1000	 (22% decreased body 
weight gain) 

1700	 (22% decreased body 
weight gain) 

1000	 (26% decreased body 
weight gain) 
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1000	 (22% reduction in final body Sjoberg et al. 1986b 
weight) 

Takagi et al. 1990 

Van den Munckhof et 
al. 1998 

1200	 (increased liver weight, 
increased oxidized 
deoxyguanosine in DNA) 

1200	 (increased kidney 
weight) 

1894	 (38% increased absolute 
liver weight; peroxisomal 
proliferation) 

1894	 (17% reduction in final 
body weight) 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 	
	

 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 

188
38 Mouse 7 d Hepatic 

(B6C3F1) (F) 

39	 Mouse 7 d Hepatic 

(C57BL/6) (F) 

40 Mouse 2 d Hepatic 

(B6C3F1) 1 x/d 
(GO) 

Bd Wt 1150 

41 Mouse 7 d Hepatic 

(C57BL/6) (F) 

Bd Wt 

42 Mouse 7 d Hepatic 

(NS) 1x/d 

(GO) 

Bd Wt 2000 

43 Gn Pig 7 d Hepatic 

(NS) 1x/d 

(GO) 

Bd Wt 

44	 Hamster 7 d Hepatic 

(Golden (F)
Syrian) 

564 (increased relative liver 

weight) 

4000 (88% increase in relative 

liver weight; induction of 
microsomal 
carboxylesterases) 

1150	 (9% increase in absolute 
liver weight; 248% 
increased DNA synthesis: 
90% decreased 
apoptosis) 

385	 (increased absolute and 
relative liver weight) 

3850	 (17% decrease in final 
body weight) 

2000	 (increased liver weight, 
increased enzyme 
activity) 

2000	 (increased liver weight, 
increased enzyme 
activity) 

2000	 (39% decrease in body 
weight gain) 

2686	 (36% increase in relative 
liver weight) 

David et al. 1999 

Hosokawa et al. 1994 

James et al. 1998 

Muhlenkamp and Gill 
1998 

Parmar et al. 1988 

Parrnar et al. 1988 

Hosokawa et al. 1994 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

D
I-(2-ETH

YLH
EXYL 

	
	

	
	

	
	

	
	

	
	

	
 

37 

Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 45 

46 

47 

48 

49 

50 

51 

52 

Hamster 14 d Hepatic 

Chinese 1x/d 

(GO) 

Rabbit 7 d Hepatic 

(NS) 1x/d 
(GO) 

Bd Wt 

Immunological/Lymphoreticular 

Rat once 

(Fischer-344) (GO) 

Rat 14 d 

(Fischer- 344)1 x/d 
(GO) 

Neurological 

Rat once 

(Fischer-344) (GO) 

Rat 14 d 

(Fischer-344) 1 x/d 
(GO) 

Reproductive 

Monkey 14 d 

(Cynornolgus)1 x/d 
(G) 

Monkey 14 d 

(Marmoset) 1x/d 
(GO) 

1000 

2000 

2000 

5000 

1500 

1500 5000 

1500 

500 M 

2000 

(55% increased liver Lake et al. 1986


weight, enzyme

induction)


(decreased liver weight, Parmar et al. 1988


decreased enzyme

activity)


Berman et al. 1995 

Berman et al. 1995 

(signs of general Moser et al. 1995 

debilitation) 

Moser et al. 1995 

Pugh et al. 2000 

Rhodes et at. 1986 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 Rat 1-10 d 2000 F (suppressed ovulation with 

(Sprague- 1x/d 25% decrease in 

Dawley) (GO) preovulatory follicle 

54 Rat 3 d 

(Sprague-
Dawley) 

1x/d 

(GO) 

55 Rat 5 d 

(Sprague-
Dawley) 

ppd 6-10 
1x/d 

(GO) 

56 Rat 5 d 

Ld 15-17 

ppd 86-90
(Sprague- 1x/d
Dawley) 

(GO) 

57 Rat 5 d 

(Sprague-
Dawley) 

1x/d 

(GO) 

58 Rat 5 d 
(Sprague-
Dawley) 

ppd 6-10 
1x/d 

(GO) 

ppd 6-10 

59 Rat 1 d 
(Sprague- ppd 105-114 
Dawley) 1x/d 

(GO) 

granulosa cells and decresed 
serum estradiol) 

2000	 (changes in milk 
composition) 

100 1000 (reduced absolute and 
relative testes weight 
and number of Sertoli 
cells) 

100 1000 (loss of spermatids and 
spermatocytes; 
decreased testicular 
zinc) 

100 200 (reduced testicular 
weight, delayed 
spermatid maturation 4 
weeks after dosing) 

200 500 (reduced relative testes 
weight and number of 
Sertoli cells) 

2800 

Davis et al. 1994a 

Dostal et al. 1987b 

Dostal et al. 1988 

Dostal et al. 1988 

Dostal et al. 1988 

Dostal et al. 1988 

Grayand Butterworth 
1980 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 60	 Rat 10 d 

Dawley) 1x/d 

(GO) 

61 Rat 10 d 
(Wistar) ppd 70-79 

1x/d 

(GO) 

62 Rat 10 d 

(Wistar) ppd 28-37 
1x/d 

(GO) 

(Sprague- ppd 70-79 

63	 Rat 10 d 

Dawley) 1x/d 

(GO) 

64 Rat 1 d 
(Sprague-
Dawley) 

Gd 3 

(GO) 

65 Rat 10 d 

(Sprague-
Dawley) 

(F) 

66 Rat 10 d 
(Wistar) ppd 30-39 

1x/d 

(Sprague- ppd 28-37 

(GO) 

2800	 (moderate testicular 
damage; decrease in 
seminal vesicle prostate 
weight) 

2800	 (decreased weight of 
seminal vesicles and 
ventral prostate; tubular 
damage) 

2800	 (33% decreased relative 
testes weight; loss of 
germinal cells; decrease in 
seminal vesicle and ventral 
prostate weight) 

2800 (47% decreased testes 
weight; severe testicular 
atrophy) 

20 M 100 M (abnormal gonocytes 
and reduced Sertoli cell 
proliferation) 

1740 M (25-50% changes in 
testicular xenobiotic 
enzyme activity) 

2000	 (aspermatogenesis with 
reduced testis, seminal 
vesicle, and ventral 
prostrate weights; 
decreased testicular 
zinc) 

Gray and Butterworth 
1980 

Gray and Butterworth 
1980 

Gray and Butterworth 
1980 

Gray and Butterworth 
1980 

Li et al.2000 

Mehrotra et al. 1997 

Oishi 1986 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 	
	

 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 67 Rat 7 d 

(Wistar) 1 x/d 
(GO) 

68 Rat Once 

(Sprague- (GO) 

Dawley) 

69 Rat 14 d 

(Sprague-
Dawley) 

ppd 25 
1x/d 

(GO) 

70 Rat 14 d 

2000 

2800	 (morphological changes 

in Sertoli cells) 

1000 (testicular damage) 
-38 

(38% reduced testis weight; 

shrunken seminiferous 
tubules with necrotic debris 

and aspermatogenesis) 

(43% decreased testicular 
weight and severe 
seminiferous tubule damage) 

(79% decreased testicular 
weight and severe testicular 
damage) 

Oishi 1994 

Saitoh et al. 1997 

Sjoberg et al. 1986a 

Sjoberg et al. 1986a 

Sjoberg et al. 1986a 

Sjoberg et al. 1986a 

Sjoberg et al. 1986a 

Sjoberg et al. 1986a 
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1700 
-73 

1000 1700 
-53 

1000 

(Sprague- ppd 60 
Dawley) (F) 

71 Rat 14 d 

(Sprague- ppd 40 
Dawley) (F) 

72 Rat 14 d 
(Sprague- ppd 40-53 
Dawley) 1x/d 

(GO) 

73 Rat 14 d 1000 
(Sprague- ppd 60-73 
Dawley) 1x/d 

(GO) 

74	 Rat 14 d 1000 (21% decreased 1700 

(Sprague- ppd 25 -38 testicular weight and 

Dawley) (F) tubular damage) 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 	
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 

Zacharewski et al. 
1998 

Dostal et al. 1987b 

Dostal et al. 1987b 

Dostal et al. 1987b 

Rat 4 d 200075 

76 

77 

78 

79 

80 

(Sprague- 1x/d 
Dawley) (GO) 

Developmental 

Rat 5 d 
(Sprague- Ld 14-18 
Dawley) 1x/d 

(GO) 

Rat 5 d 
(Sprague- Ld 2-6 
Dawley) 1x/d 

(GO) 

Rat 5 d 
(Sprague- Ld 6-10 
Dawley) 1x/d 

(GO) 

Rat 10 d 
(Sprague- Gd 14 -21 
Dawley) ppd 1-3 

1 x/d 

(GO) 

Rat 10 d 
(Sprague- Gd 14-21 
Dawley) ppd 1-3 

1 x/d 

(GO) 

	
	

 

2000	 (14% reduction in pup 
body weight; biochemical 
evidence of peroxisome 
proliferation in liver) 

2000	 (26% reduction in pup 
body weight; biochemical 
evidence of peroxisome 
proliferation in liver) 

2000	 (20% reduction in pup 
body weight; biochemical 
evidence of peroxisome 
proliferation in liver) 
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750	 (significant delay in male Gray et al. 1999 
reproductive system 
maturation; reduced weight 
of sex organs in adult males) 

750 M	 (testicular degeneration and Gray et al. 2000 
altered sexual differentiation 
in male offspring) 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 	
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 

81 Rat 9 d 

(Wistar) Gd 6-15 
1 x/d 

(GO) 

82 Rat 10 d 
(Sprague- Gd 14 -21 
Dawley) ppd 1 -3 

1 x/d 

(GO) 

83 Rat 1 d 

(Wistar)	 Gd 12 
1x/d 

(G) 

84 Rat 14 d 

(Fischer- 344)ppd 1-21 
1 x/d 

(GO) 

85 Mouse 2 d 

(C57BL/6N) Gd 8-9 
x Sv/129) 1 x/d 

(GO) 

86 Mouse 3 d 
(Slc-ICR) Gd 7-9 

1 x/d 

(GO) 

87 Mouse Gd 6,7,8, 

(ddY-Slc)	 9, or 10 
1 x/d 

(G) 

200 

4882	 (slight increase in dead, 
resorbed and malformed 
fetuses) 

1000	 (significant peroxisome 
proliferation in both liver 
and kidneys from pups) 

250 

50 

~ 

1000	 (increased fetal death and Hellwig et al. 1997 
incidence of external, soft 
tissue, and skeletal 
malformations) 

750 M	 (decreased fetal testosterone Parks et al. 2000 
synthesis during male sexual 
differentiation) 

9756	 (significant increase in dead, Ritter et al. 1987 
resorbed and malformed 
fetuses) 

Stefanini et al. 1995 

1000 (decreased fetal viability, Peters et al. 1997b 
increased resorptions and 
external malformations) 

1000 (decreased fetal viability, Shiota and Mirna 1985 
increased resorptions and 
external malformations) 

100	 (11.2 % fetal lethality, 2.0% Tomita et al. 1982a 

in controls) 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 Mouse Gd 6, 7, 8, 1000 (60% fetal lethality) Yagi et al. 1980 

(ddY-Slc)	 9, or 10 
1 x/d 

(G) 	
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 	
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 

89 

90 

91 

92 

93 

94 

INTERMEDIATE EXPOSURE 
Death 

Rat 15 d 

(Wistar) (GO) 

Mouse 16 wk 

Sv/129 (F) 

Gn Pig 15 d 

(NS) (GO) 

Rabbit 15 d 

(NS) (GO) 

Systemic 

Monkey 13wk Resp 

(Marmoset) 1x/d 

(GO)	 Cardio 

Gastro 

Hemato 

Musc/skel 

Hepatic 

Renal 

Endocr 

Dermal 

Ocular 

Monkey 25 d Hepatic 

(Cynomolgus) 1x/d 
(GO) 

2000	 (50% mortality after 3 weeks Parmar et al. 1987 
with subsequent 100% 
mortality) 

2400 M	 (100% mortality between Ward et al. 1998 

weeks 12 and 16) 

2000 (40% mortality) Parmar et al. 1988 

Parmar et al. 1988
2000 (100% mortality) 

2500 Kurata et al. 1998 

2500 

2500 

2500 

2500 

2500 

2500 

2500 

2500 

2500 

500 Short et al. 1987 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 95 Rat 21 d Hepatic 12 643 Barber et al. 1987 

(Fischer-344) (F) 

Bd Wt 1197 (41% reduced final body 
weight) 

96 Rat 28 d Hepatic 1200 Cattley et al. 1988 

(Fischer-344) (F) 

97 Rat 2-13 wk Hepatic 53 265 David et al. 1999 

(Fischer-344) (F) 

98 Rat 4-16 wk Hepatic 1054 Eagon et al. 1994 

(Fischer-344) (F) 

Endocr 1054 

Bd Wt 1054 

99 Rat 28 d 

(Alpk/AP) 1x/d 

Hepatic 1000 Elliot and Elcombe 
1987 

(GO) 

(44% increase in relative 
liver weight; increased 
enzymatic activity 
indicative of peroxisome 
proliferation) 

1892 

(increased enzyme

activities indicating

peroxisome proliferation)


(increased relative liver

weight)


(increased relative liver

weight and biochemical

evidence of cell

proliferation)


(altered metabolism of

estradiol and estrogen

receptor related

functions)


(19% reduction in final

body weight relative to

controls at 4 weeks)


(increased

palmitoyl -CoA oxidase

activity; decreased

superoxide dismutase

and glutathione

peroxidase activities)
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 100 Rat 21 d Endocr 2000 (decreased serum T4 Hinton et al. 1986 

(Wistar) (F) ultrastructural changes 
consistent with thyroid 
hyperactivity) 

101 Rat 28 d Hepatic 705 (>53% increase in relative Hodgson 1987 

(Fischer- 344) (F) liver weights; 
morphological and 
biochemical evidenceof 
peroxisome proliferation) 

Bd Wt 705 

102 Rat 9 mo Hepatic 50 (increased liver weight, Mitchell et al. 1985b 

(albino) (F) morphological changes 
in bile ducts, lipid filled 
lysosornes, glycogen 
depletion, induction of 
peroxisomal enzymes 
and cytochrome P-450 
system) 

Bd Wt 50 200 (10-15% decreased body 
weight gain) 

103 Rat 21 d 

(Wistar) (F) 

Hepatic 1730 (41% increased absolute 
liver weight) 

Mocchiutti and Bernal 
1997 

Bd Wt 1730 (28% reduction in final body 
weight) 

104 Rat 15 d Hepatic 2000 (increased liverweight, Parrnar et al. 1988 

(albino) 1x/d 
(GO) 

changes in enzyme 
activity) 

Bd Wt 2000 (24% decrease in body 
weight gain) 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 

105 Rat 13 wk Hemato 37.6 M 

(Sprague- (F)
Dawley) 

Hepatic 37.6 M 

Renal 37.6 M 

Bd Wt 375 M 

Other 375 M 

106 Rat 13 wk Hemato 

(Sprague- (F)
Dawley) 

Hepatic 

Renal 

Endocr 

107	 Rat 3 mo Endocr 

(Wistar) (F) 

108 Rat 90 d Cardio 1900 

(Wistar) (F) 

Hemato 1900 

Hepatic 1900 

Renal 1900 

Bd Wt 200 

375 M	 (decreased RBCs and 
hemoglobin) 

375 M	 (increased absolute and 
relative liver weights; 
peroxisome proliferation) 

375 M	 (increased kidney 
weight) 

345 M (increased platelet count) 

345 M	 (increased absolute and 
relative liver weights; 
peroxisome proliferation) 

345 M	 (increased kidney 
weight) 

345 M	 (reduced follicle size and 
colloid density in the 
thyroid) 

1000	 (ultrastructural changes 
consistent with thyroid 
hyperactivity) 

400 (decreased weight gain) 

Poon et al. 1997 

Poon et al. 1997 

Price et al. 1988a 

Shaffer et al. 1945 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
	

 

D
I-(2-ETH

YLH
EXYL 
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 109 Rat 21 d Hepatic 11 105 (biochemical and 

(Fischer- 344) (F) morphological evidence 
of peroxisome 
proliferation) 

Bd Wt 

110 Rat 54 d Hepatic 2000 (89% increase in relative 

(Fischer- 344) 1x/d 

(GO) 

liver weight; peroxisome 
proliferation) 

111 Rat 20 d Hepatic 357 (increased relative liver 
(Fischer- 344)Gd 0-20 weights) 

(F) Bd Wt 357 666 (19% reduced maternal 
weight gain) 

112 Mouse 4-13 wk Hepatic 188 F (increased relative liver 

(B6C3F1) (F) weight) 

113 Mouse 126 d Hepatic 420 (increased liver weights) 

(Cr1:CD-1) (F) 

Bd Wt 420 

114 Mouse 4 wk Bd Wt 1171 
(ICR) 2 d/wk 

(GO) 

115 Mouse 15 d Hepatic 2000 (increased liver weight, 
(NS) 1x/d changes in enzyme 

(GO) activity) 

Bd Wt 2000 (11% change in body 
weight gain) 

Short et al. 1987 

2100 (no weight gain) 

Tomaszewski et al. 
1988 

Tyl et al. 1988 

856	 (39% reduced maternal 
weight gain) 

David et al. 1999 

Lamb et al. 1987 

Lee et al. 1997 

Parmar et al. 1988 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 	
	

 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 116 Mouse 17 d Other 44 91 (rough coat; lethargy) Tyl et al 1988 

(CD-1) Gd0-17 

(F) Hepatic                     91     191	 (increased relative liver 
weight) 

Bd Wt 91 191 (30% reduced weight gain) 

	
	

 

2400 M (degenerative liver lesions) Ward et al. 1998 

2400 M (degenerative renal lesions) 

2400 M (50% lower final body weight) 

1953 (significant increase in Weghorst et al. 1994 

relative liver weight) 

1953 (final body weight reduced 

117 Mouse 24 wk Hepatic 

Sv/l29 (F) 

Renal 

Bd Wt 

118 Mouse 24wk Hepatic 

(CH3/HeNCr) (F) 

Bd Wt 

119	 GnPig 15 d Hepatic 
(NS) 1x/d 

(GO) 

Bd Wt 
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over 50%) 

Parrnar et al. 1988 

Maruyama et al. 1994 

Shaffer et al. 1945 

2000	 (increased liver weight, 
decreased enzyme 
activity) 

2000	 (19% decrease in body 
weight gain) 

120 Hamster 30 wk Hepatic 1436 

(Golden (F)
Syrian) 

Renal                                            1436	  (increase relative kidney 
weight) 

Bd Wt                                           1436      (16% reductionin final 
body weight) 

Immunological/Lymphoreticular 

121	 Rat 90d 1900 M 

(Wistar) (F) 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 Reproductive 

122 Monkey 13 wk 

(Marmoset) 1x/d 
(GO) 

123 Rat 42 d 

(Wistar) (F) 

124 Rat 40 d 
(Sprague- Gd 3-21 
Dawley) ppd 1-21 

(GO) 

125 Rat 15 d 

(Wistar) (GO) 

126 Rat 30 d 

(Wistar) 1x/d 
(GO) 

127 Rat 13 wk 

(Sprague-
Dawley) 

(F)

128 Rat 13 wk 

(Sprague- 1x/d 

Dawley) (F) 

2500 M Kurata et al. 1998 

1200 (decreased testicular 
weight, seminal vesilce 

Gray and Butterworth 
1980 

and ventral prostrate with 
gradual post -exposure 
recovery) 

375 M (altered sexual differentiation Moore et al. 2001 
and decreased testes and 
anterior prostate weights in 
male offspring) 

2000 (decreased testicular weight, Parrnar et al. 1987 
changes in tubules, 
damaged spermatogenic 
cells; reduced sperm count) 

50 M (33% lower testicular 250 M (57% lower testicular weight, Parmar et al. 1995 
weight) testicular germ cell damage) 

3.7 M 37.6 M (mild vacuolation of 375.2 M (testicular atrophy with Poon et al. 1997 

Sertoli cells in 7/1 0 rats) complete loss of 
spermatogenesis in 9/10 
rats) 

345 M (testicular atrophy) Poon et al. 1997 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 	
	

 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 

129	 Rat 126 wk 339 M 1060 M (testicular lesions, reduced Schilling et al. 1999 

(Wistar) (F) pre - and postnatal survival, 
altered sexual differentiation 
in male offspring) 

130 Rat 90 d 400 900 (tubular atrophy and Shaffer et al. 1945 

(Wistar) (F) degeneration) 

131 Mouse 126 d 14
b 140 (decreased male fertility) Lamb et al. 1987 

(Cr1:CD-1) (F) 

132 Mouse 24 wk 2400 M (degenerative testicular Ward et al. 1998 

Sv/129 (F) 
lesions) 

Developmental 

133 Rat 21 d 500 (approximately 24% reduced Cimini et al. 1994 

(Fischer- 344) ppd 1-21 
1 x/d 

pup body weight on ppd 21) 

(GO) 

134 Rat 90d 340 1700 (10% decreased fetal Nikonorow et al. 1973 

(Wistar) preGd 90 -Gdl 
1 x/d 

weight and 8% decrease 
in placental weight) 

(GO) 

135 Rat 21d 164 313 (increased prenatal and Price et al. 1986 

(Fischer- 344) Gd 0-20 perinatal mortality) 

(F) 

136 Rat 21 d 1000 (significant peroxisome Stefanini et al. 1995 

(Fischer- 344) ppd 1-21 
1 x/d 

proliferation in both liver 
and kidneys from pups) 

(GO) 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 137 Rat 20 d 

(Fischer- 344)Gd 0-20 
1x/d 

(F) 

138 Mouse 18 d 
(CD-1) Gd 0-17 

(F) 

139 Mouse Gd 1-18 

(ICR) (F) 

140 Mouse 17 d 
(CD-1) Gd 0-17 

1x/d 

(F) 

357 666	 (decreased fetal body 1055 
weight) 

48 95 

83 170 

44 91 

(fetal resorptions) Tyl et al. 1988


(increased prenatal and Price et al. 1988c


perinatal mortality)


(increased percent Shiota et al. 1980


resorptions and dead

fetuses)


(external, visceral and Tyl et al. 1988


skeletal abnormalities)
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 	
	

 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 CHRONIC EXPOSURE 

Death 

141 Mouse 104 weeks 	
 

Resp 

Cardio 

Gastro 

Hemato 

Hepatic 

Renal 

Bd Wt 

Resp 

Cardio 

Gastro 

Hemato 

Hepatic 

Renal 

Bd Wt 

Hepatic 

200 

200 

200 

200 

60 200 

60 200 

60 200 

190 

190 

190 

190 

60 190 

190 

60 190 

92 

1266 M	 (45% reduced survival due to David et al. 1999, 
hepatocellular neoplasia) 2000b 

Carpenter et al. 1953 

(increased liver weight at 
365 days) 

(increased kidney weight 
at 365 days) 

(decreased body weight 
gain) 

Carpenter et al. 1953 

(increased live weight) 

(decreased body weight 
gain for males) 

(induced peroxisomal Cattley et al. 1987 

enzyme activities) 

(B6C3F1) (F) 

Systemic 

142	 Rat 1 yr 
(Sherman) (F) 

143	 Rat 2 yr 
(Sherman) (F) 

144	 Rat 2 yr 

(Fischer- 344) (F) 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 145 Rat 104 weeks Gastro 939 F 

(Fischer - 344) (F) 

146 Rat 

(Sprague-
Dawley) 

147 Rat 

Hemato 939 F 

Musc/skel 939 F 

Hemato 939 F 

Hepatic 36 F 147 M 

Renal 36 F 147 M 

Endocr 939 F 

Bd Wt 789 M 

102 wk Hepatic 140 

(F) 

Bd Wt 14 140 

2 yr Hepatic 322 

(Fischer - 344) (F) 

Endocr 674 

(28.2% increased liver 
weight and spongiosis 
hepatis) 

(9.8% increased relative 
kidney weight) 

(15% reduced body 
weight gain) 

(morphological and 
enzymatic evidence of 
moderate peroxisome 
proliferation) 

(approximately 10% 1400 (approximately 27% lower 
lower final body weight final body weight than 
than controls) controls) 

(increased incidence of 
foci of clear cell changes 
in liver) 

(anterior pituitary cell 

hypertrophy) 

David et al. 1999, 
2000a 

Ganning et al. 1991 

Kluwe et al. 1982a 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 148 Rat 2 yr 

(Sprague- (F) 
Dawley) 

149	 Rat 365 d 

(Fischer- 344) (F) 

150	 Rat 95 wk 

(Fischer-344) (F) 

151	 Rat 108 wk 

(Fischer-344) (F) 

Hepatic 1377 

Hepatic 947 

Bd Wt 947 

Hepatic 2444 

Resp 2000 

Gastro 2000 

Hepatic 2000 

Renal 2000 

Bd Wt 

(increased relative liver 
weight; increases in 
mitochondria, 
peroxisomes, lipofuscin 
deposits, conjugated 
dienes and peroxisomal 
enzymes) 

(50% increase in relative 
liver weight and DNA 
synthesis; morphological 
and biochemical evidence 
of peroxisome 
proliferation) 

(final body weight 
reduced 17% relative to 
controls) 

(peroxisome 
proliferation, decreased 
catalase and increased 
fatty acid oxidase 
activity) 

(pseudoductular lesions 
in the pancreas) 

(100% increase in liver 
weight) 

(lipofuscin pigments in 
tubular epithelium) 

Lake et al. 1987 

Marsman et al. 1988 

Rao et al. 1987 

Rao et al. 1990 
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2000	 (27% decrease in body 
weight gain) 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

D
I-(2-ETH
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EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 152	 Rat 

(Wistar) 

153	 Mouse 

(B6C3F1) 

154	 Mouse 

(B6C3F1) 

155	 Gn Pig 

(NS) 

156	 Dog 

(NS) 

79 wk Hepatic 

(F) 

Bd Wt 

104 weeks Gastro 

(F) 

Hemato 

Musc/s kel 

Hepatic 

Renal 

Endocr 

Bd Wt 

2 yr Renal 

(F) 

1 yr Hepatic 

(F) 

Renal 

Bd Wt 

1 yr Hepatic

5d/wk

1x/d

(C)	

Renal 

Bd Wt 

1458 F 

1458 F 

1458 F 

117 F 

117 F 

1458 F 

354 F 

672 

19 

64 

64 

59 

59 

59 

867 (changes in peroxisomal Tamura et al. 1990 

enzymes, increased liver 
weight) 

867 (21% decrease in body 
weight gain) 

David et al. 1999, 
2000b 

292 M	 (30.5% increase liver 
weight with hepatocyte 

354 F	 (increased chronic 
progressive 
nephropathy, 12% 
decreased relative 
kidney weight) 

1266 M	 (9.8% reduced body 
weight gain) 

1325 M (chronic inflammation of Kluwe et al. 1982a 

the kidney) 

64 (increase in liver weight) Carpenter et al. 1953 

Carpenter et al. 1953 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 Immunological/Lymphoreticular 

157 Rat 2 yr 190 

(Sherman) (F) 

158 Gn Pig 1 yr 64 

(NS) (F) 

Reproductive 

159 Rat 1 yr 328 

(Sherman) (F) 

160 Rat 2 yr 190 

(Sherman) (F) 

161 Rat 104 weeks 5.8c

(Fischer- 344) (F) 

162 Rat 102 wk 

(Sprague- (F)
Dawley) 

163 Rat 2 yr 322 

(Fischer- 344) (F) 

164 Rat 18 mo 

(Wistar) (F) 

165 Mouse 104 weeks 98.5 

(B6C3F1) (F) 

166 Mouse 2 yr 672 

(B6C3F1) (F) 

Carpenter et al. 1953 

Carpenter et al. 1953 

Carpenter et al. 1953 

Carpenter et al. 1953 

29	 (bilateral testicular David et al. 2000a 

aspermatogenesis) 

14 (inhibition of Ganning et al. 1991 
spermatogenesis and 
general tubule atrophy) 

674	 (severe seminiferous tubular Kluwe et al. 1982a 
degeneration and testicular 
atrophy) 

2000 (testicular atrophy) Price et al. 1987 

292	 (reduced testes weights and David et al. 2000b 
hypospermia) 

1325	 (seminiferous tubular Kluwe et al. 1982a 

degeneration) 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

D
I-(2-ETH

YLH
EXYL 

	
	

	
	

	
	

	
	

	
	

	
 

58 

Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 Cancer 

167 Rat 2 yr 1100 CEL (hepatocellular Cattley et al. 1987 

(Fischer- 344) (F) carcinoma) 

d 
168 Rat 104 wk 147 M (CEL: 11/65 hepatocellular David et al. 1999, 

(Fischer- 344) (F) tumors) 2000a 

939 F (CEL: 22/80 hepatocellular 
tumors) 

169 Rat 78 wk 1579 (CEL: 43% Hayashi et al. 1994 

(Fischer-344) (F) hepatocarcinomas, 0% in 
controls at week 78) 

170 Rat 2 yr 
(Fischer-344) (F) 

322 CEL (hepatocellular 
carcinoma) 

Kluwe et al. 1982a 

1
(Sprague- (F)
Dawley) 

carcinoma) 

172 Rat 95 wk 2444 CEL (hepatocellular Rao et al. 1987 

(Fischer- 344) (F) carcinoma) 

173 Mouse 104 wk 

(B6C3F1) (F) 

d 
292 M (CEL: 27/65 hepatocellular 

tumors) 
David et al. 1999, 
2000b 

71 Rat 2 yr 1377 CEL (hepatocellular Lake et al. 1987 

354 F	 (CEL: 19/65 hepatocellular 
tumors) 
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Table 3-2. Levels of Significant Exposure to Di-(2-ethylhexyl)phthalate - Oral (continued) 

D
I-(2-ETH

YLH
EXYL 
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Exposure/ LOAEL 
duration/ 

Key toa Species frequency NOAEL Less serious Serious Reference 
figure (Strain) (Specific route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form 

	
 174	 Mouse 2 yr 672 CEL (hepatocellular Kluwe et al. 1982a 

(B6C3F1) (F) carcinoma) 

	
 ”The number corresponds to entries in Figure 3-2. 

bUsed to derive an intermediate-duration oral minimal risk level (MRL) of 0.1 mg/kg/day; The MRL was derived by dividing the NOAEL by an uncertainty factor of 100 (10 for 
animal to human extrapolation and 10 for human variability). 

cUsed to derive a chronic-duration oral minimal risk level (MRL) of 0.06 mg/kg/day. The MRL was derived by dividing the NOAEL by an uncertainty factor of 100 (10 for 
animal to human extrapolation and 10 for human variability). 

dDifferences in levels of health effects and cancereffects between males and females are not indicated in Figure 3-2. Where such differences exist, only the levels of effect for the 
most sensitive gender are presented. 

Bd Wt = bodyweight; (C) = capsule; Cardio= cardiovascular; CEL = cancereffect level; d = day(s); DNA = deoxyribonucleic acid; (F) = feed; F = female;(G) = gavage; Gastro 
= gastrointestinal; Gd = gestation day; Gn pig= guinea pig; (GO) = gavageoil; Hemato = hematological; LOAEL = lowest-observed-effect level; Ld = lactation day; LD

50
= lethal 

dose,50% kill; mo = month(s); M = male; NOAEL = no-observed-adverse-effect level; NS = not specified; ppd = postpartumday(s); Resp= respiratory; wk = week(s); x = 
time(s); yr = year(s) 
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14r 
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41m 

9k43g 42m 
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8n 
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30r 31r 
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47r 

49r 

49r 

50r 

29r 
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52k 53r 54r 

55r 56r 
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67r 
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69r 
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71r 

58r 

58r 

57r 

57r 

55r 56r 

51k 

64r 

72r 73r 

75r 
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81r 
80r 
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90m 
91g 89r 92h 
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93k 93k 
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105r 

119g 
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94k 
113m 

112m 116m 

117m 
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116m 

97r 

95r 

109r 

102r 
105r 

109r 

97r 

95r 

96r 98r 99r 

105r 106r 111r 

101r 

105r 

105r 106r 106r 

103r 104r 108r 110r 
93k 

120s 
108r 

93k 
100r 

93k 93k 

107r98r 

117m93k 



114m 
120s 
119g 

117m 
115m 118m 

113m 

116m 

116m 

102r 

102r 

95r 98r 

95r 103r 
104r 

105r 

108r 

108r 105r 

116m 

116m 

101r 

109r 

111r 
111r 

111r 

121r 
122k 
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Respiratory Effects. No studies were located regarding respiratory effects in humans after oral 

exposure to DEHP. No adverse respiratory effects were reported in any of the animal studies reviewed. 

However, no study was located that evaluated pulmonary function. 

Cardiovascular Effects. No studies were located regarding cardiovascular effects in humans after 

oral exposure to DEHP. No adverse cardiovascular effects were reported in any of the animals studies 

reviewed. However, no study was located that evaluated cardiovascular function in animals following 

oral exposure. 

A potential effect in human heart muscle contractility was identified in in vitro studies. 

Mono(2-ethylhexyl)phthalate (MEHP) (a product of DEHP hydrolysis) displayed a dose-dependent 

negative inotropic effect on human atrial trabecula (Barry et al. 1989, 1990). This suggests the possibility 

that high levels of serum MEHP could have a cardiotoxic effect in humans. However, rapid metabolism 

of MEHP would act to minimize the probability that MEHP concentrations would reach the concentration 

associated with the negative inotropic effect. The authors suggested that infants with multisystem failures 

would be the group at greatest risk to a cardiotoxic effect of MEHP. In contrast to the in vitro studies, 

there was no indication of cardiovascular effects in 18 infants who had increased plasma levels of DEHP 

(8.3±5.7 Fg/mL, mean highest concentration) from exposure during extracorporeal membrane 

oxygenation (ECMO) therapy (DEHP had leached from plastic tubing) (Karle et al. 1997). Cardiac 

performance was evaluated by using echocardiograms to estimate output from heart rate, systolic blood 

pressure, left ventricular shortening fraction, and stroke volume measurements. 

Gastrointestinal Effects. Acute exposures to large oral doses of DEHP can cause gastrointestinal 

distress. When two humans were given a single oral dose of 5 or 10 g DEHP, the individual consuming 

the larger dose complained of mild abdominal pain and diarrhea (Shaffer et al. 1945). No other effects of 

exposure were noted. No adverse gastrointestinal effects were reported in any of the animal studies 

reviewed with the exception of pseudoductular lesions in the pancreas of rats administered 3,000 mg 

DEHP/kg/day in the diet for 108 weeks (Rao et al. 1990). The significance of this finding is unclear 

because pancreatic lesions were not observed in rats and mice that were similarly exposed to dietary 

DEHP at doses #939 and 1,458 mg/kg/day, respectively, for 104 weeks (David et al. 2000a, 2000b). 
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Hematological Effects. No studies were located regarding hematological effects in humans after 

oral exposure to DEHP. There were no hematological changes in male Cynomolgus monkeys that were 

administered 500 mg DEHP/kg/day by gavage for 14 consecutive days (Pugh et al. 2000). Exposure of 

male albino rats to doses of 200–1,900 mg/kg/day DEHP in the diet for 90 days had no effect upon red 

blood cell counts, hemoglobin levels, or differential white cell counts (Shaffer et al. 1945). In contrast, a 

recent 13-week dietary study in Sprague-Dawley rats reported slight but significant decreases in red blood 

cell counts and serum hemoglobin in males that received approximately 375.2 mg DEHP/kg/day (Poon et 

al. 1997); a dose of 37.6 mg DEHP/kg/day was without effect. In a separate experimental series in the 

same study, it was reported that doses of 345 and 411 mg DEHP/kg/day (only levels tested) in male and 

female rats, respectively, significantly increased blood cell counts and decreased mean corpuscular 

hemoglobin in females, and significantly increased platelet counts in both males and females (Poon et al. 

1997). There is no apparent explanation for the inconsistent results between the Shaffer et al. (1945) and 

Poon et al. (1997) studies other than the fact that the Poon et al. (1997) values might still have been 

within the normal range for the rats; no statistical analysis was presented in the Shaffer et al. (1945) 

study. No adverse hematological effects were reported in an intermediate-duration gavage study in 

marmoset monkeys administered up to 2,500 mg DEHP/kg/day (Kurata et al. 1998). Exposures of rats to 

200 mg/kg/day for 1 year caused no changes in erythrocyte or total and differential leukocyte counts 

(Carpenter et al. 1953). Similarly, comprehensive hematological evaluations showed no toxicologically 

significant changes in F344 rats and B6C3F1 mice that were fed DEHP in the diet at doses #939 or 

1,458 mg DEHP/kg/day, respectively, for 104 weeks (David et al. 2000a, 2000b). 

Musculoskeletal Effects. No studies were located regarding musculoskeletal effects in humans and 

no reports of musculo/skeletal effects in animals were found in any of the studies reviewed. 

Hepatic Effects. No studies were located regarding hepatic effects in humans after oral exposure to 

DEHP. Limited information on hepatic effects in humans exposed to DEHP is available from studies of 

dialysis patients and cultured human hepatocytes. In one individual there was an increased number of 

liver peroxisomes after 1 year, but not after 1 month of treatment (Ganning et al. 1984, 1987). A serious 

limitation of this observation is that repeat biopsies were not obtained from the same patient, so that an 

appropriately controlled analysis is not possible. Additionally, analysis of liver biopsies from patients 

receiving other kinds of hypolipidemic drugs has not yielded any evidence for peroxisomal proliferation 

(Doull et al. 1999). Recognizing some limitations of using primary hepatocytes in vitro because of their 

tendency to lose some metabolic capabilities (Reid 1990), in cultured human hepatocytes there were no 

changes in the activities of peroxisomal palmitoyl-CoA oxidase and/or carnitine acetyltransferase when 
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the cells were exposed to MEHP (Butterworth et al. 1989; Elcombe and Mitchell 1986; Hasmall et al. 

2000). 

There are abundant animal data detailing the effects of DEHP on liver structure and function. Rats and 

mice are most susceptible to the hepatic effects of DEHP, while dogs and monkeys are less likely to 

experience changes in the liver after exposure. In general, the data indicate that male rats are more 

susceptible to the hepatic effects of DEHP than are females. 

Hyperplasia/Hypertrophy. Oral exposures of rats and mice to DEHP characteristically result in a marked 

increase in liver mass (Barber et al. 1987; Berman et al. 1995; Carpenter et al. 1953; David et al. 1999, 

2000a, 2000b; DeAngelo et al. 1986; Dostal et al. 1987a, 1987b; James et al. 1998; Lake et al. 1986; 

Lamb et al. 1987; Marsman et al. 1988; Mitchell et al. 1985b; Oishi 1989a, 1994; Parmar et al. 1988; 

Poon et al. 1997; Rao et al. 1990; Rhodes et al. 1986; Shin et al. 1999; Takagi et al. 1990; Tamura et al. 

1990; Tomaszewski et al. 1988; Tyl et al. 1988). This is due to rapid cell division (hyperplasia), along 

with some enlargement of cells (hypertrophy). A 14-day exposure of rats to 1,200 mg/kg/day increased 

the relative liver weight by 52% after 1 week and 74% after 2 weeks (Takagi et al. 1990). Relative liver 

weight was significantly increased in F344 rats (28.2% higher than controls) and B6C3F1 mice (30.5% 

higher than controls) that were fed DEHP in the diet at doses of $147 and $292 mg/kg/day, respectively, 

for 104 weeks (David et al. 2000a, 2000b). 

Hepatic hyperplasia appears to be the initial physiological response to DEHP exposure in rats (Busser and 

Lutz 1987; Smith-Oliver and Butterworth 1987). When rats were exposed to single doses of $150 mg 

DEHP/kg, there was an increase in cell division within 24 hours (Berman et al. 1995; Busser and Lutz 

1987; Smith-Oliver and Butterworth 1987). Treatment for 2 days with approximately 1,000 mg DEHP/kg 

significantly increased relative liver weight and DNA synthesis in rats and to a lesser extent in mice 

(James et al. 1998). During the early stages of a chronic study, repeated oral doses of $50 mg/kg/day 

increased mitotic activity when given to rats for 3 consecutive days (Mitchell et al. 1985b). The increase 

in mitosis occurred only in the early stages of treatment and did not persist beyond the first week of 

exposure in studies with 3–12-month durations (Marsman et al. 1988; Mitchell et al. 1985b; Smith-Oliver 

and Butterworth 1987). The observation that DEHP causes an early transient increase in liver DNA 

synthesis above a certain dose level is similar to phenobarbital, a known rodent liver tumor promoter 

(Dalton et al. 2000), and strengthens the conclusion that DEHP is an epigenetic tumor promoting agent in 

rodents as discussed in Section 3.5.2 (Mechanisms of Toxicity). 
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Morphology. Morphological changes which were observed in the livers of treated rats included fat 

deposits in the periportal area, a decline in centrilobular glycogen deposits, and structural changes in the 

bile ducts (Mitchell et al. 1985b; Price et al. 1987). Liver cells became enlarged and lipofuscin deposits 

accumulated, indicating that peroxidation of cellular lipids had occurred (Lake et al. 1987; Mitchell et al. 

1985b; Price et al. 1987). On a microscopic level, there was a definite increase in hepatic peroxisomes in 

the centrilobular and periportal areas of the liver and there was often an increase in the number of 

mitochondria (Hodgson 1987; Nair and Kurup 1987a). Lipid filled lysosomes were observed in some 

cases (Mitchell et al. 1985b). Each of these changes contributed to cellular hypertrophy. Many of the 

morphological changes described above were seen in the male rats at doses $50 mg/kg/day but did not 

appear in the females until doses of 200 mg/kg/day and above (Mitchell et al. 1985b), indicating that male 

rats are somewhat more susceptible than are females. Histopathological changes in the liver of rats that 

were exposed to DEHP in the diet for up to 104 weeks included spongiosis hepatis at doses 

$147 mg/kg/day, and diffuse hepatocellular enlargement, increased cytoplasmic eosinophilia, and 

increased Kupffer cell or hepatocyte pigmentation at $789 mg/kg/day (David et al. 2000a). Hepatic 

effects in mice that were similarly exposed to DEHP for 104 weeks included hepatocellular enlargement 

and increased hepatocyte pigmentation, cytoplasmic eosinophilia, and chronic inflammation at doses 

$1,266 mg/kg/day (David et al. 2000b). 

Peroxisome Proliferation. An increase in hepatic peroxisomes and induction of peroxisomal enzymes 

are markers of DEHP exposure in rodents. Acute exposures to doses of 1,000 mg/kg/day or greater were 

consistently associated with an increase in cellular peroxisomes (Ganning et al. 1989; Rhodes et al. 1986; 

Shin et al. 1999). Along with the increase in the number of peroxisomes, there is a simultaneous increase 

in the activities of many of the peroxisomal enzymes, especially those related to the catabolism of fatty 

acids. Peroxisomes are organelles that utilize molecular oxygen and produce hydrogen peroxide during 

substrate catabolism (Figure 3-3). They contain a variety of enzymes including oxidases, peroxidases, 

and catalase (McGilvery and Goldstein 1983). Peroxisomal fatty acid oxidation follows the same 

pathway utilized by mitochondria except that ATP is not generated and hydrogen peroxide is produced in 

place of water. Subsequently catalase and peroxidases reduce hydrogen peroxide to water. Peroxisomal 

fatty acid oxidation cannot completely degrade a fatty acid to acetyl-coenzyme A (CoA). Octanoyl CoA 

is exported to the mitochondria for the completion of oxidation by way of the citric acid cycle and 



DI(2-ETHYLHEXYL)PHTHALATE 71 

3. HEALTH EFFECTS 

Figure 3-3. Peroxisomal Fatty Acid Metabolism 

Adapted from Stott 1988
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electron transport chain (Figure 3-3). Accordingly, proliferation of peroxisomes and increased fatty acid 

catabolism by this organelle requires a simultaneous increase in mitochondrial fatty acid metabolism. 

There are multiple changes in peroxisomal enzymes that occur following exposures to DEHP. Some of 

the changes are due to peroxisomal proliferation, but induction of specific enzymes is also apparent. 

There is considerable agreement among studies that indicate that the activities of the enzymes responsible 

for fatty acid catabolism (palmitoyl-CoA oxidase, enoyl-CoA hydratase, carnitine acyltransferase, and 

α-glycerophosphate dehydrogenase) were increased in rodents after exposure to DEHP by factors as great 

as 1,500% (Cattley et al. 1988; David et al. 1999; Dostal et al. 1987a; Elliott and Elcombe 1987; Ganning 

et al. 1991; Lake et al. 1986; Poon et al. 1997; Rhodes et al. 1986; Ward et al. 1998). Some evidence of 

peroxisomal enzyme induction was apparent in rats within 3 weeks at a dose of 50 mg/kg/day (Barber et 

al. 1987; Mitchell et al. 1985b; Short et al. 1987) but not with doses as low as 5 and 11 mg/kg/day 

(Barber et al. 1987; Short et al. 1987). Chronic administration of 14 mg/kg/day DEHP to rats caused a 

gradual increase in the activities of selected enzymes (palmitoyl Co-A oxidase, carnitine 

acetyltransferase) over a period of 102 weeks. At the end of this time, enzyme activities were more than 

twice the values for the controls (Ganning et al. 1991). 

If fatty acid catabolism by peroxisomes is increased by DEHP exposure and excess hydrogen peroxide is 

produced, there is an increased requirement for detoxification by peroxisomal catalase and the cellular 

peroxidases. However, the data concerning the impact of DEHP on catalase in rats are inconsistent. 

There are reported dose and duration conditions where the activity of catalase decreased (Ganning et al. 

1989; Rao et al. 1987), where it remained constant (Elliott and Elcombe 1987; Perera et al. 1986), and 

where it increased (Perera et al. 1986; Tamura et al. 1990). Both increases and decreases in catalase were 

reported following various durations of exposure of rats to doses of 14, 140, or 1,400 mg/kg/day DEHP 

over a 102-week period (Ganning et al. 1991). In time course studies of 79 weeks at 867 mg/kg/day 

(Tamura et al. 1991) and 52 weeks at 6,000 mg/kg/day (Conway et al. 1989), increases in rat liver 

catalase were sustained. It should be noted that increases in catalase in these studies did not exceed 200% 

of control levels. 

In addition to catalase, the enzymes glutathione peroxidase and superoxide dismutase are important 

elements in the cellular defenses against free radical oxygen. Cytoplasmic activity of glutathione 

peroxidase was decreased in rats by 14 and 28 days of exposure to doses of 500–2,000 mg/kg/day DEHP 

(Elliott and Elcombe 1987; Perera et al. 1986) and superoxide dismutase activity was decreased by a 

28 day exposure of rats to 1,000 and 2,000 mg/kg/day (Elliott and Elcombe 1987). Glutathione 
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peroxidase activity in rats was also found to be depressed to about 50% of control values throughout 

79 weeks of exposure to 867 mg/kg/day DEHP (Tamura et al. 1990) and throughout 52 weeks of 

exposure to 600 mg/kg/day (Conway et al. 1989). 

Peroxidases and catalase are present in hepatic cells and are able to detoxify the peroxide produced by the 

peroxisomes. Fluctuations in levels of glutathione peroxidase and catalase activity following DEHP 

treatment in rats might indicate that the capacity to oppose an increased production of hydrogen peroxide 

by the peroxisomes is limited. It can also be postulated that a variety of exogenous factors such as diet, 

and other metabolic demands on the liver might govern the capacity of the hepatic free radical defense 

system to respond to the increased peroxisomal production of hydrogen peroxide. In addition to the 

enzymes mentioned above, the lipid ubiquinone, which acts as an antioxidant protecting against lipid 

oxidation and also protein and DNA oxidation, was significantly increased after treatment with 

approximately 2,500 mg DEHP/kg/day for 21 days in rats of various ages (Turunen and Dallner 1998). 

The authors suggested that this increase might be a response to oxidative stress. DEHP 

(1,000 mg/kg/day) given in the diet of rats for 30 days also increased cellular ubiquinone, by 250% (Nair 

and Kurup 1987b). 

When peroxisomal catabolism of fatty acids is not accompanied by an increase in the ability of the liver 

to detoxify hydrogen peroxide, the excess hydrogen peroxide might react with cellular lipids, proteins, 

and nucleic acids (Reddy et al. 1986). Slight but significant increases in malondialdehyde and conjugated 

dienes (markers for the reaction of peroxides with fatty acids) were seen in rat hepatic cells following 

28 days of exposure to 2,000 mg/kg/day DEHP (Elliott and Elcombe 1987). The catalase activity was 

unchanged while glutathione peroxidase activity was decreased. In a separate study, there was no 

increase in oxidized lipids in exposed livers as indicated by malondialdehyde concentrations following 

79 weeks of dietary exposure to 867 mg/kg/day DEHP (Tamura et al. 1990). Catalase activity was 

increased and glutathione peroxidase activity decreased. Higher dose levels were not tested. Lipofuscin 

deposits, a long-term marker for lipid reactions with peroxides, were identified in the livers of rats 

exposed to between 500 and 2,000 mg/kg/day DEHP for their lifetime (Cattley et al. 1987; Price et al. 

1987). Thus, there are some data to support the hypothesis that at least a portion of the hepatic damage 

induced by DEHP is the result of the reaction of hydrogen peroxide with cellular lipids. 

Serum and Tissue Lipids. A decrease in circulating cholesterol and triglyceride levels is also associated 

with DEHP exposure in rats (Bell 1982; Dostal et al. 1987a; Eagon et al. 1994; Mocchiutti and Bernal 

1997; Oishi 1989a; Poon et al. 1997; Rhodes et al. 1986), but not in primates (Rhodes et al. 1986). 
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Increased fatty acid catabolism decreases the concentration of free fatty acids available for export from 

the liver as circulating triglycerides. This provides a rationale for the lowered triglyceride values. The 

lowered serum cholesterol concentration apparently results from inhibition of cholesterol synthesis and 

stimulation of the conversion of cholesterol to bile acids in the liver (Nair and Kurup 1986). 

Studies by Bell and coworkers have shown that DEHP also can alter sterologenesis in rodents, which may 

have an impact on steroid-dependent functions, such as reproductive functions. For example, feeding 

female rats DEHP at an estimated dose of 500 mg/kg/day for 13 days significantly inhibited 

sterologenesis from 14C-mevalonate in liver and adrenal minces (Bell 1980). DEHP also inhibited 

cholesterol synthesis in the liver from male rats and rabbits as well as in rats’ testes (Bell 1982). In a 

subsequent study, Bell and Buthala (1983) demonstrated that the inhibition of cholesterol synthesis in the 

liver was due to a reduction in the activity of microsomal acylCoA:cholesterol acyltransferase, an enzyme 

responsible for the esterification of cholesterol. 

Mixed Function Oxidase Enzymes. The mixed function oxidase (MFO) system is a second hepatic 

enzyme system which appears to be affected by DEHP in rodents (Ganning et al. 1991; Hodgson 1987; 

James et al. 1998; Parmar et al. 1988; Rhodes et al. 1986; Short et al. 1987), but not in monkeys (Kurata 

et al. 1998; Rhodes et al. 1986). The MFO system consists of cytochrome P-450, a series of hydratases 

and hydroxylases. Peroxisome proliferators particularly induce P-450 isoenzymes of the CYP4A 

subfamily, which have fatty acid omega and omega-1 hydroxylase activity. Significant induction of fatty 

acid omega hydoxylase and P-450 4A1 mRNA were reported following DEHP administration to rats 

(Sharma et al. 1988, 1989). Changes in hepatic levels of cytochrome P-450, NADPH Cytochrome 

c reductase, lauryl-11- and 12-hydroxylase, ethoxycoumarin-O-deethylase, ethylmorphine-

N-demethylase, and aniline hydroxylase were increased by DEHP exposure in rats by doses as low as 

50 mg/kg/day (Ganning et al. 1991; Hodgson 1987; Mitchell et al. 1985b; Parmar et al. 1988; Rhodes et 

al. 1986; Short et al. 1987). A comparative study in rats, hamsters, and mice, using immunochemical 

techniques, showed that mice were the most responsive species for induction of hepatic microsomal 

carboxylesterases after 7 days of dosing with DEHP, whereas rats were less responsive and hamsters were 

poorly responsive or unresponsive, particularly in butinilicaine hydrolase activity (Hosokawa et al. 1994). 

Age-dependent effects on enzyme activities were examined in rats of three ages, 3, 6, and 10 weeks old 

(Parmar et al. 1994). Single administration of 2,000 mg DEHP/kg decreased the cytochrome P-450 

contents in the liver and activity of aryl hydrocarbon hydroxylase (AHH), aniline hydroxylase, and 

ethylmorphine N-demethylase in all age groups, while repeated exposure induced them with maximum 

increases occurring in 3-week-old rats. Administration of DEHP for 15 days decreased cytochrome 
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P-450 and the activity of the three enzymes only in the 3-week-old rats. Six- and 10-week-old rats 

showed an inhibition of AHH and increased activity of aniline hydroxylase and ethylmorphine 

N-demethylase, which were lower than that seen after 7 days of exposure in their respective groups. The 

effect of the changes in the MFO enzymes on the liver is difficult to evaluate. Although the MFO system 

tends to process various foreign chemicals and thus be of benefit, some of the oxidized intermediary 

metabolites produced by the initial MFO reactions are more toxic than are the parent compounds. 

Carbohydrate Metabolism. Some impact of DEHP on carbohydrate metabolism in the liver of rats has 

also been observed. Glycogen deposits decline with DEHP exposure. This might be the result of a need 

to mobilize glucose for use in the liver. Since exposure to as little as 50 mg/kg/day DEHP for 28 days 

decreases the activity of hepatic glucose-6-phosphatase in rats (Mitchell et al. 1985b), the transport of 

glucose from the liver is limited. Therefore, the decline in hepatic glycogen might be the result of 

increased hepatic glucose utilization. Some of the glucose could be metabolized to produce the reducing 

equivalents necessary for the activity of glutathione peroxidase. This suggestion is supported by the 

finding that glucose-6-phosphate dehydrogenase activity is increased in both male and female rats 

exposed to 50–2,000 mg/kg/day DEHP (Gerbracht et al. 1990). The activities of glyceraldehyde-

3-phosphate dehydrogenase, malic enzyme (extramitochondrial), and lactic dehydrogenase were also 

increased (Gerbracht et al. 1990). These enzymes are used during hepatic catabolism of glucose and 

produce intermediary metabolites that are used, among other things, for the manufacturing of new cells 

during hepatic hyperplasia. 

Membrane Structure. The effect of DEHP on liver metabolism might be modulated through a change in 

the structure of the cell membranes. Both membrane proteins and lipids are altered with DEHP exposure 

(Bartles et al. 1990; Edlund et al. 1987; Ganning et al. 1987; Gupta et al. 1988). Following 15 days of 

dietary exposure to 1,000 mg/kg/day DEHP, the concentration of membrane protein CE-9 was increased 

in rats. This protein appears to be related to transport of the biochemical signal which stimulates 

peroxisome proliferation. Other membrane protein concentrations were decreased with DEHP exposure 

in rats including epidermal growth factor receptor, asialoglycoprotein receptor, dipeptidylpeptidase-IV, 

HA-312, and HA-4 (Bartles et al. 1990; Gupta et al. 1988). There was an increase in the concentrations 

of the membrane lipids dolichol and dolichol phosphate upon the introduction of DEHP into the diet of 

rats (Edlund et al. 1987; Ganning et al. 1987). Dolichol phosphate participates in the synthesis of 

membrane glycoproteins. Accordingly, glycoprotein membrane receptor sites could be affected by DEHP 

through this mechanism leading to altered movement of materials across membranes and signaling 

changes in cell metabolism.  A recent study reported that administration of 1,200 mg DEHP/kg/day for 
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3 days to rats resulted in significant increases in total liver lipid content and total phospholipid 

(Adinehzadeh and Reo 1998). Moreover, DEHP significantly increased the phosphatidylcholine, 

phosphatidylethanolamine, and cardiolipid in the liver. 

Other Species. The discussion of hepatic effects in the above subsections is based on effects in rats and 

mice. Not all animal species are equally susceptible to the hepatic effects of DEHP. Differences in 

responsiveness are particularly evident with respect to the increases in peroxisomal content of liver cells, 

induction of peroxisomal enzymes, and increased liver weight (hypertrophy and hyperplasia). Although 

these responses clearly occur in rats and mice, hamsters are only partially responsive and guinea pigs, and 

monkeys are refractory. 

Treatment of male rats for 14 days with 100 mg/kg/day of DEHP resulted in a 20% increase in relative 

liver weight, while in the same study, treatment of male hamsters with a 10-fold higher dose, 

1,000 mg/kg/day, also resulted in a 20% increase in relative liver weight, and 250 mg/kg/day DEHP had 

no effect (Lake et al. 1984a). In a study comparing male rats and guinea pigs, 950 mg/kg/day DEHP for 

4 days resulted in increased liver weight, peroxisomal fatty acyl CoA oxidase activity, peroxisome 

volume fraction, and hyperplasia in rats but not guinea pigs (Hasmall et al. 2000). In a study of male and 

female marmoset monkeys, 500 or 2,500 mg/kg/day DEHP for 13 weeks had no effect on relative liver 

weight, peroxisome volume density, or peroxisomal fatty acyl CoA oxidase activity (Kurata et al. 1998). 

In another marmoset study, 200 mg/kg/day DEHP for 14 days had no effect on relative liver weight, 

peroxisome area density, or peroxisomal fatty acyl CoA oxidase activity (Rhodes et al. 1986). Male 

cynomologus monkeys treated with 100 or 500 mg/kg/day DEHP by gavage for 25 days had no changes 

in relative liver weight or peroxisomal fatty acyl CoA oxidase activity (Short et al. 1987). Similarly, 

there were no effects on liver weight, liver histology, or hepatic markers for peroxisomal proliferation, 

including replicative DNA synthesis, peroxisomal beta-oxidation activity, and gap junctional intercellular 

communication, in male Cynomolgus monkeys that were administered 500 mg DEHP/kg/day by gavage 

for 14 consecutive days (Pugh et al. 2000). Since the reversible inhibition of gap junctional intercellular 

communication has been hypothesized to contribute to the mechanism of tumor promotion, and since 

most, if not all, tumor promoters, including DEHP (Malcolm and Mills 1983, 1989), have been shown to 

block gap junctional communication both in vitro and in vivo (Sai et al. 2000; Trosko 2001; Trosko and 

Chang 1988; Trosko et al. 1995), the lack of DEHP’s ability to inhibit gap junctional communication in 

the monkey where no tumor promotion occurs would be consistent with the results obtained. 



DI(2-ETHYLHEXYL)PHTHALATE 77 

3. HEALTH EFFECTS 

Dogs also appear to be resistant to hepatic effects from DEHP exposure. In dogs given doses of up to 

59 mg/kg/day DEHP for 1 year, there were no observed changes in liver weight or structure. Liver 

function as measured by sulfobromophthalein retention was not affected (Carpenter et al. 1953). Rabbits, 

on the other hand, experienced a significant decrease in relative liver weight following 7 days of exposure 

to 2,000 mg/kg/day DEHP (Parmar et al. 1988). There was a corresponding decrease in the activities of 

the MFO liver enzymes. Continued administration of this dose was lethal to the rabbits within 14 days. 

The role of peroxisome proliferation in DEHP-induced hepatocarcinogenesis in rodents and related issues 

are discussed in Section 3.5.2. 

Renal Effects. No studies were located regarding renal effects in humans after oral exposure to 

DEHP. A possible role of DEHP in polycystic kidney disease in long-term hemodialysis patients has 

been suggested (Bommer et al. 1985; Crocker et al. 1988; Krempien and Ritz 1980), but there is no 

conclusive evidence for such an association. No association can be inferred because significant 

confounding variables related to the compromised health status of dialysis patients usually preclude 

attributing a key role to DEHP. 

Studies in animals have provided an inconsistent picture. For example, acute (5–14-day) exposures of 

rats to doses of 1,000–1,200 mg/kg/day resulted in moderate increases in relative kidney weights (Dostal 

et al. 1987a; Takagi et al. 1990). In the Dostal et al. (1987a) study, the increase was observed in 21-, 42-

and 86-day-old rats, but not in younger rats. In other studies, gavage administration of 1,200 mg 

DEHP/kg/day for 3 days induced a 2–3-fold increase in kidney microsomal lauric acid omega

hydroxylation activity in rats (Sharma et al. 1989), although gavage doses of 2,000 mg/kg/day 

administered to rats or marmoset monkeys for 14 days did not significantly alter kidney weights (Rhodes 

et al. 1986). There were no changes in kidney weight or histology in Cynomolgus monkeys that were 

exposed to 500 mg DEHP/kg/day by gavage for 14 consecutive days (Pugh et al. 2000). 

In intermediate-duration studies, doses of 1,900 mg/kg/day administered to rats for 90 days did not 

significantly alter kidney weights (Shaffer et al. 1945), but doses of approximately 375 mg/kg/day for 

13 weeks significantly increased relative kidney weight in a more recent rat study (Poon et al. 1997). A 

24-week feeding study of 2,400 mg/kg/day DEHP reported degenerative renal lesions in Sv/129 wild type 

(+/+) mice prior to death, but only minimal renal lesions in knockout (-/-) type mice for PPARα (Ward et 

al. 1998). Hamsters fed approximately 1,436 mg DEHP/kg/day for 30 weeks showed a significant 

increase in relative kidney weight, but no histopathological alterations (Maruyama et al. 1994). No 
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adverse renal effects were reported in marmoset monkeys treated daily by gavage for 13 weeks with up to 

2,500 mg DEHP/kg/day (Kurata et al. 1998). 

In chronic-duration studies, effects observed in rats that were exposed to DEHP in the diet for 104 weeks 

included an increased incidence and severity of mineralization of the renal papilla in males at doses 

$5.8 mg/kg/day, increased relative kidney weight in both sexes at $147 mg/kg/day, and increased 

severity of normally occurring renal tubule pigmentation and chronic progressive nephropathy in both 

sexes at $789 mg/kg/day (David et al. 2000a). There were no significant changes in urine volume, urine 

creatinine concentration, creatinine clearance, or other urinalysis parameters in this study. Dietary 

administration of DEHP similarly caused increased kidney weights in rats that were exposed to 

200 mg/kg/day for 1 year, although no significant increase was observed after 2 years (Carpenter et al. 

1953), and lipofuscin pigments in the tubular epithelium of rats exposed to 3,000 mg DEHP/kg/day for 

108 weeks (Rao et al. 1990). Gavage administration of an average dosage of 0.92 mg DEHP/kg/day for 

1 year caused focal inflammatory changes accompanied by cystic dilation of the tubules in three of eight 

rats, as well as diminished mean creatine clearance in seven rats (Crocker et al. 1988). The lesions were 

consistent with spontaneous nephropathy commonly observed in old rats and suggested that treatment 

with DEHP might accelerate the onset of the lesion in younger rats. The significance of these findings is 

unclear due to the small number of animals, treatment of some animals with a leachate from an artificial 

kidney unit, unreported rat strain, and bolus method of exposure. Renal effects observed in mice that 

were exposed to DEHP in the diet for 104 weeks included increased severity of naturally occurring 

chronic progressive nephropathy at $354 mg/kg/day, but no toxicologically significant changes in 

urinalysis indices (David et al. 2000b). An increased incidence of chronic inflammation of the kidney 

was similarly observed in mice that ingested approximately 1,325 mg DEHP/kg/day in the diet for 2 years 

(Kluwe et al. 1982a). No adverse renal effects were seen in guinea pigs exposed to 64 mg DEHP/kg/day 

for 1 year, or in dogs exposed to 59 mg/kg/day for 2 years (Carpenter et al. 1953; Rhodes et al. 1986). 

The relevance of the kidney effects observed in the dietary studies in rats and mice is unclear because 

some of the findings (Crocker et al. 1988; David et al. 2000a, 2000b) indicate that they likely reflect 

exacerbation of age-, species-, and/or sex-related lesions by DEHP and are not accompanied by changes 

in kidney function. The mechanism of the effect induced by the lowest dietary dose of DEHP (i.e., 

mineralization of the renal papilla in rats exposed to 5.8 mg/kg/day) is unclear and might be consistent 

with male rat-specific precipitation of α2F-globulin (David et al. 2000a). Based on the available data, the 

kidneys do not demonstrate a consistent response to DEHP. 
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Endocrine Effects. No information was located regarding endocrine effects in humans after oral 

exposure to DEHP. Three studies in rats found that DEHP can alter thyroid structure and activity, 

although the clinical significance of these changes is not clear. Male Wistar rats administered 2,000 mg 

DEHP/kg/day in the food for 3, 7, or 21 days showed significant reductions in serum thyroxine (T4) 

levels at all time points, but serum triiodothyronine (T3) levels were essentially unaffected (Hinton et al. 

1986). Electron microscopy revealed a considerable increase in the number and size of lysosomes. Also, 

the Golgi apparatus was enlarged and the mitochondria appeared damaged. These changes were 

considered indicative of thyroid hyperactivity. Similar changes in the thyroid were reported in a 3-month 

feeding study, also in male Wistar rats (Price et al. 1988a). In the latter study, the authors observed that 

in the DEHP-treated rats the colloid was retracted from the follicular cells and contained considerable 

numbers of basophilic deposits which stained positive for calcium. Although the changes were consistent 

with thyroid hyperactivity, the rats did not exhibit any clinical signs of hyperthyroidism.  A more recent 

study in Sprague-Dawley rats reported reduced follicle size and colloid density in the thyroid following 

dietary administration of 345 mg DEHP/kg/day for 13 weeks (Poon et al. 1997). 

Other information on endocrine effects following oral exposure to DEHP includes that of no effects on 

adrenal weight in rats gavaged with up to 1,500 mg/kg/day for 14 days or once with up to 5,000 mg/kg 

(Berman et al. 1995), and of hypertrophy of anterior pituitary cells in rats administered approximately 

674 mg/kg/day for 2 years (Kluwe et al. 1982a). 

Further information regarding endocrine effects of DEHP can be found in the following Sections: 3.2.2.5 

Reproductive Effects, 3.2.2.6 Developmental Effects, 3.5.2 Mechanisms of Toxicity, and 3.6 Toxicities 

Mediated Through the Neuroendocrine Axis. 

Dermal Effects. No studies were located regarding dermal effects in humans or animals following 

oral exposure to DEHP 

Ocular Effects. No studies were located regarding ocular effects in humans or animals following oral 

exposure to DEHP 
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Body Weight Effects. There have been no reports of body weight alterations in humans attributed to 

oral exposure to DEHP, but numerous studies have documented reductions in body weight gain in 

animals. Most of the information is on rodents and in general, doses $1,000 mg DEHP/kg administered 

for periods of 5 days or longer reduce weight gain. Differences between controls and treated animals of 

>10% in either body weight gain or final weight are considered to be biologically significant by ATSDR. 

This has been seen after acute-duration exposure in marmoset monkeys (Rhodes et al. 1986), rats (Dostal 

et al. 1987a, 1987b, 1988; Gray and Butterworth 1980; Mehrotra et al. 1997, 1999; Parmar et al. 1988; 

Sjoberg et al. 1986a, 1986b), mice (Muhlenkamp and Gill 1998), guinea pigs (Parmar et al. 1988), and 

rabbits (Parmar et al. 1988). Similar observations have been made in intermediate-duration studies in rats 

(Barber et al. 1987; Mitchell et al. 1985b; Moccchiutti and Bernal 1997; Parmar et al. 1988; Poon et al. 

1997; Shaffer et al. 1945; Short et al. 1987), mice (Ward et al. 1998; Weghorst et al. 1994), guinea pigs 

(Parmar et al. 1988), and hamsters (Maruyama et al. 1994). No treatment-related changes in body weight 

were observed in Cynomolgus monkeys that were administered 500 mg DEHP/kg/day by gavage for 

14 consecutive days (Pugh et al. 2000), and marmoset monkeys gavaged daily with up to 2,500 mg 

DEHP/kg for 13 weeks experienced only a 5% reduction in weight gain relative to controls (Kurata et al. 

1998). In a chronic study, decreases in weight gain (unquantified) were reported in rats with doses as low 

as 200 mg/kg/day, but not at 60 mg/kg/day (Carpenter et al. 1953). Other chronic studies in rats reported 

reductions in weight gain with DEHP doses ranging from 867 to 3,000 mg/kg/day (David et al. 2000a, 

2000b; Ganning et al. 1991; Marsman et al. 1988; Rao et al. 1990; Tamura et al. 1990). Dietary exposure 

to DEHP for 104 weeks caused weight gain reductions of 15% in rats and 9.8% in mice at doses of 

789 and 1,266 mg/kg/day, respectively (David et al. 2000a, 2000b). Neither guinea pigs nor dogs 

administered up to approximately 60 mg DEHP/kg/day for 1 year experienced significant changes in 

body weight (Carpenter et al. 1953). 

Not all studies monitored food consumption and among the ones that did, not all had pair-fed control 

groups. Therefore, it is unclear whether the reduced weight gain is due solely to reduced food intake or 

also to reduced food utilization. For example, in one study in rats in which a pair-fed control group was 

included, DEHP-treated rats had lower weights than the pair-fed controls, even though both groups 

consumed the same quantities of food (Dostal et al. 1987b). The relevance of these findings to human 

health is unknown. 
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Other Systemic Effects. As mentioned above, food consumption has been monitored in a few 

animal studies during administration of DEHP either by gavage or in the feed. Decreases in food intake 

were reported in rats (Adinehzadeh and Reo 1998; Dostal et al. 1987b; Mitchell et al. 1985b; Sjoberg et 

al. 1986a, 1986b). However, it is unclear whether reduced food intake is a reflection of poor palatability 

of the diets containing DEHP, DEHP-induced decrease in appetite, or both. Thus, the body weight 

changes should be viewed in the context of a DEHP-induced decrease in food intake. 

3.2.2.3 Immunological and Lymphoreticular Effects 

No studies were located regarding immunological effects in humans after oral exposure to DEHP. There 

were no alterations in spleen and thymus weight or histopathological signs in these organs from rats 

treated once by gavage with up to 5,000 mg DEHP/kg (Berman et al. 1995). The same results were 

obtained after the rats were gavaged with up to 1,500 mg DEHP/kg/day for 14 days (Berman et al. 1995). 

No pathological changes were seen in the spleen during examination of the tissues from rats exposed to 

up to 1,900 mg DEHP/kg/day for 90 days (Shaffer et al. 1945) or up to 190 mg DEHP/kg/day for 2 years 

(Carpenter et al. 1953). Similarly, no histological alterations were observed in the spleen, lymph nodes, 

or bone marrow of F344 rats and B6C3F1 mice that were fed DEHP in the diet at doses #939 or 1,458 mg 

DEHP/kg/day, respectively, for 104 weeks (David et al. 2000a, 2000b). No study was located that 

evaluated immune function in animals following exposure to DEHP. 

3.2.2.4 Neurological Effects 

No studies were located regarding neurological effects in humans after oral exposure to DEHP. A 

functional observation battery and motor activity measurements were conducted in Fischer-344 rats 

before and after a single gavage dose of up to 5,000 mg DEHP/kg or daily gavage doses of up to 

1,500 mg/kg/day for 14 days (Moser et al. 1995). The tests assessed autonomic, sensorimotor, and 

neuromuscular functions as well as excitability and activity. DEHP showed no neurobehavioral toxicity; 

however, administration of the 5,000 mg/kg dose produced signs of general debilitation. In another 

study, DEHP had no significant effect on the brain weight in rats or monkeys exposed to 2,000 mg/kg/day 

for 14 days (Rhodes et al. 1986). No histological alterations were observed in the brain, peripheral and 

spinal nerves, or spinal cord of F344 rats and B6C3F1 mice that were fed DEHP in the diet at doses 

#939 or 1,458 mg DEHP/kg/day, respectively, for 104 weeks (David et al. 2000a, 2000b). An effect of 

DEHP on mammalian nervous tissue was shown in an in vitro study in which exposure to DEHP caused 

increased levels of intracellular Ca2+ in rat neurohypophysial nerve terminals and pheochromocytoma 
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cells (Tully et al. 2000). Only the Moser et al. (1995) data are listed in Table 3-2 and plotted in 

Figure 3-2, since the end points in the other studies (David et al. 2000a, 2000b; Rhodes et al. 1986) are 

insufficient indicators of neurotoxicity due to the due to the lack of testing for neurobehavioral function. 

3.2.2.5 Reproductive Effects 

Testicular Effects. No studies were located regarding reproductive effects in humans after oral exposures 

to DEHP. Studies in rodents exposed to doses in excess of 100 mg/kg/day DEHP clearly indicate that the 

testes are a primary target tissue, resulting in decreased testicular weights and tubular atrophy (Dostal et 

al. 1988; Ganning et al. 1991; Gray and Butterworth 1980; Lamb et al. 1987; Oishi 1994; Parmar et al. 

1995; Poon et al. 1997; Saitoh et al. 1997; Shaffer et al. 1945; Sjoberg et al. 1986b). Weights of the 

seminal vesicles, epididymis, and prostate gland in rats and mice are also reduced by oral exposure DEHP 

(Gray and Butterworth 1980; Lamb et al. 1987). Within the testis, Sertoli cells appear to be the target of 

DEHP toxicity (Chapin et al. 1988; Gray and Beamand 1984; Gray and Gangolli 1986; Li et al. 2000; 

Saitoh et al. 1997; Sjoberg et al. 1986b; Ward et al. 1998). Alterations in Sertoli cells consisting of 

disruption of the ectoplasmic specializations, including the disappearance of actin bundles in the cells, 

were seen as early as 3 hours after a single gavage dose of 2,800 mg DEHP/kg in rats (Saitoh et al. 1997). 

Proliferation of Sertoli cells was reduced and morphology of germ cells was altered (gonocytes were 

enlarged and multinucleated) 24 hours after administration of a single gavage dose of $100 mg/kg to 

3-day-old rat pups (Li et al. 2000). Dietary exposure to DEHP for 90 days caused mild Sertoli cell 

vacuolation in rats at doses $37.6 mg/kg/day, but not at 3.7 mg/kg/day (Poon et al. 1987). Fertility was 

reduced in male mice that were exposed to DEHP over a period of 126 days in dietary doses of 

140 mg/kg/day, but not 14 mg/kg/day (Lamb et al. 1987), indicating that DEHP affected the process of 

spermatogenesis. Effects on spermatogenesis were also indicated by the appearance of damaged 

spermatogenic cells and abnormal sperm in rats exposed to 2,000 mg DEHP/kg/day in the diet for 15 days 

(Parmar et al. 1987). A study with 2-year-old (prepubertal) Cynomolgus monkeys showed no changes in 

testes/epididymides weight or testicular histology following treatment with 500 mg DEHP/kg/day by 

gavage for 14 consecutive days (Pugh et al. 2000). 

Biochemical changes in the testes were noted when 2,000 mg/kg/day DEHP was given to rats for 14 days. 

There was an increase in the activities of gamma-glutamyl transpeptidase (GGT), lactic dehydrogenase, 

and β-glucuronidase in the treated animals. Conversely, the activities of sorbitol dehydrogenase and acid 

phosphatase were decreased (Parmar et al. 1987). The significance of these biochemical effects is not 

clear. More recently, Mehrotra et al. (1997) observed significant reductions in activities of phase II 
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metabolizing enzymes, in the testis from rats administered approximately 1,740 mg DEHP/kg/day in the 

diet for 10 days. The most pronounced reduction was that for NAD(P)H quinone oxidereductase, about 

50% reduction in activity relative to controls. Mehrotra et al. (1997) suggested that at least part of the 

testicular toxicity of DEHP might be due to reductions of protective factors against oxidative stress. 

There are not enough data to draw conclusions concerning the role that hormones play in the testicular 

toxicity of DEHP; however, they do appear to have an effect. The coadministration of testosterone with 

DEHP appeared to diminish but not abolish the testicular toxicity of DEHP in rats (Gray and Butterworth 

1980; Parmar et al. 1987). Luteinizing hormone aggravated the testicular toxicity of DEHP in rats (Oishi 

1989a). 

The age at first exposure to DEHP appears to have a clear influence on the degree and permanence of 

testicular damage (Dostal et al. 1988; Gray and Butterworth 1980; Gray and Gangolli 1986; Sjoberg et al. 

1986b). Tubular structure and spermatogenesis are more affected by prepubertal acute exposure than by 

postpubertal acute exposure. When newborn rats were exposed to DEHP for 5-day periods at different 

time intervals between postpartum days 6 and 86, the degree of testicular damage, as manifest in tubular 

structure, Sertoli cell nuclei, and spermatocytes, decreased as the age of first exposure increased (Dostal 

et al. 1988; Sjoberg et al. 1986b). When exposures cease prior to sexual maturity, there appears to be an 

absence of permanence of effect of DEHP on reproductive performance. Rats exposed to DEHP 1 week 

after birth for 5 days were later successfully mated with control female rats on weeks 8, 10, 11, 12, and 15 

(Dostal et al. 1988). There were no significant differences in fertility when the experimental animals 

were compared to controls. 

Testicular zinc levels were measured in all the experimental rats during the Dostal et al. (1988) study. 

There was no significant change in testicular zinc for any exposure group except the group first exposed 

when 86 days old. Testicular zinc levels decreased significantly with the 1,000 and 2,000 mg/kg/day 

doses in these animals. Since zinc is thought to be localized in the spermatids, and the testes from rats 

younger than 25 days old do not contain spermatids, Dostal et al. (1988) suggested that their results 

provided further evidence that loss of zinc is not involved in the testicular atrophy at these ages. The role 

of zinc on DEHP-induced testicular toxicity has been also examined in other studies (Agarwal et al. 1986; 

Gray and Butterworth 1980; Gray et al. 1982; Oishi and Hiraga 1983), and a more detailed discussion on 

this issue is presented in Section 3.5.2 Mechanisms of Toxicity. 
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With chronic exposures to DEHP, the testicular damage persists, as was demonstrated by inhibition of 

spermatogenesis and atrophy seen in rats after lifetime exposure to 600–2,000 mg/kg/day (David et al. 

2000a; Kluwe et al. 1982a; Price et al. 1987). In the David et al. (2000a) study, 6-week-old male rats 

were fed diets that provided 0, 5.8, 29, 147, or 789 mg DEHP/kg body weight/day for 104 weeks. 

Testicular effects included significantly (p#0.05) increased incidences of bilateral aspermatogenesis at 

$29 mg/kg/day and reduced testes weight (63% absolute, 59% relative) at 789 mg/kg/day.  Castration 

cells in the pituitary, apparently due to reduced testosterone secretion resulting from an effect of DEHP 

on the Sertoli cells, were also observed in the rats exposed to 789 mg/kg/day.  Castration cells are 

vacuolated basophilic cells in the anterior pituitary gland usually observed after castration. The 

percentage of rats with aspermatogenesis was 58, 64, 78, 74, and 97% in the control to high dose groups, 

respectively.  Because there is a clear dose-related increase in aspermatogenesis and the effect is 

consistent with the reduced testes weights observed at the highest dose, the NOAEL and LOAEL for 

testicular toxicity are 5.8 and 29 mg/kg/day, respectively (NTP 2000b). Using the 5.8 mg/kg/day 

testicular NOAEL, a chronic oral MRL of 0.06 mg/kg/day was derived for DEHP as discussed in 

Section 2.3 and detailed in Appendix A. Testicular effects (inhibition of spermatogenesis and general 

tubular atrophy) were also reported at dietary doses as low as 14 mg/kg/day in a 102-week rat study 

(Ganning et al. 1991), but assessment of the results is complicated by a lack of incidence data. 

In mice exposed to 140 and 420 mg/kg/day DEHP for 126 days in a continuous breeding experiment, 

there was a significant decrease in weights of the testes, epididymis, and prostate gland (Lamb et al. 

1987). The numbers of motile sperm and the sperm concentration were decreased significantly, and there 

was an increase in the number of abnormal sperm.  The NOAEL for reduced fertility in this study, 

14 mg/kg/day, was used to derive an intermediate oral MRL of 0.1 mg/kg/day for DEHP as discussed in 

Chapter 2 and detailed in Appendix A. When the high dose (420 mg/kg/day) males were mated with 

unexposed females, significantly fewer litters were produced. The number of pups born alive and pup 

body weights were also significantly lower than the controls (Lamb et al. 1987). Although 

140 mg/kg/day is the lowest LOAEL for effects on reproductive function (Table 3-2), this dose might not 

represent a true LOAEL because development of the reproductive system and reproductive performance 

in the second generation were not evaluated, and testicular toxicity has occurred at lower doses 

($37.6 mg/kg/day) in other intermediate-duration studies in rats (Parmer et al. 1995; Poon et al. 1997). 

Testicular effects observed in mice exposed to DEHP in the diet for 2 years included decreased testes 

weights and increased incidence and severity of bilateral hypospermia and immature/abnormal sperm in 

the epididymis at $292 mg/kg/day (David et al. 2000b), and seminiferous tubular degeneration at 

1,325 mg/kg/day (Kluwe et al. 1982a). 



DI(2-ETHYLHEXYL)PHTHALATE 85 

3. HEALTH EFFECTS 

Development of the reproductive system was adversely affected in male offspring of rats that were 

exposed to DEHP at 1,060 mg/kg/day, but not #339 mg/kg/day, for 70 days prior to mating through 

gestation and lactation in a two-generation dietary study (Schilling et al. 1999). Effects observed in this 

study included reduced testes and epididymis weights, testicular lesions, and spermatocyte loss in F1 

males, reduced postnatal survival in F1 pups and reduced prenatal survival in F1 and F2 pups, and altered 

sexual differentiation in F1 males (increased nipple retention) and F2 males (reduced anogenital distance). 

Similar effects on the male reproductive system have been observed in developmental toxicity studies at 

lower doses (see Section 3.2.2.6 Developmental Effects). These studies provide evidence that abnormal 

development and formation of the male reproductive system are likely to be the most sensitive 

reproductive end points for DEHP. 

Female Fertility. Few studies of the reproductive effects of DEHP on females have been conducted. 

However, based on the existing data, long-term exposures of females also appear to have deleterious 

effects. When female mice were exposed to dietary doses of 140 mg/kg/day DEHP for 126 days and 

mated with control males, no litters were produced (Lamb et al. 1987). The combined weights of the 

ovaries, oviducts, and uterus were significantly lower than those for the controls. A more recent study in 

rats showed that DEHP short-term treatment with 2,000 mg DEHP/kg by gavage decreases serum 

estradiol levels resulting in increased serum FSH levels and absence of LH surges necessary for ovulation 

(Davis et al. 1994a). Thus, exposure to DEHP resulted in hypoestrogenic anovulatory cycles and 

polycystic ovaries in adult female rats. In a study that evaluated the estrogenic activity of DEHP and 

other phthalate esters, DEHP induced no reproducible significant increases in uterine wet weight in 

immature ovariectomized rats and did not affect the degree of vaginal epithelial cell cornification in 

mature ovariectomized rats (Zacharewski et al. 1998). Results from in vitro estrogenicity assays 

conducted in that study as well as in other studies are summarized in Section 3.5 Toxicities Mediated 

Through the Neuroendocrine Axis. 

Nonrodent Species. Few reproductive studies of DEHP have been conducted in nonrodent species. A 

dose of 2,000 mg/kg/day given to 12- to 18-month-old marmoset monkeys for a 14-day period had no 

effect on testicular weight (Rhodes et al. 1986). No changes in testes/epididymides weight or testicular 

histology occurred in 2-year-old Cynomolgus monkeys that were treated with 500 mg DEHP/kg/day by 

gavage for 14 consecutive days (Pugh et al. 2000). A 13-week gavage study in marmosets of unspecified 

age showed no significant treatment-related effects (up to 2,500 mg DEHP/kg/day) on gross or 

microscopical appearance of the testis or in testicular zinc content, or on gross or microscopical 
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appearance of the uterus, vagina, or ovary (Kurata et al. 1998). These studies suggest that nonhuman 

primates are less sensitive than rodents to the effects of DEHP using these end points of toxicity. 

Responsible Metabolite. Since DEHP is metabolized to a variety of compounds following oral exposure, 

the question has been raised as to which of DEHP metabolites is responsible for the testicular effects of 

DEHP. Evidence suggests that mono(2-ethylhexyl) phthalate (MEHP) might be the toxic metabolite in 

the testes. In one study, 1,055 mg/kg/day of DEHP administered for 5 days to rats did not affect testicular 

weight or structure, but an equimolar dose of MEHP had a significant effect (Sjoberg et al. 1986a). 

Further information on the testicular toxicity of DEHP/MEHP is presented in Section 3.5.2 Mechanisms 

of Toxicity. 

The highest NOAEL values and all reliable LOAEL values for reproductive effects in each species and 

duration category are recorded in Table 3-2 and plotted in Figure 3-2. 

3.2.2.6 Developmental Effects 

No studies were located regarding developmental toxicity in humans after oral exposure to DEHP. DEHP 

has been demonstrated to cause developmental toxicity including teratogenic effects in both rats and 

mice. Effects observed included decreased fetal/pup body weight, increased rates of abortion and fetal 

resorptions, or malformations. Single very large doses of 4,882 and 9,756 mg/kg DEHP administered to 

pregnant Wistar rats on day 12 of gestation caused a dose-related increase in dead and resorbed fetuses 

and a number of malformations in the survivors (Ritter et al. 1987). The types of malformations observed 

in the newborn pups included hydronephrosis, cardiovascular malformations, and tail malformations. 

Repeated doses of 1,000 mg/kg on gestation days 6–15 increased the incidence of fetal deaths and of 

external, soft tissue, and skeletal malformations in offspring from Wistar rats (Hellwig et al. 1997); doses 

of 200 mg DEHP/kg had no significant effects. Administration of 1,700 mg DEHP/kg/day to Wistar rats 

for 90 days prior to confirmed pregnancy with no further dosing decreased fetal weight by 10% and 

placental weight by 8%, but it did not significantly increase the incidence of malformations relative to 

controls (Nikonorow et al. 1973). Dietary administration of DEHP to Fischer-344 rats throughout 

pregnancy caused increased percentages of resorptions and dead pups per litter at doses as low as 313 

mg/kg/day (Price et al. 1986; Tyl et al. 1988). There was no conclusive evidence of teratogenic 

malformations at doses #1,055 mg/kg/day (Tyl et al. 1988), and offspring of rats that were exposed to 

#573 mg/kg/day had no effects on growth and viability after postnatal day 4, age of acquisition for 
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developmental landmarks (incisor eruption, wire grasping, eye opening, testes descent, or vaginal 

opening), spontaneous locomotor activity, or reproductive performance (Price et al. 1986). 

Mice appear to be more susceptible to the developmental effects of DEHP than rats, at least when DEHP 

is given in the diet and comparisons are limited to traditional teratogenicity studies (i.e., studies that are 

not specifically designed to detect male reproductive system abnormalities). Decreased fetal viability and 

increased resorptions and external malformations were observed in ICR mice gavaged with 1,000 mg 

DEHP/kg/day on gestation days 7–9 and examined on gestation day 18 (Shiota and Mima 1985); the 

NOAEL was 500 mg/kg/day.  Defects of the anterior neural tube were the most commonly observed 

malformations. Experiments conducted by Yagi et al. (1980) and Tomita et al. (1982a), in which 

pregnant ddY-Slc mice were administered a single gavage dose of DEHP of gestation days 6, 7, 8, 9, or 

10 and killed on day 10, showed that the most severe effects occurred when the DEHP was given on 

gestation day 7. Dosing on day 7 with 100 mg DEHP/kg/day produced an 11% incidence of fetal 

lethality compared to 2.5% at 50 mg/kg and 0% in controls (Tomita et al. 1982a). The 11% rate was 

similar to that seen when dosing on day 9 with 7,500 mg/kg or on day 6 with 2,500 mg/kg. Doses of 

approximately 170 mg DEHP/kg administered to ICR mice in the food on gestation days 1–18 

significantly increased the percent of resorptions and dead fetuses (Shiota et al. 1980); all implanted ova 

died in utero at 683 mg/kg/day.  The NOAEL was 83 mg/kg/day.  A significant increase in malformations 

of the external viscera and skeleton was apparent in CD-1 mice at doses of 91, 191, and 292 mg/kg/day 

given throughout gestation (Tyl et al. 1988). Specific abnormalities observed included protrusion of the 

eyeball, exencephaly, blood vessel abnormalities, fused or branched ribs, misaligned and fused thoracic 

vertebrae, and tail malformations. Maternal and fetal toxicity were reflected in the body weight data. No 

adverse effects were seen at a dose of 44 mg/kg/day.  Prenatal and perinatal mortality was increased in 

offspring of mice that were exposed to 95 mg/kg/day DEHP in the diet on gestation days 0–17, although 

there were no effects on growth and viability after postnatal day 4, age of acquisition for developmental 

landmarks, spontaneous locomotor activity, or reproductive performance (Price et al. 1988c). 

Since DEHP is a lipophilic substance, it has the potential to accumulate in maternal milk and be 

transferred to suckling offspring. Both DEHP (216 µg/mL) and MEHP (25 µg/mL) were detected in the 

milk collected from lactating Sprague-Dawley rats 6 hours after the last of three daily gavage doses of 

2,000 mg DEHP/kg (Dostal et al. 1987b). At this time, no DEHP could be detected in dams’ plasma, but 

substantial amounts of MEHP were detected. Pups’ plasma had no detectable DEHP or MEHP. No other 

dose levels were tested in this study. Dostal et al. (1987b) noted that exposure to DEHP was associated 

with an increase in milk solids and lipids. Addition of 14C-DEHP to milk in vitro resulted in 94% of the 
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radioactivity associated with the fat globular layer, 4% was in the whey, and 1.6% was in the casein 

pellet. 

Developmental effects of DEHP in rats exposed via maternal milk have been studied. Treatment of 

Sprague-Dawley rats with 2,000 mg DEHP/kg/day on postpartum days 2–6, 6–10, or 14–18 reduced pup 

weight and induced palmitoyl-CoA and carnitine acetyltransferase in the pups liver (Dostal et al. 1987b). 

Administration of 500 mg DEHP/kg/day to Fischer-344 rats on postpartum days 1–21 caused 

approximately a 24% reduction in pup weight on postnatal day 21 (Cimini et al. 1994). All pups from 

groups administered 2,500 or 5,000 mg DEHP/kg/day died before postnatal day 12. The 

5,000 mg/kg/day dose caused 25% lethality in the dams. Results from peroxisome enzyme activities 

evaluation (only 1,000 mg/kg/day group) in 14-day-old pups liver, kidneys, and brain showed a doubling 

of catalase specific activity in the liver and kidneys, doubling of D-amino acid oxidase activity in the 

three organs, and of dihydroxyacetone phosphate acyltransferase in the liver. Palmitoyl-CoA oxidase was 

greatly induced in the liver, to a lesser extent in the kidneys, and only slightly in the brain. In general, 

changes in enzyme activity were reversible with time courses dependent on the enzyme and tissue. 

Electron microscopy showed peroxisome proliferation in both liver and kidneys, but no information was 

reported about the brain (Cimini et al. 1994). Peroxisome proliferation in the brain from pups exposed 

via breast milk from dams treated with 2,800 mg DEHP/kg/day had been reported earlier (Dabholkar 

1988). A significant observation of Cimini et al. (1994) was the fact that brain catalase activity doubled 

in adults dams treated with DEHP, but was not significantly changed in the pups. Results similar to those 

of Cimini et al. (1994) were reported by Stefanini et al. (1995). 

Gestational and lactational exposure to DEHP has been shown to profoundly alter reproductive system 

development in male rat offspring. Administration of 750 mg DEHP/kg/day by gavage from gestation 

day 14 to postnatal day 3 induced a variety of effects in androgen-dependent tissues in neonates and 

infant pups at 3–7 months of age, including reduced anogenital distance (female rats normally have a 

shorter anogenital distance than males), permanent female-like areolas and nipples, vaginal pouch 

formation, penile abnormalities (e.g., cleft phallus with hypospadias), hemorrhagic and undescended 

testes, testicular and epididymal atrophy or agenesis, and small to absent sex accessory glands (e.g., 

seminal vesicles and ventral prostate) (Gray et al. 1999, 2000; Parks et al. 2000). Dose levels other than 

750 mg/kg/day were not tested in these studies. Similar effects were observed in male offspring of rats 

that were exposed to 375, 750, and/or 1,500 mg DEHP/kg/day from gestation day 3 through postnatal 

day 21 as discussed below (Moore et al. 2001). Abnormalities that were dose-related included reduced 

anogenital distance, areola and nipple retention, undescended testes, permanently incomplete preputial 
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separation, and greatly reduced anterior prostate weight. Most of the effects were observed at 

$750 mg/kg/day, although permanent areola/nipple retention and reduced anterior prostate weight also 

occurred at 375 mg/kg/day, indicating that this is the LOAEL for effects on male reproductive system 

development. The percentage of litters with major reproductive defects (defined as litters with at least 

one male with missing or severely malformed sex organs, one testis or epididymis that weighed <75% of 

the other, incomplete preputial separation, or an undescended testis in adulthood) were 0, 62.5, 87.5, and 

100% at 0, 375, 750, and 1,500 mg/kg/day, respectively.  Behavioral observations indicated that many of 

the exposed males were sexually inactive in the presence of receptive control females, although sexual 

inactivity did not correlate with abnormal male reproductive organs. Evaluation of the behavioral data is 

limited by small numbers of animals; however, a total lack of sexual activity by three of seven males at 

375 mg/kg/day suggests the possibility that exposure to the LOAEL can also demasculinize sexual 

behavior. 

Developmental toxicity was observed in offspring of Long-Evans rats that were exposed to DEHP in the 

drinking water at reported estimated doses of 3.3 or 33 mg/kg/day throughout pregnancy and continuing 

during postnatal days 1–21 (Arcadi et al. 1998). Examinations of the pups on postnatal days 21–56 

showed effects that included severe testicular histopathological changes at both DEHP dose levels, 

particularly at 21 and 28 days of age. Alterations consisted of gross disorganization of the seminiferous 

tubules with detachment of the spermatogonial cells from basal membrane and absence of spermatocytes. 

These changes were still present in high-dose rats at 56 days of age; at this age, low-dose rats exhibited 

only a few elongated spermatides, whereas unexposed rats had fully developed tubular structure with 

complete spermatogenesis. The effect levels in this study are not considered to be reliable and are 

unsuitable for identifying a LOAEL and for use in MRL derivation because (1) the methods used to verify 

and characterize the administered doses were not clearly described or completely reported, and could not 

be resolved by the NTP Center for the Evaluation of Risks to Human Reproduction (NTP-CERHR) 

Expert Panel on DEHP, and (2) the authors did not put their blood DEHP concentration data into context 

with other studies (NTP 2000b). 

The morphological changes to the male reproductive system, as well as the male sexual behavioral 

observations, are consistent with an antiandrogenic action of DEHP. Other indications of antiandrogenic 

activity include a lack of significant effects on time to vaginal opening and first estrus in female offspring 

of the rats that were exposed to 375–1,500 mg DEHP/kg/day from gestation day 3 through postnatal 

day 21 (Moore et al. 2001). Additionally, exposure to 750 mg/kg/day from gestation day 14 to postnatal 

day 3 caused significantly reduced testicular testosterone production and testicular and whole-body 
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testosterone levels in fetal and neonatal males (Parks et al. 2000). Differences in whole-body testosterone 

levels were greatest at gestation day 17 (71% lower than controls). As a consequence, anogenital distance 

on postnatal day 2 was reduced 36% in exposed male, but not female, offspring, and testis weight was 

significantly reduced at gestation day 20 and postnatal day 2 (18.6 and 49.4% lower than controls, 

respectively). Additional information on the antiandrogenic action of DEHP is discussed in Section 3.5.2 

(Mechanisms of Toxicity). 

Several studies have focused on identifying the active developmental toxicant. For example, in a gavage 

study in Wistar rats, on an equimolar basis, DEHP was less teratogenic than MEHP, which in turn was 

less teratogenic than 2-ethylhexanoic acid (Ritter et al. 1987). In ICR mice, gavage administration of 

DEHP caused more severe embryotoxicity and teratogenicity than MEHP (Shiota and Mima 1985). In 

Han:NMRI mice, the (R) enantiomer of 2-ethylhexanoic acid given intraperitoneally was highly 

teratogenic or embryotoxic, no such properties were seen for the (S) enantiomer (Hauck et al. 1990). In 

rabbits, 2-ethylhexanoic acid did not cause developmental effects even at oral doses (125 and 

250 mg/kg/day) that were maternally toxic (Tyl 1988b). 

The highest NOAEL values and all reliable LOAEL values for developmental effects in each species and 

duration category are recorded in Table 3-2 and plotted in Figure 3-2. 

3.2.2.7 Cancer 

No studies were located regarding cancer in humans after oral exposure to DEHP. However, several 

chronic feeding studies in rodents indicate that DEHP can cause liver tumors in rats and mice (David et 

al. 1999; Kluwe et al. 1982a; Rao et al. 1987, 1990). For example, a clear dose-dependent increase in the 

incidence of hepatocellular adenomas was noted in male/female mice fed 672/799 and 1,325/1,821 mg/ 

kg/day and male/female rats fed 322/394 and 674/774 mg/kg/day for 2 years (Kluwe et al. 1982a; NTP 

1982). With a dose of 3,000 mg/kg/day, 78.5% of the treated rats developed liver tumors and 29% 

pancreatic islet cell adenomas (Rao et al. 1990). These findings have been criticized on the basis that the 

doses given exceed the maximum tolerated dose and that liver tumors are common in control animals of 

these species (Northup et al. 1982). Hayashi et al. (1994) also observed a significant increase in the 

incidence of hepatocarcinomas in Fischer-344 rats fed a diet that provided approximately 1,580 mg 

DEHP/kg/day for up to 78 weeks. However, no hepatocarcinomas or nodules were seen at week 52. In 

DEHP-treated rats, peroxisomal β-oxidation activities increased 11–15-fold during the experimental 

period, but catalase activity increased only 2-fold after 10 weeks of treatment and by 30–78 weeks had 
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gradually decreased. After 30 weeks, there was no indication of oxidative damage or of oxidative 

cytotoxicity. 

The relationship between hepatic peroxisome proliferation, cell proliferation, and carcinogenicity has 

been evaluated in chronic studies of DEHP in rats and mice (David et al. 1999, 2000a, 2000b). Animals 

were fed a diet containing DEHP for 104 weeks; additional groups treated for only 78 weeks were 

subsequently placed in a DEHP-free diet for 26 weeks to examine reversibility of the effects. In rats, 

relative liver weight was significantly increased at $147 mg/kg/day and this correlated with increased 

palmitoyl CoA oxidase activities. Treatment with DEHP resulted in hepatocellular adenomas and 

carcinomas at weeks 78 and 104; in general, the incidence of tumors at week 78 was low except for the 

high-dose group. Cessation of treatment resulted in a one-third to one-half decrease in the incidence of 

total neoplasia relative to the groups treated for 104 weeks and in a reduction in liver weight and 

palmitoyl Co-A oxidase activity. The increased incidence of hepatic tumors was significant at the 

147 mg/kg/day dose level and higher in rats. Similar findings were reported in B6C3F1 mice. Cessation 

of treatment in mice resulted in a 50% decrease in the incidence of total neoplasia in males relative to 

groups treated for 104 weeks, but the incidence in females decreased only slightly. The increased 

incidence in hepatocellular tumors achieved statistical significance at a dose levels of $292 mg 

DEHP/kg/day. 

DEHP did not induce forestomach tumors in ICR mice administered approximately 1,171 mg DEHP/kg/ 

day 2 days/week for 4 weeks and sacrificed after 22 weeks of treatment (Lee et al. 1997). Also in this 

study, DEHP had no significant effect on the number of forestomach tumors/mouse induced by treatment 

with benzo[a]pyrene once per week for 4 weeks. Initiation-promotion studies and the role of promotion 

in the carcinogenicity of DEHP are discussed in Section 3.5.2 Mechanisms of Toxicity. 

All Cancer Effect Level (CEL) values for rats and mice in the chronic-duration category are recorded in 

Table 3-2 and plotted in Figure 3-2. 

Based on the increased incidence of hepatocellular carcinoma and adenoma in male mice (NTP 1982), 

EPA calculated an oral slope factor of 1.4x10-2 (mg/kg/day)-1 (IRIS 2000). Based on this value, oral 

intakes of 7.1x10-3 to 7.1x10-6 mg/kg/day correspond to excess cancer risk levels of 10-4 to 10-7, 

respectively.  Figure 3-2 shows this range of human upper bound risk values. 
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3.2.3 Dermal Exposure 

3.2.3.1 Death 

No studies were located regarding lethality in humans after dermal exposure to DEHP. When rabbits 

were exposed to single doses of up to 19,800 mg/kg DEHP using a modification of the FDA cuff test, two 

of six rabbits in the highest dose group died. The dermal LD50 value calculated from these data was 

24,750 mg/kg (Shaffer et al. 1945). 

3.2.3.2 Systemic Effects 

No studies were located regarding respiratory, cardiovascular, gastrointestinal, hematological, 

musculoskeletal, hepatic, or renal effects in humans or animals after dermal exposure to DEHP. 

Dermal Effects. An unidentified quantity of DEHP was applied to the skin of 23 humans for a 7-day 

period without adverse effect. After 10 days without exposure, DEHP was applied to the same spot on 

each subjects' back. No adverse reactions were observed during either phase of the study indicating that 

DEHP is neither a dermal irritant, nor a sensitizer in humans (Shaffer et al. 1945). 

Single doses of up to 19,800 mg/kg DEHP were applied to rabbit skin using a modified FDA cuff test 

procedure. There was no evidence of dermal irritation caused by DEHP during the 14-day observation 

period. 

Ocular Effects. There was no necrosis of rabbit cornea after ocular exposure to a single dose of 

0.5 mL (495 mg) DEHP but a slight transient reddening of the eyelids was observed (Shaffer et al. 1945). 

These data indicate that neat DEHP does not act as a dermal or ocular irritant in rabbits. 

No studies were located regarding the following health effects in humans or animals after dermal 

exposure to DEHP: 
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3.2.3.3 Immunological and Lymphoreticular Effects


3.2.3.4 Neurological Effects


3.2.3.5 Reproductive Effects


3.2.3.6 Developmental Effects


3.2.3.7 Cancer


3.3 GENOTOXICITY


No studies were located regarding genotoxic effects in humans after inhalation, oral, or dermal exposure 

to DEHP. As discussed below, DEHP has been extensively tested in a variety of short-term genotoxicity 

assays with predominantly negative or false-positive results. The weight of evidence from these assays, 

as well as the tumor initiating/promoting activity studies summarized in Section 3.5.2 (Mechanisms of 

Toxicity), indicate that DEHP does not induce lesions in nuclear DNA, is not mutagenic/genotoxic, and is 

not a tumor initiator, but rather that it is a rodent liver mitogen and tumor promoter, and is best 

characterized as an epigenetic toxicant. 

Mammalian in vivo genotoxicity studies are summarized in Table 3-3. Most of these assays found that 

DEHP is not genotoxic. Binding of DEHP to DNA in rat liver was reported by Albro et al. (1982a, 

1982b), but was not observed by other investigators (Gupta et al. 1985; Lutz 1986; Von Däniken et al. 

1984). 8-Hydroxydeoxyguanosine was detected in hepatic DNA from rats exposed to 1,200 mg/kg/day 

DEHP for 2 weeks (Takagi et al. 1990). Production of 8-hydroxydeoxyguanosine is a potential marker of 

genotoxicity; however, many chemicals that induced this lesion in total liver DNA have not been shown 

to be mutagenic, tumor initiators, or complete carcinogens (Trosko 2001; Trosko et al. 1998; Yakes and 

van Houten 1997). 

DEHP tested negative in mouse bone marrow micronucleus and rat liver DNA repair assays in vivo 

(Cattley et al. 1988; Putman et al. 1983). DNA synthesis increased in rats immediately following DEHP 

exposure due to increased cell division (Mitchell et al. 1985b; Smith-Oliver and Butterworth 1987), and 

rats that were exposed to 1,000 mg/kg/day DEHP for periods of 3 or 7 days alternating with 7-day 

withdrawal periods had increased liver cell division and numbers of tetraploid nuclei during the exposure 

periods (Ahmed et al. 1989). During the withdrawal periods in the latter study, the cell number declined 

and degenerated cells appeared to be those containing the tetraploid nuclei. Cells are more vulnerable to 

irreversible mutagenic alterations during a period of rapid cell division (Marx 1990), and it has been 

postulated that the carcinogenicity of DEHP might be a consequence of its induction of cell division in 
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the liver in the presence of other mutagens (Smith-Oliver and Butterworth 1987). The evidence supports 

the interpretation that DEHP is mitogenic, not mutagenic, because mutagens, by inducing DNA lesions, 

would inhibit DNA synthesis and cell proliferation. 

Increased activity of liver poly (ADP-ribose) polymerase (pADPRP), an effect related to DNA repair, cell 

proliferation, and differentiation, was observed in rats treated orally with DEHP by gavage for 7 days or 

in the food for up to 97 weeks (Hayashi et al. 1998). Dominant lethal mutations were increased in mice 

that were exposed to DEHP by injection at dose levels that also resulted in decreased fertility, but not by 

oral administration (Autian 1982; Rushbrook et al. 1982; Singh et al. 1974). The results of these studies 

are not necessarily indicative of genotoxicity because DEHP has not been shown to induce DNA lesions 

in most studies and positive findings can be interpreted in different ways. For example, dominant lethal 

tests can be interpreted as indicating that the test chemical altered gene expression (i.e., by epigenetically 

shut off the marker gene) rather than by mutation. 
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Table 3-3. Genotoxicity of DEHP In Vivo 

End point Results Reference 
Species 
(tests system) 

Mammalian cells: 

Human 
leucocytes 

Human 
leucocytes 

Hamster embryo 
cells 

Hamster embryo 
cells 

Hamster embryo 
cells 

Rat bone 
marrow 

Rat bone 
marrow 

Mouse 

Mouse 

Mouse 

Mouse bone 
marrow 

Mouse bone 
marrow 

Mouse bone 
marrow 

Rat liver 

Rat liver 

Rat liver 

Rat liver 

Rat liver 

Rat liver 

Rat liver 

Rat liver 

DNA damage  + 

Chromosomal aberrations  – 

Chromosomal aberrations  + 

Cell transformation  + 

Anderson et al. 1999 

Thiess and Fleig 1978 

Tomita et al. 1982b 

Tomita et al. 1982b 

8AG/6TG-resistant mutation  + (?) Tomita et al. 1982b 

Micronuclei  – Putman et al. 1983 

Mitotic index  – Putman et al. 1983 

Dominant lethal test  – Rushbrook et al. 1982 

Dominant lethal test  + Autian 1982 

Dominant lethal test  + Singh et al. 1974 

Micronuclei  – Astill et al. 1986 

Micronuclei  – Douglas et al. 1986 

Micronuclei  – Putman et al. 1983 

DNA binding  + Albro et al. 1982a 

DNA binding  – Gupta et al. 1985 

DNA binding  – Lutz 1986 

DNA binding  – Von Däniken et al. 1984 

DNA repair  – Butterworth et al. 1984 

DNA repair  – Cattley et al. 1988 

DNA repair  – Kornbrust et al. 1984 

DNA repair  + Hayashi et al. 1998 
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Table 3-3. Genotoxicity of DEHP In Vivo (continued) 

Species (tests 
system) 

Mouse liver 

Rat liver 

Rat liver 

Rat liver 

Rat liver 

Rat liver 

Rat liver 

Rat kidney 

Host-meditated 
assay: 

S. typhimurium 
(TA100) 
Rat host-
meditated 

Eukaryotic 
organisms: 

Drosophila 
(injection) 

End point Results Reference 

DNA repair


Strand breaks


Strand breaks


Strand breaks


DNA base modification


DNA base modification


Tetraploid nuclei


Tumor promotion


Gene mutation


–	 Smith-Oliver and Butterworth 
1987 

– Butterworth et al. 1984 

– Elliott and Elcombe 1985 

– Tamura et al. 1991 

– Cattley and Glover 1993 

+ Takagi et al. 1990 

+ Ahmed et al. 1989 

+ Kurokawa et al. 1982 

– Kozumbo et al. 1982 

Sex linked recessive lethal  – Yoon et al. 1985 

– = negative result; + = positive result; ATPase = adenosine triphosphatase; GGTase = gamma glutamyl 
transferase 
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Spot tests were conducted in which mouse embryos heterozygous for a number of recessive coat color 

mutations were exposed in utero with the direct monofunctional alkylating mutagen ethylnitrosourea 

(ENU), either alone or followed by intraperitoneal injection of the pregnant dam with DEHP (Fahrig and 

Steinkamp-Zucht 1996). DEHP, in combination with ENU, resulted in an increase in the number of spots 

indicative of reciprocal recombination compared to ENU treatment alone. Conversely, DEHP alone 

resulted in a reduction in the number of spots that arose from ENU-induced gene mutations. These 

findings are not necessarily indicative of interference with DNA repair processes because DEHP could 

have induced altered spots epigenetically rather than by mutagenic means. As discussed by Trosko 

(1997, 2001), mutation assays are often misinterpreted to give false positives results for epigenetic 

(nonmutagenic) agents. 

DEHP has been extensively tested in short-term in vitro genotoxicity assays, but does not appear to be 

mutagenic in most microbial and mammalian assay systems, as evident in the study results summarized in 

Table 3-4. The International Program on Chemical Safety (IPCS) investigated the in vitro genotoxicity of 

DEHP in a comprehensive study (IPCS 1985). They found no evidence for genotoxicity in standard 

bacterial tests. Likewise, there was no evidence for genotoxicity expressed as strand breaks, sister 

chromatid exchanges, chromosomal aberrations, micronuclei, or polyploidy in mammalian systems in 

vitro. Potential for mutagenicity in mammalian systems in vitro was suggested in only 1/10 assays, 

2/4 for DNA repair, 4/5 for cell transformation, 2/2 for aneuploidy, and 1/2 for metabolic cooperation. 

Genotoxicity tests using fungi yielded positive results in 1/7 assays for mutations, 3/7 (gene conversion), 

1/6 (crossing-over), and 2/4 (aneuploidy). The few positive test results from the IPCS (1985) study and 

the studies of other investigators (Table 3-4) were typically associated with limitations that included weak 

or nonreproducible positive responses, limited experimental conditions, positive responses only at 

restricted or cytotoxic dose levels, and lack of quantitative evaluation. Induction of cell transformation 

(Diwan et al. 1985; IPCS 1985; Mikalsen et al. 1990; Sanner and Rivedal 1985) and aneuploidy (IPCS 

1985; Stenchever et al. 1976) provided the clearest indications of genotoxic potential, but false positive 

interpretations are not precluded. 



DI(2-ETHYLHEXYL)PHTHALATE 98 

3. HEALTH EFFECTS 

Table 3-4. Genotoxicity of DEHP In Vitro 

Results 

With Without 
End point activation activation ReferenceSpecies (test system) 

Prokaryotic organisms: 

Salmonella 

typhimurium


S. typhimurium


S. typhimurium


S. typhimurium

(TA100)


S. typhimurium (TA98)


S. typhimurium

(TA102) 

S. typhimurium 
(TA100) 

S. typhimurium 

S. typhimurium 
(TA100) 

S. typhimurium (TA98, 
TA100) 

Escherichia coli PQ37 

E. coli WP2UVRA+ 

E. coli WP2UVRA 

Bacillus subtilis (rec 
assay) 

S. typhimurium 

Gene mutation 

Gene mutation 

Gene mutation 

Gene mutation 

Gene mutation 

Gene mutation 

Gene mutation 

Gene mutation 

Gene mutation 

Gene mutation 

Gene mutation 

Gene mutation 

Gene mutation 

DNA damage 

Azaguanine 
resistance 

–  – Astill et al. 1986 

–  – Barber et al. 
1987 

–  – Kirby et al. 1983 

–  + Kozumbo et al. 
1982 

–  – Sato et al. 1994 

–  – Schmezer et al. 
1988 

–  – Seed 1982 

–  – Tennant et al. 
1987 

+	 Tomita et al. 
1982b 

–  – Yoshikawa et al. 
1983 

–  – Sato et al. 1994 

–  – Yoshikawa et al. 
1983 

–  – Yoshikawa et al. 
1983 

–  – Tomita et al. 
1982b 

–  – Seed 1982 
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Table 3-4. Genotoxicity of DEHP In Vitro (continued) 

Species (test system) 

Eukaryotic organisms: 

Saccharomyces 
cerevisae 
(XV185-14C, D7, 
RM52, D6, D5, D6-1) 

S. cerevisiae (JD1, D7-
144, D7) 

S. cerevisiae (D61M, 
D6) 

S. cerevisiae (D61M, 
D6) 

Schizosaccharomyces 
pombe (P1) 

Aspergillus niger (P1) 

Mammalian cells: 

Mouse lymphoma cells 

Mouse lymphoma cells 

Mouse lymphoma cells 

Rat hepatocytes 

Hamster hepatocytes 

Human hepatocytes 

Mouse hepatocytes 

Rat hepatocytes 

Rat hepatocytes 

Rat hepatocytes 

Rat hepatocytes 

Results 

With Without 
End point activation activation Reference 

Gene mutation  –  – Parry et al. 1985 

Gene conversion  –  – Parry et al. 1985 

Mitotic aneuploidy  +  + Parry et al. 1985 

Mitotic segregation  –  – Parry et al. 1985 

Gene mutation  –  – Parry et al. 1985 

Mitotic segregation  – NS Parry et al. 1985 

Mutagenicity  –  – Astill et al. 1986 

Mutagenicity  –  – Kirby et al. 1983 

Mutagenicity  –  – Tennant et al. 
1987 

DNA damage  – NA Schmezer et al. 
1988 

DNA damage  – NA Schmezer et al. 
1988 

DNA repair  – NA Butterworth et al. 
1984 

DNA repair  – NA Smith-Oliver and 
Butterworth 1987 

DNA repair  – NA Astill et al. 1986 

DNA repair  – NA Butterworth 1984 

DNA repair  – NA Hodgson et al. 
1982 

DNA repair  – NA Kornbrust et al. 
1984 
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Table 3-4. Genotoxicity of DEHP In Vitro (continued) 

Results 

With Without 
End point activation activation ReferenceSpecies (test system) 

Rat hepatocytes DNA repair  – NA Probst and Hill 
1985 

V79 cells DNA repair  – NA Kornbrust et al. 
1984 

CHO cells Sister chromatid – NA Abe and Sasaki 
exchange 1977 

CHO cells Sister chromatid – NA Phillips et al. 
exchange 1982 

CHO cells Sister chromatid + NA Tennant et al. 
exchange 1987 

Rat liver (RL4) Sister chromatid – NA Priston and Dean 
exchange 1985 

Human hepatocytes Chromosomal – NA Turner et al. 
aberrations 1974 

Human leucocytes Chromosomal – NA Stenchever et al. 
aberrations 1976 

CHO cells Chromosomal – NS Phillips et al. 
aberrations 1982 

CHO cells Sister chromatid – NA Tennant et al. 
exchange 1987 

Rat liver (RL4) Chromosomal – NA Priston and Dean 
aberrations 1985 

CH SV40-transformed Selective DNA – NA Schmezer et al. 
liver cells amplification 1988 

CHO cells Cell transformation  + NS Sanner and 
Rivedal 1985 

SHE cells Cell transformation  – NA Astill et al. 1986 

Mouse JB6 epidermal Cell transformation  + NA Diwan et al. 1985 
cells 

SHE cells Cell transformation  + NA Mikalsen et al. 
1990 

Mouse C3H/10T1/2 Cell transformation  – NA Sanchez et al. 
fibroblasts 1987 
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Table 3-4. Genotoxicity of DEHP In Vitro (continued) 

Results 

With Without 
Species (test system) End point activation activation Reference 

Chinese hamster Gap junction 
fibroblasts	 intercellular 

communication 

Chinese hamster Gap junction 
fibroblasts	 intercellular 

communication 

Rat hepatocytes DNA binding 

Human fetal Aneuploidy 
pulmonary cells 

Rat liver (RL4) Polyploidy 

+	 NS Malcolm and 
Mills 1989 

–	 NS Kornbrust et al. 
1984 

– NA Gupta et al. 1985 

–	 NA Stenchever et al. 
1976 

–	 NA Priston and Dean 
1985 

– = negative result; + = positive result; CHO = Chinese hamster ovary; NA = not applicable to mammalian cell 
cultures; NS = not specified; SHE = Syrian hamster embryo 
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3.4 TOXICOKINETICS 

Human data indicate that gastrointestinal absorption of DEHP and its metabolites might amount to 

approximately 20–25% of an orally-administered dose. Trace amounts of DEHP might be absorbed 

through the skin. Parenteral routes of exposure are also a human concern since DEHP is found in plastic 

products that might be used in medical treatment devices or storage bags. No human data were available 

regarding the toxicokinetics of inhaled DEHP, although some degree of absorption from respiratory 

tissues would be expected. 

Animal data generally support the human findings. DEHP is hydrolyzed in the small intestines and 

absorbed as MEHP and 2-ethylhexanol. At high concentrations, a limited amount of unhydrolyzed DEHP 

might be absorbed. The degree of gastrointestinal absorption varies among animal species and is 

apparently greater in rodents than in monkeys. Animal studies indicate that DEHP might be absorbed 

through the skin in minute quantities. Absorption via the respiratory tract has also been indicated, 

although quantitative absorption studies have not been published. 

Limited human data from autopsies have indicated the presence of DEHP in adipose tissues and kidneys. 

Metabolic pathways for DEHP involve a number of reactions, as presented in Figure 3-4. Esteratic or 

hydrolytic cleavage of DEHP results in the formation of MEHP and 2-ethylhexanol. The esterases 

responsible for these hydrolytic steps are found in numerous body tissues, but highest levels occur in the 

pancreas (hydrolytic reactions occur more readily following oral exposure because of the high content of 

esteratic activity within the gastrointestinal tract).  MEHP is further metabolized via numerous oxidative 

reactions, resulting in the formation of 30 or more metabolites, some of which can be conjugated with 

glucuronic acid for excretion. Oxidation of 2-ethylhexanol primarily yields 2-ethylhexanoic acid and 

several keto acid derivatives, which are excreted in the urine. 

In orally-exposed humans, approximately 65% of DEHP metabolites are excreted in the urine as 

glucuronide conjugates. The aglycone moiety of these conjugates as well as the nonconjugated DEHP 

metabolites excreted by humans are similar to those found in urine and feces of laboratory animals, 

although relative proportions might differ with species, dose, and time. No studies were located regarding 

fecal excretion of DEHP metabolites in humans. However, significant amounts of DEHP were noted in 

the feces of animals given DEHP by the oral route; it presumably represents unmetabolized 
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are not shown in this figure. 

Adapted from Albro 1986 
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DEHP. MEHP and other metabolites were frequently found in feces of DEHP-exposed animals, in some 

cases associated with biliary excretion products. 

3.4.1 Absorption 

3.4.1.1 Inhalation Exposure 

No quantitative data regarding absorption after inhalation exposures of humans or animals to DEHP were 

located. However, absorption can occur through the lungs of humans as evidenced by identification of 

DEHP in the urine or lung tissue of infants exposed to DEHP during respiration therapy (Roth et al. 

1988). 

In rats, inhalation of an aerosol containing 1,000 mg/m3 of DEHP resulted in peroxisome proliferation 

(Merkle et al. 1988), indicating that absorption had occurred. However, no quantitative details were 

provided which could be used to estimate absorption in this study, or rule out inadvertent co-exposure by 

the oral route. 

3.4.1.2 Oral Exposure 

Measurement of DEHP excretory metabolites indicate that about 11–15% of a 30 mg oral dose is excreted 

in human urine and, therefore, was absorbed (Schmid and Schlatter 1985). However, the total absorption 

is probably higher (perhaps 20–25%), since animal studies indicate that biliary excretion accounts for 

15–20% of the absorbed dose (see Section 3.4.4.3). 

Analysis of animal data suggests that rodents absorb DEHP better than other animal species (Astill 1989; 

Rhodes et al. 1986). DEHP is absorbed primarily as MEHP and 2-ethylhexanol, along with small 

amounts of unhydrolyzed DEHP. At low concentrations, most of DEHP is hydrolyzed in the small 

intestines and absorbed as the MEHP and 2-ethylhexanol (Albro 1986; Albro et al. 1982b). At high 

concentrations, some unhydrolyzed DEHP is also absorbed. Based on urinary excretion of metabolites, 

rats can absorb at least 55% of a 2,000 mg/kg oral dose of DEHP (Rhodes et al. 1986). Actual absorption 

is probably greater than this since biliary excretion of previously absorbed and metabolized DEHP might 

account for a considerable portion of the fecal elimination. Larger percentages of smaller doses will be 

absorbed, since intestinal transport of MEHP and DEHP can be saturated at high doses (Short et al. 1987). 
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A similar saturation phenomenon is seen in monkeys, although monkeys appear to absorb a smaller 

percentage of each oral dose than do rats (Astill 1989; Rhodes et al. 1986). 

3.4.1.3 Dermal Exposure 

DEHP does not appear to be readily absorbed through the human skin. Wester et al. (1998) estimated that 

dermal absorption amounts to approximately 1.8% of a 24-hour applied dose of DEHP solubilized in 

ethanol. They noted that 1.1% of the radioactivity from a 24-hour dermal application of  14C-labeled 

DEHP to the forearm of volunteers was excreted in the urine within 7 days postapplication. They used 

this finding and the observation that approximately 60.8% of an intravenously-injected dose of DEHP 

was excreted in the urine of Rhesus monkeys over the same posttreatment time period as the basis for 

their estimate. No other reports were located regarding dermal absorption of DEHP in humans. 

DEHP has been shown to be poorly absorbed through the skin of laboratory animals. Dermal absorption 

was reported to be approximately 5% in rats exposed for 7 days to an initial dose of 30 mg DEHP/kg 

(dissolved in ethanol); about 95% of the original radioactivity was recovered from the application site and 

5% in the urine and feces (Melnick et al. 1987). In more recent investigations concerning the migration 

of DEHP from PVC film and subsequent dermal absorption, Deisinger et al. (1998) subjected rats to 

24-hour dermal (rats were sacrificed after the 24-hour application period) applications of radiolabeled 

DEHP (approximate dose 1,739 mg DEHP/kg) contained in occluded PVC film patches, and estimated 

that approximately 0.0045% of the applied dose was dermally absorbed during the exposure period after 

accounting for radioactivity recovered in the PVC film, urine, feces, cage washes, and carcass. The mean 

calculated dermal absorption rate was 0.242 µg/cm2/hour. Similarly exposed rats whose PVC was 

removed after the 24-hour exposure and were followed for 6 days postexposure exhibited a similar 

calculated absorption rate (0.239 µg/cm2/hour), but had a slightly higher percent total absorption (0.01%). 

In vitro studies of DEHP absorption through human, rat, and porcine epidermal segments confirm the 

poor dermal absorption of DEHP (Scott et al. 1987; Wester et al. 1998). The steady state dermal 

absorption rate was only 1.06 µg/cm2/hour in human skin segments and 2.24 µg/cm2/hour in rats; 

approximately 3.9% of an applied dose of DEHP penetrated perfused porcine skin flaps. In vivo 

absorption of DEHP from polyvinyl chloride film by shaved rats and in vitro data on rat and human 

dermal absorption rates were used to estimate an absorption rate from PVC film for humans of 

0.016 µg/cm2/hour (Deisinger et al. 1991). 
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3.4.2 Distribution 

Few studies were located regarding the distribution of DEHP in humans after exposure to DEHP. DEHP 

is lipophilic and tends to accumulate in adipose tissue. DEHP was present in human adipose tissues from 

accident victims at a concentration of 0.3–1.0 ppm (Mes et al. 1974) and in 48% of the adipose tissue 

specimens from cadavers autopsied in 1982 as part of the Human Adipose Tissue Survey from the 

National Human Monitoring Program (EPA 1989b). In addition, DEHP has been isolated in the kidneys 

of autopsied patients (Overturf et al. 1979). The presence of DEHP in tissues might be an artifact since 

DEHP can easily contaminate biological samples during laboratory processing operations. This can, at 

times, make DEHP appear to be more ubiquitous in tissues than it actually is. 

As detailed in Section 3.2.2.6 Developmental Effects, DEHP and/or metabolites administered during 

gestation can induce increased incidences of resorptions, fetal deaths and malformations in rats and mice 

(Hellwig et al. 1997; Ritter et al. 1987; Shiota and Mima 1985; Tomita et al. 1982a; Tyl et al. 1988; Yagi 

et al. 1980). While this might be interpreted as evidence of transplacental transfer of these substances, the 

possibility that the effects result from toxicity to the dams cannot be ruled out. 

3.4.2.1 Inhalation Exposure 

No studies were located regarding the distribution of DEHP in the tissues of humans or animals after 

inhalation exposure to DEHP. 

3.4.2.2 Oral Exposure 

No studies were located regarding the distribution of DEHP in humans after oral exposure to DEHP. 

However, since environmental exposures to DEHP occur primarily through foods, the data discussed in 

Section 3.4.2 concerning the presence of DEHP in human adipose deposits is a reflection of distribution 

following oral exposures, assuming that contamination was avoided. 

The liver, kidney, testes, and blood were identified as sites of DEHP metabolism or utilization after 

14-day oral exposure of rats to a 2,000 mg/kg/day dose containing 14C-DEHP labeled in the phenyl ring 

(Rhodes et al. 1986). At the end of the 14 days, the liver contained 205 µg/g, the kidney 105 µg/g, the 

blood 60 µg/g, and the testes 40 µg/g of DEHP equivalent. A very similar distribution pattern was seen in 

monkeys under the same exposure conditions (2,000 mg/kg/day), although the actual tissue 
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concentrations were 10–15% of the amounts in the rat, reflecting the lower coefficient of absorption for 

DEHP in the monkey and possible differences in other aspects of pharmacokinetics (Rhodes et al. 1986). 

The tissue distribution in the monkeys, 7 days after administration of a single dose of 2,000 mg/kg DEHP, 

was similar to that observed after continuous exposures, except that the concentration of the label in the 

testes (3.75 µg/g) was greater than that in the liver and kidney (2.5 µg/g). The concentration of the label 

in the blood was <50% of that in the liver and kidney. 

The tissue distribution of a single radiolabeled dose of DEHP was investigated in rats, dogs, and 

miniature pigs given 50 mg/kg/day DEHP in the diet for 21–28 days before receiving the radiolabeled 

dose (5 µCi/kg in 50 mg/kg) by gavage or gelatin capsule (Ikeda et al. 1980). Tissue samples were 

evaluated in each species at 4 hours, 24 hours, and 4 days after administration of the radiolabeled sample. 

In all three species, the liver contained a substantial portion of the tissue label at 4 and 24 hours (Ikeda et 

al. 1980). Label was cleared from the dog liver less rapidly than from the liver of rats and pigs. Dogs 

also contained a relatively high percentage of label in muscle tissue, approximately twice that found in 

pigs. (The presence of label was not determined in rat muscle). In dogs, there was more of the label in the 

muscle at 4, 24, and 96 hours than in the fat tissue. In pigs, there was much more label in the fat than in 

the muscle. In all cases the amount of label in the tissues examined was <2% of the administered dose, 

except for a value of 2.24% in the rat liver. 

DEHP demonstrated a lower affinity for brain tissue than liver in mice following oral administration of 

0.7 mg DEHP/kg to 3-, 10-, and 20-day-old animals (Eriksson and Darnerud 1985). The retention of the 

label in the brain was minimal, but was greater in 3-day-old mice than in older mice. In 3-day-old mice, 

1.6% of the label was identified in the brain 24 hours after administration as opposed to approximately 

0.25% in 10-day-old mice and values below detection for the 20-day-old mice. This might indicate 

increased permeability of the blood-brain barrier to DEHP in neonates or developing organisms and help 

to explain the finding that there is an increase in neuronal peroxisomes in newborn mice exposed to 

DEHP (Dabholkar 1988). Alternatively, the higher level of DEHP in the brain might be a reflection of a 

slower rate of compound elimination in neonates. 

3.4.2.3 Dermal Exposure 

No studies were located regarding the distribution of DEHP in human tissues after dermal exposures to 

DEHP. In rats exposed to 30 mg/kg DEHP applied to the skin for 7 days, the liver contained 0.063% of 
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the applied dose, the kidney 0.012%, the muscles 1.162%, and the fat 0.066% (Elsisi et al. 1989; Melnick 

et al. 1987). The small intestines were found to contain 0.161% of the dose, giving evidence for either 

intestinal uptake of DEHP from non-oral routes of exposure or the excretion of metabolites in the bile. 

3.4.2.4 Other Routes of Exposure 

Humans can be exposed to DEHP through medical practices such as dialysis, respiration therapy, blood 

transfusions, or total parenteral nutrition treatment (TPN) where the source of DEHP is the plastics 

utilized in medical treatment devices or storage bags. Thus, data on tissue distribution following alternate 

routes of exposure are important in evaluating the potential for DEHP to have an adverse effect on human 

health. Exposure can occur through the intravenous route as well as the oral, dermal, and respiratory 

routes. In addition, limited formation of MEHP occurs in storage bags, so that exposure includes DEHP 

plus MEHP (FDA 2001h). 

DEHP exposures through the parenteral route bypass the intestinal esterases so there will tend to be a 

greater proportion of the dose entering systemic circulation as DEHP rather than MEHP. This is evident 

in data from human studies following exchange transfusions and hemodialysis. Initially there is more 

DEHP than MEHP in the blood (Pollack et al. 1985a; Sjoberg et al. 1985d). However, DEHP levels 

decline rapidly with a half-life of 10 hours (Sjoberg et al. 1985d), and the MEHP levels increase until the 

time-averaged concentrations are roughly equal (Pollack et al. 1985a). It was not determined whether the 

differences in disappearance were due to volume of distribution or metabolism differences. Between 

exposures, both DEHP and MEHP disappear from the blood, and phthalic acid concentrations increase. 

Blood phthalic acid concentrations correlate better with the duration of dialysis than either DEHP or 

MEHP levels (Pollack et al. 1985a). Similar results were seen in animal studies. After arterial injection, 

DEHP was rapidly cleared from the blood of rats (Pollack et al. 1985b). 

The distribution of parenterally administered DEHP to soft tissues was studied in marmoset monkeys. 

Seven days after intravenous and intraperitoneal administration of 100 and 1,000 mg/kg doses in corn oil 

emulsion, respectively, the lungs were the major tissue retaining DEHP label (Rhodes et al. 1986). 

Following intravenous administration, the concentration of DEHP in the lungs was 4,257 µg/g; that in the 

liver, approximately 17 µg/g; the testes, 5 µg/g; and the kidney, 4 µg/g. The authors hypothesized that 

the DEHP in the lungs reflects entrapment of insoluble compound from the intravenous emulsion by 

alveolar capillaries. After intraperitoneal administration, the concentrations of label in the lung, liver, 

kidney, and testes were approximately 265, 80, 60, and 15 µg/g, respectively.  Seven days after 
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intraperitoneal administration, 85% of the dose remained in the peritoneal cavity. Although the results of 

the intravenous and intraperitoneal distribution experiments appear to indicate that DEHP can deposit in 

the lungs following parenteral exposures, there is insufficient basis to conclude this because only total 

radioactivity was measured, and DEHP might have been sequestered in the capillaries of the lungs due to 

a mechanical artifact of the solubilization rather than by being absorbed by the pulmonary parenchyma. 

Accumulation of DEHP in the lungs does not occur with oral or dermal exposures and is not expected to 

occur after inhalation exposure, although none of the studies conducted using this route have evaluated 

concentrations of DEHP in the tissues. 

3.4.3 Metabolism 

Based on data from both human and animal studies, the metabolism of DEHP involves a complex series 

of reactions with the production of 30 or more metabolites (Albro 1986; Albro et al. 1982a, 1982b, 1983, 

1987; Astill 1989; Schmid and Schlatter 1985). The first step in metabolism is the hydrolytic cleavage of 

DEHP resulting in the formation of MEHP and 2-ethylhexanol. This step occurs rapidly in the intestine, 

as evidenced by the disappearance of DEHP from rat gut homogenate (half-life 12.6 minutes), and the 

formation of approximately equal proportions of MEHP and 2-ethylhexanol (Barber et al. 1994). The 

formation of MEHP from the parent ester is acheived by lipases that have been identified in the pancreas 

and intestinal mucosa, as well as the liver, kidneys, lungs, skin, and plasma. The pancreatic tissue is the 

richest source of these esterases by several orders of magnitude (Albro 1986). The adipose tissue has the 

lowest concentration of esterase. Because of differences in tissue enzyme activities, DEHP exposure by 

the oral route results in a larger portion of the dose being converted to MEHP and 2-ethylhexanol than 

occurs with inhalation or dermal exposures. Hydrolysis of the second ester bond converts a small portion 

of the MEHP to phthalic acid but most of the MEHP undergoes ω- (omega) and ω-1-oxidation of the 

aliphatic side chain. The ω-oxidation step can be followed by α- or β-oxidation reducing the number of 

carbons in the 2-ethylhexyl side chain. A proposed metabolic pathway for oxidation of MEHP is 

presented in Figure 3-4. Each of the metabolites depicted in Figure 3-4 has been given a Roman numeral 

designation which is often used in place of its chemical name (Albro et al. 1983). After the primary 

metabolic conversions described above, the oxidized derivatives of MEHP can be conjugated with 

glucuronic acid for excretion (Albro 1986; Astill 1989). There is no evidence to suggest that the aromatic 

phthalic acid moiety is degraded during the metabolism of DEHP. 



DI(2-ETHYLHEXYL)PHTHALATE 110 

3. HEALTH EFFECTS 

2-Ethylhexanol is also metabolized through oxidative pathways. The primary urinary products from 

2-ethylhexanol are 2-ethylhexanoic acid and several keto acid derivatives which appear to be products of 

β-oxidation (Albro and Corbett 1978). 

No data were located regarding the metabolites produced in humans or animals after either inhalation or 

dermal exposures to DEHP. Metabolism following these routes of exposure is expected to be similar to 

that after oral exposures, since there are lipases present in the alveolar cells of the lungs and the 

epidermis. However, the activities of these lipases are about 20% of that for the pancreatic esterase 

secreted into the intestines (Albro et al. 1987), so it is possible that a larger portion of an absorbed dose 

from respiratory or dermal exposures to DEHP will initially be presented to the tissues as unhydrolyzed 

DEHP rather than MEHP. 

There have been studies of the metabolism of DEHP in humans after oral exposures as reflected by its 

urinary excretory products. In two volunteers exposed to 30 mg DEHP, metabolites I, II, III, IV, V, VI, 

VII, and VIII were identified in the urine by mass spectroscopy (Schmid and Schlatter 1985). MEHP 

accounted for 6–12% of the measured metabolites. Metabolite VI was approximately 20% of the excreted 

material, Metabolite IX approximately 30% and Metabolite V approximately 30%. The remaining 

metabolites were each less than 5% of the excreted material. Based on a comparison of the metabolites in 

the hydrolyzed urine as compared to the unhydrolyzed urine, approximately 65% of DEHP metabolites 

are excreted as glucuronide conjugates in humans. Each of these major metabolites is the product of 

oxidation of a different carbon in the 2-ethylhexyl substituent. 

The same DEHP metabolites are found in the urine and feces of monkeys, rats, mice, guinea pigs, and 

hamsters, although there are some differences in the proportion of the metabolites excreted as conjugates 

of glucuronic acid (Albro et al. 1982a; Astill 1989). Monkeys are similar to humans and excrete 60% of 

the urinary metabolites as conjugates (Albro et al. 1982a). Guinea pigs, hamsters, and mice appear to 

excrete a smaller and more variable portion of DEHP metabolites as conjugates, while none of the 

metabolites in rat urine are found as conjugates (Albro et al. 1982a). Based on examination of the urinary 

metabolites after hydrolysis with aryl sulfatase, acylase I, and carboxypeptidase A, there is no evidence 

that conjugation with glutathione, sulfates, or amino acids occurs in rats, mice, guinea pigs, or hamsters 

(Albro et al. 1982a). The quantities of free DEHP excreted are minimal in all species that have been 

examined. The amount of MEHP varies from species to species. A large fraction (72%) of MEHP was 

excreted in the urine of guinea pigs (Albro et al. 1982a). Monkeys and mice excreted 17–18% MEHP 

(Albro et al. 1982a; Rhodes et al. 1986); hamsters, 4.5% MEHP; and rats only traces of this compound 
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(Albro 1986; Albro et al. 1982a; Astill 1989). Mice and hamsters excrete more phthalic acid than rats and 

guinea pigs (Albro 1986; Albro et al. 1982a). 

Metabolites I, IV, V, VI, VIII, and IX were the metabolites present in the highest concentrations in the 

animal species studied (Albro et al. 1982a, 1982b, 1987; Astill 1989; Rhodes et al. 1986; Short et al. 

1987). The relative proportions of metabolites differ with species, dose, and time (Lhuguenot et al. 1985, 

1988). The metabolites with multiple side chain oxidation sites are more water soluble than those with a 

single hydroxyl, carbonyl, or carboxyl functional group. The multiple oxidation site metabolites (XII 

through XXV) have, accordingly, been more difficult to isolate and quantify (Albro et al. 1983). 

3.4.4 Elimination and Excretion 

3.4.4.1 Inhalation Exposure 

No data were located concerning excretion in humans or animals after inhalation exposures to DEHP. 

3.4.4.2 Oral Exposure 

Humans exposed to a single dose of 30 mg DEHP excreted 11 to 15% of the dose as metabolites in the 

urine over 48 hours (Schmid and Schlatter 1985). When a smaller dose (10 mg) was given for each of 

4 sequential days, 15–25% of the dose was recovered in the urine. No measurements of fecal elimination 

of DEHP or its metabolites were made. 

The data from animal studies demonstrate that DEHP and it metabolites are excreted in both the urine and 

the feces. Rats exposed to 50–300 mg/kg DEHP excrete 32–70% of the dose in the urine as metabolites 

(Astill 1989; Ikeda et al. 1980; Short et al. 1987). An additional 20–25% of the absorbed dose was 

excreted with the bile in the fecal matter. The remainder of the fecal excretion was unabsorbed DEHP 

and MEHP. In monkeys, approximately 30% of a 100 mg/kg dose and 4% of a 2,000 mg/kg dose were 

excreted in the urine (Astill 1989; Rhodes et al. 1986; Short et al. 1987; Sjoberg et al. 1985b). The 

remainder was in the feces. A portion of the fecal metabolites was contributed by the bile. The biliary 

excretory products represent approximately 15% of the absorbed DEHP. In rats and mice administered 

radiolabeled DEHP, 85–90% of the label was excreted in the first 24 hours (Astill 1989; Ikeda et al. 

1980). In monkeys, a smaller portion of the label (50–80%) was excreted in the first 24 hours (Astill 

1989). Twenty-four hour excretion of label in urine and feces was also lower in dogs (67%) and 
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miniature pigs (37%) than in rats and mice (Ikeda et al. 1980). Miniature pigs were unique in that very 

little label (26%) was found in the feces even with 4 day collected samples. This compares with values of 

53% in rats and 75% in dogs 4 days after administration of a 50 mg/kg dose containing 5 µCi/kg of 

radiolabel. It appears that biliary excretion of metabolites is very limited in miniature pigs. 

Because of their lipophilic nature, both DEHP and MEHP can accumulate in breast milk and subsequently 

be transferred to suckling offspring. For example, Dostal et al. (1987b) detected both DEHP (216 µg/mL) 

and MEHP (25 µg/mL) in the milk collected from lactating Sprague-Dawley rats 6 hours after the last of 

three daily gavage doses of 2,000 mg DEHP/kg (Dostal et al. 1987b). At this time, no DEHP could be 

detected in dams’ plasma, but substantial amounts of MEHP were detected. Pups’ plasma had no 

detectable DEHP or MEHP. Cimini et al. (1994) and Stefanini et al. (1995) also presented evidence of 

transfer of DEHP and/or metabolites to offspring via breast milk. In all of these studies, there was 

increased peroxisomal enzyme activities in pups’ livers. 

3.4.4.3 Dermal Exposure 

A mean of 1.1% of the radioactivity from 24-hour dermal application of radiolabeled DEHP was 

recovered in the urine of six volunteers 7 days postapplication sampling (Wester et al. 1998). 

DEHP derivatives were excreted in both the urine and feces following dermal exposures of rats to 

30 mg/kg for 7 days (Elsisi et al. 1989). Only 5% of the dose was excreted; 3% was in the urine and 2% 

in the feces. After 7 days, 95% of the dose was recovered from the skin surface. The finding of 

approximately 40% of the excreted label in the fecal matter is a reflection of the importance of the biliary 

excretion route. 

3.4.4.4 Other Routes of Exposure 

Twenty-four hours after a single intravenous injection of 14C-DEHP to rats, the radioactivity was mainly 

recovered in the urine and feces, suggesting that the major excretory pathways in rats are the urine and 

bile (Schulz and Rubin 1973). Excretion was dose-dependent as shown by the fact that 50–60% of the 

injected radioactivity from a low dose was recovered in urine and feces, whereas less than 50% was 

recovered when a high dose was injected (Schulz and Rubin 1973). In Rhesus monkeys, 60.8% of the 

radioactivity in an intravenously injected dose of radiolabeled DEHP was excreted in the urine during 

7 days postinjection, more than half of which was eliminated in the first day (Wester et al. 1998). 
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Medical exposure to DEHP routinely occurs during intravenous infusion of blood and blood products 

(e.g., fluids and medication). Rapid elimination of DEHP that reaches the blood during transfusions and 

hemodialysis has been demonstrated in several studies (Barry et al. 1989; Lewis et al. 1978; Rubin and 

Schiffer et al. 1975; Sjorberg et al. 1985). For example, transfusion of platelets that were stored in vinyl 

plastic packs resulted in blood levels of DEHP (peak plasma concentrations ranging from 0.34 to 

0.83 mg/dL) that fell monoexponentially with a mean rate of 2.83% per minute and a half-life of 

28 minutes (Rubin and Schiffer 1975). Similarly, measurements on patients who had undergone 

>50 hemodialysis treatments indicated that most of the DEHP present in the serum at the completion of a 

dialysis session is likely to be gone in 5–7 hours (Lewis et al. 1978). 

3.4.5 Physiologically Based Pharmacokinetic (PBPK)/Pharmacodynamic (PD) Models 

Physiologically based pharmacokinetic (PBPK) models use mathematical descriptions of the uptake and 

disposition of chemical substances to quantitatively describe the relationships among critical biological 

processes (Krishnan et al. 1994). PBPK models are also called biologically based tissue dosimetry 

models. PBPK models are increasingly used in risk assessments, primarily to predict the concentration of 

potentially toxic moieties of a chemical that will be delivered to any given target tissue following various 

combinations of route, dose level, and test species (Clewell and Andersen 1985). Physiologically based 

pharmacodynamic (PBPD) models use mathematical descriptions of the dose-response function to 

quantitatively describe the relationship between target tissue dose and toxic end points. 

PBPK/PD models refine our understanding of complex quantitative dose behaviors by helping to 

delineate and characterize the relationships between: (1) the external/exposure concentration and target 

tissue dose of the toxic moiety, and (2) the target tissue dose and observed responses (Andersen et al. 

1987; Andersen and Krishnan 1994). These models are biologically and mechanistically based and can 

be used to extrapolate the pharmacokinetic behavior of chemical substances from high to low dose, from 

route to route, between species, and between subpopulations within a species. The biological basis of 

PBPK models results in more meaningful extrapolations than those generated with the more conventional 

use of uncertainty factors. 

The PBPK model for a chemical substance is developed in four interconnected steps: (1) model 

representation, (2) model parametrization, (3) model simulation, and (4) model validation (Krishnan and 

Andersen 1994). In the early 1990s, validated PBPK models were developed for a number of 

toxicologically important chemical substances, both volatile and nonvolatile (Krishnan and Andersen 
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1994; Leung 1993). PBPK models for a particular substance require estimates of the chemical substance-

specific physicochemical parameters, and species-specific physiological and biological parameters. The 

numerical estimates of these model parameters are incorporated within a set of differential and algebraic 

equations that describe the pharmacokinetic processes. Solving these differential and algebraic equations 

provides the predictions of tissue dose. Computers then provide process simulations based on these 

solutions. 

The structure and mathematical expressions used in PBPK models significantly simplify the true 

complexities of biological systems. If the uptake and disposition of the chemical substance(s) is 

adequately described, however, this simplification is desirable because data are often unavailable for 

many biological processes. A simplified scheme reduces the magnitude of cumulative uncertainty. The 

adequacy of the model is, therefore, of great importance, and model validation is essential to the use of 

PBPK models in risk assessment. 

PBPK models improve the pharmacokinetic extrapolations used in risk assessments that identify the 

maximal (i.e., the safe) levels for human exposure to chemical substances (Andersen and Krishnan 1994). 

PBPK models provide a scientifically sound means to predict the target tissue dose of chemicals in 

humans who are exposed to environmental levels (for example, levels that might occur at hazardous waste 

sites) based on the results of studies where doses were higher or were administered in different species. 

Figure 3-5 shows a conceptualized representation of a PBPK model. 
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Figure 3-5. Conceptual Representation of a Physiologically

Based Pharmacokinetic (PBPK) Model for a 


Hypothetical Chemical Substance
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Source: adapted from Krishnan et al. 1994 

Note: This is a conceptual representation of a physiologically based pharmacokinetic (PBPK) model for a hypothetical 
chemical substance. The chemical substance is shown to be absorbed via the skin, by inhalation, or by ingestion, 
metabolized in the liver, and excreted in the urine or by exhalation. 
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Keys et al. (1999) describe a PBPK model of DEHP in rats that simulates the pharmacokinetics of both 

DEHP and its major metabolite, MEHP. The model is intended for use in simulating doses of MEHP to 

the testes resulting from oral exposures to DEHP. 

Description of the Model. The Keys et al. (1999) model simulates six tissue compartments: small 

intestine, blood, liver, testis, slowly perfused tissues, and poorly perfused tissues. Conversion of DEHP 

to MEHP in the small intestine is simulated with km and Vmax terms, whereas conversion in liver and blood 

are simulated with separate first order rate constants, kl and kb, respectively.  Elimination of DEHP and 

MEHP is assumed to be entirely by metabolism of DEHP to MEHP, and MEHP to unspecified 

metabolites; the latter transformation is represented in the model by km and Vmax terms. 

Keys et al. (1999) explored four approaches to modeling the pharmacokinetics of DEHP and MEHP. In a 

flow-limited version of the model, transfers between blood and tissues are simulated as functions of blood 

flow, tissue concentrations of DEHP or MEHP, and tissue:blood partition coefficients, assuming 

instantaneous partitioning of the compounds between tissue and blood (Ramsey and Anderson 1984). In 

a diffusion-limited version of the model, the tissue transfers include a first order rate term (referred to as 

the permeation constant) that relates the intracellular-to-extracellular concentration gradient to the rates of 

transfer. This model required estimates of extracellular tissue volume (ECV) and intracellular volume 

(ICV); ECV is assumed to be equal to tissue blood volume and ICV is assumed to be equal to the 

difference between tissue blood volume and total tissue volume. This approach would be expected to 

underestimate the true ECV of most tissues, which is approximately 45% of tissue mass (Edelman and 

Leibman 1959), and overestimate the true ICF; the significance of these potential differences are not 

discussed by Keys et al. (1999). In a pH-trapping version of the model, instantaneous partitioning (i.e., 

diffusion-limited) of only the nonionized species of MEHP between the intracellular and extracellular 

compartments of tissues is assumed, and the respective concentrations of the non-ionized and ionized 

species in each compartment are predicted by the pKa for the carboxylic acid moiety of MEHP (pKa is 

assumed to be 3.76, and intracellular pH is assumed to be approximately 7–7.05, depending on the tissue). 

A diffusion-limited version of the model is also described that includes a simulation of enterohepatic 

circulation of MEHP, in which the transfer of MEHP from the liver to the small intestine is represented 

with a first order rate constant (diffusion-limited) and a time delay constant for the subsequent 

reabsorption of MEHP from the small intestine. 

Tissue:blood partition coefficients for DEHP and nonionized MEHP were estimated from their 

n-octanol:water partition coefficients (Kow), using the approach reported by Poulin and Krishnan (1993). 
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Tissue:blood partition coefficients for total MEHP (ionized and nonionized) were determined 

experimentally using a vial-equilibration method with correction for pH (Table 3-5). 

The models were developed to simulate the physiology (e.g., blood flows and body composition) of adult 

rats (Table 3-6). These parameter values were then extrapolated to juvenile rats to accommodate 

calibration and validation data in which juvenile rats were the test organisms. The extrapolation was 

achieved by scaling blood flows, metabolic constants, and adipose volumes to various functions of body 

weight (e.g., allometric scaling). 

Keys et al. (1999) note that certain model parameter values were estimated by applying a step-wise 

parameter optimization routine to data on blood or tissue levels following oral or intravenous exposure to 

DEHP and MEHP. The parameters estimated included the km and Vmax values for metabolism of DEHP 

and MEHP, and first order rate constants for the following parameters: metabolism of DEHP (e.g., liver), 

absorption of DEHP and MEHP in the small intestine, intracellular-to-extracellular transfer of nonionized 

MEHP, and biliary transfer of MEHP from liver to small intestine (these values are not provided in the 

profile because they are derived from optimization procedures and might not be directly useful for other 

models). Keys et al. (1999) do not explicitly cite or describe the data sets used to optimize model 

parameter values, or distinguish the data used in optimization from data used in validation exercises. 

Based on Table 5 of their report, it appears that at least some data from Pollack et al. (1985b) were used 

to optimize the model. 

Validation of the Model.  Output from the various models were compared to observations of blood 

and testes concentrations reported from studies of oral gavage or intravenous exposures of rats to DEHP 

or MEHP (Oishi 1989a, 1990; Pollack et al. 1985b; Teirlynck and Belpaire 1985). Based on the 

comparisons of model outputs to observed time courses for blood MEHP concentrations from Pollack et 

al. (1985b), Keys et al. (1999) conclude that the pH-trapping model more closely represents the empirical 

data. However, it is difficult to interpret this finding if the same data were used in the model optimization 

(see Table 5 of Keys et al. 1999). The pH-trapping model simulated reasonably well the time courses for 

blood and testes concentrations of MEHP reported by Oishi (1989a, 1990) and Teirlynck and Belpaire 

(1985); however, comparisons to the output of other versions of the model are not presented. 
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Table 3-5. Tissue:Blood Partition Coefficients Used in the 
Keys et al. (1999) Model 

Tissue 
DEHP 
(estimated) 

Non-ionized 
MEHP 
(estimated)a 

Total MEHP 
(experimental)b 

Total MEHP 
(estimated) 

Liver 21.8 21.6 1.70±32 3.0 

Fat 351.0 351.0 0.12±0.05 44.2 

Muscle 6.1 6.0 0.38±0.23 1.5 

Testes 6.5 6.5 1.02±0.07 1.6 

afrom Kow based on algorithms from Poulin and Krishnan (1993)
bvial equilibration study with pH correction 
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Table 3-6. Physiological Parameter Values Used in the 
Keys et al. (1999) Model 

Description Value 

Body weight (kg)


Cardiac output (L/hour-kg0.75)


Blood flow as a fraction of cardiac output: 

Liver 

Fat 

Testes 

Slowly perfused tissues 

Rapidly perfused tissues 

0.89–0.38 

15.33 

0.183 

0.07 

0.013 

0.157 

0.577 

Compartment volumes as fraction of body weight: 

Liver


Fat


Testes


Blood


Small intestine


Slowly perfused tissues


Rapidly perfused tissues


0.0366


0.034–0.08


0.01


0.07


0.0139


0.73–0.78


0.0534


Compartment blood volume as fraction of tissue volumea: 

Liver 0.21 

Fat 0.05 

Testes 0.03 

Slowly perfused tissues 0.04 

Rapidly perfused tissues 0.21 

aThis volume was assumed to represent tissue extracellular volume. 
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Risk Assessment.  The model provides an approach to estimating doses of MEHP to the testes of 

the rat following oral doses of DEHP and might be useful for internal dose-response assessment of rat 

bioassay data in which the toxicity end point of interest is testicular toxicity. However, such uses of the 

model, or other potential uses in risk assessment, have not been evaluated. 

Target Tissues.  Output from the model, for which validation exercises were conducted, are 

predictions of blood and testes concentrations of MEHP. 

Species Extrapolation.  The model is designed to predict the blood and testes concentrations of 

MEHP following oral doses of DEHP to rats. Extrapolation to other species would require modification 

of the model to account for different tissue masses, blood flows, and possibly other kinetic variables. 

Interroute Extrapolation.  The model is designed to simulate the pharmacokinetics of DEHP and its 

metabolite, MEHP, when exposure is by the oral route. The pharmacokinetics of DEHP would be 

expected to be different for other routes of exposure; therefore, the output of the model cannot be 

extrapolated to other routes (e.g., dermal, inhalation) without modification of the model. Calibration and 

validation studies utilized gavage exposures for oral dosing, and therefore, the model might not be 

applicable to other oral exposure pathways (e.g., dietary, drinking water) without modification. 

3.5 MECHANISMS OF ACTION 

3.5.1 Pharmacokinetic Mechanisms 

DEHP is hydrolyzed to the monoester, MEHP, in the gastrointestinal tract by a pancreatic lipase. 

Hydrolytic activity varies considerably between species, the highest being in the mouse, followed by the 

rat, guinea pig, and hamster (Albro 1986; Lake et al. 1984a). In humans and primates, hydrolysis is 

considerably slower than in rats (Albro et al. 1982a; Rhodes et al. 1986). Of DEHP and MEHP, the 

former is considerably more lipophilic, and would be expected to be more readily absorbed in the 

gastrointestinal tract. However, using an everted gut-sac preparation from the rat small intestine, White et 

al. (1980) observed that all of the DEHP that entered the serosal buffer was in the monoester form. These 

findings suggested the presence of a hydrophilic barrier that limits the amount of DEHP that is absorbed 

in the intestines. This means that absorption is not only species-dependent but also dose-dependent, as 

shown in several in vivo studies (Albro et al. 1982a; Astill 1989; Rhodes et al. 1986). Furthermore, there 

also appears to be age-related differences in absorption as shown by Sjoberg et al. (1986a, 1986b) in rats 
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administered DEHP by gavage; absorption was greater in young animals. Sjoberg et al. (1985b) 

suggested that the relatively higher proportion of intestinal tissue in relation to body weight and the 

relatively higher blood flow through the gastrointestinal tract might be factors causing increased 

absorption in young animals. The mechanism of dermal absorption of DEHP is not known. 

Experiments have been conducted to simulate leaching of phthalates from blood bags by allowing human 

plasma to extract added phthalates from coated Celite (Albro and Corbett 1978). It was found that more 

than 80% of the DEHP was associated with lipoproteins, in the order LDL > VLDL > HDL > 

chilomicrons. The remaining DEHP was adsorbed weakly and nonspecifically to other proteins including 

albumin. MEHP was in equilibrium between free in solution and adsorbed to albumin, no MEHP was 

bound to lipoproteins. Rock et al. (1986) reported that in human plasma, the lipase that hydrolyzes DEHP 

copurified with the albumin, and once in the plasma, the MEHP bound to albumin. An earlier study by 

Jaeger and Rubin (1972) reported that in human blood stored in PVC bags, the bulk of DEHP was 

associated with lipoproteins, but a substantial amount was in a fraction likely to represent DEHP soluble 

in plasma water as well as bound to plasma proteins and cell membranes. 

Oral administration of DEHP to rats always results in higher levels of MEHP than DEHP in blood, but 

after intravenous dosing, DEHP predominates because first pass conversion to MEHP (i.e., the putative 

toxicant) is avoided. Intravenous exposure from medical procedures therefore might have a lower 

potential for toxicity compared to oral exposure, even though high level human exposure is not expected 

to occur from oral exposure, but rather from intravenous exposure. Studies by Sjoberg and coworkers 

showed that after gavage dosing, DEHP levels in blood were 40–50% of the MEHP levels and 35–70% 

after intravenous injection (Sjoberg et al. 1985a, 1986a, 1986b). In general, after oral dosing, there is 

only a weak correlation between the dose applied and the resulting blood level (Huber et al. 1996). This 

might be due to different dosing regimes, time of blood sampling after dosing, and failure to consider the 

capacity of erythrocytes to store DEHP (Huber et al. 1996). 

3.5.2 Mechanisms of Toxicity 

Mechanisms for the major effects of DEHP are discussed in this section.  In animals, these effects include 

hepatotoxicity and alterations of the male reproductive system. In rodents, particularly rats and mice, 

hepatotoxicity leads to liver cancer if exposure is sustained; therefore, the mechanisms of liver effects and 

cancer are discussed together. An exhaustive discussion on mechanisms of action is beyond the scope of 

this document. Rather, the information below is intended only as a summary of the most important 
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issues. Although information is available on the underlying biological mechanisms of DEHP in animals, 

demonstration of these mechanisms does not necessarily mean that exposure will cause health effects in 

humans. 

Numerous comprehensive reviews on the role of peroxisome proliferation in liver cancer have been 

published in recent years and much of the information in summarized in this section has been gleaned 

from them (Cattley and Roberts 2000; Cattley et al. 1998; Doull et al. 1999; Green 1995; Huber et al. 

1996; Lake 1995; Melnick 2001; Rao and Reddy 1996; Tugwood et al. 1996). As discussed below and in 

Section 3.5.3, humans are nonresponsive to peroxisomal proliferation and are probably less susceptible to 

liver cancer than rodents due to the species specificity of the mechanism.  DEHP is best classified as a 

nongenotoxic epigenetic chemical that can reversibly inhibit gap junctional intercellular communication 

and thereby alter homeostatic control of cell proliferation, cell differentiation, and programmed cell death 

(Trosko et al. 1998). Epigenetic characteristics of DEHP (as well as other epigenetic toxicants such as 

phenobarbital) include enhance mitogenesis, no-effect/threshold levels of action, and multiple and 

reversible toxic end points. 

Hepatotoxicity and Liver Cancer. A characteristic effect of exposure to DEHP in rodents, particularly 

rats and mice, is an increase in liver weight, associated with both morphological and biochemical 

changes. Liver enlargement is due to both hepatocyte hyperplasia and hypertrophy. Morphological 

examination reveals an increase in both the number and the size of peroxisomes in the liver. Peroxisomes 

are single membrane-limited cytoplasmic organelles found in the cells from animals, plants, fungi, and 

protozoa. Peroxisomes contain catalase, which destroys hydrogen peroxide, and a number of fatty-acid 

oxidizing enzymes, one of which, acyl CoA oxidase, generates hydrogen peroxide (Lazarow and deDuve 

1976). The main biochemical alterations consist of induction of both peroxisomal and microsomal fatty 

acid-oxidizing enzyme activities. The activity of the peroxisomal fatty acid β-oxidation cycle is normally 

determined either by measuring the overall activity (e.g., as cyanide-insensitive palmitoyl CoA oxidation) 

or by determining the first rate-limiting enzyme of the cycle, acyl-CoA oxidase. An important 

observation is that while the β-oxidation cycle enzymes can be greatly induced by peroxisome 

proliferators, other peroxisome enzymes, such as D-amino acid oxidase and catalase, are increased to a 

much lesser extent. As discussed below, this induction imbalance has been postulated to play a major 

role in phthalate-induced liver carcinogenicity. The increase of microsomal fatty acid-oxidizing enzyme 

activity, usually measured as lauric acid 12-hydroxylase, is due to induction of cytochrome P-450 

isozymes in the CYP4A subfamily. In general, there is good correlation between enzyme activity and 
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changes in peroxisome morphometry (Lake 1995), allowing palmitoyl-CoA oxidation to be used as a 

specific biochemical marker of peroxisome proliferation. 

Induction of peroxisome proliferation following treatment with DEHP is not due to the parent compound, 

but to DEHP metabolites. Studies with MEHP in vitro have demonstrated that the proximate peroxisome 

proliferators are mono(2-ethyl-5-oxohexyl) phthalate (metabolite VI) and mono(2-ethyl-5-hydroxyhexyl) 

phthalate, (metabolite IX) and that for 2-ethylhexanol, the proximate proliferator is 2-ethylhexanoic acid 

(Elcombe and Mitchell 1986; Mitchell et al. 1985a). Similar findings were observed by Maloney and 

Waxman (1999), who showed that MEHP (but not DEHP) activated mouse and human PPARα and 

PPARγ, while 2-ethylhexanoic acid activated mouse and human PPARα only, and at much higher 

concentrations. Based on its potency to induce enzyme activities, such as the peroxisomal fatty acid 

β-oxidation cycle and carnitine acetyltransferase, DEHP might be considered a relatively weak 

proliferator. 

The increase in peroxisomal β-oxidation enzymes and microsomal CYP4A-associated enzymes seen 

shortly after administration of peroxisome proliferators is paralleled by an increase in their respective 

mRNAs, which is due to an increase in the transcription of their respective genes (Hardwick et al. 1987; 

Reddy et al. 1986). This suggested a common mechanism of induction, and raised the possibility that 

peroxisome proliferators act like steroid hormones by activating transcription factors (nuclear receptors) 

that regulate peroxisome proliferator inducible genes. Screening for nuclear receptor cDNAs in mouse 

liver, Issemann and Green (1990, 1991) identified a clone encoding a previously unidentified molecule, 

which could be activated by a variety of peroxisome proliferators, and termed it PPARα, for Peroxisome 

Proliferator Activated Receptor. Testing PPARα for its ability to activate gene transcription using various 

peroxisome proliferators revealed that there was a good correlation between the proliferators’ ability to 

activate the receptor and their potency either as peroxisome proliferators or as rat liver carcinogens 

(Issemann and Green 1990; Issemann et al. 1993). Thus far, four different PPAR subtypes (α, β, γ, and δ) 

have been identified in various species, although only α, γ, and δ have been isolated from both rodents 

and humans (Cattley et al. 1998). Peroxisome proliferators regulate gene transcription through a 

heterodimer receptor complex composed of the PPARα and the retinoid receptor (RXR). These receptors 

can be activated by both peroxisome proliferators and certain fatty acids. Recently, Fan et al. (1998) 

showed that in acyl-CoA oxidase-deficient mice, unmetabolized long-chain acyl-CoA can function as a 

biological ligand of PPARα. The activated receptor complex regulates transcription by binding to DNA 

regulatory sequences, PP response elements (PPRE). The consensus PPRE is a direct repeat of the 

sequence TGACCT, located in the promoters of peroxisome proliferator responsive genes, including 
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those involved in peroxisomal β-oxidation of fatty acids and cytochrome P-4504A (Cattley et al. 1998; 

Tugwood et al. 1996). In situ hybridization studies in the rat have shown that PPARδ subtypes are 

ubiquitously expressed, whereas PPARγ is largely restricted to adipose tissue. The highest levels of 

expression of PPARα are observed in the liver, but there is also expression in brown adipose tissue, 

kidney, heart, and weakly in skeletal muscle, small intestine, testis, and thymus (Issemann and Green 

1990). Human PPARα cDNA has been isolated, and encodes a functional PPARα when tested in 

heterologous expression studies (Mukherjee et al. 1994; Sher et al. 1993). Further information regarding 

the human PPAR is presented in Section 3.5.3 Animal-to-Human Extrapolations. 

The role of PPAR in peroxisome proliferators-induced toxicity has been examined in several studies. For 

example, Lee et al. (1995) observed that PPARα-deficient mice (knockout mice) orally administered the 

peroxisome proliferators clofibrate or Wy-14,643 for 2 weeks did not exhibit hepatomegaly or 

peroxisome proliferation, and no transcriptional activation of target genes was detected. More recently, 

Peters et al. (1997a) fed Wy-14,643 to knockout mice lacking a functional PPARα and to normal mice. 

After 11 months of treatment, normal mice showed a 100% incidence of livers with multiple tumors. In 

contrast, in PPARα knockout mice, all livers were completely devoid of tumors. Furthermore, the same 

group of investigators showed that the DEHP-induced fetotoxicity and teratogenicity are not mediated 

through PPARα-dependent mechanisms (Peters et al. 1997b). In a study by Ward et al. (1998), treatment 

of PPARα wild-type mice with DEHP for up to 24 weeks resulted in typical upregulation of mRNA for 

peroxisomal and CYP4A enzymes in the liver and kidney, while treated null mice were no different from 

control wild-type or null mice. Whereas treated wild-mice had liver, kidney, and testicular toxicity, 

treated PPARα-deficient mice did not exhibit liver toxicity, but showed delayed moderate kidney and 

testicular toxicity. This suggested that while DEHP-induced liver toxicity is mediated solely by PPARα 

activation, both renal and testicular toxicities have both a receptor- and nonreceptor-mediated response. 

A study using human hepatoma cells expressing PPARα, β/δ, or γ showed that the DEHP metabolite, 

MEHP, activated all three isoforms of PPAR in a dose-related fashion, but DEHP did not (Lapinskas and 

Corton 1997). In addition, the metabolite 2-ethylhexanoic acid was isoform-specific since it activated 

PPARα but not β/δ or γ. Similar findings were observed by Maloney and Waxman (1999) who showed 

that MEHP (but not DEHP) activated mouse and human PPARα and PPARδ, while EHA activated mouse 

and human PPARα only, and at much higher concentrations. These data are consistent with observations 

in vivo and in vitro indicating that the toxicity of DEHP is due mainly to MEHP. 

The exact mechanism(s) by which peroxisomal proliferating agents such as DEHP induce hepatic cancer 

in rodents are not precisely known, but might be related to the modulation of peroxisomal β oxidation, the 
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PPAR α receptor, gap junctional intercellular communication, and replicative DNA synthesis (Isenberg et 

al. 2000, 2001; Smith et al. 2000). Two major mechanisms have been proposed to account for 

peroxisome proliferator-induced hepatocarcinogenicity in rodents: induction of sustained oxidative stress 

and enhanced cell proliferation and promotion. Suppression of hepatocellular apoptosis has also been 

suggested to play a role. 

Oxidative Stress. Several investigators have hypothesized that liver tumor formation arises from an 

imbalance between hydrogen peroxide generation and degradation within the peroxisome (Rao and 

Reddy 1987; Reddy and Lalwani 1983; Reddy and Rao 1989). This imbalance is the result of a much 

greater induction by peroxisome proliferators of hydrogen peroxide-generating enzymes than induction of 

catalase. This might be compounded by a reduction in enzyme activities that detoxify active forms of 

oxygen and organic hydroperoxides. Hydrogen peroxide that escapes the peroxisome might damage 

intracellular membranes and/or DNA (Reddy and Rao 1989). Lipid peroxidation and lipofuscin 

deposition have been observed in hepatocytes from rats treated with DEHP and other peroxisome 

proliferators (Cattley et al. 1987; Conway et al. 1989; Lake et al. 1987). Tagaki and coworkers have 

examined the possibility of DNA damage by DEHP by measuring the induction of 8-hydroxy-

deoxyguanosine (8-OH-dG), a marker of DNA oxidation, in the liver and kidney from male rats 

administered DEHP for various periods of time (see Sai-Kato et al. [1995] for review). Increased levels 

of 8-OH-dG were seen in the liver after 1 or 2 weeks or 12 months of treatment, but no increases were 

seen in the kidney.  In general, the increases were small (2-fold) and in some cases, were not sustained 

with prolonged DEHP treatment (Cattley and Glover 1993). Moreover, the increased levels of 8-OH-dG 

do not correlate with carcinogenic potency, as similar levels of induction have been associated with 

divergent carcinogenic activities (Marsman et al. 1988, 1992). Furthermore, DEHP and other peroxisome 

proliferators have consistently lacked initiation activity unlike other DNA-damaging agents. The overall 

evidence suggests that increased production of hydrogen peroxide and DNA oxidation are not solely 

responsible for peroxisome proliferator-induced liver tumor formation. 

Cell Proliferation. Increased liver weight is a typical response in rodents exposed to DEHP and other 

peroxisome proliferators. This response is largely due to a transient increase in replicative DNA synthesis 

and cell division. Although considered a weak inducer of cell proliferation, DEHP causes an almost 

immediate increase in cell division in rats and mice (Busser and Lutz 1987; Smith-Oliver and Butterworth 

1987). A single dose of 664 mg/kg DEHP produced a significant increase in DNA synthesis in the rat 

liver, as indicated by the incorporation of radioactive thymidine into polynucleotides during the first 

24 hours (Busser and Lutz 1987). In mice, a dose of 500 mg/kg stimulated mitosis within 24 hours of 
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administration (Smith-Oliver and Butterworth 1987). Repeated oral doses of as little as 50 mg/kg/day 

increased mitotic activity when administered to rats for 3 consecutive days (Mitchell et al. 1985b). 

Similar findings were reported in rats and mice in a more recent study (James et al. 1998). The increase 

in mitosis only occurred in the early stages of treatment and did not persist beyond the first week in 

several exposure studies with 3–12 month durations (Marsman et al. 1988; Mitchell et al. 1985b; 

Smith-Oliver and Butterworth 1987). During periods of mitotic activity, there was no evidence for DNA 

repair according to standard repair assays (Smith-Oliver and Butterworth 1987). Increased cell division is 

an important factor in the tumorigenicity of both genotoxic and nongenotoxic substances because it can 

increase the frequency of spontaneous mutations and the probability of converting DNA adducts from 

both endogenous and exogenous sources into mutations before DNA can be repaired. As shown by 

Marsman et al. (1988), the carcinogenicity of DEHP and Wy-14,643 correlates better with sustained DNA 

replication than peroxisome proliferation suggesting that peroxisome proliferators induce tumors by 

influencing the growth of initiated lesions and therefore, act as tumor promoters. Moreover, the cell 

proliferation caused by peroxisome proliferators is mediated by PPARα, since treatment of wild type mice 

with Wy-14,643 increased S-phase, while no effect was observed in receptor knockout mice (Peters et al. 

1997a). 

DEHP has been examined for initiation/promotion activities in several studies. DEHP was not an initiator 

in the liver from mice given a single gavage dose of DEHP at 4 weeks of age, followed by treatment with 

phenobarbital (PB) continuously for 6 weeks; the mice were killed at 6 and 18 months (Ward et al. 1986). 

Similar results were reported by Williams et al. (1987), who found no evidence of induction of 

hepatocellular altered foci or hepatic neoplasms after treatment of rats with DEHP for 7 weeks followed 

by PB. Garvey et al. (1987) also found no initiating activity in the liver after single or subchronic dosing 

of rats with DEHP followed by PB. In promotion studies, the results have been mixed in rats, but 

generally positive in mice. Positive promotion activity has been reported in rat liver (Gerbracht et al. 

1990; Oesterle and Deml 1988; Sano et al. 1999), rat kidney (Kurokawa et al. 1988), and mouse liver 

(Ward et al. 1984, 1986, 1990; Weghorst et al. 1994). Negative promotion activity was reported in rat 

liver (Popp et al. 1985; Ward et al. 1986; Williams et al. 1987), rat kidney (Hagiwara et al. 1990), mouse 

skin (Ward et al. 1986), and hamster liver and pancreas (Maruyama et al. 1994; Schmezer et al. 1988). 

There is some evidence that nongenotoxic carcinogens alter apoptosis, a process that maintains the correct 

cell number and removes damaged cells, and that this plays a role in their carcinogenicity. As mentioned 

above, damaged or initiated cells (induced or spontaneous) might represent preferential targets for 

promotion. James et al. (1998) showed that in rat and mouse hepatocytes in vitro, MEHP induced DNA 
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synthesis and suppressed both spontaneous and TGFβ1-induced apoptosis. When tested in vivo in both 

species, DEHP significantly increased the expression of P-4504A1 and induced liver DNA synthesis and 

suppressed apoptosis. James et al. (1998) suggested that the carcinogenicity of nongenotoxic liver 

carcinogens is strongly associated with the ability to perturb hepatocyte growth regulation. Because 

similar results were obtained with 1,4-diclorobenzene, a chemical that is not a hepatocarcinogen in rats, 

James et al. (1998) suggested that the growth perturbation might need to exceed a threshold for 

carcinogenesis. Other in vitro studies with rat hepatocytes support the hypothesis that, although 

disruption of the mitogenic/apoptotic balance contributes to the development of DEHP-induced 

hepatocarcinogeneisis in rodents, a direct link between the level of oxidative stress via peroxisome 

proliferation and the heptocarcinogenic potential of DEHP might exist (Goll et al. 1999). Additionally, 

an absence of effects of DEHP on both peroxisome proliferation-associated parameters and mitogenic/ 

apoptotic balance supports the hypothesis that human liver cells are refractory to DEHP-induced 

hepatocarcinogenesis. 

In summary, there is strong evidence that hepatocarcinogenesis of DEHP and other peroxisome 

proliferators is due to their increased production of hydrogen peroxide by peroxisomes and enhanced cell 

proliferation; alteration of mitogenic/apoptotic balance might also contribute. These events are triggered 

by the activation of gene expression via a nuclear receptor, PPARα. It should be noted that if liver cancer 

in humans can be promoted by DEHP via a mechanism not involving peroxisome proliferation (i.e., 

inhibition of gap junctional intercellular communication), the fact that this was not measured in human 

liver and that promotion must occur on initiated liver cells for long periods of time at a concentration that 

exceeds a potential threshold level (a characteristic of chemical tumor promoters) might still implicate 

DEHP as a potential human liver tumor promoter. However, because the model chemical, phenobarbital, 

is also a rodent tumor promoter and has not been shown to be a human liver tumor promoter, it is 

reasonable to conclude that normal exposures to DEHP will not be a significant risk factor for human 

liver cancers. 

Reproductive Effects. DEHP induces testicular toxicity characterized by structural as well as 

biochemical alterations in the testis. Structural alterations consist of gross disorganization of the 

seminiferous tubules, with detachment of the spermatogonial cells from the basal membrane and absence 

of spermatocytes. Alterations in structure have been shown to be more severe in young rats than in 

mature animals (Dostal et al. 1988; Gray and Butterworth 1980; Sjoberg et al. 1985b, 1986a, 1986b). 

Structural alterations have been seen after acute- (Dostal et al. 1988; Gray and Butterworth 1980; Gray 

and Gangolli 1986; Oishi 1994), intermediate- (Gray and Butterworth 1980; Parmar et al. 1987; Poon et 
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al. 1997), and chronic-duration exposures (Ganning et al. 1991; Kluwe et al. 1982a; Price et al. 1987). 

Biochemical effects consisting of changes in specific activities of testicular enzymes associated with post-

and premeiotic spermatogenic cells, Sertoli cells, or interstitial cells have been reported (Oishi 1986, 

1994; Parmar et al. 1987, 1995). 

The role of zinc in DEHP-induced testicular atrophy has been examined in several studies since a 

reduction in testicular zinc is a primary event following administration of DEHP. A decrease in testicular 

zinc, but not in serum or liver zinc, was reported in rats given DEHP (Oishi 1985; Oishi and Hiraga 

1980b). After a 45-day recovery period, when there was morphological evidence of seminiferous tubule 

regeneration, testicular zinc was still lower than in controls (Oishi 1985). Simultaneous oral 

administration of DEHP and oral or intraperitoneal administration of zinc did not prevent testicular 

atrophy in rats, and zinc supplementation did not increase the concentration of zinc in the testis despite 

increases in liver and serum (Oishi and Hiraga 1983). This suggested that DEHP-induced testicular 

effects do not result from interference with gastrointestinal absorption of zinc, but that atrophy might be 

related to endogenous testicular zinc, and thus, cannot be prevented by zinc supplementation (Oishi 

1985). Agarwal et al. (1986) observed a reduction in the weight of the testis, seminal vesicle, prostate, 

and epididymes in rats treated with DEHP and maintained in a low zinc diet, but no such effects were 

apparent in rats maintained in a normal or high zinc diet. Since DEHP induced effects on the liver and on 

serum lipids independently of the zinc concentration in the diet, Agarwal et al. (1986) concluded that the 

enhancement of DEHP-induced testicular toxicity in rats in a low zinc diet is limited to the testis, and 

confirmed that testicular atrophy is not related to zinc absorption. Zinc is thought to be localized in the 

spermatids; therefore, loss of zinc could be just a reflection of loss of spermatids induced by DEHP. This 

hypothesis was tested by Dostal et al. (1988) who treated suckling rats (<25 days of age), whose testes do 

not contain spermatids, with DEHP. Morphological alterations were indeed seen in the testis from the 

rats, suggesting that loss of zinc is not involved in the testicular atrophy at the early ages. In contrast to 

findings in rats, no testicular atrophy was seen in mice treated with DEHP doses that significantly reduced 

the zinc concentration in the testis (Oishi and Hiraga 1980a). In hamsters, DEHP did not decrease 

testicular zinc concentration or increase urinary excretion of zinc, as seen in rats, and caused only minor 

testicular alterations (Gray et al. 1982). In this case, however, the apparent lack of sensitivity of the 

hamster seemed to be related to a reduced rate of hydrolysis of DEHP to MEHP in the intestine, since 

administration of MEHP (see below for discussion regarding the active metabolite) did cause focal 

seminiferous tubular atrophy in hamsters (Gray et al. 1982). 
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The effects of DEHP on hormones that influence testicular maturation and function have also been 

explored. As was the case with zinc, DEHP administered to mice significantly reduced the concentration 

of testosterone in the testis, but no testicular atrophy was observed (Oishi and Hiraga 1980a). DEHP 

administered intraperitoneally to mature rats decreased the concentration of testosterone in the testis 

(Oishi and Hiraga 1979), but oral administration to 5-week-old rats increased the concentration of 

testosterone in the testis and reduced that in serum (Oishi and Hiraga 1980b). Increases in testicular 

concentration of testosterone along with decreases in testicular content of testosterone seen after DEHP 

treatment suggested that testosterone-producing Leydig cells are normal, but that the total number of cells 

is less than in controls or that the cells are less active in testosterone production (Oishi 1985). 

Simultaneous administration of DEHP and testosterone or follicle stimulating hormone (FSH) did not 

prevent the DEHP-induced testicular atrophy in 4-week-old rats, but did prevent the depression in 

accessory gland weight (Gray and Butterworth 1980). Parmar et al. (1987) reported that DEHP plus 

testosterone protected against DEHP-induced testicular atrophy in 10-week-old rats; however, Parmar et 

al. (1987) also administered a dose of testosterone 5 times higher than that used by Gray and Butterworth 

(1980). In a later study, Oishi (1989b) reported that co-administration of DEHP and testosterone 

apparently aggravated the testicular damage caused by DEHP, an effect that seemed to be due to 

testosterone prolonging the biological life and the mean residence time of MEHP in the testis. A 

mechanism for such an effect was not discussed. In a similar study, luteinizing hormone-releasing 

hormone significantly enhanced the testicular toxicity of DEHP when given together with DEHP (Oishi 

1989a). 

Mehrotra et al. (1997, 1999) presented preliminary evidence for the involvement of the thyroid and the 

hypophysis in DEHP-induced testicular toxicity in rats. They reported that hypothyroidism or 

hypophysectomy prevented, to some extent, DEHP-induced alterations in several xenobiotic-metabolizing 

enzymes in the testis. The significance of these findings is unclear due to a lack of DEHP-induced 

decreased testicular weight in sham-operated controls, which complicates comparison to the 

hypophysectomized animals. 

Results from both in vivo and in vitro studies have indicated that the Sertoli cell is the main target for 

DEHP-induced testicular toxicity and that MEHP is the ultimately active testicular toxicant (Chapin et al. 

1988; Creasy et al. 1986; Gray and Beamand 1984; Gray and Gangolli 1986; Sjoberg et al. 1986b). 

However, effects on Leydig cells have also been reported (Jones et al. 1993). The Sertoli cell is a somatic 

cell type whose integrity and functionality is required for the growth and maintenance of the germ cells as 

they divide and differentiate from spermatogonia to spermatocytes and ultimately to spermatids. The 
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latter are released by the Sertoli cell into the lumen as sperm.  Gray and Butterworth (1980) had suggested 

that the Sertoli cell and not the germ cell was the direct target of DEHP toxicity since the germinal cells 

affected were those inside the Sertoli cell barrier. Studies by Foster et al. (1982) and Creasy et al. (1983) 

showed that the earliest changes after treatment with phthalates were vacuolation of the Sertoli cell 

followed by degenerative changes in ultrastructure in Sertoli cells, spermatocytes, and spermatids. 

Addition of MEHP to a mixed culture of Sertoli cells and germ cells from rat testes (4 weeks old) 

significantly increased the rate of germ cell detachment from Sertoli cells; no effect was seen after adding 

DEHP or 2-ethylhexanol (Gray and Beamand 1984). There was little effect on viability of either the 

germ cells or Sertoli cells with a concentration that caused germ cell detachment, although there were 

alterations of the Sertoli cell morphology. Also, germ cell detachment was less marked in hamsters than 

in rat testicular cell cultures. Testing cultures from rats of different ages showed that the enhancement of 

germ cell detachment produced by MEHP decreased progressively with increasing age (Gray and 

Beamand 1984). This indicates that, at least in vitro, there are factors other than pharmacokinetics that 

might play a role in age-related differences in susceptibility. In mixed cultures of Sertoli and germ cells, 

addition of MEHP caused the plasma membrane of Sertoli cells to show altered configuration (Creasy et 

al. 1986). Membrane disruption and mitochondrial hypertrophy were frequently observed. In primary 

testicular cell cultures (78–84% Sertoli cells), addition of MEHP decreased cellular ATP and the 

production of carbon dioxide from acetate (<60 minutes) and decreased media pyruvate, increased media 

lactate and intracellular lipid, and decreased mitochondrial succinate dehydrogenase (Chapin et al. 1988). 

All of these changes suggested that the Krebs cycle is at least one of the biochemical targets for MEHP in 

Sertoli cells (Chapin et al. 1988). As early as 1 hour after administration of a single oral dose of MEHP 

to immature rats, there were changes in Sertoli cell function as reflected by a reduction in secretion of 

seminiferous tubule fluid and of androgen binding protein, both specific markers of Sertoli cell function 

(Gray and Gangolli 1986). 

Several studies have examined the role of FSH in phthalates-induced Sertoli cell toxicity. This was 

prompted by the fact that the initial testicular lesion in adult rats treated with dipentyl phthalate is 

restricted to tubules in stages with the highest FSH responsiveness (Parvinen 1982). Primary testicular 

cell cultures pretreated with MEHP showed a concentration-related reduction in FSH-stimulated cAMP 

accumulation in Sertoli cells (Lloyd and Foster 1988). This suggested a MEHP-induced perturbation at 

the level of the FSH membrane receptor. Further studies showed that inhibition of FSH-stimulated 

elevation of cAMP levels in primary rat Sertoli cell cultures required a lag period of 6 hours and did not 

affect the dose of FSH that gave half-maximal stimulation, suggesting that MEHP does not compete with 

FSH for binding to its receptor (Heindel and Chapin 1989). Later findings by Grasso et al. (1993) 
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revealed that in cultured rat Sertoli cells (from 18–45-day-old rats) preincubated with MEHP, there was a 

reduced binding of 125I-hFSH to purified membrane preparations; preincubation with DEHP had no effect. 

The decrease in binding occurred only when MEHP was incubated with intact Sertoli cells, but not when 

MEHP was incubated with purified Sertoli cell membranes. Using cocultures of Sertoli cells and 

gonocytes from 2-day-old pups, Li et al. (1998) showed that MEHP induces germ cell detachment from 

Sertoli cells regardless of the presence or absence of FSH and that MEHP inhibits Sertoli cell 

proliferation regardless of the presence of either FSH or cAMP. No effects were seen with DEHP. Based 

on their results, Li et al. (1998) proposed that MEHP acts in neonatal testis either at a post-cAMP site in 

the FSH pathway and/or via a mechanism independent of FSH. In the study, Li et al. (1998) observed 

germ cell detachment with MEHP concentrations much lower than those used in other studies (Chapin et 

al. 1988; Gray and Beamand 1984) which confirmed that, at least in vitro, there is an age-related 

differential sensitive of Sertoli cells to MEHP. Overall, there is insufficient evidence to conclude that the 

mechanism of Sertoli cell toxicity involves interference of FSH signaling function by MEHP (NTP 

2000b). 

Alterations in Sertoli cell cytoskeleton after exposure to phthalates also have been reported. Sertoli cells 

form a blood-testis barrier that divides the epithelium of the seminiferous tubules into two compartments 

by specialized occluding tight junctions. These tight junctions are associated with actin fibers contained 

in the ectoplasmic specialization. Ectoplasmic specializations are plasma membranes associated with a 

cellular structure consisting of cells incorporating actin filament bundles, endoplasmic reticulum, and 

microtubules. Actin filaments in Sertoli cells play a crucial role in maintaining Sertoli cell to Sertoli cell 

and germ cell to germ cell interactions. A single oral dose of DEHP given to 4-week-old rats induced 

disruption of the ectoplasmic specialization of Sertoli cell as early as 3 hours after dosing (Saitoh et al. 

1997). The lesion was characterized by marked dilation of the endoplasmic reticulum facing the tight 

junction and by disappearance of the actin filament bundles associated with the ectoplasmic 

specialization. Richburg and Boekelheide (1996) treated 4-week-old rats with a single MEHP oral dose 

and observed a collapse in vimentin filaments 3 hours after dosing without accompanying changes in the 

pattern of Sertoli cell tubulin or actin. Vimentin filaments (a type of intermediate filament) surround the 

Sertoli cell nucleus and extend long apical filaments which radiate toward the periphery of the cell where 

they associate with the plasma membrane in the region of the Sertoli-germ cell attachments (Richburg and 

Boekelheide 1996). These changes were correlated with an initial decrease, followed by a later increase 

in the normal incidence of germ cell apoptosis (programmed cell death) seen in young rats. Based on 

these findings, the investigators (Richburg and Boekelheide 1996) hypothesized that the Sertoli cell is 

responsible for directing germ cell apoptosis and that the signaling mechanism between these two cells 
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requires that they maintain close physical contact. Thus, MEHP-induced detachment of germ cells would 

uncouple the signal transduction mechanism responsible for normal cell apoptosis. Subsequent studies by 

the same group of investigators showed that expression of the cell surface protein Fas, an apoptosis

related system that modulates germ cell death in the testis, was highly increased in 4-week-old rats after 

oral exposure to MEHP (Boekelheide et al. 1998; Lee et al. 1999). Target cells undergo apoptosis when 

Fas ligand, a cell surface molecule belonging to the tumor necrosis factor family, binds to Fas (its 

receptor) (Nagata and Golstein 1995). 

Exposure to DEHP during gestation and lactation has altered development of the reproductive system in 

male rat offspring. Oral administration of $375 mg DEHP/kg/day from gestation day 3 to postnatal 

day 21, or 750 mg DEHP/kg/day from gestation day 14 to postnatal day 3, has induced a variety of effects 

in androgen-sensitive tissues of male neonates and infants, including female-like anogenital distance and 

permanent nipples, vaginal pouch, penile morphological abnormalities, hemorrhagic and undescended 

testes, testicular and epididymal atrophy or agenesis, and small to absent sex accessory glands (Gray et al. 

1999, 2000; Moore et al. 2001; Parks et al. 2000). Behavioral observations indicated that many of the 

exposed males were sexually inactive in the presence of receptive control females (Moore et al. 2001). 

The morphological effects and sexual behavioral changes are consistent with an antiandrogenic action of 

DEHP. Other indications of antiandrogenic activity include the lack of significant effects on time to 

vaginal opening and first estrus in female offspring of rats that were exposed to $375 mg DEHP/kg/day 

from gestation day 3 to postnatal day 21 (Moore et al. 2001). Additionally, exposure to 750 mg/kg/day 

from gestation day 14 to postnatal day 3 caused significantly reduced testicular testosterone production 

and reduced testicular and whole-body testosterone levels in fetal and neonatal male rats (Parks et al. 

2000). Histological examinations of the testes in these rats showed that DEHP induced increased 

numbers of multifocal areas of Leydig cell hyperplasia, as well as multinucleated gonocytes, at gestation 

day 20 and postnatal day 3. In vitro assays showed that neither DEHP nor its metabolite MEHP 

displayed affinity for the human androgen receptor at concentrations up to 10 FM (Paganetto et al. 2000; 

Parks et al. 2000). The available evidence indicates that DEHP is not an androgen receptor antagonist, 

but acts as an antiandrogen during a critical stage of reproductive tract differentiation by reducing 

testosterone to female levels in the fetal male rat. Parks et al. (2000) hypothesized that DEHP, or a 

metabolite, reduces testosterone production either by directly acting on the Leydig cells to reduce 

testosterone synthesis, or by interfering with Sertoli cell paracrine factors that regulate Leydig cell 

differentiation and function. Regardless of the mechanism, if the Leydig cells in exposed males continue 

to divide rather than differentiate for only a brief period of sexual differentiation, this could delay the 
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onset of Leydig cell testosterone production and lead to malformations of the reproductive tract, externial 

genitalia, and other androgen-dependent tissues (e.g., nipples) (Parks et al. 2000). 

The role of gene transcription, via the PPARα, in the testicular toxicity of DEHP was examined by Ward 

et al. (1998). Male Sv/129 mice (6 weeks old), F4 homozygous wild type (+/+) or knockout (-/-) for 

PPARα were used. Knockout (-/-) mice for PPARα lack expression of PPARα protein and are refractive 

to peroxisomal proliferators (Lee et al. 1995). Both strains of mice were administered DEHP in the diet at 

an approximate dose level of 2,400 mg DEHP/kg/day for up to 24 weeks. DEHP caused high lethality in 

(+/+) mice but not in (-/-) mice. All (+/+) mice showed focal tubular degenerative lesions in the testis, 

with diminished spermatogenesis by 8–16 weeks of treatment. In contrast, (-/-) mice had primarily 

normal testis after 4–8 weeks of treatment except for a few tubules in the outer portion of the testis that 

showed abnormal spermatogenesis. However, after 24 weeks, most (-/-) mice had severe tubular lesions. 

The delayed testicular toxicity of DEHP in (-/-) mice resembled the early toxicity observed in (+/+) mice 

and suggested that this early toxicity was mediated by PPARα. These findings indicate that PPARα is not 

required for DEHP-induced testicular lesions. Ward et al. (1998) speculated that other receptor subtypes 

(PPARδ or γ) might play a role in the delayed toxicity or that the high dose of DEHP might modify the 

pharmacokinetics of DEHP in the (-/-) mice. Interestingly, Peters et al. (1997b) showed that the fetotoxic 

and teratogenic properties of DEHP are not mediated by PPARα since effects were observed in both wild-

type and PPARα-null mice treated with DEHP during gestation. Maloney and Waxman (1999) reported 

that PPARγ was stimulated by MEHP and not DEHP, and speculated that PPARγ could be responsible for 

some of the testicular effects associated with DEHP exposure. Further studies are needed to support the 

suggestion that activation of PPARγ is a possible mechanism for testicular effects. 

Other research sought to determine whether the fetotoxic/teratogenic effects of DEHP are mediated by the 

PPARα (Peters et al. 1997b). Pregnancy outcome was assessed in female F4C57BL/6N x Sv/129, wild 

type (+/+), and PPARα-null (-/-) mice on gestation days 10 and 18 after administration of DEHP by 

gavage on Gd 8 and 9. PPARα-null mice lack expression of PPARα protein and are refractive to 

peroxisomal proliferators (Lee et al. 1995). Relative to controls, DEHP significantly decreased the 

percentage of live fetuses, increased the percentage of resorptions, decreased fetal weight, and increased 

the percentage of fetuses with external malformations in both mice strains. On gestation day 10, maternal 

liver CYP4A1 mRNA was significantly elevated in DEHP-treated (+/+) mice but not in (-/-) mice, 

consistent with their respective phenotype. Mean maternal liver metallothionein and zinc levels were 

significantly higher in DEHP-treated mice (both strains) compared to controls. Maternal plasma zinc was 

not significantly altered as a result of treatment with DEHP. Embryonic zinc was significantly reduced in 
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conceptus from both mice strains. These findings indicated that DEHP-induced fetotoxicity and 

teratogenicity, and altered zinc metabolism are not mediated through PPARα-dependent mechanisms, and 

that alterations in zinc metabolism might contribute to the mechanism underlying DEHP-induced 

fetotoxicity and teratogenicity. 

It has been hypothesized that nongenotoxic chemicals such as DEHP affect reproduction and 

development via the modulation (inhibition) of gap junctional intercellular communication, as proposed 

for liver tumor promotion (Rosenkranz et al. 2000; Trosko and Chang 1988; Trosko et al. 1998) 

Gavage administration of a very high dose of 2,000 mg DEHP/kg/day to adult virgin female rats for 

1–10 days resulted in prolonged estrous cycle (Davis et al. 1994a). DEHP significantly suppressed 

preovulatory follicle granulosa cell estradiol production, subsequently resulting in lack of luteinizing 

hormone (LH) surge necessary for ovulation and increases in FSH; the end result was anovulation. No 

other dose levels were tested in this study. The mechanism of DEHP-altered granulosa cell estradiol 

production was examined in cultures of rat granulosa cells exposed to the active metabolite MEHP (Davis 

et al. 1994b). MEHP suppressed estradiol in a concentration-related manner whether granulosa cells were 

stimulated with FSH or 8-bromo cyclic AMP. These findings suggested that MEHP suppressed 

aromatase conversion of testosterone to estradiol. 

3.5.3 Animal-to-Human Extrapolations 

There is ample evidence suggesting that there are species differences in both the pharmacokinetics and 

toxicity of DEHP; strain differences have also been described. In some cases, the differences in toxicity 

can be explained by differences in pharmacokinetics. The issue of greatest importance to be considered is 

whether DEHP can induce liver cancer and reproductive toxicity in humans, as seen in rodents. As 

previously mentioned, the hepatocarcinogenic response to DEHP in rats and mice is associated with 

peroxisome proliferation and increased hepatocyte replication. Studies in animals have shown that after 

exposure to peroxisome proliferators, rats and mice exhibit the greatest response, hamsters exhibit an 

intermediate response, whereas primates, guinea pigs, and dogs are either unresponsive or refractory 

(Cattley and Roberts 2000; Cattley et al. 1998; Huber et al. 1996). Studies conducted in patients treated 

with several hypolipidemic agents have provided no evidence for peroxisome proliferation or increased 

hepatocyte division (Ashby et al. 1994; Bentley et al. 1993; Cattley et al. 1998). Studies of peroxisome 

proliferation with primary hepatocytes in vitro have supported the results in vivo, thus validating the in 

vitro model for comparative studies. For example, Elcombe and Mitchell (1986) found that in vitro 
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exposure of rat hepatocytes to MEHP resulted in marked peroxisome proliferation and peroxisomal 

β-oxidation, but no such responses were observed in cultured guinea pig, marmoset monkey, or human 

hepatocytes, appropriately controlled for viability. In order to rule out the possibility that the species 

differences were due to differences in the biotransformation of MEHP, Elcombe and Mitchell (1986) 

isolated MEHP metabolites from rat urine and tested them in cultures from rat, guinea pig, marmoset, and 

human liver. Metabolite VI, biochemically and morphologically identified as the proximate proliferator 

in the rat, had little or no effect in marmoset, guinea pig, or human hepatocytes. These findings suggested 

the existence of intrinsic species differences of liver cells to peroxisome proliferators. 

If peroxisome proliferation and liver carcinogenicity is mediated by PPARα, the species differences could 

reflect either variation in PPARα itself or in the gene networks regulated by PPARα (Green 1995). As 

previously mentioned, human PPARα cDNA have been isolated that encode a functional PPARα when 

tested in heterologous expression studies (Mukherjee et al. 1994; Sher et al. 1993). Marked species 

differences in the expression of PPARα mRNA have been identified. Mukherjee et al. (1994) showed 

that the peroxisome proliferator Wy-14,643 was a much more potent activator of the rat PPARα than the 

human PPARα when analyzed in CV-1 cells. However, the hypolipidemic drug clofibric acid activated 

equally the human and rat receptor in CV-1 cells and HepG2 cells. Palmer et al. (1998) using a sensitive 

immuno/DNA binding assay showed that human liver contains 10-fold lower levels of PPARα mRNA 

than mouse liver and that a fraction of this RNA lacks exon 6 and does not encode a functional receptor. 

Palmer et al. (1998) suggested that the low expression in human liver might permit PPARα to mediate 

some therapeutic responses to fibrates but limit the pathological changes, including peroxisome 

proliferation, which lead to liver cancer in rats and mice. Recently Maloney and Waxman (1999) showed 

that in COS-1 cells transfected with human or mouse PPARα expression plasmids and a PPRE-luciferase 

reporter DEHP did not activate PPARα. However, MEHP activated both human and mouse PPARα and 

both preparations were equally sensitive. This suggested that differential sensitivity of human PPARα 

cannot alone account for the lack of peroxisome proliferation response seen in humans, but other factors, 

such as the much lower level, as found by Palmer et al. (1998), are also likely to be important. Another 

important factor might be species differences in responsiveness of genes to PPARα-mediated 

transcription. The promoter region of the human acyl CoA oxidase gene is unresponsive to PPARα due 

to sequence differences from the mouse gene (Varanasi et al. 1996; Woodyatt et al. 1999) 

As for testicular toxicity, which does not seem to be related to peroxisomal proliferation to the extent that 

liver cancer is, differential sensitivity among animal species has been found. Studies in vivo have shown 

that rats and guinea pigs are highly sensitive while mice are fairly sensitive, and hamsters and monkeys 
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are highly resistant (Gray et al. 1982; Kurata et al. 1998). A lack of information precludes ranking 

humans relative to other species. Differences in pharmacokinetics might play a role in the differential 

sensitivity between species, but differences in tissue sensitivity might play a role as well. Mixed cultures 

of Sertoli cells and germ cells from rat testes were more sensitive to MEHP toxicity than cultures from 

hamster testes (Gray and Beamand 1984). Also, cultures from older rats were less sensitive than cultures 

from young animals, suggesting that intrinsic cell factors might account for different susceptibility. 

Studies with the knockout mice for PPARα have suggested that other receptor subtypes (PPARδ or γ) 

might play a role in the delayed testicular toxicity observed in these mice or that the high dose of DEHP 

might modify the pharmacokinetics of DEHP in the (-/-) mice (Ward et al. 1998). Maloney and Waxman 

(1999) recently reported that PPARγ was stimulated by MEHP and not DEHP, and speculated that 

PPARγ could be responsible for some of the testicular effects associated with DEHP exposure. Further 

studies are needed to support the suggestion that activation of PPARγ is a possible mechanism for 

testicular effects. Clearly, much additional information will be necessary to determine whether the 

DEHP-induced testicular effects in animals are likely to occur in exposed humans. 

There is information suggesting that primates may be less sensitive to DEHP than rodents and that oral 

absorption of DEHP is less in primates than in rodents. For example, no histopathological effects on the 

testes or other tissues, or other signs of toxicity, were observed in marmoset monkeys exposed to doses as 

high as 2,500 mg/kg/day daily for 13 weeks (Kurata et al. 1998) or in cynomolgus monkeys exposed to 

500 mg/kg/day daily for 2 weeks (Pugh et al. 2000). Several studies indicate that oral absorption of 

DEHP is reduced in monkeys compared to rats (Albro et al. 1982a, 1982b; Astill 1989; Rhodes et al. 

1986). For example, 24 hours following the last of 14 consecutive gavage doses of 2,000 mg/kg/day, 

tissue levels of DEHP or its metabolites were between 5 and 10 times lower in marmoset monkeys than in 

rats (Rhodes et al. 1986). 

3.6 TOXICITIES MEDIATED THROUGH THE NEUROENDOCRINE AXIS 

Recently, attention has focused on the potential hazardous effects of certain chemicals on the endocrine 

system because of the ability of these chemicals to mimic or block endogenous hormones. Chemicals 

with this type of activity are most commonly referred to as endocrine disruptors. However, appropriate 

terminology to describe such effects remains controversial. The terminology endocrine disruptors was 

used by the Environmental Protection Agency (EPA) in 1996 when Congress mandated EPA to develop a 

screening program for “...certain substances [which] may have an effect produced by a naturally 

occurring estrogen, or other such endocrine effect[s]...”. To meet this mandate, EPA convened a panel 
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called the Endocrine Disruptors Screening and Testing Advisory Committee (EDSTAC), which in 1998 

completed its deliberations and made recommendations to EPA concerning endocrine disruptors.  In 

1999, the National Academy of Sciences released a report that referred to these same types of chemicals 

as hormonally active agents. The terminology endocrine modulators has also been used to convey the 

fact that effects caused by such chemicals may not necessarily be adverse. Some scientists agree that 

chemicals with the ability to disrupt or modulate the endocrine system are a potential threat to the health 

of humans, aquatic animals, and wildlife. However, others think that endocrine-active chemicals do not 

pose a significant health risk, particularly in view of the fact that hormone mimics exist in the natural 

environment. Examples of natural hormone mimics are the isoflavinoid phytoestrogens (Adlercreutz 

1995; Livingston 1978; Mayr et al. 1992). These chemicals are derived from plants and are similar in 

structure and action to endogenous estrogen. Although the public health significance and descriptive 

terminology of substances capable of affecting the endocrine system remains controversial, scientists 

agree that these chemicals may affect the synthesis, secretion, transport, binding, action, or elimination of 

natural hormones in the body responsible for maintaining homeostasis, reproduction, development, and/or 

behavior (EPA 1997). Stated differently, such compounds may cause toxicities that are mediated through 

the neuroendocrine axis. As a result, these chemicals may play a role in altering, for example, metabolic, 

sexual, immune, and neurobehavioral function. Such chemicals are also thought to be involved in 

inducing breast, testicular, and prostate cancers, as well as endometriosis (Berger 1994; Giwercman et al. 

1993; Hoel et al. 1992). 

In recent years, concern has been raised that many industrial chemicals, DEHP among them, are 

endocrine-active compounds capable of having widespread effects on humans and wildlife (Crisp et al. 

1998; Daston et al. 1997; Safe et al. 1997). Particular attention has been paid to the possibility of these 

compounds mimicking or antagonizing the action of estrogen, and more recently, their potential 

antiandrogenic properties. Estrogen influences the growth, differentiation, and functioning of many target 

tissues, including female and male reproductive systems, such as mammary gland, uterus, vagina, ovary, 

testes, epididymis, and prostate. Thus far, there is no evidence that DEHP is an endocrine disruptor in 

humans at the levels found in the environment. 

The wealth of information in animals administered DEHP for periods ranging from a few days to lifetime 

studies indicate that DEHP is a developmental and reproductive toxicant by mechanisms not yet 

completely understood. As discussed below, the mechanisms do not appear to involve binding of DEHP 

to the estrogen or androgen receptors. DEHP administered perinatally to females is embryotoxic and 

teratogenic (reduced fetal body weight, increased rates of abortion and fetal resorptions, skeletal 
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malformations) (Section 3.2.2.6 Developmental Effects) and in males, it causes testicular toxicity 

(Section 3.2.2.5 Reproductive Effects). Whether these effects are caused by DEHP-induced hormonal 

disruption is not clear. As previously mentioned, a study by Davis et al. (1994a) showed that 

administration of 2,000 mg DEHP/kg/day to adult virgin female rats for 1–10 days resulted in prolonged 

estrous cycle and anovulation. Further studies in cultures of rat granulosa cells exposed to the active 

metabolite MEHP showed that MEHP suppressed estradiol in a concentration-related manner whether 

granulosa cells were stimulated with FSH or 8-bromo cyclic AMP and suggested that MEHP suppressed 

aromatase conversion of testosterone to estradiol. In males, the role of hormones in DEHP-induced 

testicular effects has also been examined, but no clear picture has emerged. DEHP administration 

reduced the serum level of testosterone in rats (Oishi and Hiraga 1980b) and mice (Gray and Butterworth 

1980), although in mice, there was no testicular atrophy. Coadministration of DEHP and testosterone 

appeared to diminish, but not abolish the testicular toxicity of DEHP (Gray and Butterworth 1980). Also 

in rats, LH releasing hormone (LRH) significantly decreased testis weight when administered 

simultaneously with DEHP, while LRH and DEHP alone had no effects (Oishi 1989a). A more detailed 

discussion on the DEHP mechanisms of testicular toxicity is presented in Section 3.5.2, Mechanisms of 

Toxicity. 

Early studies in experimental animals, mostly studies on pesticides, administered the chemicals orally or 

by parenteral routes, whereas in recent years, most of the research has focused on elucidating the 

mechanisms of action involved using tests systems in vitro which, although not without limitations, are 

easier to manipulate and can be developed into biomarker assays for (anti)estrogenic or (anti)androgenic 

activity. In general, results from in vivo and in vitro studies indicate that DEHP has negligible estrogenic 

potency relative to the endogenous hormone, 17β-estradiol. For example, the ability of DEHP to induce 

uterine wet weight and vaginal cell cornification was assessed in ovariectomized Sprague-Dawley rats 

(Zacharewski et al. 1998). With gavage doses of up to 2,000 mg/kg/day for 4 days, DEHP showed no 

consistent effects on uterine weight in duplicate experiments and did not induce vaginal cell cornification. 

In the same study, in an in vitro competitive ligand-binding assay, DEHP did not compete with 

17β-estradiol for binding to the rat uterine estrogen receptor. The IC50 (the concentration that causes 50% 

response inhibition) for 17β-estradiol was 1.3 nM; an IC50 could not be calculated for DEHP. In assays to 

evaluate the effect of DEHP on estrogen receptor-mediated gene expression in transfected human breast 

cancer MCF-7 cells and HeLa cells, the EC50 for 17β-estradiol for this response was about 0.2 nM for 

both MCF-7 and HeLa cells; DEHP had no significant activity at the concentrations tested (0.1–10 µM). 

Furthermore, DEHP exhibited no estrogen receptor-mediated growth in S. cerevisiae at a concentration of 

10 µM; 1 nM 17β-estradiol was used as positive response. The findings of Zacharewski et al. (1998) are 
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in good agreement with those of others (Blom et al. 1998; Harris et al. 1997; Jobling et al. 1995; 

Paganetto et al. 2000) in similar in vitro assays indicating no estrogenic activity for DEHP under the 

conditions of the assays. 

The potential antiandrogenic properties of DEHP have been investigated in several studies. Exposure to 

DEHP during gestation and lactation altered development of the reproductive system in male rat 

offspring. Oral administration of $375 mg DEHP/kg/day from gestation day 3 to postnatal day 21, or 

750 mg DEHP/kg/day from gestation day 14 to postnatal day 3, has induced a variety of effects in 

androgen-sensitive tissues of male neonates and infants, including female-like anogenital distance and 

permanent nipples, vaginal pouch, penile morphological abnormalities, hemorrhagic and undescended 

testes, testicular and epididymal atrophy or agenesis, and small to absent sex accessory glands (Gray et al. 

1999, 2000; Moore et al. 2001; Parks et al. 2000). Behavioral observations indicated that many of the 

exposed males were sexually inactive in the presence of receptive control females (Moore et al. 2001). 

The morphological effects and sexual behavioral changes are consistent with an antiandrogenic action of 

DEHP. Other indications of antiandrogenic activity include lack of significant effects on time to vaginal 

opening and first estrus in female offspring of rats that were exposed to $375 mg DEHP/kg/day from 

gestation day 3 to postnatal day 21 (Moore et al. 2001). Additionally, exposure to 750 mg/kg/day from 

gestation day 14 to postnatal day 3 caused significantly reduced testicular testosterone production and 

reduced testicular and whole-body testosterone levels in fetal and neonatal male rats (Parks et al. 2000). 

In vitro assays showed that neither DEHP nor its metabolite MEHP displayed affinity for the human 

androgen receptor at concentrations up to 10 FM (Paganetto et al. 2000; Parks et al. 2000). The findings 

suggest that long-term alterations in the male reproductive system might be a consequence of perinatal 

exposure to DEHP. Available evidence also indicates that DEHP is not an androgen receptor antagonist, 

but acts as an antiandrogen during a critical stage of reproductive tract differentiation by reducing 

testosterone to female levels in the fetal male rat. 

3.7 CHILDREN’S SUSCEPTIBILITY 

This section discusses potential health effects from exposures during the period from conception to 

maturity at 18 years of age in humans, when all biological systems will have fully developed. Potential 

effects on offspring resulting from exposures of parental germ cells are considered, as well as any indirect 

effects on the fetus and neonate resulting from maternal exposure during gestation and lactation. 

Relevant animal and in vitro models are also discussed. 
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Children differ from adults in their exposures and may differ in their susceptibility to hazardous 

chemicals. Children’s unique physiology and behavior can influence the extent of their exposure. 

Exposures of children are discussed in Section 6.6 Exposures of Children. 

Children sometimes differ from adults in their susceptibility to hazardous chemicals, but whether there is 

a difference depends on the chemical (Guzelian et al. 1992; NRC 1993). Children may be more or less 

susceptible than adults to health effects, and the relationship may change with developmental age 

(Guzelian et al. 1992; NRC 1993). Vulnerability often depends on developmental stage. There are 

critical periods of structural and functional development during both prenatal and postnatal life and a 

particular structure or function will be most sensitive to disruption during its critical period(s). Damage 

may not be evident until a later stage of development. There are often differences in pharmacokinetics 

and metabolism between children and adults. For example, absorption may be different in neonates 

because of the immaturity of their gastrointestinal tract and their larger skin surface area in proportion to 

body weight (Morselli et al. 1980; NRC 1993); the gastrointestinal absorption of lead is greatest in infants 

and young children (Ziegler et al. 1978). Distribution of xenobiotics may be different; for example, 

infants have a larger proportion of their bodies as extracellular water and their brains and livers are 

proportionately larger (Altman and Dittmer 1974; Fomon 1966; Fomon et al. 1982; Owen and Brozek 

1966; Widdowson and Dickerson 1964). The infant also has an immature blood-brain barrier (Adinolfi 

1985; Johanson 1980) and probably an immature blood-testis barrier (Setchell and Waites 1975). Many 

xenobiotic metabolizing enzymes have distinctive developmental patterns. At various stages of growth 

and development, levels of particular enzymes may be higher or lower than those of adults, and 

sometimes unique enzymes may exist at particular developmental stages (Komori et al. 1990; Leeder and 

Kearns 1997; NRC 1993; Vieira et al. 1996). Whether differences in xenobiotic metabolism make the 

child more or less susceptible also depends on whether the relevant enzymes are involved in activation of 

the parent compound to its toxic form or in detoxification. There may also be differences in excretion, 

particularly in newborns who all have a low glomerular filtration rate and have not developed efficient 

tubular secretion and resorption capacities (Altman and Dittmer 1974; NRC 1993; West et al. 1948). 

Children and adults may differ in their capacity to repair damage from chemical insults. Children also 

have a longer remaining lifetime in which to express damage from chemicals; this potential is particularly 

relevant to cancer. 

Certain characteristics of the developing human may increase exposure or susceptibility, whereas others 

may decrease susceptibility to the same chemical. For example, although infants breathe more air per 

kilogram of body weight than adults breathe, this difference might be somewhat counterbalanced by their 
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alveoli being less developed, which results in a disproportionately smaller surface area for alveolar 

absorption (NRC 1993). 

Children are mainly exposed to DEHP orally from mouthing toys and other soft PVC products and 

possibly food, and dermally from handling materials containing DEHP. As discussed in Chapter 6 

(Section 6.6, Exposures of Children), the most likely source of DEHP exposure for young children by the 

oral route might be toys. Other potential sources of oral exposure for young children as well as dermal 

exposure to all children include general household items made from PVC (e.g., dolls, plastic baby pants, 

furniture upholstery, floor tiles, shower curtains, tablecloths, rainwear, and shoes), which are available for 

mouthing by children. Oral exposure might also occur when children handle the PVC items containing 

DEHP and mouth their hands. Indoor exposure is possible from inhalation of both vapor and particle 

bound DEHP as well ingestion following inhalation of large particles containing DEHP and deposition in 

the upper airways and swallowing. Children’s exposures to DEHP from inhalation of outdoor air is likely 

to be small because of the relatively low ambient concentrations. Considerable exposure to DEHP can 

occur from a multitude of plastic medical devices constructed from PVC, but the number of children 

exposed from such devices is very small compared to the population at large. 

As discussed below, there is no evidence that would support the contention that children are more 

susceptible or predisposed to toxicity from DEHP exposure based on inherent biological differences from 

adults. Although they might be more highly exposed to DEHP in certain situations (e.g., during clinical 

procedures), for the vast general public, children are not expected to be more susceptible than adults. 

No studies were located that specifically addressed effects of exposure to DEHP in children. Thus far, 

there is no convincing evidence of adverse health effects in humans exposed to DEHP with the exception 

of an early report by Shaffer et al. (1945) of mild gastric disturbances and moderate diarrhea in an adult 

who swallowed 10 g of DEHP. It is reasonable to expect a similar response in children exposed in a 

similar manner. 

In animals, age might influence the susceptibility to the acute lethal effect of high doses of DEHP. Two 

oral doses of 2,000 mg/kg DEHP caused a high incidence of mortality in #21-day-old rats, but no 

mortality occurred in $42-day-old rats (Dostal et al. 1987a). 

In animals, particularly rats and mice, exposure to DEHP results in liver and testicular toxicity; long-term 

exposures induced liver cancer (David et al. 1999; Kluwe et al. 1982a). DEHP is also embryotoxic and 
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has teratogenic properties (Arcadi et al. 1998; Dostal et al. 1987b; Hellwig et al. 1997; Ritter et al. 1987; 

Tyl et al. 1988). These effects are dose-related and have only been observed at very high doses in 

comparison to known or expected human exposures.  Among the effects observed after perinatal 

administration are reduced fetal body weight, increased rates of abortion and fetal resorptions, and 

skeletal malformations. With regard to testicular toxicity, both in vivo and in vitro studies indicate that 

the Sertoli cell is the target for DEHP toxicity (Dostal et al. 1988; Grasso et al. 1993; Gray and Beamand 

1984; Gray and Gangolli 1986; Poon et al. 1997; Sjoberg et al. 1986a, 1986b) and the metabolite MEHP 

is thought to be the active testicular toxicant. Sertoli cell alterations include vacuolization, inhibition of 

seminiferous tubule fluid formation, and altered testicular enzyme activities. In addition, experiments in 

vitro have shown disruption of the Sertoli-germ cell physical interaction (Li et al. 1998). There is some 

evidence that younger animals are more susceptible than older ones to the lethal effects of high DEHP 

doses (Parmar et al. 1994) and to the adverse testicular effects (Gray and Butterworth 1980; Gray and 

Gangolli 1986; Dostal et al. 1987a, 1988; Sjoberg et al. 1986a, 1986b). For example, testicular toxicity 

has been produced following oral exposure of prepubertal rats to DEHP at doses lower than those 

required to cause testicular effects in sexually mature rats. Some of these differences appear to be due to 

differences in pharmacokinetics of absorption and distribution, but there is also evidence for intrinsic 

differences in tissue sensitivity (Gray and Beamand 1984; Li et al. 1998). An increased permeability of 

the blood-testis barrier in children as compared to adults could result in increased testicular exposure to 

DEHP or MEHP (FDA 2001h). The blood-testis barrier forms just before puberty in humans (Furaya 

1978). 

DEHP altered development of the reproductive system in male rat offspring that were exposed to 

$375 mg/kg/day during gestation and lactation. A variety of effects were observed in androgen-sensitive 

tissues of young male rats, including reduced (female-like) anogenital distance and permanent nipples, 

vaginal pouch, penile morphological abnormalities, hemorrhagic and undescended testes, testicular and 

epididymal atrophy or agenesis, and small to absent sex accessory glands (Arcadi et al. 1998; Gray et al. 

1999, 2000; Moore et al. 2001; Parks et al. 2000). These morphological effects, as well as reduced fetal 

and neonatal testosterone levels and adult sexual behavioral changes in male rats following gestational 

and lactational exposure, are consistent with an antiandrogenic action of DEHP. The changes in the 

development, structure, and function of the male reproductive tract indicate that effects of DEHP on 

reproduction and development are interrelated, and that long-term alterations in the male reproductive 

system might be a consequence of perinatal exposure to DEHP. Other evidence indicates that DEHP is 

not an androgen receptor antagonist, but acts as an antiandrogen during a critical stage of reproductive 
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tract differentiation by reducing testosterone to female levels in the fetal male rat (Paganetto et al. 2000; 

Parks et al. 2000). 

A neurobehavioral alteration was observed in 30-day-old offspring of rats that were exposed to DEHP in 

the drinking water at a reported estimated dose of 33 mg/kg/day throughout pregnancy and lactation 

(Arcadi et al. 1998). The pups therefore were exposed both in utero and via breast milk. Exposure 

caused impaired performance in a test designed to assess locomotor activity by employing a learned 

avoidance task (i.e., ability to walk on a beam in order to avoid a negative stimuli). The relevance of this 

finding is unclear because concerns regarding the conduct of the study have been documented 

(particularly with respect to reliability of the dose levels) (NTP 2000b), other neurotoxicity tests were not 

performed (a battery of tests is needed for adequate assessment), and no effects were found in another 

study of DEHP that evaluated several neurodevelopmental measures. In particular, offspring of rats that 

were exposed to DEHP by inhalation in concentrations as high as 300 mg/m3 for 6 hours/day on 

days 6–15 of gestation showed no postnatal alterations in tests of righting ability on day 6, gripping reflex 

on day 13, pupillar reflex on day 20, and hearing on day 21 (Merkle et al. 1988). 

There is no information regarding possible transgenerational effects of DEHP in humans. A dominant 

lethal test in mice reported no significant effects (pregnancy rate, live fetuses, early and late fetal deaths) 

after treating male mice with DEHP (up to 9,860 mg/kg/day), MEHP (up to 200 mg/kg/day), or 

2-ethylhexanol (up to 1,000 mg/kg/day) and then mating them with virgin females (Rushbrook et al. 

1982). 

No specific information was located regarding the pharmacokinetics of DEHP in children. Analysis of 

urine samples from humans exposed to DEHP suggests the involvement of both phase I and phase II 

metabolic enzymes in the biotransformation and elimination of DEHP. The specific P-450 isozymes 

involved in phase I metabolism are not known with certainty so no conclusions can be drawn based on 

general differences in isozyme activities between adults and children. Phase II reactions involve 

conjugation with glucuronic acid, but the specific isoform of glucuronosyltransferase is not known. 

Compared to adults, children generally have a reduced capacity to metabolize compounds via 

glucuronidation (FDA 2001h). Since approximately 60% of an administered dose of DEHP is excreted as 

the glucuronide conjugate in humans (Albro et al. 1982a, 1982b), a reduced glucuronidation capacity 

could result in delayed excretion of DEHP or its metabolites. FDA (2001h) has speculated that reduced 

glucuronidation capacity could contribute to hepatic effects (e.g., cholestasis) observed in children 

undergoing ECMO therapy who were likely exposed to DEHP leached from plastic tubing used in heart-
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lung bypass circuits. ECMO refers to the use of cardiopulmonary bypass to supplement blood 

oxygenation. The MEHP metabolite of DEHP also undergoes glucuronidation and has been shown to 

interfere with bilirubin conjugation (Sjoberg et al. 1991), possibly as a competitive inhibitor of 

glucuronidation (FDA 2001h). 

DEHP has been detected in human breast milk (FDA 2001h) and therefore can be lactationally transferred 

from nursing mothers to children. Data are unavailable for DEHP in milk from mothers who have 

undergone or are undergoing medical procedures such as hemodialysis, which could result in higher 

levels than healthy mothers (FDA 2001h). It is well established in animals that DEHP (or metabolites) 

can cross the placenta and be transferred via breast milk to the offspring (Arcadi et al. 1998; Dostal et al. 

1988; Hellwig et al. 1997; Peters et al. 1997b; Ritter et al. 1987; Tyl et al. 1988). 

The metabolism of DEHP to the presumed toxic metabolite, MEHP, is achieved by lipases that are mainly 

in the gastrointestinal tract. Gastric lipase activity is high in infants to aid in the digestion of fats in milk, 

peaking in children at 28–33 weeks of age (FDA 2001h; Lee et al. 1993). Consequently, young children 

might be able to convert DEHP to MEHP more efficiently than older children or adults (FDA 2001h). 

No specific information was located regarding nutritional factors that might influence the absorption or 

toxicity of DEHP. Because DEHP might exert toxic effects on the testes through depletion of zinc or 

vitamin E, and both zinc and vitamin E deficiencies are not uncommon in preterm infants due to side 

effects of parenteral nutrition, depletion of these substances could increase the potential for DEHP-

induced testicular toxicity (Chan et al. 1999; Obladen et al. 1998; Roth et al. 1988). DEHP could also 

exacerbate zinc and vitamin E deficiencies that occur in preterm infants from other causes (FDA 2001h). 

Unusual lung disorders were observed during the fourth week of life in children that were mechanically 

ventilated as preterm infants (Roth et al. 1988). The effects clinically and radiologically resembled 

hyaline membrane disease, a disorder caused by insufficient surfactant production in the lungs of 

newborn infants. Although interpretation of these findings is complicated by the preexisting 

compromised health status of the preterm infants, the information indicates that the lung disorders were 

related to DEHP released from the walls of PVC respiratory tubes. Due to its lipophilicity, it was 

speculated that DEHP could either inhibit the formation or promote the degradation of lung surfactant in 

immature lungs (Roth et al. 1988), and that this effect is less likely to be seen in adult lungs because of 

the increased ability of adults to produce surfactant (FDA 2001h). 
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There are no biomarkers of exposure or effects for DEHP that have been validated in children or in adults 

exposed as children. No relevant studies were located regarding interactions of DEHP with other 

chemicals in children or adults. No information was located regarding pediatric-specific methods for 

reducing peak absorption following exposure to DEHP, reducing body burden, or interfering with the 

mechanism of action for toxic effects. As for adults, there are no data on methods for reducing toxic 

effects that might be either indicated or contraindicated in children. 

3.8 BIOMARKERS OF EXPOSURE AND EFFECT 

Biomarkers are broadly defined as indicators signaling events in biologic systems or samples. They have 

been classified as markers of exposure, markers of effect, and markers of susceptibility (NAS/NRC 1989). 

Due to a nascent understanding of the use and interpretation of biomarkers, implementation of biomarkers 

as tools of exposure in the general population is very limited. A biomarker of exposure is a xenobiotic 

substance or its metabolite(s) or the product of an interaction between a xenobiotic agent and some target 

molecule(s) or cell(s) that is measured within a compartment of an organism (NAS/NRC 1989). The 

preferred biomarkers of exposure are generally the substance itself or substance-specific metabolites in 

readily obtainable body fluid(s), or excreta. However, several factors can confound the use and 

interpretation of biomarkers of exposure. The body burden of a substance may be the result of exposures 

from more than one source. The substance being measured may be a metabolite of another xenobiotic 

substance (e.g., high urinary levels of phenol can result from exposure to several different aromatic 

compounds). Depending on the properties of the substance (e.g., biologic half-life) and environmental 

conditions (e.g., duration and route of exposure), the substance and all of its metabolites may have left the 

body by the time samples can be taken. It may be difficult to identify individuals exposed to hazardous 

substances that are commonly found in body tissues and fluids (e.g., essential mineral nutrients such as 

copper, zinc, and selenium). Biomarkers of exposure to DEHP are discussed in Section 3.8.1. 

Biomarkers of effect are defined as any measurable biochemical, physiologic, or other alteration within an 

organism that, depending on magnitude, can be recognized as an established or potential health 

impairment or disease (NAS/NRC 1989). This definition encompasses biochemical or cellular signals of 

tissue dysfunction (e.g., inhibited gap junctional intercellular communication, increased liver enzyme 

activity, or pathologic changes in female genital epithelial cells), as well as physiologic signs of 

dysfunction such as increased blood pressure or decreased lung capacity. Note that these markers are not 
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often substance specific. They also may not be directly adverse, but can indicate potential health 

impairment (e.g., DNA adducts). Biomarkers of effects caused by DEHP are discussed in Section 3.8.2. 

A biomarker of susceptibility is an indicator of an inherent or acquired limitation of an organism's ability 

to respond to the challenge of exposure to a specific xenobiotic substance. It can be an intrinsic genetic 

or other characteristic or a preexisting disease that results in an increase in absorbed dose, a decrease in 

the biologically effective dose, or a target tissue response. If biomarkers of susceptibility exist, they are 

discussed in Section 3.10 “Populations That Are Unusually Susceptible”. 

3.8.1 Biomarkers Used to Identify or Quantify Exposure to DEHP 

As discussed in Section 3.4.1, DEHP and its hydrolyzed derivatives, MEHP and 2-ethylhexanol, are 

absorbed from the intestinal tract, skin, and lungs into the blood (Albro 1986). Once absorbed, they are 

widely distributed in the body, with the liver being the major repository organ. The half-life in humans 

has been estimated as 12 hours (Schmid and Schlatter 1985). DEHP, MEHP, and 2-ethylhexanol are 

rapidly metabolized to a variety of oxidized derivatives, which are excreted in the urine and bile; some 

phthalic acid is also produced. 

DEHP and its metabolites can be measured in the blood and urine to confirm recent exposures. Since 

urine samples will provide equivalent data to blood samples and can be collected using noninvasive 

techniques, urine samples are preferred for monitoring purposes. Analysis of the urine for DEHP is not 

suggested since little DEHP is excreted and measurement of DEHP in biological samples is highly subject 

to false positives from laboratory and sample contamination. Monitoring for MEHP, 2-ethyl-

5-carboxypentyl phthalic acid, 2-ethyl-5-oxyhexyl phthalic acid, or 2-ethyl-5-hydroxyhexyl phthalic acid 

is more valuable since these are major urinary metabolites in humans (Schmid and Schlatter 1985). 

Particularly useful is a sensitive and highly selective analytical technique that enables exposure to DEHP 

to be specifically monitored by measuring urinary levels of MEHP (Blount et al. 2000b), and thereby 

avoids the ubiquitous contamination problem that limits the biomarker usefulness of direct measurements 

of DEHP. This analytical approach also allows specific biomonitoring of other phthalates by direct 

measurement of their monoester metabolites. Urinary measurements of phthalic acid can be performed, 

either directly or after hydrolysis to convert all phthalate derivatives to phthalic acid, but this is a 

nonspecific biomarker of exposure since other phthalate ester plasticizers, such as butyl benzyl phthalate, 

dibutyl phthalate, and diethyl phthalate, will also produce free phthalic acid after hydrolysis. Additional 

information on analytical methods can be found in Chapter 7. 
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The feasibility of using the monoester metabolites as specific biomarkers of exposure to DEHP and six 

other commonly used phthalates was shown in a study of urine samples collected from 289 adults during 

1988–1994 as part of the Third National Health and Nutrition Examination Survey (NHANES III) 

(Blount et al. 2000a). The monoesters with the highest urinary levels were MEHP (95th percentile, 

3,750 ppb), monobutyl phthalate (294 ppb), and monobenzyl phthalate (137 ppb), reflecting exposure to 

DEHP, dibutyl phthalate, and benzyl butyl phthalate, respectively.  Although these measurements 

established a good basis for exposure biomonitoring, further calculations are needed to relate them to 

dose. Estimates based on the urinary MEHP measurements obtained by Blount et al. (2000a) suggest that 

the average total daily ambient exposure of individuals in the United States to DEHP is likely to be 

<3.6 µg/kg/day (David 2000; Kohn et al. 2000). Study populations larger than the 289 individuals 

studied by Blount et al. (2000a) are needed to gain a representative sampling of the exposure of the U.S. 

population to DEHP, including possible demographic variations in exposure and/or metabolism. 

DEHP exposure of humans might result from intravenous administration of blood that has been stored in 

plastic containers, or through hemodialysis. Under situations such as these, in which DEHP is introduced 

directly into the blood, it is possible to evaluate exposure by measuring blood DEHP concentrations. 

DEHP metabolites, MEHP and phthalic acid, are also measured in the blood to determine exposure from 

medical products or devices (Barry et al. 1989; Sjoberg and Bondesson 1985). If the total amount of 

phthalate is to be monitored, the phthalate esters are first de-esterified (Liss et al. 1985). Techniques that 

measure total phthalic acid are not specific for DEHP exposure since other alkyl phthalic acid esters that 

are used as plasticizers will also produce phthalic acid after de-esterification. 

DEHP is lipophilic and tends to migrate into adipose deposits. Since it is cleared from these deposits 

slowly, analysis of fat tissues probably provides the best test for previous exposure to this plasticizer. 

Analysis of human abdominal adipose tissues from accident victims indicated that DEHP was present in 

these tissues at a concentration of 0.3–1.0 ppm (Mes et al. 1974). DEHP was also identified in 48% of 

the adipose tissue specimens from cadavers autopsied in 1982 as part of the Human Adipose Tissue 

Survey from the National Human Monitoring Program (EPA 1989b). Neither study contained data on 

DEHP exposure history of the subjects, however, and there is no information regarding correlation of 

adipose tissue concentrations with DEHP exposure concentration and duration. 
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3.8.2 Biomarkers Used to Characterize Effects Caused by DEHP 

Based on the animal data, the most consistent effect of exposure to DEHP is the increase in the 

concentration of liver peroxisomes. This effect occurs to varying degrees in all species that have been 

evaluated. However, evidence for an effect of DEHP exposure on human liver peroxisomes is weak. 

Limited data regarding biopsies from human livers, under circumstances in which DEHP was present in 

the hemodialysis equipment, did not lead to meaningful conclusions (Ganning et al. 1984, 1987). 

Therefore, a liver biopsy with subsequent histopathological examination of the cells would seldom if ever 

be justified as a test for the long-term effects of DEHP exposure due to the difficulties associated with this 

procedure. 

Lipofuscin deposits in the liver might also be used as an indication of prolonged DEHP exposure based 

on the results of animal studies (Mitchell et al. 1985b). However, there are no data that indicate that this 

marker of DEHP toxicity in animal studies occurs in the human liver. In addition, lipofuscin production 

is not specific to DEHP; therefore a highly invasive liver biopsy to obtain a tissue sample for lipofuscin 

identification cannot be recommended. 

3.9 INTERACTIONS WITH OTHER CHEMICALS 

Limited information was located regarding possible interactions of DEHP with other chemicals in 

humans. Urinary measurements of the monoester metabolites of seven common phthalates in 289 adults 

from the U.S. population, determined using the selective and sensitive analytical approach discussed in 

Section 3.8.1 (Biomarkers Used to Identify or Quantify Exposure to DEHP), showed detectable levels of 

monoethyl phthalate (95th percentile concentration, 3,750 ppb), monobutyl phthalate (294 ppb), 

monobenzyl phthalate (137 ppb), 2-ethylhexyl phthalate (21.5 ppb), cyclohexyl phthalate (8.6 ppb), 

isononyl phthalate (7.3 ppb), and octyl phthalate (2.3 ppb), reflecting exposure to DEHP, dibutyl 

phthalate, benzyl butyl phthalate, di-(2-ethylhexyl) phthalate, dicyclohexyl phthalate, di-isononyl 

phthalate, and dioctyl phthalate, respectively (Blount et al. 2000a). Considering evidence such as this 

which indicates that co-exposure to multiple phthalates can occur, as well as the likelihood that many of 

these compounds exert effects via a common mechanism of action, there is a potential for interactions 

between DEHP and other phthalate esters. 

Human mononuclear leukocytes were isolated from healthy young adults and incubated with 

0.1–10,000 nM DEHP (Sager and Little 1989). There was no change in cell viability after 1 hour of 
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exposure to even the highest DEHP concentration, and no change in the binding of propyl-

2,3-dihydroalprenol (DHA), a β-adrenergic blocker drug, to the α-1 glycoprotein β-adrenergic membrane 

binding site. DEHP did, however, displace DHA from its low affinity sites on the mononuclear 

leukocytes. This suggests that DEHP could potentially affect the pharmacology of the β-adrenergic class 

of pharmaceuticals, but further study is needed in animals before a conclusive statement can be made. 

Additional information on interactions of DEHP with other chemicals was identified in animal studies. In 

most instances both the levels of DEHP and the interactant were high relative to potential environmental 

exposures. 

DEHP effects on the peroxisomal system of the liver appeared to be increased in rats kept on a choline 

deficient diet (Perera et al. 1986). This conclusion was based on an increase in the conjugated dienes in 

the microsomes of choline-deficient animals exposed to 500 mg/kg DEHP for 4 weeks. Conjugated 

dienes are indicators of free radical oxygen modification of cellular lipids. 

In studies of the effects of DEHP ingestion on the metabolism of ethanol, there was a distinct difference 

between the action of single doses of 1,500–7,500 mg/kg DEHP and the same doses given over a 7-day 

period (Agarwal et al. 1982b). The single dose appeared to decrease the metabolism of intraperitoneal 

ethanol, given 18 hours after DEHP, as reflected by an increase in the ethanol-induced sleeping time of 

the exposed rats and inhibition of hepatic alcohol dehydrogenase activity. On the other hand, when 

DEHP was given for 7 days before the ethanol, the ethanol-induced sleeping time was decreased and the 

activities of both alcohol and aldehyde dehydrogenase were increased. This indicates the changes in 

sleeping time were the result of more rapid metabolic removal of the alcohol from the system in the rats 

treated with repeated doses of DEHP and slower metabolism in the rats given one dose. 

Companion in vitro studies of the effects of DEHP, MEHP and 2-ethylhexanol on the activities of alcohol 

and aldehyde dehydrogenase indicate that it is the metabolites of DEHP that affect the enzymes rather 

than unmetabolized DEHP (Agarwal et al. 1982b). The authors suggest that 2-ethylhexanol acts as a 

competitive inhibitor of alcohol dehydrogenase when a single dose of DEHP is administered. When 

DEHP exposure has occurred for several days prior to ethanol exposure, the liver has adjusted to the 

metabolic demands of the 2-ethylhexanol. Thus, at the time of ethanol ingestion, most of the 

2-ethylhexanol has been metabolized and the capacity of the liver to metabolize the ethanol has been 

expanded due to the induction of the alcohol metabolizing enzymes. 
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Data are available suggesting that DEHP might act as an antagonist for the hepatic damage caused by 

other chemicals. DEHP was combined with 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) to determine if 

the hypolipidemic effects of DEHP could counteract the hyperlipidemic effects of the TCDD 

(Tomaszewski et al. 1988). Pretreatment with DEHP mitigated many of the toxic effects of TCDD. 

There was a 50% decrease in TCDD-related mortality when the rats received DEHP pretreatment. DEHP 

administered after TCDD administration had considerably less of an effect on TCDD toxicity, but did 

alleviate the TCDD toxic effects to a slight extent. The authors postulated that the antagonist properties 

of DEHP could have resulted from either or both of two mechanisms. One possible mechanism is a 

reduction in TCDD-induced hyperlipidemia by DEHP stimulation of peroxisomal lipid metabolism.  A 

second explanation is that DEHP altered the hepatic distribution of the TCDD. 

Intermediate-duration oral studies in rats have shown that high doses of DEHP can affect thyroid cell 

structure (e.g., hypertrophy of Golgi apparatus, increases in lysosomes, dilation of the endoplasmic 

reticula, and increase in colloid droplets) and function (e.g., decrease levels of circulating T4) (Hinton et 

al. 1986; Poon et al. 1997; Price et al. 1987, 1988a). When large oral doses of 500 and 2,500 mg/kg/day 

DEHP were combined with dietary exposure to a compound which has similar effects on the thyroid 

(Aroclor 1254, a polychlorinated biphenyl mixture), there was an apparent additive effect of the two 

compounds on changes in thyroid cell structure and decreases in serum T3 and T4. At lower doses of 

DEHP (50 and 100 mg/kg/day) and Aroclor 1254 there were no additive effects apparent with the 

changes in cell structure or the levels of T3 and T4. 

A combination of 150 mg/kg caffeine administered by injection to pregnant rats in conjunction with a 

single dose of 9,756 mg/kg DEHP on day 12 of gestation caused a 5-fold increase in the number of dead 

and resorbed fetuses and nearly a 4-fold increase in the malformed survivors as compared to the effects of 

DEHP alone (Ritter et al. 1987). The mean fetal weight was also depressed. The addition of the caffeine 

to the treatment using equimolar quantities of 2-ethylhexanol and 2-ethylhexanoic acid at doses half of 

the molar quantity used for DEHP resulted in 2–30-fold increases in the dead and malformed fetuses and 

malformed survivors, but only minor decreases in the fetal weights. 

Interactions between DEHP, trichloroethylene, and heptachlor on developmental toxicity have been 

investigated (Narotsky et al. 1995). The compounds were administered to rats by gavage on days 6–15 of 

gestation singly and in combination using five dose levels of each in a 5x5x5 factorial design. The dose 

levels were 0, 24.7, 78, 247, and 780 mg/kg/day for DEHP; 0, 10.1, 32, 101, and 320 mg/kg/day for 

trichloroethylene; and 0, 0.25, 0.8, 2.5, and 8 mg/kg/day for heptachlor. End points that were analyzed 
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for possible interactions of the three chemicals included maternal death, maternal body weight gain on 

gestation days 6–8 and 6–20, full-litter resorption, prenatal loss, postnatal loss, pup body weight on 

postnatal days 1 and 6, and pups/litter with eye defects. Statistical analysis of the three maternal and six 

developmental end points yielded several significant two-way interactions. DEHP and heptachlor showed 

synergism for maternal death on gestation days 6–8 and antagonism for maternal weight gain on gestation 

days 6–8, full-litter resorption, and pup weight on postnatal days 1 and 6. DEHP and trichloroethylene 

were synergistic for maternal weight gain on gestation days 6–8, prenatal loss, and pup weight on 

postnatal day 6. No significant three-way interactions were observed. 

3.10 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE 

A susceptible population will exhibit a different or enhanced response to DEHP than will most persons 

exposed to the same level of DEHP in the environment. Reasons may include genetic makeup, age, 

health and nutritional status, and exposure to other toxic substances (e.g., cigarette smoke). These 

parameters may result in reduced detoxification or excretion of DEHP, or compromised function of 

organs affected by DEHP. Populations who are at greater risk due to their unusually high exposure to 

DEHP are discussed in Section 6.7, Populations With Potentially High Exposures. 

Although certain subpopulations (e.g., dialysis patients and ECMO infants) are likely to be more highly 

exposed to DEHP than the general population, there are few indications of people with intrinsic, 

biological polymorphisms or conditions that preferentially make them unusually susceptible to DEHP 

toxicity. 

No data were located that suggest there are populations genetically at risk to DEHP toxicity, but the issue 

of PPAR polymorphism is beginning to be explored (Tugwood et al. 1996). However, there is strong 

evidence that humans, like other nonrodent species, are less susceptible than rodents to peroxisome 

proliferation after exposure to DEHP. 

Data discussed in the sections on metabolism and reproductive effects suggest that the very young and the 

elderly might also bear an increased risk to DEHP toxicity if the response of humans is similar to that of 

rats and mice. The suggestion has been made that newborn infants with hyalin membrane disease due to 

immature lungs might be at risk from exposure to DEHP if they are exposed through respiration 

equipment during the postnatal period, due to interference with formation or turnover of alveolar 

surfactant (Roth et al. 1988). This possibility is not strongly supported because it is based on a limited 
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data base consisting of one study. Based on rodent data, testicular damage and brain damage are more 

likely to occur with exposures during the prenatal or early postnatal period (Arcadi et al. 1998; Cimini et 

al. 1994; Dabholkar 1988; Dostal et al. 1988; Tyl et al. 1988). 

Physiological and pharmacodynamic changes that occur in critically ill or injured patients might place 

them at increased risk for developing adverse health effects following exposure to DEHP released from 

PVC plastic medical devices used in various procedures including blood transfusion, cardiopulmonary 

bypass, and ECMO (FDA 2001h). As discussed in Children’s Susceptibility (Section 3.7), factors that 

increase the lipase-mediated metabolism of DEHP to MEHP, or the metabolism of MEHP via 

glucuronidation, will increase the potential for DEHP to induce adverse effects in exposed patients. 

Additional factors that can place patients at increased risk include increased reduced renal elimination 

capacity, uremia, protein malnutrition, reduced levels of antioxidants, and impaired cardiovascular status 

(FDA 2001h). 

Limited evidence from animal studies suggests that aged rats excrete lower quantities and different 

proportions of DEHP metabolites than young rats (Albro et al. 1983). However, it is not clear whether 

age-related shifts in DEHP metabolism, or impaired liver function could exacerbate the harmful effects of 

DEHP on this organ. 

3.11 METHODS FOR REDUCING TOXIC EFFECTS 

This section will describe clinical practice and research concerning methods for reducing toxic effects of 

exposure to DEHP. However, because some of the treatments discussed may be experimental and 

unproven, this section should not be used as a guide for treatment of exposures to DEHP. When specific 

exposures have occurred, poison control centers and medical toxicologists should be consulted for 

medical advice. 

No texts were located that provided specific information about treatment following exposure to DEHP. 

Most of the strategies discussed in this section will apply to high dose exposures and are consistent with 

guidelines generally recommended for reducing exposure to a variety of toxicants. The balance between 

the benefits and detriments of mitigation for low dose chronic exposures might differ from those for high 

dose exposures. Methods to reduce toxic effects should not be applied indiscriminately to individuals 

exposed to all doses of DEHP; good clinical judgement should be used. 
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3.11.1 Reducing Peak Absorption Following Exposure 

After acute dermal or ocular exposure due to DEHP spills or other accidents, contaminated clothing 

should be removed and exposed skin thoroughly washed with soap and water (HSDB 2000). Exposed 

eyes should be flushed with a clean neutral solution such as water or saline. 

A number of strategies have been suggested to minimize absorption from the gastrointestinal tract 

following acute, high dose ingestion. Introducing emesis is generally discouraged because DEHP can 

irritate the esophagus (HSDB 2000). Gastric lavage can remove DEHP from the stomach if the ingestion 

was recent (within 60 minutes) (HSDB 2000). Ingestion of activated charcoal is one method for reducing 

the intestinal absorption of DEHP since DEHP will adsorb to the carbon surface and be excreted with the 

fecal matter (HSDB 2000). Another method for reducing absorption is the use of a cathartic. In practice, 

activated charcoal is frequently given as a slurry in saline or sorbitol cathartics (HSDB 2000). Specific 

DEHP-binding or DEHP-reactive agents which might prevent absorption are currently not available. 

3.11.2 Reducing Body Burden 

In most species, including humans, DEHP is hydrolyzed in the gut to MEHP and 2-EH. Orally absorbed 

MEHP is probably distributed first to the liver where it is partially metabolized and then distributed to the 

rest of the body. Identification of the rate limiting step in metabolism and excretion of MEHP, and 

methods to accelerate it, might be helpful in designing future mitigation strategies. Most of the oxidized 

DEHP metabolites are conjugated with glucuronic acid in humans; excretion is in the bile and urine 

(Albro et al. 1982a). Fecal metabolites have been measured, but not quantitatively compared with 

metabolites secreted from the bile duct; thus it is unclear whether enterohepatic recirculation occurs. If 

significant enterohepatic recirculation were to be demonstrated, methods to interfere with re-uptake of 

DEHP metabolites into circulation might be effective in accelerating their excretion. Potential strategies 

for reducing intestinal resorption of bile excretions include repeated doses of activated charcoal (Levy 

1982) and oral administration of the anion exchange resin, cholestyramine (Boylan et al. 1978). Neither 

of these approaches to promoting DEHP excretion has been studied in humans or animals, and they would 

only be useful for higher doses. 



DI(2-ETHYLHEXYL)PHTHALATE 154 

3. HEALTH EFFECTS 

3.11.3 Interfering with the Mechanism of Action for Toxic Effects 

Significant advances have been made in recent years in the understanding of the mechanisms of liver 

carcinogenicity of DEHP in rats and mice. However, there is increasing mechanistic evidence suggesting 

that rats and mice are not an appropriate model for extrapolating to humans (Cattley et al. 1998; Doull et 

al. 1999; Huber et al. 1996). Therefore, speculation on how to prevent liver cancer in humans based on 

information in rodents seems without scientific basis. 

Experiments in rats have shown that simultaneous treatment with DEHP and vitamins C and E prevents 

the testicular atrophy observed when rats are treated with DEHP alone (Ishihara et al. 2000). However, 

none of these theoretical interventions have been studied in DEHP-poisoned patients, and they are not 

currently recommended in human clinical medicine. The effect of a low protein diet on toxicity of DEHP 

in rats was addressed in a study by Tandon et al. (1992). Animals maintained on a low protein diet were 

more susceptible to DEHP-induced testicular damage than animals receiving a normal protein diet. 

However, the effects of a high protein diet were not examined and potential interactions of diet and DEHP 

toxicity have not been studied in humans. 

Albro et al. (1989) suggests that testicular toxicity is due partially to depletion of zinc in the tissue, 

although it is unknown whether whole body stores are depleted by DEHP. If it were to be shown that 

body stores of zinc are generally depleted, then oral zinc supplementation could conceivably reduce the 

testicular toxicity. The success of this strategy would depend on whether the amount of oral zinc needed 

to increase testicular zinc levels is substantially less than that which causes zinc toxicity. Studies of zinc 

supplementation in rats (Agarwal et al. 1986; Oishi and Hiraga 1983) have produced conflicting data. 

Oishi and Hiraga (1983) found that concurrent treatment of rats with DEHP and zinc did not prevent 

testicular atrophy and did not increase the concentration of zinc in the testes, although the concentration 

of zinc in the liver and serum was increased by supplementation. In contrast Agarwal et al. (1986) found 

that pretreatment with a diet containing higher than normal concentrations of zinc prevented DEHP-

induced reductions in body weight gain and testicular damage, but did not reduce liver damage due to 

DEHP. However, the relevance of the protective effects of zinc on testicular atrophy in rats is unclear 

because induction of testicular toxicity by DEHP in humans has not been demonstrated. Oishi (1994) 

found that simultaneous administration of DEHP (2,000 mg/kg/day) and the vitamin B12 derivative 

adenosyl cobalamine for 7 days protected against the DEHP-induced testicular toxicity in rats, but not 

against the liver toxicity. Also, a different vitamin B12 derivative, methyl cobalamine, was ineffective in 

protecting against either testicular or liver DEHP-induced toxicity. 
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It is not known with certainty whether any of DEHP phase I metabolites are less toxic than the others, so 

shifting the metabolism toward phthalic acid or a particular oxidized phthalate derivative might not 

change the toxicity. 

Mitigation strategies developed for other peroxisome proliferators such as the fibric acid drugs should be 

investigated for their applicability to DEHP. Consideration should be given to the fact that other 

peroxisome proliferators, such as trichloroethylene, might be commonly found at the same NPL sites and 

toxic interactions could occur. 

3.12 ADEQUACY OF THE DATABASE 

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the 

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 

adequate information on the health effects of DEHP is available. Where adequate information is not 

available, ATSDR, in conjunction with the National Toxicology Program (NTP), is required to assure the 

initiation of a program of research designed to determine the health effects (and techniques for developing 

methods to determine such health effects) of DEHP. 

The following categories of possible data needs have been identified by a joint team of scientists from 

ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would 

reduce the uncertainties of human health assessment. This definition should not be interpreted to mean 

that all data needs discussed in this section must be filled. In the future, the identified data needs will be 

evaluated and prioritized, and a substance-specific research agenda will be proposed. 

3.12.1 Existing Information on Health Effects of DEHP 

The existing data on health effects of inhalation, oral, and dermal exposure of humans and animals to 

DEHP are summarized in Figure 3-6. The purpose of this figure is to illustrate the existing information 

concerning the health effects of DEHP. Each dot in the figure indicates that one or more studies provide 

information associated with that particular effect. The dot does not necessarily imply anything about the 
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Figure 3-6. Existing Information on Health Effects of DEHP 



DI(2-ETHYLHEXYL)PHTHALATE 157 

3. HEALTH EFFECTS 

quality of the study or studies, nor should missing information in this figure be interpreted as a “data 

need”. A data need, as defined in ATSDR’s Decision Guide for Identifying Substance-Specific Data 

Needs Related to Toxicological Profiles (Agency for Toxic Substances and Disease Registry 1989), is 

substance-specific information necessary to conduct comprehensive public health assessments. 

Generally, ATSDR defines a data gap more broadly as any substance-specific information missing from 

the scientific literature. 

Few health effects have been associated with exposure to DEHP in humans as indicated in Figure 3-6. 

The data that exist relating to the inhalation and chronic systemic effects in humans originate from 

medical case studies following exposure to DEHP through respiration and hemodialysis equipment. The 

data are insufficient to allow for any correlation of dose and response, and there are many confounding 

variables that preclude reaching any conclusions concerning cause-and-effect relationships. The existing 

acute systemic exposure data originate from voluntary exposures of a small number of humans to daily 

doses of 0.01–10 g DEHP for periods of 1 or 4 days. The only parameters measured were urinary 

excretion and clinical signs. 

The animal database on the health effects of DEHP is more complete, especially for studies using the oral 

route (Figure 3-6). Most studies have been conducted in rodent species, particularly rats and mice, using 

acute, intermediate, and chronic exposure durations. However, results are available from monkey studies 

as well. Systemic investigations have focused on the liver. There are limited data for the kidney, thyroid, 

and pancreas. There are limited data from in vivo studies of immune function or neurotoxicity. On the 

other hand, there are a number of studies that have evaluated the developmental and reproductive effects 

of DEHP. There is also adequate information to demonstrate that DEHP is not genotoxic in any 

conventional in vivo or in vitro studies of genotoxicity. The hepatic carcinogenic potential of DEHP has 

been clearly demonstrated in rodents. 

As is apparent from Figure 3-6, there are minimal data on health effects following dermal absorption. In 

addition, there were only two studies on toxicokinetics that used the dermal exposure route. Although 

there are several animal studies that evaluated the health effects of DEHP through the respiratory route, 

these studies are also limited in scope. In each case, exposures were at very low levels and without effect. 

Although the exposure concentrations were relevant to human exposures through inhalation, the lack of 

observed effects makes it difficult to evaluate whether there are specific risks that apply to respiratory 

exposures. 
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As indicated above and discussed below, the health effects of DEHP are generally well characterized by 

the oral route in laboratory animal models. While additional information is always desirable, from a 

health assessment perspective, there appear to be few overriding needs for additional toxicological 

information for the principal route of human exposure to DEHP. Of particular importance are additional 

data that could enable derivation of an acute-duration oral MRL, which is currently precluded by 

insufficient information on male reproductive system development in offspring acutely exposed during 

gestation and/or lactation. 

3.12.2 Identification of Data Needs 

Acute-Duration Exposure. No human data are available for acute exposures following any route 

except through incidental, iatrogenic exposures from medicinal practices and a limited oral study. 

Additional efforts to quantify these exposures and measure their effects on target tissues such as the liver 

and kidney would be useful when such research efforts are consistent with standard medical practices. 

No data are available in animals from standard studies of acute toxicity using the inhalation or dermal 

routes of exposure. Therefore, an MRL value for acute inhalation exposures cannot be derived. DEHP 

concentrations in the atmosphere are limited by the low vapor pressure of this compound. Dermal 

absorption of neat DEHP is demonstrated as minimal (Deisinger et al. 1991; Melnick et al. 1987). 

Specific acute toxicity studies of exposures by the inhalation and dermal routes are probably not justified 

since exposure by these routes is thought to contribute minimally to body burden. 

The liver and testes are primary targets for acute oral exposure to DEHP in adult and developing animals. 

When rodents are exposed to DEHP through the oral route, there is an almost immediate increase in 

mitotic cell division in the liver and a corresponding increase in liver weight (Barber et al. 1987; Berman 

et al. 1995; David et al. 1999; DeAngelo et al. 1986; Dostal et al. 1987a, 1987b; Lake et al. 1986; Lamb 

et al. 1987; Marsman et al. 1988; Mitchell et al. 1985b; Oishi 1989a, 1994; Parmar et al. 1988; Rao et al. 

1990; Rhodes et al. 1986; Takagi et al. 1990; Tamura et al. 1990; Tomaszewski et al. 1988; Tyl et al. 

1988). The number of liver peroxisomes increases and there is induction of the peroxisomal enzyme 

activities (David et al. 1999; Ganning et al. 1989; Rhodes et al. 1986). The activity of the MFO system is 

also increased (Ganning et al. 1989; Hodgson 1987; Hosokawa et al. 1994; James et al. 1998; Parmar et 

al. 1988; Rhodes et al. 1986; Short et al. 1987). An increase in cell division is apparent within 24 hours 

of administration. Further efforts to define dose-response relationships and to identify cell division and 

enzyme induction thresholds would be valuable. Since the pharmacokinetics and metabolism of DEHP 
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appear to differ between rodents and primates, it would be informative to study these phenomena in the 

primate. In addition to the liver, the testes (Dostal et al. 1988; Gray and Butterworth 1980; Gray and 

Gangolli 1986; Oishi 1986, 1994; Saitoh et al. 1997; Sjoberg et al. 1986a, 1986b) is a target tissue in 

rodents following DEHP exposures. Continued research to elucidate the mechanism of Sertoli cell 

toxicity and the role of PPARs in the reproductive toxicity of DEHP is necessary. 

Acute exposure to DEHP also induces fetotoxicity and teratogenicity in rats and mice (Dostal et al. 

1987b; Hellwig et al. 1997; Shiota and Mima 1985; Tomita et al. 1982a; Yagi et al. 1980). No 

mechanism to explain these effects has yet been proposed; thus, further studies to explore this issue are 

warranted. An acute oral MRL was not derived because of concern that the highest NOAEL identified 

(50 mg/kg/day) below all LOAELs might not be protective for testicular effects that might occur in rat 

pups exposed to DEHP in utero for acute-duration exposures. Pharmacokinetics data are available in 

various animal species. 

Intermediate-Duration Exposure. No human data were located concerning intermediate-duration 

exposures of humans to DEHP by any route. No data were located from animal studies after inhalation or 

dermal exposures. Therefore, MRL values cannot be determined for intermediate-duration exposures by 

the inhalation route. Due to the low vapor pressure of DEHP and its poor dermal absorption, and the fact 

that the contribution of the inhalation and dermal routes of exposure to body burden is considered 

minimal, specific studies of intermediate-duration exposures and dose-response pattern by the inhalation 

and dermal routes do not appear justified. 

Animal data from oral exposure studies indicate that the liver (Barber et al. 1987; David et al. 1999; Lamb 

et al. 1987; Mitchell et al. 1985b; Poon et al. 1997) and testes (Gray and Butterworth 1980; Lamb et al. 

1987; Parmar et al. 1995; Poon et al. 1997) are main systemic targets for DEHP toxicity following 

intermediate-duration exposure, although some studies also reported kidney effects (Maruyama et al. 

1994; Poon et al. 1997; Ward et al. 1998). Perinatal exposure to DEHP for intermediate-duration periods 

also caused fetotoxicity and teratogenicity in rats and mice (Arcadi et al. 1998; Cimini et al. 1994; 

Nikonorow et al. 1973; Shiota et al. 1980; Tyl et al. 1988). The Arcadi et al. (1998) study reported liver, 

kidney, and testicular alterations in neonatal rats whose mothers were exposed to DEHP during gestation 

and for 21 additional days postnatally. The LOAEL for this effect was much lower than those for other 

end points; however, this study has been judged to be inadequate for MRL derivation because the NTP

CERHR Expert Panel on DEHP (NTP 2000b) concluded that the effect levels are unreliable. In 

particular, NTP (2000b) found that (1) the methods used to verify and characterize the administered doses 
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were not clearly described or completely reported, and could not be resolved, and (2) the study authors 

did not reconcile their blood DEHP concentration data with other studies. Therefore, it appears that some 

additional dose-response studies on liver, kidney, testis, and behavioral end points would be useful, 

particularly to verify that the basis for the intermediate-duration oral MRL, reproductive toxicity in mice 

(Lamb et al. 1987), is the most sensitive end point for repeated oral exposures. Research efforts should 

concentrate on examining the relationship between exposure during various developmental periods and 

the reversibility of the effects seen in the young and trying to elucidate the mechanism(s) of fetotoxity and 

teratogenicity. Pharmacokinetics data are available in various animal species; however, there is lack of 

information regarding the pharmacokinetics of placental transfer as well as transfer of DEHP or 

metabolites via breast milk to offspring, although DEHP has been detected in human milk (FDA 2001h). 

Chronic-Duration Exposure and Cancer. Data concerning chronic exposures of humans to 

DEHP were not identified in the available literature. A chronic inhalation MRL was not derived from the 

data from the one existing chronic animal inhalation study due to the limited number of end points that 

were evaluated (longevity and cancer incidence). Due to the fact that the vapor pressure of DEHP is very 

low and the impact on body burden of DEHP following inhalation and dermal exposure is expected to be 

minimal relative to oral exposure, specific studies of chronic inhalation exposures to DEHP are not 

recommended at this time. 

There are many studies of oral chronic exposure durations in animals that indicate that the liver 

(Carpenter et al. 1953; David et al. 1999, 2000a, 2000b; Ganning et al. 1991; Lake et al. 1987; Marsman 

et al. 1988; Rao et al. 1987) and testes (David et al. 2000a, 2000b; Ganning et al. 1991; Kluwe et al. 

1982a; Price et al. 1987) are main targets for DEHP. Sporadic effects in the kidneys (Crocker et al. 

1988), pancreas (Rao et al. 1990), and pituitary (Kluwe et al. 1982a) also have been reported. The lowest 

LOAEL identified following chronic exposures is from a study where an increase in inflammation and 

cystic tubules were seen in the rat kidney and there was a statistically significant decrease in creatinine 

clearance with a gavage dose of 0.92 mg/kg/day over a 12-month period (Crocker et al. 1988). The 

significance of these findings is unclear due to a small number of animals, treatment of some rats with a 

leachate from an artificial kidney unit, limited information on kidney evaluation procedure, unreported 

strain and sex, and bolus method of exposure. There also was no accompanying measurement of hepatic 

toxicity in the exposed animals. The doses were also given for 3 of every 7 days rather than daily. No 

other chronic-duration study observed renal effects in rats even at much higher doses ($600 mg/kg/day). 

Therefore, a more systematic evaluation of renal effects following long-term oral administration of DEHP 

would be useful. Perhaps of greater concern is the report of testicular toxicity in rats in a 2-year feeding 
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study by Ganning et al. (1991) since the testis is a known target for DEHP. Little detail was provided by 

Ganning et al. (1991) other than stating that the lowest dose (approximately 14 mg/kg/day) “exerted a 

pronounced effect on the function of the testis after prolonged treatment, consisting of inhibition of 

spermatogenesis and general tubular atrophy.” This effect was considered a serious LOAEL, and 

therefore, it was not considered suitable for chronic oral MRL derivation. A chronic MRL was based on 

a NOAEL of 5.8 mg/kg/day for testicular pathology in male rats from a comprehensive 104-week toxicity 

study (David et al. 2000a). 

There is no evidence that exposure to DEHP causes cancer in humans. Long-term oral administration of 

DEHP caused liver cancer in rats and mice (David et al. 1999; Hayashi et al. 1994; Kluwe et al. 1982a; 

NTP 1982). Great advances have been made in recent years with regard to the mechanism of liver 

carcinogenicity in rodents, particularly rats and mice, induced by peroxisome proliferators. As discussed 

in Section 3.5.2, Mechanisms of Toxicity, and Section 3.5.3, Animal-to-Human Extrapolations, the 

existing information suggests that rats and mice represent an inappropriate model for evaluating the risk 

of developing liver cancer by humans. The central element to developing liver cancer in rats and mice is 

the activation of a nuclear receptor, PPARα, which regulates the pleiotropic effects of peroxisome 

proliferators including the regulation of gene expression. Activation of PPARα leads to increased activity 

of peroxisomal enzymes of β-oxidation and of microsomal enzyme cytochrome P-4504A1. This is 

accompanied by increased cell replication which, along with increased production of hydrogen peroxide, 

are proposed to be the main mechanisms of peroxisome proliferator-induced hepatocarcinogenesis 

(Cattley et al. 1998; Doull et al. 1999; Green 1995; Lake 1995). Humans have low liver expression of 

PPARα and are refractory to peroxisome proliferators, and so are primates. Future research should focus 

on (1) further characterization of the human PPARα and its tissue distribution, (2) studies of mechanisms 

by which the low receptor expression could be altered (increased) resulting in human responses to 

peroxisome proliferators similar to rodents, (3) better understanding on how peroxisome proliferators and 

fatty acids activate PPRAα, (4) examination of possible polymorphism of PPARs in populations of 

different ethnic backgrounds, (5) characterization of the interaction between hypolipidemic drugs and 

PPARα resulting in reduced serum triglycerides, but no stimulation of peroxisome proliferation, and (6) 

characterization of other PPAR subtypes, such as PPAR γ, and their tissue distribution and role in other 

DEHP-induced toxicities, such as reproductive toxicity. 

Populations occupationally exposed to DEHP as well as subjects exposed through medical devices should 

continue to be monitored for liver effects. 
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Additional bioassays in animals do not seem necessary.  Further research on dose-response relationships 

for the many biochemical effects of peroxisome proliferators leading to liver cancer in rodents, 

identification of specific thresholds, and potential reversibility, would be informative only if an 

extrapolation model for cancer was deemed appropriate in spite of profound differences between human 

and rodent responses. 

Genotoxicity. The genotoxicity of DEHP and its primary metabolites, MEHP and 2-ethylhexanol, has 

been extensively evaluated in most standard short-term tests of genetic toxicity. The data are consistent 

and indicate that DEHP, MEHP, and 2-ethylhexanol are not genotoxic. 

The role of oxidative DNA damage, as measured by induction of 8-hydroxydeoxyguanosine (8-OH-dG), 

in the liver of rats following DEHP exposure has been examined by Takagi and coworkers (Sai-Kato et 

al. 1995). While increased induction of 8-OH-dG was demonstrated, the increased was small (2–3-fold) 

and, in some cases, was not sustained during prolonged treatment (Cattley and Glover 1993). Additional 

studies might be valuable to clarify whether nuclear DNA is, in fact, oxidized following treatment with 

DEHP by analyzing repair enzyme activity and/or excised base levels in the urine, along with oxidative 

DNA products other than 8-OH-dG. Studies to compare 8-OH-dG levels in purified nuclear DNA from 

DNA of mitochondria from hepatocytes and nonparenchymal liver cells from control and DEHP-treated 

rats would resolve the issue of whether the 8-OH-dG issue is relevant to DEHP genotoxicity or 

mitogenesis. These data would provide additional information on whether or not free radical oxidation 

resulting from peroxisome proliferation plays a role in the carcinogenesis of DEHP in rodents. 

Reproductive Toxicity. There are no reported reproductive effects of DEHP in humans, but there is 

ample evidence that DEHP has adverse effects on reproductive effects in rats and mice. In males, 

exposure to DEHP affects the weight of the male reproductive organs and the process of spermatogenesis 

(Dostal et al. 1988; Ganning et al. 1991; Gray and Butterworth 1980; Gray and Gangolli 1986; Lamb et 

al. 1987; Oishi 1986; Parmar et al. 1995; Poon et al. 1997; Saitoh et al. 1997; Shaffer et al. 1945; Sjoberg 

et al. 1986a, 1986b; Ward et al. 1998). Effects are seen after acute-, intermediate-, and chronic-duration 

exposure, and NOAELs for testicular and reproductive toxicity were used as the basis of the intermediate 

and chronic oral MRLs as discussed in Chapter 2 and detailed in Appendix A. The effects of DEHP are 

most severe when they occur during the process of male sexual organ development or maturation, and 

thus are age related (Arcadi et al. 1998; Dostal et al. 1988; Gray and Butterworth 1980; Gray et al. 1999, 

2000; Moore et al. 2001; Parks et al. 2000; Sjoberg et al. 1985b, 1986a, 1986b). However, the testicular 

changes appear to be reversible if DEHP exposure ceases before puberty (Dostal et al. 1988). The data on 
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the testicular toxicity of DEHP indicate that the Sertoli cell is the main target and that MEHP is the 

ultimate active testicular toxicant (Chapin et al. 1988; Creasy et al. 1986; Gray and Beamand 1984; Gray 

and Gangolli 1986; Sjoberg et al. 1986b). Since pharmacokinetic data indicate that DEHP is converted to 

MEHP primarily in the gastrointestinal tract, oral studies seem most relevant. Additional research on the 

mechanism of Sertoli cell toxicity and on the characterization of PPARγ and its role in DEHP-induced 

reproductive toxicity is necessary (Maloney and Waxman 1999; Peters et al. 1997b). Further studies that 

directly examine the susceptibility of PPARγ target genes in various tissues and species to MEHP would 

be valuable. A physiologically based pharmacokinetic (PBPK) model of DEHP in rats that simulates the 

pharmacokinetics of both DEHP and its major metabolite, MEHP was recently described (Keys et al. 

1999). The model provides an approach to estimating doses of MEHP in the testes of the rat following 

oral doses of DEHP and might be useful for internal dose-response assessment of rat bioassay data in 

which the toxicity end point of interest is testicular toxicity. However, such uses of the model, or other 

potential uses in risk assessment, have not been evaluated. 

DEHP altered development of the reproductive system in male rat offspring that were exposed during 

gestation and lactation. A variety of effects were observed in androgen-sensitive tissues of young male 

rats, including reduced (female-like) anogenital distance and permanent nipples, vaginal pouch, penile 

morphological abnormalities, hemorrhagic and undescended testes, testicular and epididymal atrophy or 

agenesis, and small to absent sex accessory glands (Arcadi et al. 1998; Gray et al. 1999, 2000; Moore et 

al. 2001; Parks et al. 2000). These morphological effects, as well as reduced fetal and neonatal 

testosterone levels and adult sexual behavioral changes in male rats following gestational and lactational 

exposure, are consistent with an antiandrogenic action of DEHP. The changes in the development, 

structure, and function of the male reproductive tract indicate that effects of DEHP on reproduction and 

development are interrelated, and that long-term alterations in the male reproductive system might be a 

consequence of perinatal exposure to DEHP. Other evidence indicates that DEHP is not an androgen 

receptor antagonist, but acts as an antiandrogen during a critical stage of reproductive tract differentiation 

by reducing testosterone to female levels in the fetal male rat (Paganetto et al. 2000; Parks et al. 2000). 

Because the dose-response relationships for reproductive effects following exposures in gestational versus 

postnatal ages are unknown, low-dose studies examining sensitive end points following late gestational 

exposure are a critical data need. 

The mechanism of the effect of DEHP on the female reproductive processes has not been studied as 

extensively as that of the male. Female mice orally exposed to high doses of DEHP (420 mg/kg/day) 

failed to produce any litters when mated with control males (Lamb et al. 1987). DEHP affected female 
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fertility and pup survival in cases where pregnancy was achieved. A reproductive toxicity NOAEL of 

14 mg/kg/day from this study was used as the basis of the intermediate oral MRL. Information on the 

dose-response relationship for these effects as reflected in DEHP's impact on ovulation, implantation, and 

the early stages of gestation would be useful. It would also be useful to know if the metabolite 

responsible for the female reproductive effects is 2-ethylhexanoic acid, the metabolite responsible for the 

developmental effects, or a different DEHP degradate. Davis et al. (1994a) showed that DEHP induced 

anovulation in virgin adult rats by altering granulosa cell estradiol production. Further studies with 

cultures of granulosa cells in vitro suggested that MEHP suppressed aromatase conversion of testosterone 

to estradiol (Davis et al. 1994b). The possible role of these findings in fertility changes in females needs 

to be explored. In marmoset monkeys, 2,500 mg/kg/day DEHP by oral administration for 13 weeks did 

not cause any gross or microscopic effects in ovary, uterus, or vagina (Kurata et al. 1998). 

Developmental Toxicity. There are no data concerning developmental effects in humans following 

DEHP exposures. There are animal data for exposures by the inhalation (Merkle et al. 1988) and oral 

routes (Arcadi et al. 1998; Cimini et al. 1994; Dostal et al. 1987b; Hellwig et al. 1997; Peters et al. 1997b; 

Price et al. 1986, 1988c; Ritter et al. 1987; Shiota and Mima 1985; Shiota et al. 1980; Tomita et al. 1982a; 

Tyl et al. 1988; Yagi et al. 1980). There are no dermal data in animals. DEHP is a teratogen in rats and 

mice when given orally during the gestation period. Mice appear to be more vulnerable to the teratogenic 

effects of DEHP than rats (Tomita et al. 1982a; Tyl et al. 1988). Studies in mice using single dosing 

during one of several gestation days identified day 7 of gestation as the most sensitive (Tomita et al. 

1982a). Malformations of the skeleton and neuronal tube were commonly observed. The DEHP 

metabolite responsible for the teratogenic effects appears to be 2-ethylhexanoic acid (Hauck et al. 1990; 

Ritter et al. 1987). Furthermore, it has been suggested that only the (R) enantiomer of this compound acts 

as a teratogen (Hauck et al. 1990). The mechanism of fetotoxicity/teratogenicity of DEHP (or 

metabolites) has not been elucidated. Results from a study by Peters et al. (1997b) in mice suggested 

teratogenicity and fetotoxicity of DEHP was not mediated by the nuclear receptor PPARα. Further 

research into the possible role of other receptor subtypes could provide valuable information on the 

mechanisms underlying the developmental toxicity of DEHP. Studies in primates would be particularly 

relevant to humans. Data needs related to effects of DEHP on the development of the male reproductive 

system are discussed in the previous section. Since the developmental effects of DEHP in animals might 

be caused by a metabolite(s) resulting from chemical reactions that follow oral exposure, inhalation or 

dermal studies do not seem necessary at this time. 
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There is lack of information regarding the pharmacokinetics of placental transfer as well as transfer of 

DEHP or metabolites via breast milk to the offspring, although DEHP has been detected in human milk 

(FDA 2001h). 

Immunotoxicity. There are currently no in vivo studies in humans or animals that examined 

immunocompetence following exposure to DEHP by any route of exposure. No histopathological 

alterations to organs of the lymphoreticular system due to treatment with DEHP were reported by any 

animal study. DEHP does bind to mononuclear leukocytes in vitro (Sager and Little 1989) but this is not 

an inherently toxic phenomenon. The overall evidence suggests that the immune system is not a target for 

DEHP toxicity. Specific studies addressing this issue do not seem necessary at this time. 

Neurotoxicity. There are no data concerning neurotoxic effects in humans following DEHP exposure 

by any route; data in animals are very limited. Moser et al. (1995) found no evidence of neurotoxicity in 

rats following administration of a single dose of up to 5,000 mg DEHP/kg of daily dose of up to 1,500 mg 

DEHP/kg for 14 days. Signs of general debilitation seen at 5,000 mg/kg cannot be categorized as specific 

signs of neurotoxicity. Tests conducted by Moser et al. (1995) assessed autonomic, sensorimotor, and 

neuromuscular functions, as well as excitability and activity. No neurological effects were reported in 

any long-term study. Data from developmental studies in animals indicate that DEHP interferes with 

normal development of the nervous system in rodents (Hellwig et al. 1997; Shiota and Mima 1985; Shiota 

et al. 1980; Tyl et al. 1988; Yagi et al. 1980). Exencephaly and neural tube defects have been seen in 

several studies that have evaluated the effects of DEHP administered during gestation. Also, in a study in 

female rats given DEHP in the drinking water from gestation day 1 to day 21 after delivery, female pups 

showed neurobehavioral impairment when tested at 30 days of age (Arcadi et al. 1998). This finding is 

unique to this study and replication of the results would greatly increase the confidence in the study. 

Studies should be designed to elucidate the mechanism(s) for this effect. In addition, DEHP exposure 

through maternal milk was associated with an increase in brain peroxisomes in newborn rats (Cimini et al. 

1994; Dabholkar 1988). A significant observation of Cimini et al. (1994) was the fact that brain catalase 

activity doubled in adult dams treated with DEHP, but was not significantly changed in the pups. This 

led them to suggest that immature neural cells are not yet able to modulate this activity and are therefore 

more susceptible to oxidative stress than mature ones. Thus, research concerning the role of the 

peroxisomes in the developing brain and the effect of DEHP induced changes in the activity of the brain 

peroxisomes would be beneficial. Of particular interest would be knowledge as to whether or not DEHP 

causes a modification of the brain lipids, particularly those of the myelin sheath, through oxidative 

processes. Changes in membrane proteins in the brain could also be studied since receptor site 
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interactions are so important in brain development and function. Additional studies in adult animals do 

not seem necessary at this time based on the lack of effects in long-term studies. Also, structurally, 

DEHP does not appear to be a neurotoxicant. 

Epidemiological and Human Dosimetry Studies. Information on health effects of DEHP in 

humans is essentially limited to observations of gastrointestinal distress in two individuals who ingested a 

single large dose of the compound (Shaffer et al. 1945). Repeated dose oral studies in rats and mice have 

established that the main targets of DEHP toxicity are the liver and testes. In contrast to the findings in 

rats and mice, monkeys appear to be relatively insensitive to the hepatic and testicular effects of DEHP 

(Kurata et al. 1998; Rhodes et al. 1986; Short et al. 1987). Sustained long-term oral exposure to DEHP is 

hepatocarcinogenic in rats and mice, but the mechanism by which liver cancer (and liver toxicity) is 

induced in these species does not appear to be operative in humans (David et al. 1999; Kluwe et al. 

1982a; Rao et al. 1987, 1990). The available data indicate that DEHP is unlikely to cause adverse health 

effects in environmentally exposed humans and therefore do not establish a clear need for 

epidemiological and human dosimetry studies. Identification and follow-up studies of children who were 

heavily exposed to DEHP, particularly the evaluation of reproductive system development and function in 

premature infants with still developing testicles exposed via plastic devices during medical procedures, 

could address the issue of whether there are functional effects in the most heavily exposed and vulnerable 

human population; however, such studies are not relevant to general population exposure due to the 

intensive and unnatural nature of the intravenously or and/or intratracheal procedures. 

Biomarkers of Exposure and Effect. There may be no particular benefit in better characterizing 

biomarkers for DEHP because (1) given its ubiquity (albeit at low environmental levels), there appears to 

be no great need to ascertain whether humans have been exposed (unless in known, high-exposure 

situations), and (2) there is no confirmed or compelling evidence that ambient exposure to DEHP can 

harm human health. 

Exposure. Because DEHP is rapidly metabolized and excreted, it is difficult to monitor anything but 

recent human exposures through the body fluids. MEHP and several oxidized MEHP metabolites can be 

measured in blood and urine and are biomarkers of exposure, and DEHP has been detected in human 

milk. Since DEHP is a lipophilic substance, it has the potential to deposit in adipose tissues. More 

chronic exposures can be detected with a fat biopsy, but there are no validated approaches for assessment 

of chronic exposure by fat biopsy analysis. Additional studies of methods for monitoring DEHP exposure 

would be of value. 
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Effect. Currently there are no simple methods of measuring the effects of DEHP exposure. An increase 

in liver peroxisomes and peroxisomal enzyme activities appears to be the best marker of effect in rodents. 

This is not of great value in human studies since there is extensive evidence that humans, as well as 

primates, are refractory to peroxisome proliferators. Accordingly, research to identify reliable biomarkers 

for DEHP effects in humans would be useful in order to evaluate the prevalence and magnitude of 

exposure in an at-risk population. 

Absorption, Distribution, Metabolism, and Excretion. There are no data on the absorption, 

distribution, and excretion of DEHP following inhalation exposure of humans. The only human data 

apply to the urinary excretion of DEHP metabolites following oral exposures. In animals, there are data 

pertaining to the dermal and oral routes. Dermal data were provided in studies by Melnick et al. (1987) 

and Deisinger et al. (1998) in rats and suggested that dermal absorption is limited. DEHP is hydrolyzed 

by esterases found in a variety of tissues, although pancreatic lipase is the most effective enzyme 

hydrolyzing DEHP. Therefore, DEHP is absorbed primarily as MEHP and 2-ethylhexanol (Albro 1986). 

With high exposure concentrations, some DEHP might also be absorbed. DEHP metabolites are 

distributed to tissues via the blood. MEHP and 2-ethylhexanol are metabolized to a variety of more 

oxidized compounds. The liver is the main target tissue for DEHP metabolites (Ikeda et al. 1980; Rhodes 

et al. 1986). In species other than the rat, some of the oxidized intermediates are conjugated with 

glucuronic acid for excretion (Albro et al. 1982a). These metabolites are excreted in the urine and bile. 

Unabsorbed DEHP and MEHP are excreted in the feces. Additional data on the identity of the 

metabolites excreted in the bile and the portion that is excreted as conjugates would be useful in 

interpreting the absorption and metabolic data. Studies of dermal absorption from various vehicles are 

also justified since this has never been examined and the vehicle might have a profound effect on 

absorption. 

Comparative Toxicokinetics. The toxicity of DEHP differs among species. This is due both to 

differences in pharmacokinetics and species-specific differences in target tissue susceptibilities. For 

example, there are species differences in the rate of hydrolysis of DEHP to MEHP in the intestine. 

Hydrolytic activity is highest in the mouse, followed by the rat, guinea pig and hamster (Albro 1986; 

Lake et al. 1984a). Hydrolysis in primates and in humans is considerably slower than in rats (Albro et al. 

1982a; Rhodes et al. 1986). This of great importance because MEHP is the active peroxisome 

proliferator. The proportions of the different metabolites excreted and the proportions of metabolites that 

are excreted as conjugates vary (Albro et al. 1982a, 1982b, 1987; Astill 1989; Rhodes et al. 1986; Short et 

al. 1987). Primates glucuronidate the oxidative metabolites of MEHP more completely, while oxidizing 
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metabolites less effectively, and rats do not glucuronidate DEHP metabolites. There are only a few 

studies on primate and canine species and none of these were rigorous. Primate studies are especially 

important in light of the fact that rodents have been, and will continue to be, the subject of much research 

due to their suitability as a model for the peroxisome proliferation phenomenon. Additional data on 

DEHP metabolites which occur in humans would also be useful in evaluating the potential for health 

effects to occur following DEHP exposures. 

Methods for Reducing Toxic Effects. There are no established methods for reducing absorption 

of DEHP or metabolites because the mechanism of absorption is not known. There have been no studies 

of compound-specific techniques for reducing DEHP body burden. External contact with DEHP can be 

treated by thoroughly washing the affected area. Activated carbon, possibly combined with a cathartic, 

will diminish absorption of ingested DEHP from the gastrointestinal tract (HSDB 2000). 

There are no tested methods for preventing or minimizing the toxic effects of DEHP. Currently, there are 

no records of cases of high-dosage human exposure to DEHP, aside from an early toxicology experiment 

(Shaffer et al. 1945). If situations leading to high-dose exposures are identified, research on minimizing 

acute toxic effects would be important. A study of the impact of dietary modifications (increased intake 

of antioxidants, zinc and glutathione precursors, and decreased dietary fat) on the effects of chronic 

exposure to DEHP might be useful. Given that an in vivo rodent study has shown that antioxidant green 

tea components could reduce the inhibitory effects on gap junctional intercellular communication by 

pentachlorophenol, a nongenotoxic liver tumor promoter, and because DEHP also has been shown to 

inhibit gap junctional intercellular communication (Malcolm and Mills 1983, 1989), a study designed to 

see if green tea or its antioxidant components could reduce the liver tumor promoting activity of DEHP 

would be warranted. 

Children’s Susceptibility. There is virtually no information on the health effects of DEHP in 

humans. Most studies in animals have been conducted in rodents, particularly rats and mice. In these 

species, DEHP causes testicular toxicity (Dostal et al. 1988; Gray and Butterworth 1980; Gray and 

Gangolli 1986; Poon et al. 1997; Saitoh et al. 1997; Sjoberg et al. 1986a, 1986b), is fetotoxic and 

teratogenic (Arcadi et al. 1998; Dostal et al. 1987b; Hellwig et al. 1997; Ritter et al. 1987; Tomita et al. 

1982a; Tyl et al. 1988), and induces liver cancer (David et al. 1999; Kluwe et al. 1982a). The rats and 

mice in which DEHP has induced liver cancer do not appear to represent an accurate model for human 

carcinogenicity (IARC 2001) and there is no information on whether the developmental process is altered 

in humans exposed to DEHP. There is no evidence that DEHP has hormone-like effects, but limited 
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information from one study using one high dose (750 mg/kg/day) indicates that DEHP might have 

antiandrogenic properties in male pups from rats given DEHP during gestation and for few days during 

nursing (Gray et al. 1999). Further studies are necessary to characterize the dose-response and examine 

potential interactions of DEHP (or metabolites) with the androgen receptor. 

There are no adequate data to evaluate whether pharmacokinetics of DEHP in children are different from 

adults. It is not known whether DEHP (or metabolites) can cross the placenta in humans, although it has 

been detected in breast milk (FDA 2001h). Studies in animals have shown that DEHP (or metabolites) 

crosses the placenta and can be transferred to offspring via mother’s milk; however, quantitative data are 

lacking. There is no information to evaluate whether metabolism of DEHP is different in children than in 

adults since the specific phase I enzymes involved in DEHP metabolism have not been identified. It is 

known that phase II metabolism involves conjugation with glucuronic acid, but the specific isoform of 

glucuronosyltransferase is not known. 

There is no information about whether children differ in their susceptibility to the health effects of DEHP. 

However, studies in animals indicate that the younger the animal, the more severe the testicular effects 

induced by DEHP (Gray and Butterworth 1980; Sjoberg et al. 1986a, 1986b) This differential 

susceptibility is partly related to differences in pharmacokinetics (Sjoberg et al. 1985b), but other, yet 

undetermined factors, also might play a role (Gray and Beamand 1984). One study in which rats were 

exposed during gestation and lactation reported altered neurological responses in female offspring tested 

at 30 days of age (Arcadi et al. 1998). These findings need to be replicated by others, and if so, research 

efforts should focus on the possible underlying mechanism(s) that are responsible for such alterations. 

Continued research into the development of sensitive and specific early biomarkers of exposure and effect 

for DEHP would be valuable for both adults and children. There are no pediatric-specific methods to 

reduce peak absorption for DEHP following exposure, to reduce body burdens, or to interfere with the 

mechanism of action. Based on the information available, it is reasonable to assume that methods 

recommended for treating adults will also be applicable to children. 

Child health data needs relating to exposure are discussed in Section 6.8.1 Identification of Data Needs: 

Exposures of Children. 



DI(2-ETHYLHEXYL)PHTHALATE 170 

3. HEALTH EFFECTS 

3.12.3 Ongoing Studies 

Several ongoing studies concerning health effects associated with DEHP have been identified in the 

Federal Research in Progress (FEDRIP 2001) and are listed in Table 3-7. 
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Table 3-7. Ongoing Studies on the Health Effects of DEHP 

Investigator Affiliation Research description Sponsor 

Jirtle RL Duke University Medical Ctr. Tumor suppressor function of NIEHS 
Durham, North Carolina the M6P/IGF2 receptor 

Lied M Oregon State University Molecular determinants of NIEHS 
Corvallis, Oregon peroxisomal proliferator action 

Orth JM Temple University Mechanism of toxicant induced NIEHS 
School of Medicine injury in neonatal testes 
Philadelphia, Pennsylvania 

Richburg JH University of Texas Environmental testicular toxicity NIEHS 
Division of Pharmacology and germ cell apoptosis 
and Toxicology, Austin, 
Texas 

Swenberg JA, University of North Carolina Lipid metabolism and phthalate NIEHS 
Thurman RG Chapel Hill, North Carolina toxicity interactions 

Source: FEDRIP 2001


NIEHS = National Institute of Environmental Health Sciences
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4.1 CHEMICAL IDENTITY 

Information regarding the chemical identity of DEHP is located in Table 4-1. 

4.2 PHYSICAL AND CHEMICAL PROPERTIES 

Information regarding the physical and chemical properties of DEHP is located in Table 4-2. 
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Table 4-1. Chemical Identity of DEHP 

Characteristic Information Reference 

Chemical name 

Synonym(s) 

Registered trade name(s) 

Chemical formula 

Chemical structure 

Identification numbers: 
CAS registry 

NIOSH RTECS


EPA hazardous waste


OHM/TADS


DOT/UN/NA/IMCO shipping


HSDB


NCI


Di(2-ethylhexyl) phthalate 

DEHP; dioctylphthalate; bis(2-ethylhexyl) 
phathalate 

Bisoflex 81; Eviplast 80; Octoil; Plantinol 
DOP; Staflex DOP 

C24H38O4 

COOCH2CH(C2H5)(CH2)3CH3 

COOCH2CH(C2H5)(CH2)3CH3 

117-81-7 

TI0350000 

U028 

7216693 

No data 

334 

C52733 

RTECS 2000 

RTECS 2000 

RTECS 2000 

RTECS 2000 

Howard and 
Meylan 1997 

Cadogan and 
Howick 1996 

RTECS 2000 

HSDB 1990 

HSDB 1990 

HSDB 1990 

Montgomery and 
Welkom 1990 

CAS = Chemical Abstracts Services; DOT/UN/NA/IMCO = Department of Transportation/United Nations/North

America/International Maritime Dangerous Goods Code; EPA = Environmental Protection Agency;

HSDB = Hazardous Substances Data Bank; NCI = National Cancer Institute; NIOSH = National Institute for

Occupational Safety and Health; NFPA = National Fire Protection Association; OHM/TADS = Oil and Hazardous

Materials/Technical Assistance Data System; RTECS = Registry of Toxic Effects of Chemical Substances 
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Table 4-2. Physical and Chemical Properties of DEHP 

Property Information Reference 

Molecular weight 

Color 

Physical state 

Melting point 

Boiling point 

Density 

Odor 

Odor threshold: 
Water 
Air 

Solubility: 
Water 
Organic solvent(s) 

Partition coefficients: 
Log Kow 

Log Koc 

Vapor pressure


Henry's law constant:


Autoignition temperature


Flashpoint


Flammability limits


Conversion factors 


Explosive limits


390.57 Howard and Meylan 1997 

Colorless	 Montgomery and Welkom 
1990 

Liquid Staples et al. 1997 

-47 EC Staples et al. 1997 

384 EC Howard and Meylan 1997 

0.984 g/mL at 20 EC Cadogan and Howick 1996 

Slight odor HSDB 1990 

No data 
No data 

41 µg/L at 25 ECa Leyder and Boulanger 1983 
Miscible in mineral oil and hexane HSDB 1990 

7.50 Staples et al. 1997 
4.9–6 Staples et al. 1997 

1.0x10-7 mmHg at 25 EC Staples et al. 1997 

1.71x10-5 atm-m3/mole at 25 EC Staples et al. 1997 

735 EF (390 EC) HSDB 1990 

384.8 EF (196 EC) (open cup)	 Montgomery and Welkom 
1990 

No data 

1 ppm=15.94 mg/m3 Clayton and Clayton 1981 

0.3% (lower limit) Montgomery and Welkom 
No data (upper limit) 1990 

aThe solubilities of DEHP in distilled water that have been determined both experimentally and theoretically vary 
between 1.1 and 1,200 µg/L (Staples et al. 1997). The value of 41 µg/L was the lowest experimentally derived 
value for the solubility of DEHP in distilled water. A value of 3 µg/L for the water solubility of DEHP has been 
recommended by Staples et al. that is “based on available evidence”, rather than any one specific experimentally 
derived value. Unfortunately, the authors do not indicate how they derived their recommended value of 3 µg/L. 
Yet, the “true” solubility may be at or below the value of 3 µg/L value, based on estimated solubilities obtained from 
the SPARC (2.6 µg/L) and EPIWIN (1.1 µg/L) estimation models (Staples et al. 1997). Indeed, in a recent report 
(Ellington 1996) describing the results obtained from a slow-stir method for determining the water solubility of 
phthalate esters, the water solubility of a chemical analogue of DEHP, dioctylphthalate (DOP), was found to be 
0.51 µg/L. It is likely that the solubility of DEHP in distilled water will be similar to that obtained for DOP using the 
same experimental method. However, the solubility of DEHP in distilled water has yet to be determined 
experimentally using the slow-stir method. Thus, it is clear that more experimental data are required before the 
“true” solubility of DEHP in distilled water can be determined. 
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5.1 PRODUCTION 

DEHP is a member of a group of compounds commonly referred to as the phthalate esters, a group of 

related compounds whose predominant use is as plasticizers in flexible products made from polyvinyl 

chloride (Mannsville Chemical Products Corporation 1999). DEHP is produced by the esterification of 

phthalic anhydride with 2-ethylhexyl alcohol in the presence of an acid catalyst (Mannsville Chemical 

Products Corporation 1999; NTP 1989). Production volumes for DEHP alone are not available, but 

estimated production information is available for a group of phthalate esters referred to as the dioctyl 

phthalates (DOP) by Mannsville Chemical Products Corporation (1999). Dioctyl phthalates include di

ethylhexyl phthalate, diisooctyl phthalate, and di-n-octyl phthalate. According to Mannsville Chemical 

Products Corporation (1999), 1998 domestic production of DOP was 285 million pounds. Previous years 

showed domestic production volumes of 309, 258, 280, 280, and 287 million pounds for the years 1990, 

1994, 1995, 1996, and 1997, respectively.  Based on the demand for 830 million pounds of 2-ethyl-

hexanol, and its use in the manufacture of plasticizers (48% of 2-ethylhexanol is used in the manufacture 

of plasticizers, of which 60% are dioctyl phthalates), it is projected that 241 million pounds of dioctyl 

phthalates were produced in the United States in 1999 (ChemExpo 1999). 

Four companies operating five facilities appear to be the primary U.S. producers of DEHP. These are 

Aristech Chemical Company in Neville Island, Pennsylvania; Hatco Chemical Company in Fords, New 

Jersey; Teknor Apex Company in Brownsville, Tennessee and Hebronville, Massachusetts; and 

Tennessee Eastman Company in Kingsport, Tennessee (Mannsville Chemical Products Corporation 

1999). SRI (1998a), however, lists only Tennessee Eastman and Aristech Chemical Company, as above, 

but also adds Velsicol Chemical Corporation in Chestertown, Maryland, which was not included in the 

above list. Table 5-1 summarizes the information on U.S. companies that reported the use and production 

of DEHP in 1999 (TRI99 2001). The TRI data should be used with caution since only certain types of 

facilities are required to report. This is not an exhaustive list. 

According to Mannsville Chemical Products Corporation (1999), production of DEHP is expected to 

grow at a rate less than the gross domestic product over the next few years due to limited growth in 

polyvinyl chloride (PVC) markets which have been the primary consumers of DEHP. In addition, 
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Table 5-1. Facilities that Produce, Process, or Use DEHP 

Number of Minimum amount Maximum amount 
Statea facilities on site in poundsb on site in poundsb Activities and usesc 

AL 1 0 99 13 

AR 4 1,000 999,999 8, 9, 13 

CA 16 1,000 999,999 2, 3, 8, 9, 10, 13 

CO 1 10,000 99,999 8 

CT 3 1,000 99,999 8, 9 

FL 3 1,000 999,999 8, 9 

GA 6 1,000 999,999 8, 9, 10, 12 

IA 3 10,000 99,999 8, 9, 10 

IL 17 1,000 999,999 7, 8, 9, 10, 11, 13 

IN 7 100 999,999 2, 3, 7, 8, 9, 13 

KS 6 100 99,999 2, 3, 8, 9, 10, 13 

KY 3 1,000 99,999 8, 13 

LA 2 1,000 99,999 7, 8 

MA 15 1,000 999,999 1, 6, 8, 9, 10, 11 

MD 3 10,000 999,999 1, 4, 8 

MI 5 100 9,999,999 2, 3, 8, 9, 12, 13 

MN 6 1,000 99,999 7, 8, 9, 13 

MO 12 1,000 99,999 7, 8, 9, 10, 13 

MS 4 10,000 999,999 8, 9 

NC 14 100 9,999,999 8, 9, 10, 11, 12 

NE 3 1,000 99,999 1, 5, 7, 8, 9 

NH 2 1,000 9,999 9, 13 

NJ 11 1,000 9,999,999 2, 3, 8, 9, 10, 11 

NV 2 100,000 999,999 8 

NY 6 1,000 999,999 8, 9 

OH 24 1,000 999,999 2, 3, 7, 8, 9, 10, 11, 13 

OK 3 10,000 999,999 2, 3, 8, 9, 12 

PA 15 100 9,999,999 1, 4, 8, 9, 13 

PR 6 10,000 999,999 8, 9 

RI 3 1,000 999,999 8, 9 

SC 7 1,000 999,999 8, 9, 12, 13 

SD 1 1,000 9,999 9 

TN 11 1,000 9,999,999 1, 3, 4, 5, 6, 7, 8, 9, 11 

TX 15 1,000 999,999 2, 3, 7, 8, 9, 10, 12, 13 

UT 2 1,000 9,999 2, 5, 8, 9, 12 

VA 3 1,000 999,999 8, 13 

VT 1 10,000 99,999 8 
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Table 5-1. Facilities that Produce, Process, or Use DEHP (continued) 

Number of Minimum amount Maximum amount 
Statea facilities on site in poundsb on site in poundsb Activities and usesc 

WA 4 1,000 9,999,999 2, 4, 8, 9, 10, 13 

WI 6 1,000 99,999 8, 9 

WV 1 1,000 9,999 8 

Source: TRI99 2001 

aPost office state abbreviations used

bAmounts on site reported by facilities in each state

cActivities/Uses:


1. Produce 6. Impurity 10. Repackaging
2. Import 7. Reactant 11. Chemical Processing Aid
3. Onsite use/processing 8. Formulation Component 12. Manufacturing Aid
4. Sale/Distribution 9. Article Component 13. Ancillary/Other Uses
5. Byproduct 
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decreasing demand for DEHP due to continued concern over health effects might further impact 

production volume (Mannsville Chemical Products Corporation 1999). 

5.2 IMPORT/EXPORT 

Import quantities of dioctyl phthalates were about 4 million pounds in 1998. No data were located 

regarding past import volumes of DEHP or the dioctyl phthalates. Exports of dioctyl phthalates have 

been about 14–27 million pounds per year from 1994 to 1998 (Mannsville Chemical Products 

Corporation 1999). Import/export statistics specific for DEHP were not located. 

5.3 USE 

DEHP is principally used as a plasticizer in the production of flexible PVC products. According to 

Mannsville Chemical Products Corporation (1999), at least 95% of DEHP produced is used as a 

plasticizer for PVC. PVC is made flexible by addition of plasticizers and is used in many common items 

such as wall coverings, tablecloths, floor tiles, furniture upholstery, shower curtains, garden hoses, 

swimming pool liners, rainwear, baby pants, dolls, toys, shoes, automobile upholstery and tops, 

packaging film and sheet, sheathing for wire and cable, medical tubing, and blood storage bags. 

Polyvinyl chloride is also used to produce disposable medical examination and surgical gloves, the 

flexible tubing used to administer parenteral solutions, and the tubing used in hemodialysis treatment 

(Mannsville Chemical Products Corporation 1999; NTP 1989). DOP is also used as a plasticizer in 

products such as polyvinyl butyral, natural and synthetic rubber, chlorinated rubber, ethyl cellulose, and 

nitrocellulose (Mannsville Chemical Products Corporation 1999). 

Numerous nonplasticizer uses of DEHP have been reported. However, it is not clear to what extent these 

uses are, or have ever been, important. These include the use of DEHP as a solvent in erasable ink, as an 

acaracide in orchards, as an inert ingredient in pesticide products, in cosmetics, in vacuum pump oil, as a 

component of dielectric fluids in electrical capacitors, to detect leaks in respirators, and for use in testing 

of air filtration systems (HSDB 1990; Mannsville Chemical Products Corporation 1990; NTP 1989). 

Because of concerns regarding health effects from exposure to DEHP, many toy manufacturers have 

discontinued use of all phthalates in their products (Mannsville Chemical Products Corporation 1999; 

Wilkinson and Lamb 1999). The use of DEHP in domestically produced teethers and rattles has been 

discontinued (Consumer Product Safety Commission 1999d). DEHP is also no longer used as a 
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plasticizer in plastic food wrap products (Mannsville Chemical Products Corporation 1999). In addition, 

some applications, like automobile upholstery, might switch from DEHP to linear phthalates because of 

their superior performance and low toxicity, which will put further downward pressure on DEHP use 

(Mannsville Chemical Products Corporation 1999). Finally, in the future, polyolefin metallocene 

plastomers might replace flexible applications for PVC altogether because they provide flexibility without 

the need for plasticizers. 

5.4 DISPOSAL 

When DEHP (as a commercial chemical product or chemical intermediate) becomes a waste, its disposal 

is regulated by law (see Chapter 8). DEHP disposal is regulated under the Resource Conservation and 

Recovery Act (RCRA). Regulations promulgated under this Act control the treatment, storage, and 

disposal of waste DEHP. Land disposal restrictions are the responsibility of the EPA Office of Solid 

Waste. In 1998, it was estimated that about 0.96 million pounds of waste DEHP were transported from 

production facilities or points of usage for disposal, including publically owned treatment works (TRI98 

2000). No data were located regarding the quantity of waste DEHP which was disposed of by any 

specific means. No data were located regarding trends in DEHP disposal. 
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6.1 OVERVIEW 

DEHP has been identified in at least 737 of the 1,613 hazardous waste sites that have been proposed for 

inclusion on the EPA National Priorities List (NPL) (HazDat 2002). However, the number of sites 

evaluated for DEHP is not known. The frequency of these sites can be seen in Figure 6-1. Of these sites, 

730 are located within the United States, 5 are located in the Commonwealth of Puerto Rico, and 1 is 

located in the Virgin Islands, and 1 is located in Territory of Guam (the Commonwealth of Puerto Rico, 

the Virgin Islands, and Territory of Guam are not shown in Figure 6-1). 

DEHP is a widely used chemical that enters the environment both through disposal of industrial and 

municipal wastes in landfills and by leaching into consumer products stored in plastics. It tends to sorb 

strongly to soils and sediments and to bioconcentrate in aquatic organisms. Biodegradation is expected to 

occur under aerobic conditions. Sorption, bioaccumulation, and biodegradation are likely to be 

competing processes, with the dominant fate being determined by local environmental conditions. 

The principal route of human exposure to DEHP is oral. Much of the monitoring database is old and 

might not represent current exposures, especially since the uses of DEHP in certain applications has been 

changing (Mannsville Chemical Products Corporation 1999; Wilkinson and Lamb 1999). Some recent 

estimates of the average total daily individual ambient exposures to DEHP of 0.210–2.1 mg/day (in a 

70-kg adult) have been proposed (Doull et al. 1999; Huber et al. 1996; NTP 2000b; Tickner et al. 2001). 

Populations residing near hazardous waste disposal sites or municipal landfills might be subject to higher 

than average levels of DEHP in ambient air and drinking water. Even so, the concentrations of DEHP in 

these media will be greatly limited by the low volatility and low water solubility of DEHP. Occupational 

exposures might be significant, but the highest exposures to DEHP result from medical procedures such 

as blood transfusions (e.g., estimated upper bound limit of 8.5 mg/kg/day) or hemodialysis (e.g., 

estimated upper bound limit of 0.36 mg/kg/day), during which DEHP might leach from plastic equipment 

into biological fluids (FDA 2001h). Exposures of neonates to DEHP can be especially high as a result of 

some medical procedures; total parenteral nutrition (TPN) administration (e.g., estimated upper bound 

limit of 2.5 mg/kg/day), and extracorporeal membrane oxygenation (ECMO) (e.g., estimated upper bound 

limit of 14 mg/kg/day) (FDA 2001h). 
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When DEHP is present in the environment it is usually at very low levels. It should be noted that it is 

very difficult to determine these low levels accurately since DEHP is a ubiquitous laboratory 

contaminant. Laboratory contamination might cause false positives to be reported in the literature. 

Laboratory contamination often undermines the credibility of the data and, therefore, reported 

concentrations of DEHP in environmental samples must be carefully reviewed. 

6.2 RELEASES TO THE ENVIRONMENT 

Industrial manufacturers, processors, and users of DEHP are required to report the quantities of this 

substance released to environmental media annually (EPA 1988d). The data compiled in the Toxics 

Release Inventory (TRI99 2001), are for releases in 1999 to air, water, soil, and transfers for offsite 

disposal. These data are summarized in Table 6-1. Total releases (rounded to three-place accuracy) of 

DEHP to the environment in 1999 were approximately 264,000 pounds (approximately 120 metric tons) 

(TRI99 2001), of which approximately 229,000 pounds (104 metric tons), or about 87% of the total, were 

released to the air. Another 32,000 pounds (14.5 metric tons) or approximately 12% of the total were 

released to the land, while less than 1.1% (2,880 pounds, 1.3 metric tons) were released to water. The 

TRI data should be used with caution because only certain types of facilities are required to report. This 

is not an exhaustive list. 

Industrial releases are only a fraction of the total environmental releases of DEHP. Release of DEHP into 

the environment is thought to originate from diffuse sources, mainly from end-uses of DEHP (e.g., as an 

additive to plastics). Disposal of plastic products containing DEHP (see Section 5.3) is also a possible 

source of environmental release (Bauer and Herrmann 1997; EPA 1981). Quantitative information on 

releases of DEHP to specific environmental media are discussed below. 

6.2.1 Air 

As presented in Chapter 4, DEHP has a relatively low vapor pressure and Henry’s law constant, as well as 

a relatively high octanol/water partition coefficient and soil sorption coefficient. This combination of 

properties is consistent with a chemical that is found to only a limited extent in air (see Staples et al. 

1997). Nonetheless, DEHP appears to be a common air contaminant that is present globally in the low 

ng/m3 concentrations (see Section 6.4), although specific information that quantifies emissions of DEHP 

to air appears to be insufficient to account for this apparent widespread presence. For example, while 
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Reported amounts released in pounds per yeara 

Number

of

facilities Airc Water


Total on and 
off-site 
release 

Underground

injection Land


Total on-site 
released 

Total off-site 
releaseeStateb 

AL 1 10 No data No data 19,880 19,890 500 20,390 

AR 4 7,005 0 No data No data 7,005 7,544 14,549 

CA 16 7,086 5 No data No data 7,091 27,249 34,340 

CO 1 5 No data No data No data 5 250 255 

CT 3 26,858 3 No data No data 26,861 2,272 29,133 

FL 3 605 No data No data No data 605 No data 605 

GA 6 1,370 No data No data 250 1,620 20,316 21,936 

IA 3 7 No data No data No data 7 1,639 1,646 

IL 17 2,773 5 No data 0 2,778 16,774 19,552 

IN 7 762 0 No data No data 762 11,978 12,740 

KS 6 290 5 No data No data 295 28,915 29,210 

KY 3 10 No data No data 0 10 250 260 

LA 2 4 0 No data No data 4 45 49 

MA 15 4,269 No data No data No data 4,269 24,103 28,372 

MD 3 3,044 0 No data 0 3,044 10,000 13,044 

MI 5 1,186 No data No data 7,764 8,950 12,928 21,878 

MN 6 174 0 No data No data 174 4,572 4,746 

MO 12 2,797 0 No data 1,685 4,482 139,505 143,987 

MS 4 511 5 No data No data 516 30,417 30,933 

NC 14 44,189 250 No data No data 44,439 114,938 159,377 

NE 3 1,653 No data No data No data 1,653 41,515 43,168 

NH 2 No data No data No data No data No data No data No data 

NJ 11 10,418 0 No data 750 11,168 3,630 14,798 

NV 2 2,696 No data No data No data 2,696 1,500 4,196 

NY 6 3,294 No data No data No data 3,294 73,613 76,907 
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Reported amounts released in pounds per yeara 

Number

of

facilities Airc Water


Total off-site 
releasee 

Total on and 
off-site 
release 

Underground

injection Land


Total on-site 
releasedStateb 

OH 24 8,725 9 No data 0 8,734 39,446 48,180 

OK 3 60,669 No data No data No data 60,669 17,740 78,409 

PA 15 7,124 3 0 0 7,127 30,354 37,481 

PR 6 572 No data No data No data 572 93,992 94,564 

RI 3 229 No data No data No data 229 6,646 6,875 

SC 7 4,186 No data No data No data 4,186 24,580 28,766 

SD 1 No data No data No data No data No data 250 250 

TN 11 5,863 2,342 No data No data 8,205 50,933 59,138 

TX 15 12,921 3 No data 2,000 14,924 45,513 60,437 

UT 2 5 No data No data No data 5 No data 5 

VA 3 6,427 No data No data No data 6,427 No data 6,427 

VT 1 No data No data No data No data No data No data No data 

WA 4 257 250 No data 5 512 3,150 3,662 

WI 6 454 No data No data No data 454 56,960 57,414 

WV 1 500 No data No data No data 500 No data 500 

Total 257 228,948 2,880 0 32,334 264,162 944,017 1,208,179 

Source: TRI99 2001 

aData in TRI are maximum amounts released by each facility.

bPost office state abbreviations are used.

cThe sum of fugitive and stack releases are included in releases to air by a given facility.

dThe sum of all releases of the chemical to air, land, water, and underground injection wells.

eTotal amount of chemical transferred off-site, including to publicly owned treatment works (POTW).
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monitoring data show that elevated fallout concentrations of DEHP are associated with industrial activity 

(Thurén and Larsson 1990), elevated fallout concentrations were only seen near a stack, and no elevated 

concentrations could be seen 2 km away from the stack. In addition, these authors could not correlate 

DEHP fallout rates with specific sources or transport routes on a nationwide basis in Sweden. They 

found no “distributional patterns or gradient”, which possibly suggests that any local patterns were 

obscured by DEHP contribution from other sources or that emission sources of roughly equal magnitude 

are diffuse. By contrast, a pattern associating distance from sources and concentration was seen with 

DEHP by Ritsema et al. (1989) in Lake Yssel in the Netherlands, while for other lower-molecular-weight 

phthalate esters, no pattern was evident. The authors suggested that an upstream source is the dominant 

mechanism by which DEHP enters the lake. The possibility of many diffuse sources of DEHP is 

potentially supported by some of the uses. For example, some of the products that use DEHP include thin 

sheets and coatings, such as floor tiles, shower curtains, tablecloths, and furniture upholstery (see 

Chapter 5). These products characteristically have large surface area-to-volume ratios, which might allow 

DEHP to volatilize more readily relative to other products with smaller surface area-to-volume ratios. 

Cadogan et al. (1994) and Cadogan and Howick (1996) reported that an indoor emission rate of 

2.3x10-4 mg/second-m2 at 25 EC has been calculated for all phthalate plasticizers in products such as wall 

coverings, flooring, upholstery, and wire insulation. These authors used this emission estimate to 

calculate overall releases of phthalate esters to air. Cadogan and Howick (1996) also noted that 

approximately 47% of the phthalate ester used is DEHP. Applying this DEHP use percentage to their 

emission estimates, total end-use emissions of DEHP to the air from indoor household uses in Western 

Europe in 1990 is approximately 300 tons per year. Emissions from exterior end uses were estimated to 

be 2,600 tons per year for DEHP (the authors noted that this estimate was not well defined). These 

estimates support the conclusion that the major sources of DEHP are from end-uses and that these 

represent a geographically diffuse source. Finally, Jones et al. (1996) estimated that between 0.001 and 

3.6 metric tons of DEHP are emitted per year (depending on assumptions about vapor equilibria and mass 

transfer used in model calculations) from sewer manholes in a large U.S. city having an average DEHP 

sewage concentration of 26 µg/L. 

Industrial atmospheric emissions (rounded to three-place accuracy) of DEHP reported to the TRI for 1999 

totaled about 229,000 pounds (104 metric tons) (TRI99 2001) and comprise about 87% of the total 

releases. It has been estimated that less than 3% of the total U.S. domestic supply of DEHP is released to 

air (EPA 1981). Based on an estimated current U.S. supply in 1998 of about 285 million pounds 

(241 million pounds in 1999) (see Section 5.1), the estimated annual atmospheric emission of DEHP from 

all sources in the United States is about 6.6 million pounds in 1998 (5.6 million in 1999). 
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DEHP has been identified in air samples collected from 7 of the 737 NPL hazardous waste sites where it 

was detected in some environmental media (HazDat 2002). 

6.2.2 Water 

Total releases of DEHP to water are also estimated to be about 3% of domestic supplies (EPA 1981). 

Some of these releases are expected to be in industrial effluents from the manufacture and processing of 

DEHP (EPA 1981). Industrial releases (rounded to three-place accuracy) to surface water reported to the 

TRI for 1998 were about 2,880 (1.3 metric tons) (TRI99 2001). 

DEHP was detected in 13% of 86 samples of urban storm water runoff evaluated for the National Urban 

Runoff Program, at concentrations ranging from 7 to 39 ppb (Cole et al. 1984). In some locations, storm 

and sanitary sewers are separated so that storm water runoff in these locations directly enters surface 

water. Even in locations with combined storm and sanitary sewers, DEHP is still expected to enter the 

environment, but probably to a lesser extent. For example, Stubin et al. (1996) reported that DEHP was 

present in 48% of the influent and 12% of the effluent samples taken from New York City sewage 

treatment plants during 1989–1993. Thus, storm water runoff, even when it goes through a sewage 

treatment plant, might enter the environment. In addition, DEHP also appears to be present in the 

treatment plant influent whether or not it receives storm water. DEHP has also been reported in waste 

water from a petrochemical plant (Castillo et al. 1998), leachate from industrial and municipal landfills 

(Brown and Donnelly 1988; Castillo et al. 1998; Ghassemi et al. 1984; Roy 1994), and sewage sludge 

(O’Connor 1996). It is anticipated that water from all these sources enters the environment and might 

contain DEHP. 

DEHP has been identified in ground water samples collected from 650 sites and surface water samples at 

215 of the 737 NPL hazardous waste sites where it was detected in some environmental media (HazDat 

2002). 

6.2.3 Soil 

The principal source of DEHP release to land is likely the disposal of industrial and municipal waste to 

landfills (EPA 1981). Industrial releases (rounded to three-place accuracy) of DEHP to land reported to 

the TRI for 1998 total about 32,000 pounds (TRI99 2001). In addition, another 944,000 pounds is 

transferred off-site for treatment (including publically owned treatment works) or disposal and some of 
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this material might be discharged to soils. Municipal wastes might contain substantial quantities of 

DEHP-containing plastics, which might significantly increase the total quantity of DEHP released to land. 

Based on an estimate that 92% of U.S. domestic supplies of DEHP are released to landfills (EPA 1981) 

and current U.S. domestic supplies in 1998 of approximately 285 million pounds (241 million pounds in 

1999) (Section 5.1), about 262 million pounds (222 million pounds in 1999) of DEHP are deposited in 

landfills annually. Bauer and Herrmann (1997) reported the concentration of DEHP in various fractions 

of household wastes from the regions of Bayreuth and Straubling in Germany.  The wastes included food 

waste, paper for recycling, unusable paper, cardboard, plastic films, other plastics, textiles, 8–40 mm 

screened fraction, <8 mm screened fraction, compound packing waste, compound materials, and 

disposable diapers. DEHP was found in all of the fractions. It is anticipated that household waste from 

continental Europe is similar to the United States, so that the same profile would be expected in both 

places. Further information on this study is presented in Section 6.4.4. 

Land application of sewage sludge might also release DEHP to soil. The National Sewage Sludge Survey 

estimated that mean DEHP concentrations in sludge range from 55 to 300 ppm, with a national mean of 

75 ppm (EPA 1990d). It is also estimated that about 42% of sewage sludge generated in the United States 

annually, or 5.1 billion pounds, is applied to land. Another 20% (2.4 billion pounds) is deposited in 

landfills, and 14% (1.7 billion pounds) are incinerated (EPA 1990d). Using the national mean 

concentration and a total of 7.5 billion pounds of sludge deposited in soils, sludge accounts for 

approximately 7,500 pounds of DEHP released to soils annually. 

This compound has also been reported in ocean sediments at levels up to 25 ppm at points of urban 

sewage outfall (Swartz et al. 1985), and in 100% of the sediments in rivers near combined sewer 

overflows in New Jersey (Ianuzzi et al. 1997). Concentrations of phthalates, including DEHP, are 

approximately 10 times higher in stream sediments that are influenced by urban activity than in areas 

under other land-use activities (Lopes and Furlong 2001). 

DEHP has been identified in soil samples collected from 582 sites and sediment samples at 248 of 

737 NPL hazardous waste sites where it was detected in some environmental media (HazDat 2002). 
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6.3 ENVIRONMENTAL FATE 

6.3.1 Transport and Partitioning 

DEHP is ubiquitous in air at low concentrations (e.g., 0.06–5.0 ng/m3) (Eisenreich et al. 1981; Ligocki et 

al. 1985a), is in both the vapor phase and associated with particulates, and is subject to both wet (rain and 

snow) and dry (wind and settling) deposition on the Earth's surfaces. Eisenreich et al. (1981) calculated 

that wet and dry deposition of DEHP into the five Great Lakes amounted to approximately 47.7 metric 

tons per year, which corresponds to an average fallout rate of 16.2 µg/m2 per month. A similar average 

fallout rate of 23.8 µg/m2 per month (the range was 5.96–195.5 µg/m2 per month) was reported by Thurén 

and Larsson (1990) for DEHP in Sweden. Thurén and Larsson (1990) also estimated the median fallout 

concentration to be 48 ng/L. The authors noted that the fallout rate for DEHP decreased with increasing 

distance (but only up to 2 km away) from a stack at a facility that used DEHP (see Section 6.2), but noted 

that no specific overall concentration or fallout patterns were observed. This is consistent with diffuse 

sources of DEHP. In addition, DEHP has been found in Antarctic surface and sub-surface snow (up to 

3 m deep), and in pack ice (Desideri et al. 1994, 1998), as well as in the atmosphere over the Gulf of 

Mexico (Giam et al. 1980), suggesting that DEHP can be transported for long distances. Thus, the DEHP 

measured in one part of the world might have originated elsewhere. This transport is likely particle 

sorbed DEHP (Atlas and Giam 1981) because vapor phase DEHP reacts rapidly with hydroxyl radicals in 

the atmosphere (see Section 6.3.2.1), while particle-sorbed DEHP does not react rapidly with hydroxyl 

radicals. Nearly half the DEHP detected in the atmosphere over the Gulf of Mexico was in the particulate 

phase (Giam et al. 1980). Atmospheric fallout is negatively correlated with temperature so that less 

DEHP is subject to fallout in the summer than in the winter (Staples et al. 1997; Thurén and Larsson 

1990). This is in keeping with a higher proportion of the atmospheric DEHP in the vapor state in the 

warm summer and less in the cold winter, and further indicates that the partitioning between particles and 

vapor are controlled by vapor pressure. DEHP is removed from the atmosphere by both wet (rain and 

snow) and dry (wind and settling) deposition (Atlas and Giam 1981; Eisenreich et al. 1981; Ligocki et al. 

1985a, 1985b). 

In water, DEHP is predominantly sorbed to suspended particulates and sediments, but some remains 

dissolved in the aqueous phase. Volatilization is not a dominant transport process. Volatilization from 

water and soil is not expected to be important, based on the low Henry's law constant (estimated value 

1.71x10-5 atm-m3/mol; Staples et al. 1997). It has been estimated that the evaporative half-life of DEHP 
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from water would be about 15 years (EPA 1979), and that only about 2% of DEHP loading of lakes and 

ponds would be volatilized (Wolfe et al. 1980a). 

Adsorption onto soils and sediments is a significant sink for DEHP. DEHP released to water adsorbs 

strongly to suspended particulates and sediments (Al-Omran and Preston 1987; Staples et al. 1997; 

Sullivan et al. 1982; Wolfe et al. 1980a). Distribution of DEHP between the water column and the 

sediments was modeled for several types of freshwater aquatic environments (Wolfe et al. 1980a). 

Between 69 and 99% of DEHP was estimated to partition to the sediments. Adsorption of DEHP to 

marine sediments might be greater than adsorption to freshwater sediments, due to reduced solubility of 

DEHP in saltwater (Al-Omran and Preston 1987; Sullivan et al. 1982; Zhou and Liu 2000). Levels of 

DEHP in a marine environment ranged from 0.1 to 0.7 ppb in the water and from 280 to 640 ppb in the 

suspended particulates (Preston and Al-Omran 1989). DEHP shows greater adsorption to the smaller size 

particle fractions of suspended particulates or colloids (Al-Omran and Preston 1987; Zhou and Liu 2000). 

Complexation of DEHP with fulvic acid, a compound associated with humic substances in water and soil, 

might increase solubilization and thus increase the mobility of DEHP in aquatic systems (Johnson et al. 

1977). Ritsema et al. (1989) noted that DEHP in the River Rhine was mainly associated with suspended 

particulates, but on some sampling days, dissolved DEHP was at a higher concentration than the sorbed 

material. By contrast, in Lake Yssel, DEHP concentrations in the suspended material were approximately 

100 times higher than the dissolved material. In addition, the authors reported that a distinct 

concentration gradient was noted across the lake suggesting that DEHP entered the lake from the River 

Yssel rather than nonpoint sources as was the case with some other phthalates. 

Percolation of DEHP through the soil to groundwater might occur during times of rapid infiltration. 

DEHP concentrations were generally reduced by infiltration through a soil column, but all column 

effluents contained measurable levels (Hutchins et al. 1983). In hazardous waste sites, the presence of 

common organic solvents such as alcohols and ketones might increase the solubility of relatively 

insoluble compounds such as DEHP, thereby increasing the amounts that might leach from the waste site 

into subsoil and groundwater (Nyssen et al. 1987). This is consistent with the measurement of DEHP in 

leachate of some landfills at levels in excess of its usual water solubility (see Section 6.2.2). 

Bioconcentration of DEHP has been observed in invertebrates, fish, and terrestrial organisms. Mean 

bioconcentration factors (BCFs) have been reported for algae (3,173±3,149, two species), molluscs 

(1,469±949, five species), crustacea (1,164±1,182, four species), insects (1,058±772, three species), 

polychaetes (422, one species), fish (280±230, five species), and amphibians (605, one species) have been 
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compiled by Staples et al. (1997). Residues of DEHP have been found in the organs of terrestrial animals 

such as rats, rabbits, dogs, cows, and humans (EPA 1979). However, accumulation of DEHP will be 

minimized by metabolism, and biomagnification of DEHP in the food chain is not expected to occur 

(EPA 1979; Johnson et al. 1977; Staples et al. 1997; Wofford et al. 1981). Several metabolites of DEHP 

might be detected in animal tissues (Johnson et al. 1977). Uptake of DEHP from soil by plants has also 

been reported (EPA 1986; O’Connor 1996). 

6.3.2 Transformation and Degradation 

6.3.2.1 Air 

Reaction of DEHP vapor with hydroxyl radicals in the atmosphere has been predicted, with an estimated 

half-life of about 6 hours using the Atmospheric Oxidation Program (Meylan and Howard 1993). The 

atmospheric half-life, however, is expected to be longer for DEHP adsorbed to atmospheric particulates. 

Based on the estimated half-life alone, extensive transport of DEHP would not be expected and 

concentrations in Antarctic snow would not be predicted. Nonetheless, DEHP appears to be present in 

urban and rural atmospheres (see Section 6.4), and its transport might be mainly in the sorbed state. Data 

confirming this degradation pathway have not been located. Direct photolysis and photooxidation are not 

likely to be important (Wams 1987). 

6.3.2.2 Water 

Biodegradation might be an important fate process for DEHP in water under aerobic, but not anaerobic, 

conditions (O'Connor et al. 1989; O'Grady et al. 1985; Sugatt et al. 1984; Tabak et al. 1981; Thomas et al. 

1986). DEHP was significantly biodegraded (>95%) after gradual acclimation of the microbial 

population over a period of about 3 weeks under conditions of the static-flask and shake-flask screening 

tests (Sugatt et al. 1984; Tabak et al. 1981). In the shake flask study using an acclimated inoculum, initial 

biodegradation was low on days 2 and 3 but increased 5–10-fold by days 6 and 7; degradation to carbon 

dioxide was 87% at 28 days (Sugatt et al. 1984). The reported half-life of DEHP due to microbial activity 

in river water is about 1 month (Wams 1987). In freshwater, degradation has been reported to range from 

0 to >99%, and is dependent on many variables including temperature (Staples et al. 1997). Reported 

removal of DEHP from aqueous systems by activated sludge biodegradation under aerobic conditions 

ranged from 70 to >99%, and from 0 to 90% in waste water depending on the microbial strains present 

and other variables (Kurane 1986; Nasu et al. 2001; O'Grady et al. 1985; Staples et al. 1997). In spite of 
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the many reported rapid degradation rates, DEHP has been found in sewage sludge (O’Connor 1996) and 

in sewage treatment plant effluents (Stubin et al. 1996) indicating that under actual sewage treatment 

plant conditions (which are more rigorous than environmental waters), DEHP is not always completely 

degraded, but rather becomes sorbed to sludge solids. Nonetheless, DEHP does not appear to be 

accumulating in the environment so that biodegradation is removing the apparent constant influx of 

DEHP. Under anaerobic conditions, biodegradation of DEHP is slower (O'Connor et al. 1989; Staples et 

al. 1997; Wams 1987). 

Chemical hydrolysis of DEHP occurs too slowly to be important (Howard 1989; Staples et al. 1997). The 

estimated half-life for DEHP hydrolysis in water is 100 years (Wams 1987). 

6.3.2.3 Sediment and Soil 

Biodegradation of DEHP also occurs in soil, but at a slower rate than in water, since adsorption onto the 

soil organic matter reduces the availability of DEHP for degradation (Cartwright et al. 2000; Cheng et al. 

2000; Wams 1987). According to Cartwright et al. (2000), DEHP is reported to be recalcitrant in soil 

and, as such, is predicted to account for the majority of phthalate contamination in the environment. 

Many other environmental factors, in addition to soil organic content, influence the rate of DEHP 

biodegradation (Cartwright et al. 2000; Gejlsberg et al. 2001). In sediments, optimum degradation of 

DEHP occurred at high concentration, warm temperatures, and in a nutrient-rich system (Johnson et al. 

1984). Anaerobic biodegradation of DEHP in sediments was reported to occur, but more slowly than 

under aerobic conditions (Johnson et al. 1984). 

6.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT 

One problem that is encountered when reviewing the concentrations of DEHP in environmental water 

samples is evaluating the accuracy of the reported values of DEHP dissolved in water. Many of the 

concentrations of DEHP that have been reported for environmental water samples often exceed the 

solubility of DEHP in distilled or deionized water (Staples et al. 1997). Evaluating the values is 

complicated by the fact that a true solubility of DEHP in water has been difficult to determine 

experimentally, with values ranging between 0.0006 and 0.40 mg/L depending on the method of analysis 

(Staples et al. 1997). In addition, the solubility of DEHP in aqueous environmental media can be greatly 

affected by the types and concentration of dissolved organics in the sampled water; for example, humic 

substrates in landfill leachates (Staples et al. 1997). Another complication to determining the 
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concentration of DEHP in environmental water samples is the possible introduction of DEHP from other 

sources (Howard et al. 1985). For example, the measurement of DEHP in water can be confounded by a 

number of sampling problems. Samples can be contaminated by additional amounts of DEHP contained 

in sampling devices and laboratory containers. Since DEHP is a common laboratory contaminant, many 

times laboratory and field blanks show concentrations similar to those in the media under study. 

Sampling of water through the air-water interface can be contaminated by DEHP that is contained in 

surface films, due to the limited solubility of DEHP in water and a density that is slightly lower than 

water. Consequently, the reliability of the values that have been reported to represent the concentration of 

DEHP dissolved in water will have to be judged upon the quality of the sampling and analytical 

techniques used to measure DEHP in aqueous environmental media. 

6.4.1 Air 

As presented in Chapter 4, DEHP has a relatively low vapor pressure and Henry’s law constant, as well as 

a relatively high octanol/water partition coefficient and soil sorption coefficient. This combination of 

properties is consistent with a chemical that is found to only a limited extent in air. Nonetheless, DEHP 

appears to be ubiquitous in air with urban air having somewhat higher concentrations than air in rural or 

uninhabited areas. The monitoring studies reported here appear to have taken reasonable efforts to 

eliminate contamination from their analyses. DEHP has been reported over the Pacific and Atlantic 

Oceans at mean levels of approximately 1.4x10-6 mg/m3 (3.2x10-7–2.6x10-6 mg/m3, 0.32–2.68 ng/m3) 

(Atlas and Giam 1981; Giam et al. 1980), in outdoor air in Sweden at a median concentration of 

2.0x10-6 mg/m3 (2.8x10-7–77.0x10-6) mg/m3, 0.28–77.0 ng/m3) (Thurén and Larsson 1990), over Portland, 

Oregon at a mean level of 3.9x10-7 mg/m3 (6.0x10-8–9.4x10-7 mg/m3, 0.06–0.94 ng/m3) (Ligocki et al. 

1985a), and over the Great Lakes at a mean concentration of 2.0x10-6 mg/m3 (5.0x10-7–5.0x10-6 mg/m3, 

0.50–5.0 ng/m3) (Eisenreich et al. 1981). DEHP was not among the four phthalate esters detected in 

industrialized areas along the Niagara River (Hoff and Chan 1987). DEHP was detected but not 

quantified in a forest atmosphere in Germany (Helmig et al. 1990). Average atmospheric concentrations 

reported in the literature appear to be within a relatively narrow range regardless of whether monitored 

over oceans or in industrial areas. This might suggest that DEHP is mainly emitted from many small 

sources that are geographically diffuse and that it sorbs to atmospheric particulates that provide a 

reservoir of DEHP that is not degraded by hydroxyl radicals. 

DEHP levels in indoor air might be higher due to slow volatilization from plastic products (EPA 1981; 

Wams 1987). As noted in Section 6.2.1, Cadogan et al. (1994) reported that an indoor overall emission 
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rate of 2.3x10-4 mg/second-m2 at 25 EC has been calculated for all phthalate plasticizers in products such 

as wall coverings, flooring, upholstery, and wire insulation. The air from rooms recently covered with 

polyvinyl chloride (PVC) tiles contained 0.15–0.26 mg/m3 (150,000–260,000 ng/m3) phthalate esters 

(EPA 1981). Indoor air levels in rooms with new flooring could be about 0.2–0.3 mg/m3 (Wams 1987). 

DEHP was detected in samples (one from a commercial site and five from residential sites) of both dust 

and air obtained from all sites (Rudel et al. 2001). In dust, the concentration of DEHP ranged from 

69.4 to 524 µg/g dust, with a mean concentration of 315 µg/g dust. In air, 4/6 sites had DEHP at 

concentrations above the minimum detection limit (MDL), ranging from 0.02 to 0.114 µg/m3, with a 

mean concentration of 0.061 µg/m3. In another study, indoor measurements of DEHP taken in six homes 

in the spring of 2000 ranged from 0.04 to 0.23 µg/m3 (Otake et al. 2001). In one workplace (plastic 

melting facility), a value of 11.5 µg/m3 was measured in air (Rudel et al. 2001). 

Emission of DEHP from PVC wall coverings (containing 30% phthalic esters) was measured in a test 

chamber at room temperature, maximum concentration of 0.94 µg/m3 for DEHP in air over 14-day test 

period (Udhe et al. 2001). Other citations within this reference noted that DEHP in test chambers was not 

detectable at room temperature, but maximum concentrations of 5.2 and 2 µg/m3 were measured at 60 and 

40 EC, respectively.  Increases in DEHP emissions with increasing ambient temperature are especially 

important within car interiors, where DEHP concentrations in air have been shown to range from 1 µg/m3 

at room temperature to 34 µg/m3 at 65 EC (Udhe et al. 2001). 

6.4.2 Water 

DEHP has been detected frequently in surface water, rainwater, and groundwater in the United States at


concentrations generally in the low ppb range. It also has been detected in finished drinking water, but no


literature was located reporting positive detections within the past 15 years. Roy (1994) reported a range


of 34–7,900 µg/L in U.S. landfill leachate. Concentrations of DEHP have been measured at


0.6–2,400 ppb in surface waters, and at 0.04–420 ppb in groundwater obtained from private wells, offsite


from landfills and facilities that use DEHP in manufacturing processes (HazDat 2002). Canter and


Sabatini (1994) reported that the Biscayne aquifer in Florida had a maximum DEHP concentration of


8,600 µg/L, but no DEHP was detected in the municipal well fields that draw water from that aquifer. 


Eckel et al. (1993) also reported the presence of DEHP in the groundwater in Florida. DEHP was


detected in petrochemical plant waste waters and industrial landfill leachate at <0.1–30 µg/L (Castillo et


al. 1998) and in New York City municipal treatment plant effluents up to 50 µg/L (Stubin et al. 1996). 
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DEHP was detected in 24% of 901 surface water samples recorded in the STORET database at a median 

concentration of 10 ppb (Staples et al. 1985) and in water samples from four of the five Great Lakes (IJC 

1983). DEHP was also found in water samples from several U.S. rivers (DeLeon et al. 1986; Hites 1973; 

Sheldon and Hites 1979). Reported concentrations ranged from 0.5 to 1 ppb. Average concentrations of 

DEHP in seawater ranging from 0.005 to 0.7 ppb have also been reported (Giam et al. 1978a; McFall et 

al. 1985b). DEHP was detected in drinking water concentrates from several U.S. cities (EPA 1984). 

Bauer and Herrmann (1997) reported that DEHP was present in the leachate from various fractions of 

household wastes from the regions of Bayreuth and Straubling in Germany.  The wastes included food 

waste, paper for recycling, unusable paper, cardboard, plastic films, other plastics, textiles, 8–40 mm 

screened fraction, <8 mm screened fraction, compound packing waste, compound materials, and 

disposable diapers. Approximately 50 kg of these wastes were cut into 5–10 cm pieces and placed in 

laboratory fermenters then flooded with water. Stable methanogenic conditions were obtained in 

3 months. Leachate from a mixture of all waste categories except food waste contained a maximum of 

147 µg/L of DEHP, while leachate from a mixture of waste categories limited to plastic films, other 

plastics, textiles, 8–40 mm screened fraction, <8 mm screened fraction, compound materials contained a 

maximum of 56 µg/kg DEHP. The authors were careful to exclude inadvertent sources of phthalate 

esters. This report demonstrates that DEHP is present in European household waste and that it leaches 

from that waste to percolating water. The extent to which this occurs in a landfill is unclear as is whether 

or not the dissolved DEHP leaches to groundwater after leaving landfills. 

6.4.3 Sediment and Soil 

Monitoring data for DEHP in soil were not located. DEHP was detected in both marine and freshwater 

sediments at average levels ranging from 6.6 to 1,500 ppb. Maximum values are usually observed near 

industrial effluent discharge points (Fallon and Horvath 1985; Murray et al. 1981; Ray et al. 1983). The 

highest value reported in the United States was 7,800 ppb in a marine sediment from Portland, Maine 

(Ray et al. 1983), and a value of 1,480 ppm was reported in a sediment sample from a river in Sweden 

(Thuren 1986). In the New York Bight (a sector of the Middle Atlantic Ridge adjoining the New York 

and New Jersey shorelines), which is an area containing disposal sites for dredging mud, sewage sludge, 

and industrial acid waste, DEHP has been measured in sediments at concentrations ranging from 0.1 to 

10.1 ppm (Friedman et al. 2000). Iannuzzi et al. (1997) reported that DEHP was present in every 

sediment sample taken adjacent to combined sewer overflows to the Passaic River in New Jersey at 

concentrations between 960 and 27,000 µg/kg (a total of 40 samples). Of the 431 stream bed sediments 
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collected from throughout the United States, 39.2% showed DEHP concentrations, with a median 

concentration of 180 µg/kg (the high concentration was 17,000 µg/kg) (Lopes et al. 1997). DEHP was 

reported in 40% of 367 sediment samples recorded on the STORET database at a median concentration of 

1,000 ppb (Staples et al. 1985) and in sediments near a hazardous waste site (Hauser and Bromberg 

1982). 

6.4.4 Other Environmental Media 

DEHP has been found in several kinds of food. Fish and other seafood have been reported to be


contaminated with concentrations ranging from 2 to 32,000 ppb (DeVault 1985; Giam and Wong 1987;


Giam et al. 1975; McFall et al. 1985a; Ray et al. 1983; Stalling et al. 1973; Williams 1973). DEHP was


detected in 33% of 139 biota samples (not necessarily edible) recorded on the STORET database at a


median concentration of 3,000 ppb (Staples et al. 1985). DEHP has also been reported in processed


canned and frozen fish in Canada at concentrations up to 160 ppb (Williams 1973).


DEHP can become an indirect additive in packaged foods due to its use in plastic wraps, heat seal


coatings for metal foils, closure seals for containers, and printing inks for food wrappers and containers


(Ministry of Agriculture Fisheries and Foods 1990); however, DEHP has not been used in food film wrap


products for over 20 years (Mannsville Chemical Products Corporation 1999). Monitoring data indicate


that DEHP residues are generally low in U.S. foods, but the available data are in excess of 10 years old


and might not be representative of current conditions. DEHP has been detected in such foods as milk,


cheese, meat, margarine, eggs, cereal products, baby food, infant formula, in addition to fish (Cerbulis


and Byler 1986; EPA 1981; Petersen and Breindahl 2000). Most samples contained less than 1 ppm


DEHP, but fatty foods had higher levels. Chocolate bars contained DEHP at levels up to 2.4 ppm (Castle


et al. 1989). Although one study found that levels of DEHP in fatty foods such as milk, cheese, and meat


did not differ significantly from background levels (CMA 1986), high levels of DEHP in "blank" samples


and other analytical problems indicate that laboratory contamination might have confounded the results.


DEHP has been detected in indoor dust samples. Øie et al. (1997) reported that sedimented dust samples


from 38 dwellings in Oslo, Norway contained an average of 640 µg/mg sedimented dust


(100–1,610 µg/g), while suspended particulate matter from six dwellings contained an average of


600 µg/g (24–94 µg/g).
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Blood products available for transfusions might be contaminated with DEHP due to leaching from the 

plastic equipment used to collect and store the blood. Reported concentrations of DEHP in blood 

products stored in PVC bags are: whole blood (2–620 ppm); platelet concentrates (23.4–267 ppm); red 

cell concentrates (4.3–152 ppm); and plasma (4.3–1,230 ppm) (Ching et al. 1981b; Cole et al. 1981; 

Contreras et al. 1991; Dine et al. 1991; FDA 2001h; Jaeger and Rubin 1972; Loff et al. 2000; NTP 2000b; 

Rock et al.1978; Shintani 2000; Sjoberg et al. 1985c; Vessman and Rietz 1974). DEHP was also detected 

in intravenous fluids, such as saline and glucose, used for parenteral therapy of hospitalized patients, at 

levels ranging from 9 to 13 ppb (Ching et al. 1981b). Karle et al. (1997) reported that DEHP 

concentrations at the end of the blood prime in extracorporeal membrane oxygenation circuits in an in 

vitro study had mean values of 18.3, 21.8, and 19.3 µg/mL for different circuits and was dependent on the 

surface area of each circuit. After 3 days, DEHP concentrations in infants averaged 4.9±4.0 µg/mL. 

Shneider et al. (1991) reported that serum DEHP concentrations varied depending on the nature of the 

treatment. They reported that for an infant cardiopulmonary bypass, pediatric hemodialysis, exchange 

transfusion, and extracorporeal membrane oxygenation, serum DEHP concentrations ranges were 1.1–5.1, 

0.4–4.2, 5.4–21.5, and 18–98 µg/mL, respectively. 

Soft plastic products available for use by infants might contain low levels of DEHP. DEHP was detected 

in four commercial pacifiers at concentrations of 31–42% by weight (Lay and Miller 1987). However, 

current levels of DEHP in these products have been greatly reduced, since manufacturers of toys and 

pacifiers voluntarily agreed to reduce the use of DEHP in their products (Wilkinson and Lamb 1999), 

although some PVC toys manufactured in a small number of foreign countries have been reported to 

contain up to 11–19% DEHP (Stringer et al. 2000). DEHP was the most common plasticizer in soft PVC 

products intended for children until the early 1980s. Manufacturers of PVC pacifiers and teethers set a 

limit of 3% by weight DEHP as a voluntary standard (Wilkinson and Lamb 1999). This limit should 

effectively eliminate the intentional addition of DEHP as a plasticizer in those products manufactured 

under the voluntary guidelines for DEHP content. In fact, the U.S. Consumer Product Safety 

Commission has reported that DEHP could not be found in pacifiers or bottle nipples currently on the 

market (Consumer Product Safety Commission 1998, 1999d). Except for one manufacture whose pacifier 

and bottle nipple products were found to contain diisooctylphthalate, all other known manufacturers of 

pacifiers and bottle nipples used latex or silicone instead of PVC in their products. 

As presented in Section 6.4.2 above, Bauer and Herrmann (1997) reported that mixed household waste 

contained DEHP. Table 6-2 summarizes the concentration of DEHP detected in various categories of 

waste. The authors also calculated that 177.5–1,469.5 mg/kg DEHP was present in the waste on a dry-
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weight basis and constituted the most commonly found phthalate ester, constituting 91.9–93.3% of the 

total phthalates found in the waste. 

6.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE 

The general population is exposed to DEHP via oral, dermal, and inhalation routes of exposure. DEHP is 

present in environmental media and in numerous consumer articles that are used world-wide (see 

Chapter 4). Estimates of the average total daily individual ambient exposure to DEHP in the United 

States have ranged from 0.21 to 2.1 mg/day (David 2000; Doull et al. 1999; Huber et al. 1996; Kohn et al. 

2000; Tickner et al. 2001). These estimates do not include workplace air exposures or exposures to 

DEHP offgassing from building materials. DEHP exposures in the Canadian population were estimated 

in 1994 to be 8.9–9.1, 19, 14, 8.2, and 5.8 µg/kg body weight/day for age groups 0–0.5, 0.5–4, 5–11, 

12–19, and 20–70 years, respectively (NTP 2000b). Some of the information presented is based on old 

data and might not represent current exposures, especially since there have been recent changes in the use 

patterns for DEHP (see Section 6.6 for specific examples). However, there are current estimates, based 

on the measurement of the DEHP metabolite, MEHP, in human urine obtained by Blount et al. (2000a), 

which suggest that the average total daily ambient exposure of individuals in the United States to DEHP 

is likely to be <3.6 µg/kg body weight/day (David 2000; Kohn et al. 2000). Larger study populations will 

be required beyond the 289 individuals examined in the Blount et al. (2000a) work to 
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Table 6-2. Concentration of DEHP in Categories of Household Waste 

Concentration of DEHP (mg/kg)a,b 

Waste fraction Minimum Maximum Mean 

Food waste


8–40 mm Fraction


<8 mm Fraction


Paper for recycling


Unusable paper


Cardboard


Plastic films


Other plastics


Textiles


Compound packing waste


Compound materials


Disposable diapersc


64.3 4.8 334.7 

1,259.1 584.9 2,253.5 

95.5 76.1 132.5 

29.7 10.0 60.3 

71.1 41.4 106.4 

47.4 10.1 70.5 

444.9 169.0 907.9 

1,027.6 373.8 2,035.3 

205.7 14.9 686.1 

151.9 57.7 393.7 

16,820.6 7,862.4 26,352.0 

74.1 14.2 322.2 

Source: Bauer and Herrmann (1997)


aResults are from six extractions except “compound material” for which the results are for nine extractions.

bThe precision of the values presented in this table is the same as the original paper.

cDescribed as “nappies” in the original paper
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gain a representative sampling of the exposure of the U.S. population to DEHP, including possible 

demographic variations in exposure and/or metabolism that was noted by Blount and coworkers. 

It is difficult to determine the dominant source of DEHP exposure by the oral route. While in the past, it 

is likely that food represented the major source of DEHP for at least the general population and possibly 

many children (Doull et al. 1999; Huber et al. 1996; NTP 2000b), much of the literature supporting this is 

10–25 years old (see Huber et al. 1996). Some attempts have been made to estimate exposures of DEHP 

to the general population (3–30 µg/kg body weight/day) through ingestion that is based on current use 

patterns for DEHP (NTP 2000b), but more information is still needed. The National Health and Nutrition 

Examination Survey (NHANES) has obtained measurements of DEHP metabolites (mono-2-ethylhexyl 

phthalate) in urine as a method to assess exposures of the general population (6 years of age and older) to 

DEHP (Blount et al. 2000b; CDC 2001); however, no correlation of these measurements with actual 

DEHP intake has yet been determined. In addition, much of the current literature on DEHP 

contamination of foodstuffs is foreign or not typically associated with consumer exposures, and it is 

uncertain how applicable this information is to U.S. exposures (e.g., Fayad et al. 1997, migration of 

DEHP into bottled water, Saudi Arabia; Gramiccioni et al. 1990, migration of DEHP from caps into 

foods, Italy; Cohen et al. 1991, migration of DEHP from a plastic bag containing contaminated corn in a 

laboratory [the corn was not intended for consumer use], Canada/France; Tsumura et al. 2001, migration 

of DEHP from PVC gloves to prepared food, Japan; Bluthgen 2000, post-secretory migration of DEHP 

during milk processing and storage, Germany; and Morelli-Cardoso et al. 1999, migration of DEHP into 

food simulants, Brazil). Finally, while the Food and Drug Administration (FDA) allows the use of DEHP 

in food contact applications (e.g., can coatings FDA 1999g; adhesives FDA 1999a; defoaming agent in 

paper manufacture FDA 1999e; as a flow promoter at no more than 3% in acrylic and modified acrylic 

single and repeated use containers FDA 1999c; in cellophane used for food packaging at a concentration 

not to exceed 5% FDA 1999b; and as a surface lubricant in the processing of metal foil at a concentration 

not to exceed 0.015 mg/in2 of metal surface FDA 1999d), it is not clear if industry currently uses DEHP 

in these applications (e.g., Mannsville Chemical Products Corporation [1999] reported that DEHP has not 

been used in food film wrap for over 20 years; they also included no food applications in their list of uses, 

see Chapter 5). Thus, the uncertainty associated with current concentrations in food as outlined above, 

makes quantifying intakes speculative. This might be especially true given the recent activity (as noted in 

Section 6.6) in eliminating phthalates from some consumer products. 

Oral exposure from drinking water is not expected to be a significant route of exposure (Doull et al. 1999; 

Huber et al. 1996; NTP 2000b) based on estimates of <30 ppb for DEHP in water (Huber et al. 1996). 
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Stubin et al. (1996) noted that DEHP was commonly present (48% of the samples) in municipal sewage 

treatment plant influent, suggesting that DEHP is present in domestic waste water. DEHP in domestic 

waste water can come from either the source tap water or from activities within the household such as 

washing floors that contain DEHP, showering using a shower curtain containing DEHP, or washing other 

DEHP-containing materials. 

Dermal exposure to DEHP can occur when items containing DEHP as a plasticizer are handled. Schwope 

and Reid (1988) noted that DEHP migrated into dry materials in contact with PVC containing DEHP. 

From the data available in this study, however, it is not clear how much DEHP will be transferred. A 

study of the migration of DEHP from PVC film to rat skin found that the mean dermal uptake of DEHP 

was small, only 0.24 µg/cm2-hour (Deisinger et al. 1998), a rate that is likely to be 2–4 times faster than is 

expected for human skin (Barber et al. 1992; Scott et al. 1987). A report to the Consumer Product Safety 

Commission (2001) provided a range of time-weighted average daily dermal exposure estimates for 

another phthalate diester, diisononyl phthalate (DINP), of between 0.45 and 11 µg/kg/day in adults 

(Consumer Product Safety Commission 2001). However, it is noted in the same report that these current 

estimates of potential dermal exposure remain speculative. Because many common household products 

contain DEHP, including furniture upholstery, shower curtains, tablecloths, wall coverings, floor tiles, 

garden hoses, swimming pool liners, rainwear, baby pants, toys, shoes, and automobile upholstery (see 

Chapter 5), there are opportunities for exposure, but how much DEHP is transferred to, and absorbed by, 

an individual is still indeterminate. 

Inhalation exposure can occur from breathing ambient air and indoor air, and is not considered to be a 

primary or significant route of exposure to DEHP. Huber et al. (1996) and Doull et al. (1999) have 

suggested, based on monitoring studies from the 1970s and 1980s, that inhalation exposures from 

breathing ambient air are low. No recent ambient air studies were found in the available literature; 

however, available studies report concentrations that span a relatively narrow range, even in industrialized 

areas (see Section 6.4.1); although industrial areas appear to have higher concentrations in some cases. 

Thurén and Larsson (1990) reported that higher concentrations of DEHP were seen adjacent to a facility 

using DEHP, but these concentrations fell off rapidly.  Thus, it is anticipated that people living near 

DEHP use and disposal areas might be exposed to elevated levels, but it is unclear how much higher these 

concentrations might be. It is further anticipated that use facilities where DEHP is actively used, such as 

DEHP production or PVC manufacturing facilities, will emit more DEHP to the offsite environment (e.g., 

through air-borne particulates or water) than storage or disposal facilities because of the tendency of 

DEHP to sorb to organic matter in the soil or sediment (see Section 6.3.1). 
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Occupational exposure to DEHP might be important during the manufacture and processing of this 

compound. Workers might be exposed to relatively high concentrations of DEHP during the 

compounding of this plasticizer with resins and the manufacture of PVC plastic products. The National 

Institute for Occupational Safety and Health (NIOSH) estimated that about 340,000 workers (of which 

approximately 106,900 were female) were potentially exposed to DEHP in the early 1980s (NOES 1990). 

Workplace air levels of DEHP ranging from 0.02 to 4.1 mg/m3 were reported at facilities using or 

manufacturing the compound (Hill et al. 2001; IARC 1982; Liss et al. 1985). These levels are below the 

current OSHA Permissible Exposure Limit (PEL) for DEHP for an 8-hour work-day of 5 mg/m3 (OSHA 

1989). Exposures of phthalate and PVC production workers to DEHP are estimated to be typically less 

than 143 and 286 µg/kg body weight/workday, respectively (NTP 2000b). The types of industries using 

DEHP-containing products (see Table 6-3) can be inferred from the types of industries that reported 

DEHP emissions to the TRI (TRI99 2001). 

6.6 EXPOSURES OF CHILDREN 

This section focuses on exposures from conception to maturity at 18 years in humans. Differences from 

adults in susceptibility to hazardous substances are discussed in Section 3.7 Children’s Susceptibility. 

Children are not small adults. A child’s exposure may differ from an adult’s exposure in many ways. 

Children drink more fluids, eat more food, breathe more air per kilogram of body weight, and have a 

larger skin surface in proportion to their body volume. A child’s diet often differs from that of adults. 

The developing human’s source of nutrition changes with age: from placental nourishment to breast milk 

or formula to the diet of older children who eat more of certain types of foods than adults. A child’s 

behavior and lifestyle also influence exposure. Children crawl on the floor, put things in their mouths, 

sometimes eat inappropriate things (such as dirt or paint chips), and spend more time outdoors. Children 

also are closer to the ground, and they do not use the judgment of adults to avoid hazards (NRC 1993). 
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Table 6-3. Types of Industries Using DEHP-containing Products 

abrasive products

adhesives and sealants

agricultural chemicals

asbestos products

boat building and repairing

cement

chemical preparations

chemicals and allied products

coated fabrics (not rubberized)

crowns and closures

current-carrying wiring devices

custom compound purchased resins

electrical industrial apparatus

electromedical equipment

electronic capacitors

electronic components

fabric dress and work gloves

fabricated metal products

fabricated rubber products

gaskets

gray and ductile iron foundries

hand and edge tools

hard surface floor coverings

household laundry equipment

hydraulic

industrial inorganic chemicals

industrial organic chemicals

manufacturing industries

mattresses and bedsprings

meat packing plants


mechanical rubber goods

medicinals and botanicals

minerals (ground or treated)

motor vehicle parts and accessories

motor vehicles and car bodies

noncurrent-carrying wiring devices

nonferrous wire drawing and insulating

nonmetallic mineral products

packing and sealing devices

paints and allied products

paper (coated and laminated)

pharmaceutical preparations

photographic equipment and supplies

plastics foam products

plastics materials and resins

plastics pipe

plastics products

plating and polishing

refuse systems

rubber and plastic footwear

rubber and plastic hose and belting

sporting and athletic goods

surface active agents

surgical and medical instruments

tires and inner tubes

unsupported plastics film and sheet

unsupported plastics profile shapes

wood household furniture

wood products


Source: TRI (TRI99 2001) 
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Children are exposed to DEHP orally from mouthing toys and other soft PVC products and possibly food, 

by inhalation from ambient and indoor air, and dermally from handling materials containing DEHP. In 

addition, children are potentially exposed from medical devices via the inhalation, dermal, oral, and 

intravenous routes. Exposures from medical devices will be treated separately in this section. It should 

be noted that assessing exposures to DEHP, and especially children’s exposures, is difficult because the 

uses of DEHP, while constant for many years, have changed over the last 20 years (Consumer Product 

Safety Commission 1999d; Wilkinson and Lamb 1999). For example, manufacturers including Chicco, 

Little Tikes, Disney, Mattel (Fisher-Price ARCOTOYS, Tyco Preschool), Evenflo, Safety 1st, The First 

Years, Sassy, Gerber, Shelcore Toys, and Hasbro (including Playskool) stopped using phthalates in 

teethers and rattles in early 1999 (Consumer Product Safety Commission 1999d). In addition, a number 

of retail stores, including Toys-R-Us, Walmart, Sears, Target, K-Mart, ShopKo Stores, Inc., and Warner 

Brothers Studio Stores, have removed phthalate-containing teethers, rattles, pacifiers, and bottle nipples 

from their product lines. This change, and others that might be made in the near future, makes an 

assessment of a child’s exposure to DEHP more difficult than would otherwise be the case. 

It is difficult to determine the dominant source of DEHP exposure by the oral route for children, just as is 

the case with the general population. While in the past, food represented the dominant source of oral 

exposure to DEHP, as noted above in Section 6.5, the literature base supporting this is old and might not 

represent current exposures. A recent Danish study published by Petersen and Breindahl (2000) 

estimated the dietary intake of DEHP in infants (based on measurements of DEHP in baby food and 

formula) to be between 0.005 and 0.010 mg/kg body weight. However, without more recent information, 

quantifying either the amount or the extent of food exposures would be speculative. Drinking water is not 

anticipated to be a significant source of DEHP exposure; however, the database supporting this is old (see 

Section 6.5). DEHP concentrations in human breast milk of 70–160 µg/kg milk (mean concentration of 

93±37.5 µg/kg milk) and 0–110 µg/kg milk (mean concentration of 0.034±0.043 µg/kg milk) have been 

reported (FDA 2001h). However, no information is available relating the concentration of DEHP in 

human breast milk obtained from women with high occupational exposures to DEHP or exposures that 

result from medical treatments (e.g., hemodialysis). 

A source of DEHP exposure for young children by the oral route might be plastic toys. The exposure will 

be dependent on the time that a child spends mouthing a toy and the DEHP content of the toy. 

Information on children’s mouthing behavior is available and indicates that the behavior is dependent on 

the age of the child and the items mouthed (Consumer Product Safety Commission 2001; Juberg et al. 

2001). Juberg et al. (2001) found that children spend an average of 23 minutes/day (children between the 
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ages of 0 and 18 months), and 5 minutes/day (children between the ages of 19 and 36 months) mouthing 

toys and teethers; these times are shorter than the estimated mouthing times (e.g., 1–3 hours) found 

elsewhere (Health Canada 1998). These average mouthing times provided by Juberg et al. included 

children who did not exhibit mouthing behavior. If the averages included only children exhibiting 

mouthing behavior, then the time spent by these children mouthing teethers and toys increases to 

48 minutes/day (children between the ages of 0 and 18 months), and 41 minutes/day (children between 

the ages of 19 and 36 months). Juberg et al. (2001) also reported pacifier use to average 

108±187 (mean±1 standard deviation) minutes/day for children ages 0–18 months, and 

126±246 minutes/day for children ages 19–36 months. However, manufacturers for some children’s toys 

have discontinued the use of DEHP and other phthalates in pacifiers, teethers, rattles, and toys designed 

for very young children (see above). Therefore, the mouthing of pacifiers, teethers, and toys is not 

expected to be a significant route of exposure of young children to DEHP. Yet, there is no information 

about a similar action with other toys or toys for older children (toys, and specifically dolls, were 

identified by Mannsville Chemical Products Corporation (1999) as products that used DEHP as a 

plasticizer). In addition, families might hand down toys containing phthalates from older children rather 

than buy new toys that contain no phthalates. While some of these toys might have less than 3% DEHP 

(Wilkinson and Lamb 1999), this percentage likely cannot be applied to all toys that young children 

might play with. At the present time, however, sufficient information is not available to quantify these 

exposures. 

Some research has been conducted to examine the migration of DEHP and other plasticizers from PVC 

into saliva. Steiner et al. (1998) reported that migration of DEHP from PVC into a saliva simulant was 

dependent on the contact time and agitation of the test matrix. In vivo studies of the migration of DEHP 

into human saliva from four adult volunteers chewing PVC balls (185 mg DEHP/g) showed a migration 

rate of 44.4 µg/10 cm2/hour (Niino et al. 2001). However, no other studies, especially in children, are 

available evaluating DEHP migration rates in toys. 

Other potential sources of oral exposure for young children as well as dermal exposure to all children 

include general household items made from PVC including dolls, plastic baby pants, furniture upholstery, 

floor tiles, shower curtains, and tablecloths (all of which are available for mouthing by children in 

addition to touching) (see also Chapter 5). In addition, young children might be exposed to DEHP when 

wearing such items as rainwear and shoes made from PVC. Dermal uptake of DEHP from PVC film to 

rat skin was found to be low, only 0.24 µg/cm2-hour (Deisinger et al. 1998), but is expected to be 

2–4 times lower for human skin (Barber et al. 1992; Scott et al.1987). A report to the Comsumer Product 
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Safety Commission (2001) provided a range of time-weighted average daily dermal exposure estimates 

for another phthalate diester, diisononyl phthalate (DINP), of between 3.2 and 79 µg/kg/day in children 

ages 19–36 months (Consumer Product Safety Commission 2001). However, it is noted in the same 

report that these current estimates of potential dermal exposure remain speculative. Oral exposure also 

might occur when children handle PVC items containing DEHP, and then the children’s hands are 

mouthed. However, no specific reference to DEHP transfer from items to skin was found in the available 

literature. Therefore, sufficient information is not available to assess this route of exposure to DEHP. 

All children might have inhalation exposures from both vapor and particle bound DEHP as well as oral 

exposure to DEHP from inhalation of large particles containing DEHP followed by deposition in the 

upper airways and swallowing (Hill et al. 2001). Øie et al. (1997) reported that sedimented dust samples 

from 38 dwellings in Oslo, Norway (including samples taken from sheets in a child’s bed and floor in a 

child’s bedroom) contained an average of 640 µg/g sedimented dust (100–1,610 µg/g), while suspended 

particulate matter from six dwellings contained an average of 600 µg/g (24–94 µg/g). The authors noted 

that exposure to particle bound DEHP is 0.4–1.2 µg/day for adults, but suggested that children, and 

especially small children, are “subject to the highest exposure risk” because they usually have small 

rooms that have higher surface to volume ratios and few doors or windows. Children’s exposures to 

DEHP from inhalation of outdoor air is likely small because of the relatively low ambient concentrations 

(Doull et al. 1999; Huber et al. 1996). While the database of outdoor concentrations is dated (1970s 

through the 1980s), the concentrations appear to be very consistent both spatially and temporally. 

A possible exception to the anticipated low exposure from inhalation to outdoor air might be in the 

vicinity of hazardous waste sites containing large concentrations of DEHP or use facilities. DEHP has a 

low volatility and is not expected to enter the air extensively; nonetheless, Thurén and Larsson (1990) 

noted higher concentrations of DEHP near a facility that used it, indicating that somewhat higher 

concentrations might be anticipated near use or storage facilities. Those industries that emitted more than 

10,000 pounds into the air in 1998 were crowns and closures, fabricated rubber products, motor vehicle 

parts and accessories, plastics foam products, unsupported plastics film and sheet (TRI99 2001). Children 

living near the vicinity of one of these facilities might be exposed to somewhat elevated concentrations of 

DEHP, although exact concentrations are not known. 

Children’s exposures to DEHP during medical procedures have been reported (Hill et al. 2001; Karle et 

al. 1997; Latini and Avery 1999; NTP 2000b; Plonait et al. 1993; Shneider et al. 1991). Shneider et al. 

(1991) reported that serum DEHP concentrations varied depending on the nature of the treatment. They 



DI(2-ETHYLHEXYL)PHTHALATE 208 

6. POTENTIAL FOR HUMAN EXPOSURE 

reported that for an infant cardiopulmonary bypass, pediatric hemodialysis, exchange transfusion, and 

extracorporeal membrane oxygenation (ECMO), serum DEHP concentrations ranges were 1.1–5.1, 

0.4–4.2, 5.4–21.5, and 18–98 µg/mL, respectively.  Karle et al. (1997) confirmed this study, but reported 

lower concentrations. The authors reported that blood DEHP concentrations at the end of the blood prime 

during in vitro studies in extracorporeal membrane oxygenation circuits had mean values of 18.3, 21.8, 

and 19.3 µg/mL for different circuits and was dependent on the surface area of each circuit. The authors 

noted that the extraction rates were 0.32±0.12 and 0.57±0.14 µg/mL-hour for circuits A and B, 

respectively, but the extraction rates were identical when corrected for surface area. In contrast to the 

other two, the concentration of DEHP in circuit C decreased at a rate of 0.2±0.04 µg/mL-hour. The 

authors suggested that this was due to the heparin coating on the surfaces and noted that heparin might 

offer protection from DEHP leaching. After 3 days, DEHP concentrations in 18 infants averaged 

4.9 µg/mL; the highest level seen was 8.3±5.7 µg/mL. Karle et al. (1997) calculated DEHP exposures 

during ECMO therapy averaged 1.2 mg/kg (2.0 mg/kg maximum) for a 3-day exposure, based on an 

average patient weight of 3.3 kg and an average blood volume of 800 mL for the 18 infants studied. 

These authors also reported that DEHP concentrations were below the detection limit in all patients after 

decannulation. They also noted that patients treated for longer periods did not have higher DEHP 

concentrations. 

Latini and Avery (1999) reported that 60–120 mg of DEHP/g of tube was removed from endotracheal 

tubes during use (range of 44 samples). The authors also noted that zinc was lost from the tubes as well. 

Plonait et al. (1993) studied 16 newborn infants receiving blood exchange transfusions. The authors 

calculated exposures of 1.2–22.6 mg/kg-body weight, based on the volume of blood transfused and the 

mean DEHP concentration in the plasma of the blood units. They also noted that for three infants, 12.5, 

22.9, and 26.5% of the DEHP introduced into the infants was eliminated in the waste (exchanged) blood. 

The authors reported that no correlation was found between the volume of blood transfused and the serum 

DEHP concentration immediately after the transfusion. There was also no correlation between the 

concentration of DEHP in the plasma and the storage time of the red cell bag. The authors reported that 

serum DEHP concentrations decreased rapidly after the transfusion was complete. Plonait et al. (1993) 

also reported that ethylhexanoic acid concentrations in the urine of infants undergoing transfusion therapy 

was below the detection limit (45 ng/mL) before or during the transfusion, but ranged from 50 to 

416 ng/mL (median 130 ng/mL) in six infants 6 hours after the transfusion. Peak levels occurred within 

the first 18 hours, and then declined to close to the detection limit where they remained for 96 hours. 

Finally, these authors noted that for two infants, DEHP concentrations appeared to accumulate resulting 
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in higher concentrations in the post exchange serum than the average DEHP concentration in the blood 

received by the patients. 

6.7 POPULATIONS WITH POTENTIALLY HIGH EXPOSURES 

Several population subgroups might have above average exposure to DEHP. These include hemophiliacs 

and others who require frequent blood transfusions, dialysis patients who might be exposed to DEHP 

leached from the dialysis tubing (see Section 6.4.4), and preterm infants (Doull et al. 1999; FDA 2001h; 

Huber et al. 1996; Latini 2000; NTP 2000b; Tickner et al. 2001). Estimates of exposure levels indicate 

that hemophiliacs might be exposed up to 1–2 mg/day and dialysis patients might receive average doses 

of 40 mg/day (Pollack et al. 1985a; Wams 1987). Faouzi et al. (1999) estimated that dialysis patients 

received an average of 75 mg of DEHP per treatment and an average of almost 12 g of DEHP over a 

1-year period (assuming dialysis treatments 3 times a week). Adult exposures to DEHP from 

hemodialysis have been estimated at <5–155 mg/day or <0.1–3.1 mg/kg/day and can vary considerably 

between patients (Dine et al. 2000; FDA 2001h; Huber et al. 1996; NTP 2000b). Infants receiving 

exchange transfusions might be exposed to >4 mg/kg/day (FDA 2001h; Sjoberg et al. 1985c), based on a 

worst-case scenerio. Plonait et al. (1993) reported higher plasma concentrations than those in the Sjoberg 

et al. (1985c) study, but the blood units used had a lower initial DEHP concentration. Plonait et al. 

(1993) suggest that this can be explained by pauses during the exchange transfusion during the Sjoberg et 

al. (1985c) study, which resulted in a lowering of the DEHP concentration. Faouzi et al. (1994) reported 

that administration of teniposide is sometimes associated with a nonionic surfactant polyoxyethylated 

castor oil. The presence of this surfactant increases the concentration of DEHP that is leached from the 

PVC bags into the administered solution. The authors reported that 52 mg was extracted at 48-hour room 

temperature storage. Preterm infants can be exposed to DEHP at levels estimated to be as high as 

10–20 mg/day during the course of their care (Loff et al. 2000). Measured concentrations of DEHP in 

total parental nutrition (TPN) solutions (423±47 µg/mL), blood products (platelet-rich plasma, 

13.9±2.5 µg/mL; fresh frozen plasma, 24.9±17 µg/mL) and selected drugs (propofol, 655±96 µg/mL) 

have been obtained in these solutions/products as a consequence of contact with PVC bags and tubing. 

Exposures to DEHP can be especially high for infants receiving TPN solutions (contains approximately 

20% lipid emulsions), where a 24-hour infusion can deliver up to an estimated 10 mg of DEHP (Loff et 

al. 2000). 

Workers in industries manufacturing or using DEHP plasticizer might be frequently exposed to above 

average levels of this compound (see Section 6.5). Those living near industrial facilities or hazardous 
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waste sites with higher than average levels of DEHP in water might also have potential above average 

exposure (see Section 6.4). 

6.8 ADEQUACY OF THE DATABASE 

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the 

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 

adequate information on the health effects of DEHP is available. Where adequate information is not 

available, ATSDR, in conjunction with the National Toxicology Program (NTP), is required to assure the 

initiation of a program of research designed to determine the health effects (and techniques for developing 

methods to determine such health effects) of DEHP. 

The following categories of possible data needs have been identified by a joint team of scientists from 

ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would 

reduce the uncertainties of human health assessment. This definition should not be interpreted to mean 

that all data needs discussed in this section must be filled. In the future, the identified data needs will be 

evaluated and prioritized, and a substance-specific research agenda will be proposed. 

6.8.1 Identification of Data Needs 

Physical and Chemical Properties. The physical and chemical properties of DEHP are 

sufficiently well characterized to allow estimation of its environmental fate and transport profile. On this 

basis, it does not appear that further research in this area is required. 

Production, Import/Export, Use, Release, and Disposal. Data on the production and uses of 

DEHP in the United States are available (ChemExpo 1999; HSDB 1990; Mannsville Chemical Products 

Corporation 1999; TRI99 2001). Production has been fairly constant over the past 5 years and is 

expected to remain so during the next few years due to limited growth in PVC markets. Disposal of 

DEHP is mainly to landfills and the recently promulgated land disposal restrictions should ensure 

reduction of the disposal of untreated DEHP wastes. Available information appears to be sufficient for 

assessing the potential for release of, and exposure to, DEHP. 
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According to the Emergency Planning and Community Right-to-Know Act of 1986, 42 U.S.C.


Section 11023, industries are required to submit chemical release and off-site transfer information to the


EPA. The Toxics Release Inventory (TRI) contains this information from 1988 to 1999.


While information on uses is available (Mannsville Chemical Products Corporation 1999), specific


information on uses in certain potentially high exposure applications is either changing or lacking. 


Specifically, information on the use of DEHP in food contact applications such as coatings used in cans,


bottle caps, and films would allow a better estimation of potential exposures from food. Currently, the


only information available is that these applications are allowed by FDA rules, but it is unclear if DEHP


is used.


Environmental Fate. The environmental fate of DEHP has been fairly well characterized. Its


transport in the atmosphere, sorption to sediments, bioconcentration in aquatic organisms, and


biodegradation by water and soil microorganisms seem to be well understood (Al-Omran and Preston


1987; Atlas and Giam 1981; Barrows et al. 1980; Eisenreich et al. 1981; EPA 1980a; Kenaga 1980;


Ligocki et al. 1985a, 1985b; Suggatt et al. 1984; Sullivan et al. 1982; Thurén and Larsson 1990; Wams


1987; Wolfe et al. 1980a). Sorption and biodegradation are competing processes for DEHP removal from


water (Ritsema et al. 1989; Wams 1987). Reaction of atmospheric DEHP is rapid (Meylan and Howard


1993), but sorption might play an important role in slowing the oxidation process. Additional data on the


rates of these reactions under various environmental conditions would be useful for more accurately


predicting the fate of DEHP in all environmental media. Of particular interest would be additional


information on the fate of DEHP leached into groundwater in order to document further that it is of minor


concern in subsurface environments. Additionally, information on the atmospheric oxidation rate of


DEHP sorbed to particulates would be of great interest. In designing such studies, it is critical to address


the issue of laboratory contamination by DEHP.


Bioavailability from Environmental Media. On the basis of data from available toxicokinetics


studies, DEHP will be absorbed following ingestion of contaminated drinking water and foodstuffs and


inhalation of contaminated ambient air. Absorption following dermal exposure to soils is expected to be


limited because of the strong sorption of DEHP to soils and because, in the absence of solvents, DEHP


does not penetrate skin well. However, additional information would be useful to determine whether


DEHP would be absorbed following dermal exposure to contaminated water and soils and ingestion of


contaminated soils. This information will be helpful in assessing the relative importance of these


pathways for exposed humans.
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Food Chain Bioaccumulation. Bioconcentration of DEHP in aquatic organisms has been 

documented for several aquatic species (Barrows et al. 1980; EPA 1980a; Kenaga 1980; Staples et al. 

1997). Based on the relatively high Kow, it appears that accumulation can occur. However, rapid 

metabolism of DEHP in higher organisms seems to prevent biomagnification in the food chain (EPA 

1979; Johnson et al. 1977; Staples et al. 1997; Wofford et al. 1981). 

Exposure Levels in Environmental Media. Several studies are available documenting levels of 

DEHP in air, water, sediments, and biota in rural and urban areas. DEHP has been detected in surface 

water, groundwater, and soil samples taken in the environs of hazardous waste sites during recent 

monitoring surveys (Canter and Sabatini 1994; Eckel et al. 1993; Hauser and Bromberg 1982; Plumb 

1987). Concentrations in ambient air at hazardous waste sites are available at only four sites. Ambient 

levels of DEHP are generally low in all environmental media. Since DEHP is a ubiquitous laboratory 

contaminant (see Chapter 7), it is very difficult to accurately determine these low levels. Often, 

laboratory contamination has undermined the credibility of the data generated. Additional monitoring 

data for DEHP in all environmental media, using recently suggested techniques for reducing laboratory 

contamination (see Section 7.2), would be useful to better assess the potential for human exposure to this 

compound. 

Exposure Levels in Humans. Detection of DEHP in blood, urine, and adipose tissue might be 

indicators of human exposure. However, since DEHP is rapidly metabolized in vivo, levels in these 

biological materials have not been directly associated with environmental levels. Additional data 

correlating levels in environmental media with human tissue levels of DEHP or its metabolites, 

particularly for populations living in the vicinity of hazardous waste sites containing DEHP, would be 

helpful in establishing levels of DEHP to which humans have been exposed. 

Exposures of Children. Little is known about exposures of children for DEHP. DEHP is widely 

used in many applications that can result in exposures. Toys were once considered an important route of 

exposure for children, especially in children under 36 months of age. However, toy manufactures have 

voluntarily reduced DEHP content below 3% by weight since 1986 and, more recently, have been 

phasing out the use of DEHP in most toys or using non-PVC materials, especially in pacifiers and 

teethers. However, there is only limited information on exposure of children to DEHP in items 

commonly encountered within the household and elsewhere (e.g., automobile interiors, daycare centers, 

etc.). The need for this information is highlighted by the fact that children below the age of 36 months 

were found to mouth many household items, in addition to those items currently under investigation, such 
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as pacifiers, teethers, and toys that are manufactured for use by young children (Juberg et al. 2001). In 

addition, while information is available on dust exposure in Norway, no information is available for the 

United States. This type of information along with indoor vapor measurements would allow a more 

precise estimation of indoor exposures where children, and especially young children, spend significant 

amounts of time. 

Child health data needs relating to susceptibility are discussed in Section 3.12.2 Identification of Data 

Needs: Children’s Susceptibility. 

Exposure Registries. No exposure registries for DEHP were located. This compound is not 

currently one of the compounds for which a subregistry has been established in the National Exposure 

Registry. The compound will be considered in the future when chemical selection is made for 

subregistries to be established. The information that is amassed in the National Exposure Registry 

facilitates the epidemiological research needed to assess adverse health outcomes that might be related to 

the exposure to this compound. 

6.8.2 Ongoing Studies 

The Federal Research in Progress (FEDRIP 2001) database provides additional information obtainable 

from ongoing studies that might fill in some of the data needs identified in Section 6.8.1. No ongoing 

projects were identified in FEDRIP (2001). 

The Consumer Product Safety Commission (1999c) has proposed a study to examine the mouthing 

behavior of children between 36 and 72 months old. The results of this study will help to refine the 

understanding of children’s exposures. However, the status of this research could not be determined. 

Recent work from Juberg et al. (2001) has provided data that will aide in understanding the mouthing 

behavior children between the ages of 0 and 36 months. 

Remedial investigations and feasibility studies at NPL sites that contain DEHP will provide further 

information on environmental concentrations and human exposure levels near waste sites. 
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The purpose of this chapter is to describe the analytical methods that are available for detecting, 

measuring, and/or monitoring DEHP, its metabolites, and other biomarkers of exposure and effect to 

DEHP. The intent is not to provide an exhaustive list of analytical methods. Rather, the intention is to 

identify well-established methods that are used as the standard methods of analysis. Many of the 

analytical methods used for environmental samples are the methods approved by federal agencies and 

organizations such as EPA and the National Institute for Occupational Safety and Health (NIOSH). Other 

methods presented in this chapter are those that are approved by groups such as the Association of 

Official Analytical Chemists (AOAC) and the American Public Health Association (APHA). 

Additionally, analytical methods are included that modify previously used methods to obtain lower 

detection limits and/or to improve accuracy and precision. 

Detection and quantification of very low levels of DEHP are seriously limited by the presence of this 

compound as a contaminant in almost all laboratory equipment and reagents. Plastics, glassware, 

aluminum foil, cork, rubber, glass wool, Teflon sheets, and solvents have all been found to be 

contaminated (EPA 1988a; Giam et al. 1975; Williams 1973). While efforts have been made to reduce 

laboratory contamination (Giam et al. 1975; Thuren 1986), DEHP is still reported in laboratory blanks, 

even with thorough cleaning methods (EPA 1988a; Giam et al. 1975). Therefore, practical sample 

detection limits are often more than an order of magnitude higher than instrument or method detection 

limits. The EPA (1988a) reports that DEHP, along with other common phthalate and adipate esters, 

cannot generally be accurately or precisely measured at concentrations below about 2 ppb, due to blank 

contamination. 

7.1 BIOLOGICAL MATERIALS 

Laboratory contamination is a significant issue when measuring DEHP in biological materials and care 

must be taken to address this concern, as discussed in the introduction to Chapter 7. 

Gas chromatography (GC) is the most common analytical method for detecting and measuring DEHP in 

biological materials (Ching et al. 1981a; EPA 1986f; Hillman et al. 1975; Jaeger and Rubin 1972; Sjoberg 

and Bondesson 1985). High performance liquid chromatography (HPLC) might also be employed 

(Kambia et al. 2001; Pollack et al. 1985a; Shintani 2000). The chromatography separates complex 

mixtures of organic compounds and allows individual compounds to be identified and quantified by a 
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detector. Detectors used to identify DEHP include the electron capture detector (ECD) (Mes et al. 1974; 

Vessman and Rietz 1974) and the flame ionization detector (FID) (Albro et al. 1984). When unequivocal 

identification is required, a mass spectrometer (MS) coupled to the GC column might be employed 

(Ching et al. 1981a; EPA 1986f; Hillman et al. 1975; Sjoberg and Bondesson 1985). Analytical methods 

for the determination of DEHP in various biological fluids and tissues are summarized in Table 7-1. 

Prior to analysis, DEHP must be separated from the biological sample matrix and prepared for 

introduction into the analytical instrument. DEHP might be separated from the matrix by several methods 

including: extraction with an organic solvent such as chloroform, hexane, heptane, or acetonitrile (Ching 

et al. 1981a; Jaeger and Rubin 1972; Kambia et al. 2001; Sjoberg and Bondesson 1985); gel permeation 

chromatography (EPA 1986f); precipitation (Mes et al. 1974); solid phase extraction (Shintani 2000); and 

cleanup with Florisil® (EPA 1986f). Often, more than one of these procedures is required to separate the 

analyte from fats and other lipophilic materials. 

Biological materials (blood fractions, urine, tissue) are often monitored for a chemical substance in order 

to evaluate the extent of human exposure to that substance. It appears that monitoring biological tissues 

for DEHP might underestimate exposure, because this compound is metabolized in vivo quickly and 

extensively (Albro et al. 1984; Liss et al. 1985; Sjoberg et al. 1985c). Therefore, in order to better 

estimate exposure levels, it is important to test for the metabolites of DEHP as well. The primary 

metabolite appears to be mono(2-ethylhexyl) phthalate (Niino et al. 2001; Sjoberg et al. 1985c); although 

other metabolites (2-ethylhexanoic acid, 2-ethyl-3-hydroxyhexanoic acid, and 3-ethyl-3-oxohexanoic 

acid) have been identified and can be measured in urine (Gunther et al. 2001; Wahl et al. 2001). 

However, since numerous metabolites have been identified (see Section 3.3.3), monitoring biological 

materials for total phthalates might often be appropriate (Albro et al. 1984). Monitoring total phthalates 

would not, of course, be specific for DEHP exposure. 

Methods for analysis of individual phthalates in saliva, blood, urine, and/or feces involve separation of 

metabolites by HPLC combined with GC/MS (Niino et al. 2001; Sjoberg et al. 1985c) or GC/FID (Albro 

et al. 1984). Analysis for metabolites differs from analysis for DEHP mainly in sample preparation 

procedures (Albro et al. 1984; Sjoberg and Bondesson 1985). Metabolites from urine and/or feces are 

often treated with β-glucuronidase to remove conjugated glucuronic acid moieties. When GC methods 
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Table 7-1. Analytical Methods for Determining DEHP in Biological Materials 

Sample 
matrix Preparation method 

Blood Extract with propanol/ 
serum	 heptane/ sulfuric acid 

dissolve in benzene 
methylate fatty acids, 
redissolve in acetone 

Blood Extract with acetonitrile 
plasma and hexane 

Blood Mix 1:1 with 1 M NaOH, 
plasma	 extract with hexane, 

reduce to dryness, 
resuspend in acetonitrile 

Blood Extract with ethyl acetate 

Blood	 Mix blood 1:1 with 10 mM 
acetate buffer (pH 3), 
extract with SPE (elute 
with acetonitrile/acetic 
acid) 

Urine	 Samples deconjugated 
with β-glucoronidase, 
purified using two-step 
solid phase extraction 

Tissue	 Extract with 
chloroform/methanol 

Tissue	 Extract with 
chloroform/methanol 

Adipose Extract with methylene 
tissue	 chloride, remove bulk lipid 

by gel permeation 
chromatography, 
fractionate on Florisil 
(elute with diethyl ether/ 
hexane) 

aLowest concentration reported. 

Sample 
Analytical detection Percent 
method limit recovery Reference 

GC/MS 3 µg/mLa No data Ching et al. 
1981a 

GC/MS 0.15 µg/mL 93 Sjoberg and 
Bondesson 
1985 

HPLC/UV 20 ng/mL >97 Kambia et al. 
2001 

HPLC/UV	 0.345 No data Pollack et al. 
µg/mL 1985a 

HPLC/UV No data 98–102 Shintani 2000 

HPLC-APCI- 1.2 ng/mL 78–91% Blount et al. 
MS/MS (MEHP) 2000b 

GC/MS 0.02 µg/g No data Hillman et al. 
1975 

GC 5 µg/g 60–90 Jaeger and 
Rubin 1972 

HRGC/MS 9 ng/g No data EPA 1986f 

GC = gas chromatography; HPLC = high performance liquid chromatography; HPLC-APCI-MS/MS = high

performance liquid chromatography - atmospheric pressure chemical ionization - tandem mass spectrometry;

HRGC = high resolution gas chromatography; MS = mass spectrometry; SPE = solid phase extraction;

UV = ultraviolet
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are employed for metabolite identification, carboxyl groups are first converted to methyl esters using 

diazomethane (Albro et al. 1983, 1984). Another method involves the oximation of the DEHP 

metabolites with O-(2,3,4,5,6-pentafluorobenzyl)-hydroxyamine hydrochloride before sample 

purification, followed by the conversion of the metabolites to their tert-butyldimethylsilyl derivatives for 

GC/MS analysis (Wahl et al. 2001). 

Application of LC-MS/MS techniques to the analysis of phthalate ester metabolites in urine have also 

been developed. For example, Blount et al. (2000b) have developed an assay to quantify the monoester 

metabolites (including MEHP) of eight phthalate diesters in urine, utilizing HPLC coupled with 

atmospheric pressure chemical ionization and tandem mass spectrometric (APCI-MS/MS) detection 

techniques. Urine samples were treated with β-glucuronidase to release the free phthalate monoesters 

followed by a two-step solid phase extraction procedure.  After evaporative concentration of the eluant, 

the analytes in the purified samples are further separated on a phenyl reverse phase HPLC column and 

quantified by APCI-MS/MS, following careful optizimation of the APCI-MS/MS instrument. The limits 

of detection for MEHP were determined to be 1.2 ng/ml urine with recovery efficiencies of between 

78 and 91%. 

7.2 ENVIRONMENTAL SAMPLES 

Laboratory contamination is a significant issue when measuring DEHP in environmental samples and care 

must be taken to address this concern, as discussed in the introduction to Chapter 7. 

Determination of DEHP in air, water, soil/sediments, and food is usually by GC analysis (Cartwright et 

al. 2000; EPA 1982a, 1982b, 1986c, 1986d, 1988a; Ishida et al. 1981; NIOSH 1985b; Otake et al. 2001; 

Rudel et al. 2001; van Lierop and van Veen 1988; Williams 1973). An HPLC method for food has also 

been developed (Giust et al. 1990). Several representative methods appropriate for quantifying DEHP in 

each of these media are summarized in Table 7-2. The EPA has developed methods for analysis of 

drinking water (EPA 1988a), waste water (EPA 1982a, 1982b), and soil/sediment (EPA 1986c, 1986d) 

samples. Many of the APHA (1989) methods for water are equivalent to the EPA methods. 

Determination of DEHP in polyvinyl chloride (PVC) plastics might also be of interest and can be 

accomplished by GC analysis as described in the American Society for Testing and Materials (ASTM) 

Method D 3421-75 (Stringer et al. 2000). 
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Table 7-2. Analytical Methods for Determining DEHP in Environmental Samples 

Sample 
Sample Analytical detection limit Percent 
matrix Preparation method method recovery Reference 

Air	 Collect on cellulose 
membrane filter, 
desorb with carbon 
disulfide 

Air	 Collect on charcoal, 
ultrasonic solvent 
extraction of charcoal 
with toluene 

Air	 Collected on XAD-2 
resin sandwiched 
between polyurethane 
foam plugs, Soxhlet 
extracted with 6% 
ether/hexane 

Water	 Extract in LSE 
cartridge, elute with 
methylene chloride 

Waste Extract with methylene 
water	 chloride, exchange to 

hexane 

Waste Extract with methylene 
water	 chloride at pH>11 and 

again at pH<2 

Waste Continuous liquid-liquid 
water	 extraction (methylene 

chloride as extraction 
solvent) 

Soil	 Extract with methylene 
chloride, clean-up, 
exchange to hexane 

Soil	 Extract from sample, 
clean-up 

Soil	 Ultrasonic solvent 
extraction with ethyl 
acetate and 
unltracentrifuged 

Sediment	 Extraction from sample 
using SFE, purification 
on silica gel column, 
exchanged into hexane 

GC/FID	 0.01 mg/ 
sample 

GC/MS	 0.17 µg/ 
sample 

GC/MS	 1.0691 µg/ 
extract 

HRGC/MS 2 µg/La 

GC/ECD 2 µg/L 

GC/MS 2.5 µg/L 

107 NIOSH 1985a 

98	 Otake et al. 
2001 

114	 Rudel et al. 
2001 

95–100 EPA 1988a 

85±4 EPA 1982b 

82 EPA 1982a 

GC/MS 0.05–0.20 µg/L No data	 Brown et al. 
1999 

GC/ECD 1.3 mg/kg Db–158 EPA 1986d 

HRGC/MS 660 µg/kg 8–158 EPA 1986d 

GC/FID 0.1 µg/mL 73.3 Cartwright et 
al. 2000 

GC/MS 0.81 µg/g 70-85	 McDowell and 
Metcalfe 2001 
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Table 7-2. Analytical Methods for Determining DEHP in Environmental Samples 
(continued) 

Sample 
Sample Analytical detection limit Percent 
matrix Preparation method method recovery Reference 

Sewage Ultrasonic solvent 
sludge	 extraction into 

methanol/dichloro
methane, cleanup with 
reverse phase 
extraction cartridge, 
dissolved in methanol 

Food	 Extract with 
chloroform/methanol, 
dry with sodium sulfate, 
dissolve in ethyl ether 

Food	 Extract with hexane 
acetonitrile, petroleum 
ether, dry with sodium 
sulfate, elute with ethyl 
ether/petroleum ether 

PVC Cooled in liquid 
plastic nitrogen, grated, 
toys sonicated in hexane 

Food	 Extract with 
acetonitrile, methylene 
chloride/petroleum 
ether, dry with sodium 
sulfate, clean-up on 
Florisil 

Food	 Extract with acetonitrile 
and petroleum ether, 
dry with sodium sulfate 
clean-up with Florisil 

LC-APCI-MS 50 ng/g 78	 Petroviƒ and 
Barceló 2000 

GC/FID 0.01–1.0 ppm 58–90	 Ishida et al. 
1981 

GC/FID 15 ppba 65–70 Williams 1973 

GC/MS No data 87.9	 Stringer et al. 
2000 

GC/ECD 1 ppb 70–100	 Giam et al. 
1975 

GC/ECD 0.1 µga 91 Thuren 1986 

aLimited by laboratory contamination; see text. 
bDetected, result greater than zero. 

ECD = electron capture detector; FID = flame ionization detector; GC = gas chromatography; HRGC = high 
resolution gas chromatography; LC-APCI-MS = liquid chromatography-atmospheric pressure chemical ionization-
mass spectrometry; LSE = liquid-solid extraction; MS = mass spectrometry; PVC = polyvinyl chloride; 
SFE = supercritical fluid extraction 
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Separation of DEHP from environmental samples is usually by extraction with an organic solvent such as 

acetonitrile, chloroform, ethyl acetate, hexane, or methylene chloride. Air samples are drawn through a 

solid sorbent material (e.g., charcoal or XAD-2 resin) and desorbed with carbon disulfide (NIOSH 1985b) 

or ether/hexane (Rudel et al. 2001). A purge and trap method might be used for separation of DEHP from 

the fat in foods (van Lierop and van Veen 1988). Detector options are identical to those mentioned above 

(Section 7.1). Detection limits for these methods are generally in the ppb range. 

7.3 ADEQUACY OF THE DATABASE 

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the 

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 

adequate information on the health effects of DEHP is available. Where adequate information is not 

available, ATSDR, in conjunction with the National Toxicology Program (NTP), is required to assure the 

initiation of a program of research designed to determine the health effects (and techniques for developing 

methods to determine such health effects) of DEHP. 

The following categories of possible data needs have been identified by a joint team of scientists from 

ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would 

reduce the uncertainties of human health assessment. This definition should not be interpreted to mean 

that all data needs discussed in this section must be filled. In the future, the identified data needs will be 

evaluated and prioritized, and a substance-specific research agenda will be proposed. 

7.3.1 Identification of Data Needs 

Methods for Determining Biomarkers of Exposure and Effect. Exposure to DEHP might be 

evaluated by measuring the levels of this compound or its metabolites in blood, adipose tissue, and urine. 

Sensitive analytical methods, including GC/MS and HPLC, are available for these determinations (Ching 

et al. 1981a; EPA 1986f; Hillman et al. 1975; Jaeger and Rubin 1972; Kambia et al. 2001; Pollack et al. 

1985a; Shintani et al. 2000; Sjoberg and Bondesson 1985). However, development of improved methods 

for sample extraction and of better ways to reduce laboratory contamination levels of DEHP would be 

valuable in reducing practical detection limits or degradation of DEHP during sample isolation and 

workup. 
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Methods for Determining Parent Compounds and Degradation Products in Environmental 
Media. Food and water are the media of most concern for human exposure to DEHP. Existing 

analytical methods can measure this compound in all environmental media at ppb levels (EPA 1982a, 

1982b, 1986c, 1986d, 1988a; Giust et al. 1990; Ishida et al. 1981; NIOSH 1985b; van Lierop and van 

Veen 1988, 1989; Williams 1973). However, ubiquitous laboratory contamination with this compound 

prevents accurate determinations. Research efforts pertaining to solving contamination problems are a 

major research need. 

7.3.2 Ongoing Studies 

No ongoing studies in analytical chemistry were identified. 
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The international, national, and state regulations and guidelines regarding DEHP in air, water, and other 

media are summarized in Table 8-1. 

An MRL of 1 mg/kg/day was derived for acute-duration oral exposure (#14 days) to DEHP in the 1993 

toxicological profile for DEHP. Based on a re-evaluation of the database, including consideration of 

recent studies, this MRL has been withdrawn. An acute oral MRL is not currently derived for DEHP due 

to insufficient data on male reproductive effects, a known critical end point based on longer duration 

studies. In particular, derivation of an acute oral MRL is precluded by a lack of dose-response 

information on development of the male reproductive system in offspring acutely exposed during 

gestation and/or lactation. As previously discussed in Reproductive and Developmental Toxicity 

(Section 2.2, Summary of Health Effects), morphological and other effects in androgen-sensitive tissues, 

as well as reduced fetal and neonatal testosterone levels and adult sexual behavioral changes, have been 

observed in male rat offspring exposed to DEHP during gestation and lactation for intermediate durations 

of exposure. 

An MRL of 0.1 mg/kg/day was derived for intermediate-duration (15–364 days) oral exposure to DEHP 

based on a NOAEL of 14 mg/kg/day for decreased fertility in mice (Lamb et al. 1987). Mice of both 

sexes were exposed to DEHP in the diet for up to 126 days in a continuous breeding reproductive toxicity 

study that also found reduced fertility at doses $140 mg/kg/day.  This derivation used an uncertainty 

factor of 100 (10 for extrapolation from animals to humans and 10 for human variability). 

The Draft for Public Comment version of this profile used a LOAEL of 3.3 mg/kg/day for testicular 

pathology in male offspring of rats that were exposed to DEHP in drinking water throughout pregnancy 

and during postnatal days 1–21 (Arcadi et al. 1998) as the basis of a provisional intermediate-duration 

oral MRL of 0.01 mg/kg/day.  The 3.3 mg/kg/day dose was classified as a serious LOAEL and was used 

to derive the MRL with an uncertainty factor of 300 (10 for the use of a LOAEL, 10 for interspecies 

extrapolation, and 3 for human variability). A component factor of 3 was used for human variability 

because DEHP was administered during the most sensitive period during development. The MRL was 

provisional because it was derived from a serious LOAEL, which is not conventional ASTDR 

methodology. The Arcadi et al. (1998) study was judged to be inadequate for MRL derivation because 

the NTP-CERHR Expert Panel on DEHP (NTP 2000b) concluded that the effect levels are unreliable, 

making them unsuitable for identifying a LOAEL. In particular, NTP (2000b) found that (1) the methods 
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used to verify and characterize the administered doses were not clearly described or completely reported, 

and could not be resolved, and (2) the study authors did not reconcile their blood DEHP concentration 

data with other studies. 

In the 1993 toxicological profile for DEHP, an MRL of 0.4 mg/kg/day was derived for intermediate oral 

exposure to DEHP based on a NOAEL of 44 mg/kg/day for fetal malformations from a developmental 

toxicity study in mice (Tyl et al. 1988). An uncertainty factor of 100 (10 for extrapolation from animals 

to humans and 10 for human variability) was used in that derivation. This MRL is higher than the 

intermediate MRL derived in this profile and is based on an inappropriate end point. In particular, the 

44 mg/kg/day developmental toxicity NOAEL is no longer a suitably sensitive basis for MRL derivation 

because of more recent evidence of testicular toxicity at a lower dose (38 mg/kg/day) in rats exposed to 

DEHP for 90 days (Poon et al. 1997). 

An MRL of 0.06 mg/kg/day was derived for chronic-duration ($365 days) oral exposure to DEHP based 

on a NOAEL of 5.8 mg/kg/day for testicular pathology in male rats that were exposed to DEHP in the 

diet for up to 104 weeks in a chronic toxicity study (David et al. 2000a). The LOAEL in this study was 

29 mg/kg/day for bilateral aspermatogenesis. The chronic MRL was derived by dividing the 

5.8 mg/kg/day NOAEL by an uncertainty factor of 100 (10 for extrapolation from animals to humans and 

10 for human variability). 

The EPA derived a chronic oral RfD of 0.02 mg/kg/day for DEHP based on a LOAEL of 19 mg/kg/day 

for hepatic effects in guinea pigs fed a diet containing DEHP for 1 year (Carpenter et al. 1953; IRIS 

2001). 
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Table 8-1. Regulations and Guidelines Applicable to DEHP 

Agency Description Information Reference 

INTERNATIONAL 
Guidelines: 

IARC 

NATIONAL 
Regulations and 
Guidelines: 

a. 	Air: 

ACGIH 

NIOSH 

OSHA 

USC 

b. 	Water 

EPA 

Carcinogenicity classification 

TLV-TWA 

IDLH

REL (10-hour TWA)

STEL (15-minute TWA)


PEL (8-hour TWA)


PEL (8-hour TWA) for

construction workers


PEL (8-hour TWA) for

shipyard workers


Listed as a hazardous air

pollutant


Drinking water standard


Groundwater monitoring

Suggested methods 

8060 
8270 

Health advisories 
10-4 cancer riskb 

DWELc 

MCL 

MCLG 

Water quality criteria—human 
health for consumption of: 

Water and organism 
Organism only 

Group 3a 

5 mg/m3 

5,000 mg/m3 

5 mg/m3 

10 mg/m3 

5 mg/m3 

5 mg/m3 

5 mg/m3 

6 µg/L 

PQL 
20 µg/L 
10 µg/L 

3x10-4 µg/L 
7x10-4 µg/L 

6 µg/L 

Zero 

1.8 µg/L 
5.9 µg/L 

IARC 2001 

ACGIH 2001 

NIOSH 2001 

OSHA 2001b 
29CFR1910.1000 

OSHA 2001c 
29CFR1926.55 

OSHA 2001a 
29CFR1915.1000 

USC 2001 
42 USC 7412 

EPA 2001 
40CFR141.32(e)(62) 

EPA 2001 
40CFR264, 
Appendix IX 

EPA 2000 

EPA 2001 
40CFR141.61c 

EPA 2001 
40CFR141.50(a)(21) 

EPA 1999 
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Table 8-1.  Regulations and Guidelines Applicable to DEHP (continued)

Agency Description Information Reference

NATIONAL (cont.)

c.  Food

FDA Indirect food additive—acrylic
and modified acrylic plastics,
semirigid and rigid

Use only as a flow
promoter at a level not
to exceed 3 weight-
percent based on the
monomers

FDA 2001h
21CFR177.1010
(a)(8)

Indirect food additive—
component of cellophane
used for food packaging

Alone or in
combination with other
phthalates where total
phthalates do not
exceed 5%

FDA 2001h
21CFR177.1200(c)

Indirect food additive—
plasticizer in resinous and
polymeric coatings used as
the food-contact surface of
articles intended for use in
producing, manufacturing,
packing, processing,
preparing, treating, packaging,
transporting, or holding food

FDA 2001h
21CFR175.300(b)(3)

Indirect food additive
—substances permitted for
use in adhesives

FDA 2001h
21CFR175.105(c)(5)

Indirect food additive—used
as a defoaming agent in the
manufacture of paper and
paperboard intended for use
in packaging, transporting, or
holding food

FDA 2001h
21CFR176.210(d)(3)

Indirect food additive—used in
surface lubricants employed in
the manufacture of metallic
articles that contact food

Total residual
lubricant remaining on
the metallic article not
to exceed
0.015 mg/inch2 of
metallic food-contact
surface

FDA 2001h
21CFR178.3910
(a)(2)

Prior-sanctioned food
ingredients—classified as a
plasticizer, when migrating
from food packaging materials

For foods of high
water content only

FDA 2001h
21CFR181.27
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Table 8-1.  Regulations and Guidelines Applicable to DEHP (continued)

Agency Description Information Reference

NATIONAL (cont.)

d.  Other

ACGIH Carcinogenicity classification A3d ACGIH 2001

DOT Category D noxious liquid
substance

Allowed to be carried
by the Coast Guard

DOT 2001
33CFR151.47

EPA Carcinogenicity classification
RfC
RfD
Oral slope factor
Drinking water unit risk

Group B2e

Not available
2x10-2 mg/kg/day
1.4x10-2 mg/kg/day
4x10-7 (µg/L)-1

IRIS 2001

Health based limits for
exclusion of waste-derived
residues—concentration limits
for residues

3x101 mg/kg EPA 2001
40CFR266,
Appendix VII

Identification and listing of
hazardous waste—hazardous
waste number

U028 EPA 2001
40CFR261.33

Reportable quantity of a
CERCLA hazardous
substance under Section
307(a) of the Clean Water Act,
Section 112 of the Clean Air
Act, and RCRA Section 3001

100 pounds EPA 2001
40CFR302.4

Risk specific doses
Unit risk
Risk specific dose

2.4x10-7 µg/m3

4.2x101 µg/m3

EPA 2001
40CFR266,
Appendix V

Toxic chemical release
reporting; community right-to-
know—effective date for
reporting

01/01/87 EPA 2001
40CFR372.65

TSCA—health and safety data
reportingf

Effective date
Sunset date

10/04/82
10/04/92

EPA 2001
40CFR716.120(c)

TSCA—testing consent order
Testing
FR publication date

Chemical fate
01/09/89

EPA 2001
40CCFR799.5000
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Table 8-1.  Regulations and Guidelines Applicable to DEHP (continued)

Agency Description Information Reference

STATE

a.  Air

Idaho Toxic air pollutants
carcinogenic increments

AACC (annual average)
EL

4.2 µg/m3

2.8x10-2 pounds/hour

ID Dept. of Health &
Welfare 1999

New Hampshire Regulated toxic air pollutant
OEL 5 mg/m3

BNA 2001

North Carolina Toxic air pollutant
24-hour chronic toxicant 0.03 mg/m3

BNA 2001

Washington Acceptable source impact
levels at 10-6 risk (annual
average)

2.5 µg/m3 WA Dept. of Ecology
1998

Wisconsin Hazardous air contaminants
without acceptable ambient
concentrations requiring
application of best available
control technology

250 pounds/year2 WI Dept. of Natural
Resources 1997

b.  Water

Alaska MCL 6 µg/L AK Dept. Environ.
Conservation 1999

Arizona Aquifer water quality standard 6 µg/L BNA 2001

California Drinking water standard 4 µg/L HSDB 2001

MCL 4 µg/L CA Dept. of Health
Services 2000

Colorado Groundwater organic chemical
standard

6 µg/L CO Dept. of Public
Health & Environ.
1999

Kentucky Maximum allowable instream
concentration

1.8 µg/L BNA 2001

Maine Drinking water guideline 25 µg/L HSDB 2001

New Jersey Groundwater quality criteria
PQL

3 µg/L
30 µg/L

NJ Dept. of Environ.
Protection 1993

Rhode Island Groundwater quality standard
Preventive action limit

6 µg/L
3 µg/L

BNA 2001

South Dakota MCL 6 µg/L SD Dept. of Environ.
& Natural Resources
1998

Vermont Groundwater quality standard
Enforcement standard
Preventive action level

6.0 µg/L
3.0 µg/L

BNA 2001
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8.  REGULATIONS AND ADVISORIES

Table 8-1.  Regulations and Guidelines Applicable to DEHP (continued)

Agency Description Information Reference

STATE (cont.)

c.  Food No data

d.  Other

Connecticut Direct exposure criteria for soil
Residential
Industrial/commercial 44 mg/kg

410 mg/kg

BNA 2001

Massachusetts RfD
Oral slope factor

2x10-2 mg/kg/day
1.4x10-2 (mg/kg/day)-1

BNA 2001

Minnesota Slope factor
Health risk limit

0.014 (mg/kg/day)-1

20 µg/L
BNA 2001

aGroup 3: not classifiable as to its carcinogenicity to humans
b10-4 cancer risk: The concentration of a chemical in drinking water corresponding to an estimated lifetime cancer
risk of 1 in 10,000.
cDWEL: A lifetime exposure concentration protective of adverse, non-cancer health effects, that assumes all of the
exposure to a contaminant is from drinking water.
dA3: confirmed animal carcinogen with unknown relevance to humans
eGroup B2: probable human carcinogen
fAll chemical substances within a category are subject to all the provisions of part 716 for the time period from the
effective date of the category until the sunset date. 

AACC = acceptable ambient concentration for a carcinogen; ACGIH = American Conference of Governmental
Industrial Hygienists; BNA = Bureau of National Affairs; CERCLA = Comprehensive Environmental Response
Compensation and Liability Act; CFR = Code of Federal Regulations; DOT = Department of Transportation;
DWEL = drinking water equivalent level; EL = emissions screening level; EPA = Environmental Protection Agency;
FDA = Food and Drug Administration; FR = Federal Register; HSDB = Hazardous Substances Data Bank;
IARC = International Agency for Research on Cancer; IDLH = immediately dangerous to life or health;
IRIS = Integrated Risk Information System; MCL = maximum contaminant level; MCLG = maximum contaminant
level goal; NIOSH = National Institute for Occupational Safety and Health; OEL = occupational exposure level;
OSHA = Occupational Safety and Health Administration; PEL = permissible exposure limit; PQL = practical
quantitation limits; RCRA = Resource Conservation and Recovery Act; REL = recommended exposure limit;
RfC = inhalation reference concentration; RfD = oral reference dose; STEL = short-term exposure limit;
TLV = threshold limit value; TSCA = Toxic Substances Control Act; TWA = time-weighted average; URF = unit risk
factor; USC = United States Code
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Absorption—The taking up of liquids by solids, or of gases by solids or liquids.

Acute Exposure—Exposure to a chemical for a duration of 14 days or less, as specified in the
Toxicological Profiles.

Adsorption—The adhesion in an extremely thin layer of molecules (as of gases, solutes, or liquids) to the
surfaces of solid bodies or liquids with which they are in contact.

Adsorption Coefficient (Koc)—The ratio of the amount of a chemical adsorbed per unit weight of
organic carbon in the soil or sediment to the concentration of the chemical in solution at equilibrium.

Adsorption Ratio (Kd)—The amount of a chemical adsorbed by a sediment or soil (i.e., the solid phase)
divided by the amount of chemical in the solution phase, which is in equilibrium with the solid phase, at a
fixed solid/solution ratio.  It is generally expressed in micrograms of chemical sorbed per gram of soil or
sediment.

Benchmark Dose (BMD)—Usually defined as the lower confidence limit on the dose that produces a
specified magnitude of changes in a specified adverse response.  For example, a BMD10  would be the
dose at the 95% lower confidence limit on a 10% response, and the benchmark response (BMR) would be
10%. The BMD is determined by modeling the dose response curve in the region of the dose response
relationship where biologically observable data are feasible.   

Benchmark Dose Model—A statistical dose-response model applied to either experimental toxicological
or epidemiological data to calculate a BMD.

Bioconcentration Factor (BCF)—The quotient of the concentration of a chemical in aquatic organisms
at a specific time or during a discrete time period of exposure divided by the concentration in the
surrounding water at the same time or during the same period.

Biomarkers—Broadly defined as indicators signaling events in biologic systems or samples.  They have
been classified as markers of exposure, markers of effect, and markers of susceptibility.

Cancer Effect Level (CEL)—The lowest dose of chemical in a study, or group of studies, that produces
significant increases in the incidence of cancer (or tumors) between the exposed population and its
appropriate control.

Carcinogen—A chemical capable of inducing cancer.

Case-Control Study—A type of epidemiological study which examines the relationship between a
particular outcome (disease or condition) and a variety of potential causative agents (such as toxic
chemicals).  In a case-controlled study, a group of people with a specified and well-defined outcome is
identified and compared to a similar group of people without outcome.

Case Report—Describes a single individual with a particular disease or exposure.  These may suggest
some potential topics for scientific research but are not actual research studies.
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Case Series—Describes the experience of a small number of individuals with the same disease or
exposure.  These may suggest potential topics for scientific research but are not actual research studies.

Ceiling Value—A concentration of a substance that should not be exceeded, even instantaneously.

Chronic Exposure—Exposure to a chemical for 365 days or more, as specified in the Toxicological
Profiles.

Cohort Study—A type of epidemiological study of a specific group or groups of people who have had a
common insult (e.g., exposure to an agent suspected of causing disease or a common disease) and are
followed forward from exposure to outcome.  At least one exposed group is compared to one unexposed
group.

Cross-sectional Study—A type of epidemiological study of a group or groups which examines the
relationship between exposure and outcome to a chemical or to chemicals at one point in time.

Data Needs—Substance-specific informational needs that if met would reduce the uncertainties of human
health assessment.

Developmental Toxicity—The occurrence of adverse effects on the developing organism that may result
from exposure to a chemical prior to conception (either parent), during prenatal development, or
postnatally to the time of sexual maturation.  Adverse developmental effects may be detected at any point
in the life span of the organism.

Dose-Response Relationship—The quantitative relationship between the amount of exposure to a
toxicant and the incidence of the adverse effects.

Embryotoxicity and Fetotoxicity—Any toxic effect on the conceptus as a result of prenatal exposure to
a chemical; the distinguishing feature between the two terms is the stage of development during which the
insult occurs.  The terms, as used here, include malformations and variations, altered growth, and in utero
death.

Environmental Protection Agency (EPA) Health Advisory—An estimate of acceptable drinking water
levels for a chemical substance based on health effects information.  A health advisory is not a legally
enforceable federal standard, but serves as technical guidance to assist federal, state, and local officials.

Epidemiology—Refers to the investigation of factors that determine the frequency and distribution of
disease or other health-related conditions within a defined human population during a specified period.  

Epigenetic—The nonmutagenic alteration of gene expression at the transcriptional ("turning genes on or
off"), translational (modifying the stability of the genetic message), or the posttranslational (modification
of the gene-encoded proteins) levels.

Genotoxicity—A specific adverse effect on the genome of living cells that, upon the duplication of
affected cells, can be expressed as a mutagenic, clastogenic or carcinogenic event because of specific
alteration of the molecular structure of the genome.

Half-life—A  measure of rate for the time required to eliminate one half of a quantity of a chemical from
the body or environmental media.
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Immediately Dangerous to Life or Health (IDLH)—The maximum environmental concentration of a
contaminant from which one could escape within 30 minutes without any escape-impairing symptoms or
irreversible health effects.

Incidence—The ratio of individuals in a population who develop a specified condition to the total
number of individuals in that population who could have developed that condition in a specified time
period. 

Intermediate Exposure—Exposure to a chemical for a duration of 15–364 days, as specified in the
Toxicological Profiles.

Immunologic Toxicity—The occurrence of adverse effects on the immune system that may result from
exposure to environmental agents such as chemicals.

Immunological Effects—Functional changes in the immune response.

In Vitro—Isolated from the living organism and artificially maintained, as in a test tube.

In Vivo—Occurring within the living organism.

Lethal Concentration(LO) (LCLO)—The lowest concentration of a chemical in air which has been
reported to have caused death in humans or animals.

Lethal Concentration(50) (LC50)—A calculated concentration of a chemical in air to which exposure for a
specific length of time is expected to cause death in 50% of a defined experimental animal population.

Lethal Dose(LO) (LDLO)—The lowest dose of a chemical introduced by a route other than inhalation that
has been reported to have caused death in humans or animals.

Lethal Dose(50) (LD50)—The dose of a chemical which has been calculated to cause death in 50% of a
defined experimental animal population.

Lethal Time(50) (LT50)—A calculated period of time within which a specific concentration of a chemical
is expected to cause death in 50% of a defined experimental animal population.

Lowest-Observed-Adverse-Effect Level (LOAEL)—The lowest exposure level of chemical in a study,
or group of studies, that produces statistically or biologically significant increases in frequency or severity
of adverse effects between the exposed population and its appropriate control.

Lymphoreticular Effects—Represent morphological effects involving lymphatic tissues such as the
lymph nodes, spleen, and thymus.

Malformations—Permanent structural changes that may adversely affect survival, development, or
function.

Minimal Risk Level (MRL)—An estimate of daily human exposure to a hazardous substance that is
likely to be without an appreciable risk of adverse noncancer health effects over a specified route and
duration of exposure.
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Modifying Factor (MF)—A value (greater than zero) that is applied to the derivation of a minimal risk
level (MRL) to reflect additional concerns about the database that are not covered by the uncertainty
factors. The default value for a MF is 1.

Morbidity—State of being diseased; morbidity rate is the incidence or prevalence of disease in a specific
population.

Mortality—Death; mortality rate is a measure of the number of deaths in a population during a specified 
interval of time.

Mutagen—A substance that causes mutations.  A mutation is a change in the DNA sequence of a cell’s
DNA.  Mutations can lead to birth defects, miscarriages, or cancer.

Necropsy—The gross examination of the organs and tissues of a dead body to determine the cause of
death or pathological conditions.

Neurotoxicity—The occurrence of adverse effects on the nervous system following exposure to a
chemical.

No-Observed-Adverse-Effect Level (NOAEL)—The dose of a chemical at which there were no
statistically or biologically significant increases in frequency or severity of adverse effects seen between
the exposed population and its appropriate control.  Effects may be produced at this dose, but they are not
considered to be adverse.

Octanol-Water Partition Coefficient (Kow)—The equilibrium ratio of the concentrations of a chemical
in n-octanol and water, in dilute solution.

Odds Ratio (OR)—A means of measuring the association between an exposure (such as toxic substances
and a disease or condition) which represents the best estimate of relative risk (risk as a ratio of the
incidence among subjects exposed to a particular risk factor divided by the incidence among subjects who
were not exposed to the risk factor).  An odds ratio of greater than 1 is considered to indicate greater risk
of disease in the exposed group compared to the unexposed.

Organophosphate or Organophosphorus Compound—A phosphorus containing organic compound
and especially a pesticide that acts by inhibiting cholinesterase.

Permissible Exposure Limit (PEL)—An Occupational Safety and Health Administration (OSHA)
allowable exposure level in workplace air averaged over an 8-hour shift of a 40-hour workweek.

Pesticide—General classification of chemicals specifically developed and produced for use in the control
of agricultural and public health pests.

Pharmacokinetics—The science of quantitatively predicting the fate (disposition) of an exogenous
substance in an organism. Utilizing computational techniques, it provides the means of studying the
absorption, distribution, metabolism and excretion of chemicals by the body.
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Pharmacokinetic Model—A set of equations that can be used to describe the time course of a parent
chemical or metabolite in an animal system.  There are two types of pharmacokinetic models: data-based
and physiologically-based.  A data-based model divides the animal system into a series of compartments
which, in general, do not represent real, identifiable anatomic regions of the body whereby the
physiologically-based model compartments represent real anatomic regions of the body.

Physiologically Based Pharmacodynamic (PBPD) Model—A type of physiologically-based dose-
response model which quantitatively describes the relationship between target tissue dose and toxic end
points.  These models advance the importance of physiologically based models in that they clearly
describe the biological effect (response) produced by the system following exposure to an exogenous
substance. 

Physiologically Based Pharmacokinetic (PBPK) Model—Comprised of a series of compartments
representing organs or tissue groups with realistic weights and blood flows.  These models require a
variety of physiological information: tissue volumes, blood flow rates to tissues, cardiac output, alveolar
ventilation rates and, possibly membrane permeabilities.  The models also utilize biochemical information
such as air/blood partition coefficients, and metabolic parameters.  PBPK models are also called
biologically based tissue dosimetry models.

Prevalence—The number of cases of a disease or condition in a population at one point in time. 

Prospective Study—A type of cohort study in which the pertinent observations are made on events
occurring after the start of the study.  A group is followed over time.

q1*—The upper-bound estimate of the low-dose slope of the dose-response curve as determined by the
multistage procedure.  The q1* can be used to calculate an estimate of carcinogenic potency, the
incremental excess cancer risk per unit of exposure (usually µg/L for water, mg/kg/day for food, and
µg/m3 for air).

Recommended Exposure Limit (REL)—A National Institute for Occupational Safety and Health
(NIOSH) time-weighted average (TWA) concentrations for up to a 10-hour workday during a 40-hour
workweek.

Reference Concentration (RfC)—An estimate (with uncertainty spanning perhaps an order of
magnitude) of a continuous inhalation exposure to the human population (including sensitive subgroups)
that is likely to be without an appreciable risk of deleterious noncancer health effects during a lifetime. 
The inhalation reference concentration is for continuous inhalation exposures and is appropriately
expressed in units of mg/m3 or ppm.

Reference Dose (RfD)—An estimate (with uncertainty spanning perhaps an order of magnitude) of the
daily exposure of the human population to a potential hazard that is likely to be without risk of deleterious
effects during a lifetime.  The RfD is operationally derived from the no-observed-adverse-effect level
(NOAEL-from animal and human studies) by a consistent application of uncertainty factors that reflect
various types of data used to estimate RfDs and an additional modifying factor, which is based on a
professional judgment of the entire database on the chemical.  The RfDs are not applicable to
nonthreshold effects such as cancer.
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Reportable Quantity (RQ)—The quantity of a hazardous substance that is considered reportable under
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).  Reportable
quantities are (1) 1 pound or greater or (2) for selected substances, an amount established by regulation
either under CERCLA or under Section 311 of the Clean Water Act.  Quantities are measured over a
24-hour period.

Reproductive Toxicity—The occurrence of adverse effects on the reproductive system that may result
from exposure to a chemical.  The toxicity may be directed to the reproductive organs and/or the related
endocrine system.  The manifestation of such toxicity may be noted as alterations in sexual behavior,
fertility, pregnancy outcomes, or modifications in other functions that are dependent on the integrity of
this system.

Retrospective Study—A type of cohort study based on a group of persons known to have been exposed
at some time in the past.  Data are collected from routinely recorded events, up to the time the study is
undertaken.  Retrospective studies are limited to causal factors that can be ascertained from existing
records and/or examining survivors of the cohort.

Risk—The possibility or chance that some adverse effect will result from a given exposure to a chemical.

Risk Factor—An aspect of personal behavior or lifestyle, an environmental exposure, or an inborn or
inherited characteristic, that is associated with an increased occurrence of disease or other health-related
event or condition.

Risk Ratio—The ratio of the risk among persons with specific risk factors compared to the risk among
persons without risk factors.  A risk ratio greater than 1 indicates greater risk of disease in the exposed
group compared to the unexposed.

Short-Term Exposure Limit (STEL)—The American Conference of Governmental Industrial
Hygienists (ACGIH) maximum concentration to which workers can be exposed for up to 15 min
continually.  No more than four excursions are allowed per day, and there must be at least 60 min
between exposure periods.  The daily Threshold Limit Value - Time Weighted Average (TLV-TWA) may
not be exceeded.

Standardized Mortality Ratio (SMR)—A ratio of the observed number of deaths and the expected
number of deaths in a specific standard population.

Target Organ Toxicity—This term covers a broad range of adverse effects on target organs or
physiological systems (e.g., renal, cardiovascular) extending from those arising through a single limited
exposure to those assumed over a lifetime of exposure to a chemical.

Teratogen—A chemical that causes structural defects that affect the development of an organism.

Threshold Limit Value (TLV)—An American Conference of Governmental Industrial Hygienists
(ACGIH) concentration of a substance to which most workers can be exposed without adverse effect. 
The TLV may be expressed as a Time Weighted Average (TWA), as a Short-Term Exposure Limit
(STEL), or as a ceiling limit (CL).

Time-Weighted Average (TWA)—An allowable exposure concentration averaged over a normal 8-hour
workday or 40-hour workweek.
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Toxic Dose(50) (TD50)—A calculated dose of a chemical, introduced by a route other than inhalation,
which is expected to cause a specific toxic effect in 50% of a defined experimental animal population.

Toxicokinetic—The study of the absorption, distribution and elimination of toxic compounds in the
living organism.

Uncertainty Factor (UF)—A factor used in operationally deriving the Minimal Risk Level (MRL) or
Reference Dose (RfD) or Reference Concentration (RfC) from experimental data.  UFs are intended to
account for (1) the variation in sensitivity among the members of the human population, (2) the
uncertainty in extrapolating animal data to the case of human, (3) the uncertainty in extrapolating from
data obtained in a study that is of less than lifetime exposure, and (4) the uncertainty in using lowest-
observed-adverse-effect level (LOAEL) data rather than no-observed-adverse-effect level (NOAEL) data. 
A default for each individual UF is 10; if complete certainty in data exists, a value of one can be used;
however a reduced UF of three may be used on a case-by-case basis, three being the approximate
logarithmic average of 10 and 1.

Xenobiotic—Any chemical that is foreign to the biological system.
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APPENDIX A

ATSDR MINIMAL RISK LEVEL AND WORKSHEETS

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) [42 U.S.C.

9601 et seq.], as amended by the Superfund Amendments and Reauthorization Act (SARA) [Pub. L.

99–499], requires that the Agency for Toxic Substances and Disease Registry (ATSDR) develop jointly

with the U.S. Environmental Protection Agency (EPA), in order of priority, a list of hazardous substances

most commonly found at facilities on the CERCLA National Priorities List (NPL); prepare toxicological

profiles for each substance included on the priority list of hazardous substances; and assure the initiation

of a research program to fill identified data needs associated with the substances.

The toxicological profiles include an examination, summary, and interpretation of available toxicological

information and epidemiologic evaluations of a hazardous substance.  During the development of

toxicological profiles, Minimal Risk Levels (MRLs) are derived when reliable and sufficient data exist to

identify the target organ(s) of effect or the most sensitive health effect(s) for a specific duration for a

given route of exposure.  An MRL is an estimate of the daily human exposure to a hazardous substance

that is likely to be without appreciable risk of adverse noncancer health effects over a specified duration

of exposure.  MRLs are based on noncancer health effects only and are not based on a consideration of

cancer effects.  These substance-specific estimates, which are intended to serve as screening levels, are

used by ATSDR health assessors to identify contaminants and potential health effects that may be of

concern at hazardous waste sites.  It is important to note that MRLs are not intended to define clean-up or

action levels.

MRLs are derived for hazardous substances using the no-observed-adverse-effect level/uncertainty factor

approach.  They are below levels that might cause adverse health effects in the people most sensitive to

such chemical-induced effects.  MRLs are derived for acute (1–14 days), intermediate (15–364 days), and

chronic (365 days and longer) durations and for the oral and inhalation routes of exposure.  Currently,

MRLs for the dermal route of exposure are not derived because ATSDR has not yet identified a method

suitable for this route of exposure.  MRLs are generally based on the most sensitive chemical-induced end

point considered to be of relevance to humans.  Serious health effects (such as irreparable damage to the

liver or kidneys, or birth defects) are not used as a basis for establishing MRLs.  Exposure to a level

above the MRL does not mean that adverse health effects will occur.
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MRLs are intended only to serve as a screening tool to help public health professionals decide where to

look more closely.  They may also be viewed as a mechanism to identify those hazardous waste sites that

are not expected to cause adverse health effects.  Most MRLs contain a degree of uncertainty because of

the lack of precise toxicological information on the people who might be most sensitive (e.g., infants,

elderly, nutritionally or immunologically  compromised) to the effects of hazardous substances.  ATSDR

uses a conservative (i.e., protective) approach to address this uncertainty consistent with the public health

principle of prevention.  Although human data are preferred, MRLs often must be based on animal studies

because relevant human studies are lacking.  In the absence of evidence to the contrary, ATSDR assumes

that humans are more sensitive to the effects of hazardous substance than animals and that certain persons

may be particularly sensitive.  Thus, the resulting MRL may be as much as a hundredfold below levels

that have been shown to be nontoxic in laboratory animals.

Proposed MRLs undergo a rigorous review process:  Health Effects/MRL Workgroup reviews within the

Division of Toxicology, expert panel peer reviews, and agencywide MRL Workgroup reviews, with

participation from other federal agencies and comments from the public.  They are subject to change as

new information becomes available concomitant with updating the toxicological profiles.  Thus, MRLs in

the most recent toxicological profiles supersede previously published levels.  For additional information

regarding MRLs, please contact the Division of Toxicology, Agency for Toxic Substances and Disease

Registry, 1600 Clifton Road, Mailstop E-29, Atlanta, Georgia 30333.
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Chemical name: DEHP
CAS number(s): 117-81-7
Date: June 2002
Profile status: Post Public Comment Final
Route: [ ] Inhalation [X] Oral
Duration: [ ] Acute [X] Intermediate [ ] Chronic
Key to figure: 131
Species: Mouse

MRL:  0.4 [X] mg/kg/day [ ] ppm [ ] mg/m3

Reference:  Lamb JC, Chapin RE, Teague J, et al.  1987.  Reproductive effects of four phthalic acid esters
in the mouse.  Toxicol Appl Pharmacol 88:255-269. 

Experimental design:  This is a reproductive toxicity study in which CD-1 Swiss mice were exposed to 
DEHP in the diet at calculated doses of 0, 14, 140, and 420 mg/kg/day.  A continuous breeding protocol
was used in which 11-week-old mice were exposed during a 7-day premating period and subsequently as
breeding pairs for 98 days.  There were 20 breeding pairs in each exposed group and 40 pairs in the
control group.  The pairs were segregated at the end of the 98-day breeding period for a post-cohabitation
period of 21 days so that females could deliver the final litter.  The F0 mice were therefore exposed for a
maximum possible duration of 126 days.  Clinical signs, food consumption, and body weight were
evaluated during the breeding phase.  The females were allowed to deliver their pups for determinations
of fertility and reproductive performance; indices included number of pairs producing a litter/total number
of breeding pairs, number of litters/pair, number of live pups/litter, proportion of pups born alive, and live
birth weights.  Because an effect on fertility was observed, a crossover mating study was performed in
which high dose mice of each sex were mated to unexposed mice of the opposite sex at the end of the
breeding period to determine the affected sex.  In addition to the fertility/reproductive indices examined
in the continuous breeding phase, the high dose F0 mice in the crossover study were evaluated for body
weight, organ weights (liver, testis, epididymis, prostate, seminal vesicles, brain, pituitary, ovaries and
oviduct, and/or uterus), and sperm indices (percent motile sperm, sperm concentration, and percent
abnormal sperm).

Effects noted in study and corresponding doses:  No effects were observed at 14 mg/kg/day.  Fertility was
reduced at 140 mg/kg/day as indicated by significantly (p<0.01) reduced number of litters/pair, number of
live pups/litter, and proportion of live pups; mean live pup weight was also significantly reduced. 
Exposure to 420 mg/kg/day caused significant infertility during the continuous breeding part of the study
(0/18 fertile pairs) as well as in both sexes (0/16 fertile females and 4/20 fertile males) during the
crossover mating part of the study.  Other effects observed at 420 mg/kg/day in the crossover study
included significantly reduced testis, epididymis, and prostate weights, percentages of motile sperm and
abnormal sperm, and reduced sperm concentration in the males; significantly reduced combined weight of
ovaries, oviducts and uterus in the females; and significantly increased liver weights in both sexes.  All 
but one of the high dose males had some degree of bilateral atrophy of the seminiferous tubules, but no
exposure-related reproductive histopathology was observed in the females.  Considering the reduced
fertility and reproductive organ weights in the high dose females, there is evidence that reproductive
performance was impaired in both sexes at 420 mg/kg/day.  Because the crossover mating study was only
conducted at the high dose, the reduced fertility observed at 140 mg/kg/day is not necessarily due to
effects in both sexes.
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Dose and end point used for MRL derivation:

[X] NOAEL  [   ] LOAEL

The lowest dose, 14 mg/kg/day, is a NOAEL for reproductive toxicity in the male and female mice.

Uncertainty factors used in MRL derivation:

[X] 3 for extrapolation from animals to humans
[X] 10 for human variability

An uncertainty factor of 3 was used for interspecies variation because there is evidence that the standard
factor of 10 is overly conservative due to data indicating that primates are less sensitive to DEHP than
rodents and that oral absorption of DEHP is less in primates than in rodents.  For example, no
histopathological effects on the testes or other tissues, or other signs of toxicity, were observed in
marmoset monkeys exposed to doses as high as 2,500 mg/kg/day daily for 13 weeks (Kurata et al. 1998)
or in cynomolgus monkeys exposed to 500 mg/kg/day daily for 2 weeks (Pugh et al. 2000).  Several
studies indicate that oral absorption of DEHP is reduced in monkeys, and presumably human primates,
compared to rats (Albro et al. 1982a, 1982b; Astill 1989; Rhodes et al. 1986).  For example, 24 hours
following the last of 14 consecutive gavage doses of 2,000 mg/kg/day, tissue levels of DEHP or its
metabolites were between 5 and 10 times lower in marmoset monkeys than in rats, confirming the
reduced absorption of DEHP in monkeys compared to rats.

Was a conversion factor used from ppm in food or water to a mg/body weight dose?

Yes.  The mice were exposed to DEHP dietary concentrations of 0, 0.01, 0.1, and 0.3% (0, 100, 1,000,
and 3,000 mg DEHP/kg diet).  Using a food factor of 0.14 kg food/kg bw/day based on reported average
food consumption (5.1 g/day) and body weight (36 g) values, doses are estimated to be 0, 14, 140, and
420 mg/kg/day.     

Was a conversion used from intermittent to continuous exposure?  NA

If an inhalation study in animals, list conversion factors used in determining human equivalent dose:  NA

Other additional studies or pertinent information that lend support to this MRL:  Other studies have
established that testicular toxicity is a critical effect of DEHP.  It is well documented that oral exposure to
DEHP in adult rats and mice causes decreased weights of the testes, prostate, seminal vesicles, and
epididymis, atrophy and degeneration of the seminiferous tubules, and/or altered sperm measures and
reduced fertility (David et al. 2000a; Dostal et al. 1988; Ganning et al. 1991; Gray and Butterworth 1980;
Gray and Gangolli 1986; Kluwe et al. 1982a; Lamb et al. 1987; Oishi 1986, 1994; Parmar et al. 1987,
1995; Price et al. 1987; Sjoberg et al. 1986a, 1986b).  The lowest reproductive effect levels in these
studies are a NOAEL and LOAEL for testicular histopathology of 3.7 and 38 mg/kg/day, respectively, in
rats exposed for 90 days (Poon et al. 1997), and 5.8 and 29 mg/kg/day, respectively, in rats exposed for
104 weeks (David et al. 2000a).  Because the 14 mg/kg/day NOAEL in the critical study (Lamb et al.
1987) is higher than the NOAELs of 3.7 and 5.9 mg/kg/day (David et al. 2000a; Poon et al. 1997), and is
based on an assessment of fertility rather than histological examination without evaluation of reproductive
function, the 14 mg/kg/day NOAEL is the most appropriate basis for derivation of the intermediate
duration MRL.

Other studies have shown that gestational and lactational exposure to DEHP adversely affected the
morphological development of the reproductive system, as well as caused reduced fetal and neonatal
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testosterone levels and adult sexual behavioral changes, in male rat offspring (Arcadi et al. 1998; Gray et
al. 1999, 2000; Moore et al. 2001; Parks et al. 2000).  One of these studies (Arcadi et al. 1998) was used
as the basis of a provisional intermediate-duration oral MRL in the previous draft of the DEHP
toxicological profile (i.e., the Draft for Public Comment).  In the Arcadi et al. (1998) study, severe
testicular histopathological changes were observed at 21–56 days of age in male offspring of rats that
were exposed to DEHP in the drinking water at reported estimated doses of 3.3 or 33 mg/kg/day
throughout pregnancy and continuing during postnatal days 1–21.  The 3.3 mg/kg/day dose was classified
as a serious LOAEL and was used to derive an MRL of 0.01 mg/kg/day by using an uncertainty factor of
300 (10 for the use of a LOAEL, 10 for interspecies extrapolation, and 3 for human variability).  A
component factor of 3 was used for human variability because DEHP was administered during the most
sensitive period during development.  The MRL was provisional because it was derived from a serious
LOAEL, which is not conventional ATSDR methodology.  The Arcadi study is now judged to be
inadequate for MRL derivation because the NTP-CERHR Expert Panel on DEHP (NTP 2000b)
concluded that the effect levels are unreliable and are unsuitable for identifying a LOAEL.  In particular,
NTP (2000b) found that (1) the methods used to verify and characterize the administered doses were not
clearly described or completely reported, and could not be resolved, and (2) the study authors did not
reconcile their blood DEHP concentration data with other studies.

In the 1993 toxicological profile for DEHP, an MRL of 0.4 mg/kg/day was derived for intermediate oral
exposure to DEHP based on a NOAEL of 44 mg/kg/day for fetal malformations from a developmental
toxicity study in mice (Tyl et al. 1988).  An uncertainty factor of 100 (10 for extrapolation from animals
to humans and 10 for human variability) was used in this derivation.  The 44 mg/kg/day NOAEL for
developmental toxicity is no longer a suitable basis for MRL derivation because the more recent Poon et
al. (1997) study found testicular toxicity at a lower dose (38 mg/kg/day) in rats exposed to DEHP for
90 days (Poon et al. 1997).  Additionally, as discussed above, an uncertainty factor of 30 is more
appropriate than a factor of 100 due to evidence that primates are less sensitive to DEHP than rodents and
that oral absorption of DEHP is less in primates than in rodents.

Agency Contact (Chemical Manager):  Stephanie Miles-Richardson, D.V.M., Ph.D.
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Chemical name: DEHP
CAS number(s): 117-81-7
Date: June 2002
Profile status: Post Public Comment Final
Route: [ ] Inhalation [X] Oral
Duration: [ ] Acute [ ] Intermediate [X] Chronic
Key to figure: 161
Species: Rat

MRL:  0.2 [X] mg/kg/day [ ] ppm [ ] mg/m3

Reference:  David RM, Moore MR, Finney DC, et al.  2000a.  Chronic toxicity of
di(2-ethylhexyl)phthalate in rats.  Toxicol Sci 55:433-443.

Experimental design:  Groups of F344 rats were fed a diet containing DEHP in concentrations of 0 ppm
(80/sex), 100 ppm (50/sex), 500 ppm (55/sex), 2,500 ppm (65/sex) or 12,500 ppm (80/sex) for up to
104 weeks.  Reported average daily doses based on food consumption were 0, 5.8, 29, 147, or
789 mg/kg/day in males and 0, 7.3, 36, 182, or 939 mg/kg/day in females.  The animals were observed for
clinical signs, moribundity, and mortality twice daily throughout the study.  Body weights and food
consumption were measured weekly for weeks 1–17 and every 4 weeks thereafter.  Final body weight and
organ weights (brain, lungs, spleen, kidneys, testes, and uterus) were measured at the end of the study. 
Comprehensive hematology, clinical chemistry, and urine analyses were performed on 10 rats/sex/dose
during weeks 26, 52, 78, and 104.  Ten rats/sex from the control and two highest dose groups were
sacrificed at week 78 for a complete necropsy and histological examination of tissues from major tissues. 
Animals that died during the study were also examined microscopically.  Surviving animals were
sacrificed during week 105 and the control and high-dose groups were subjected to comprehensive
histological examination of tissues listed in EPA test guidelines for combined chronic
toxicity/oncogenicity studies.  Target tissues and gross lesions from the other dose groups were
additionally examined at the end of the study.  Effects on carcinogenicity, hepatomegaly, and peroxisome
proliferation were reported by David et al. (1999).

Effects noted in study and corresponding doses:  No exposure-related effects were observed at
5.8 mg/kg/day in the males or 7.3 mg/kg/day in the females.  Bilateral aspermatogenesis was significantly
(p#0.05) increased at $29 mg/kg/day.  The incidences of bilateral aspermatogenesis were 37/64 (58%),
34/50 (64%), 43/55 (78%), 48/65 (74%), and 62/64 (97%) in the control to high-dose males.  The
increase in aspermatogenesis was dose-related and is consistent with a significant reduction in relative
testes weight that occurred at 789 mg/kg/day (59% less than controls).  The examinations at week
78 showed aspermatogenesis at 789, but not 147 mg/kg/day (no interim exams were performed in the
lower dose groups), suggesting the possibility that the lesion was age- rather than treatment-related at
29 and 147 mg/kg/day.  Also observed in the high dose in males was a significantly increased incidence
of castration cells in the pituitary gland, which are promoted by reduced testosterone secretions from the
testes.  Castration cells are vacuolated basophilic cells in the anterior pituitary gland usually observed
after castration.  Hepatic effects included significantly increased absolute and relative liver weights
accompanied by increased peroxisome proliferation in males at $147 mg/kg/day and females at $182 mg/
kg/day, spongiosis hepatis in males at $147 mg/kg/day, and hepatocellular neoplasms in males at
$147 mg/kg/day and females at 939 mg/kg/day.  Renal effects included significantly increased absolute
and relative kidney weights in males at $147 mg/kg/day and females at $182 mg/kg/day, a dose-related
increased incidence and severity of mineralization of the renal papilla in males at $5.8 mg/kg/day,
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increased severity of normally occurring chronic progressive nephropathy in males at 789 mg/kg/day, and
increased severity of normally occurring renal tubule pigmentation in males at 789 mg/kg/day and
females at 939 mg/kg/day.  The renal lesions were unlikely to be toxicologically significant because
(1) they are age- and/or species-related, (2) the increased mineralization in the kidneys was probably
related to male rat-specific alpha2F-globulin and hyaline droplet formation, and (3) the increased kidney
weights may reflect peroxisome proliferation.  Mean body weight gain was significantly lower than
controls throughout the study in the males at 789 mg/kg/day and females at 939 mg/kg/day (15.0 and
15.5% lower, respectively, at the end of the study). 

Dose and end point used for MRL derivation:

[X] NOAEL  [   ] LOAEL

The lowest dose, 5.8 mg/kg/day, is a NOAEL for testicular toxicity in the male rats.

Uncertainty factors used in MRL derivation:

[X] 3 for extrapolation from animals to humans
[X] 10 for human variability

An uncertainty factor of 3 was used for interspecies variation because there is evidence that the standard
factor of 10 is overly conservative due to data indicating that primates are less sensitive to DEHP than
rodents and that oral absorption of DEHP is less in primates than in rodents.  For example, no
histopathological effects on the testes or other tissues, or other signs of toxicity, were observed in
marmoset monkeys exposed to doses as high as 2,500 mg/kg/day daily for 13 weeks (Kurata et al. 1998)
or in cynomolgus monkeys exposed to 500 mg/kg/day daily for 2 weeks (Pugh et al. 2000).  Several
studies indicate that oral absorption of DEHP is reduced in monkeys, and presumably human primates,
compared to rats (Albro et al. 1982a, 1982b; Astill 1989; Rhodes et al. 1986).  For example, 24 hours
following the last of 14 consecutive gavage doses of 2,000 mg/kg/day, tissue levels of DEHP or its
metabolites were between 5 and 10 times lower in marmoset monkeys than in rats, confirming the
reduced absorption of DEHP in monkeys compared to rats.

Was a conversion factor used from ppm in food or water to a mg/body weight dose?  No.     

Was a conversion used from intermittent to continuous exposure?  NA.

If an inhalation study in animals, list conversion factors used in determining human equivalent dose:  NA.

Other additional studies or pertinent information that lend support to this MRL:  Other studies have
established that testicular toxicity is a critical effect of DEHP.  It is well documented that oral exposure to
DEHP in adult rats and mice caused decreased weights of the testes, prostate, seminal vesicles, and
epididymis, atrophy and degeneration of the seminiferous tubules, and/or altered sperm measures and
reduced fertility (Dostal et al. 1988; Ganning et al. 1991; Gray and Butterworth 1980; Gray and Gangolli
1986; Kluwe et al. 1982a; Lamb et al. 1987; Oishi 1986, 1994; Parmar et al. 1987, 1995; Price et al. 1987;
Sjoberg et al. 1986a, 1986b).  Additionally, gestational and lactational exposure to DEHP adversely
affected the morphological development of the reproductive system, as well as caused reduced fetal and
neonatal testosterone levels and adult sexual behavioral changes, in male rat offspring (Arcadi et al. 1998;
Gray et al. 1999, 2000; Moore et al. 2001; Parks et al. 2000).  The 5.8 mg/kg/day NOAEL and 29
mg/kg/day LOAEL for testicular histopathology in the chronic MRL study (David et al. 2000a) are
similar to the testicular, respectively, NOAEL and LOAEL values of 3.7 and 38 mg/kg/day, respectively,
in rats exposed for 90 days (Poon et al. 1997), but are somewhat lower than the NOAEL and LOAEL of
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14 and 130 mg/kg/day, respectively, for reduced fertility in mice exposed for up to 105 days in the
intermediate-duration MRL study (Lamb et al. 1987).             

Agency Contact (Chemical Manager):  Stephanie Miles-Richardson, D.V.M., Ph.D
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USER'S GUIDE

Chapter 1

Public Health Statement

This chapter of the profile is a health effects summary written in non-technical language.  Its intended
audience is the general public especially people living in the vicinity of a hazardous waste site or
chemical release.  If the Public Health Statement were removed from the rest of the document, it would
still communicate to the lay public essential information about the chemical.

The major headings in the Public Health Statement are useful to find specific topics of concern.  The
topics are written in a question and answer format.  The answer to each question includes a sentence that
will direct the reader to chapters in the profile that will provide more information on the given topic.

Chapter 2

Relevance to Public Health

This chapter provides a health effects summary based on evaluations of existing toxicologic,
epidemiologic, and toxicokinetic information.  This summary is designed to present interpretive,
weight-of-evidence discussions for human health end points by addressing the following questions.

1. What effects are known to occur in humans?

2. What effects observed in animals are likely to be of concern to humans?

3. What exposure conditions are likely to be of concern to humans, especially around hazardous
waste sites?

The chapter covers end points in the same order they appear within the Discussion of Health Effects by
Route of Exposure section, by route (inhalation, oral, dermal) and within route by effect.  Human data are
presented first, then animal data.  Both are organized by duration (acute, intermediate, chronic).  In vitro
data and data from parenteral routes (intramuscular, intravenous, subcutaneous, etc.) are also considered
in this chapter.  If data are located in the scientific literature, a table of genotoxicity information is
included.

The carcinogenic potential of the profiled substance is qualitatively evaluated, when appropriate, using
existing toxicokinetic, genotoxic, epigenetic, and carcinogenic data.  ATSDR does not currently assess
cancer potency or perform cancer risk assessments.  Minimal risk levels (MRLs) for noncancer end points
(if derived) and the end points from which they were derived are indicated and discussed.

Limitations to existing scientific literature that prevent a satisfactory evaluation of the relevance to public
health are identified in the Chapter 3 Data Needs section.
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Interpretation of Minimal Risk Levels

Where sufficient toxicologic information is available, we have derived minimal risk levels (MRLs) for
inhalation and oral routes of entry at each duration of exposure (acute, intermediate, and chronic).  These
MRLs are not meant to support regulatory action; but to acquaint health professionals with exposure
levels at which adverse health effects are not expected to occur in humans.  They should help physicians
and public health officials determine the safety of a community living near a chemical emission, given the
concentration of a contaminant in air or the estimated daily dose in water.  MRLs are based largely on
toxicological studies in animals and on reports of human occupational exposure.

MRL users should be familiar with the toxicologic information on which the number is based.  Chapter 2,
"Relevance to Public Health," contains basic information known about the substance.  Other sections such
as Chapter 3 Section 3.9, "Interactions with Other Substances,” and Section 3.10, "Populations that are
Unusually Susceptible" provide important supplemental information.

MRL users should also understand the MRL derivation methodology.  MRLs are derived using a
modified version of the risk assessment methodology the Environmental Protection Agency (EPA)
provides (Barnes and Dourson 1988) to determine reference doses for lifetime exposure (RfDs).  

To derive an MRL, ATSDR generally selects the most sensitive end point which, in its best judgement,
represents the most sensitive human health effect for a given exposure route and duration.  ATSDR
cannot make this judgement or derive an MRL unless information (quantitative or qualitative) is available
for all potential systemic, neurological, and developmental effects.  If this information and reliable
quantitative data on the chosen end point are available, ATSDR derives an MRL using the most sensitive
species (when information from multiple species is available) with the highest NOAEL that does not
exceed any adverse effect levels.  When a NOAEL is not available, a lowest-observed-adverse-effect
level (LOAEL) can be used to derive an MRL, and an uncertainty factor (UF) of 10 must be employed. 
Additional uncertainty factors of 10 must be used both for human variability to protect sensitive
subpopulations (people who are most susceptible to the health effects caused by the substance) and for
interspecies variability (extrapolation from animals to humans).  In deriving an MRL, these individual
uncertainty factors are multiplied together.  The product is then divided into the inhalation concentration
or oral dosage selected from the study.  Uncertainty factors used in developing a substance-specific MRL
are provided in the footnotes of the LSE Tables.

Chapter 3

Health Effects

Tables and Figures for Levels of Significant Exposure (LSE)

Tables (3-1, 3-2, and 3-3) and figures (3-1 and 3-2) are used to summarize health effects and illustrate
graphically levels of exposure associated with those effects.  These levels cover health effects observed at
increasing dose concentrations and durations, differences in response by species, minimal risk levels
(MRLs) to humans for noncancer end points, and EPA's estimated range associated with an upper- bound
individual lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000.  Use the LSE tables and figures for a
quick review of the health effects and to locate data for a specific exposure scenario.  The LSE tables and
figures should always be used in conjunction with the text.  All entries in these tables and figures
represent studies that provide reliable, quantitative estimates of No-Observed-Adverse-Effect Levels
(NOAELs), Lowest-Observed-Adverse-Effect Levels (LOAELs), or Cancer Effect Levels (CELs).
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The legends presented below demonstrate the application of these tables and figures.  Representative
examples of LSE Table 3-1 and Figure 3-1 are shown.  The numbers in the left column of the legends
correspond to the numbers in the example table and figure.

LEGEND
See LSE Table 3-1

(1) Route of Exposure One of the first considerations when reviewing the toxicity of a substance using
these tables and figures should be the relevant and appropriate route of exposure.  When sufficient
data exists, three LSE tables and two LSE figures are presented in the document.  The three LSE
tables present data on the three principal routes of exposure, i.e., inhalation, oral, and dermal (LSE
Table 3-1, 3-2, and 3-3, respectively).  LSE figures are limited to the inhalation (LSE Figure 3-1)
and oral (LSE Figure 3-2) routes.  Not all substances will have data on each route of exposure and
will not therefore have all five of the tables and figures.

(2) Exposure Period Three exposure periods - acute (less than 15 days), intermediate (15–364 days),
and chronic (365 days or more) are presented within each relevant route of exposure.  In this
example, an inhalation study of intermediate exposure duration is reported.  For quick reference to
health effects occurring from a known length of exposure, locate the applicable exposure period
within the LSE table and figure.

(3) Health Effect The major categories of health effects included in LSE tables and figures are death,
systemic, immunological, neurological, developmental, reproductive, and cancer.  NOAELs and
LOAELs can be reported in the tables and figures for all effects but cancer.  Systemic effects are
further defined in the "System" column of the LSE table (see key number 18).

(4) Key to Figure Each key number in the LSE table links study information to one or more data points
using the same key number in the corresponding LSE figure.  In this example, the study represented
by key number 18 has been used to derive a NOAEL and a Less Serious LOAEL (also see the 2
"18r" data points in Figure 3-1).

(5) Species The test species, whether animal or human, are identified in this column.  Chapter 2,
"Relevance to Public Health," covers the relevance of animal data to human toxicity and
Section 3.4, "Toxicokinetics," contains any available information on comparative toxicokinetics. 
Although NOAELs and LOAELs are species specific, the levels are extrapolated to equivalent
human doses to derive an MRL.

(6) Exposure Frequency/Duration The duration of the study and the weekly and daily exposure
regimen are provided in this column.  This permits comparison of NOAELs and LOAELs from
different studies.  In this case (key number 18), rats were exposed to 1,1,2,2-tetrachloroethane via
inhalation for 6 hours per day, 5 days per week, for 3 weeks.  For a more complete review of the
dosing regimen refer to the appropriate sections of the text or the original reference paper, i.e.,
Nitschke et al. 1981.

(7) System This column further defines the systemic effects.  These systems include: respiratory,
cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal, and dermal/ocular. 
"Other" refers to any systemic effect (e.g., a decrease in body weight) not covered in these systems. 
In the example of key number 18, 1 systemic effect (respiratory) was investigated.
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(8) NOAEL A No-Observed-Adverse-Effect Level (NOAEL) is the highest exposure level at which no
harmful effects were seen in the organ system studied.  Key number 18 reports a NOAEL of 3 ppm
for the respiratory system which was used to derive an intermediate exposure, inhalation MRL of
0.005 ppm (see footnote "b").

(9) LOAEL A Lowest-Observed-Adverse-Effect Level (LOAEL) is the lowest dose used in the study
that caused a harmful health effect.  LOAELs have been classified into "Less Serious" and
"Serious" effects.  These distinctions help readers identify the levels of exposure at which adverse
health effects first appear and the gradation of effects with increasing dose.  A brief description of
the specific end point used to quantify the adverse effect accompanies the LOAEL.  The respiratory
effect reported in key number 18 (hyperplasia) is a Less serious LOAEL of 10 ppm.  MRLs are not
derived from Serious LOAELs.

(10) Reference The complete reference citation is given in Chapter 9 of the profile.

(11) CEL A Cancer Effect Level (CEL) is the lowest exposure level associated with the onset of
carcinogenesis in experimental or epidemiologic studies.  CELs are always considered serious
effects.  The LSE tables and figures do not contain NOAELs for cancer, but the text may report
doses not causing measurable cancer increases.

(12) Footnotes Explanations of abbreviations or reference notes for data in the LSE tables are found in
the footnotes.  Footnote "b" indicates the NOAEL of 3 ppm in key number 18 was used to derive an
MRL of 0.005 ppm.

LEGEND

See Figure 3-1

LSE figures graphically illustrate the data presented in the corresponding LSE tables.  Figures help the
reader quickly compare health effects according to exposure concentrations for particular exposure
periods.

(13) Exposure Period The same exposure periods appear as in the LSE table.  In this example, health
effects observed within the intermediate and chronic exposure periods are illustrated.

(14) Health Effect These are the categories of health effects for which reliable quantitative data exists. 
The same health effects appear in the LSE table.

(15) Levels of Exposure concentrations or doses for each health effect in the LSE tables are graphically
displayed in the LSE figures.  Exposure concentration or dose is measured on the log scale "y" axis. 
Inhalation exposure is reported in mg/m3 or ppm and oral exposure is reported in mg/kg/day.

(16) NOAEL In this example, 18r NOAEL is the critical end point for which an intermediate inhalation
exposure MRL is based.  As you can see from the LSE figure key, the open-circle symbol indicates
to a NOAEL for the test species-rat.  The key number 18 corresponds to the entry in the LSE table. 
The dashed descending arrow indicates the extrapolation from the exposure level of 3 ppm (see
entry 18 in the Table) to the MRL of 0.005 ppm (see footnote "b" in the LSE table).

(17) CEL Key number 38r is 1 of 3 studies for which Cancer Effect Levels were derived.  The diamond
symbol refers to a Cancer Effect Level for the test species-mouse.  The number 38 corresponds to
the entry in the LSE table.
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(18) Estimated Upper-Bound Human Cancer Risk Levels This is the range associated with the
upper-bound for lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000.  These risk levels are
derived from the EPA's Human Health Assessment Group's upper-bound estimates of the slope of
the cancer dose response curve at low dose levels (q1*).

(19) Key to LSE Figure The Key explains the abbreviations and symbols used in the figure.
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ACRONYMS, ABBREVIATIONS, AND SYMBOLS

ACOEM American College of Occupational and Environmental Medicine
ACGIH American Conference of Governmental Industrial Hygienists
ADI acceptable daily intake
ADME absorption, distribution, metabolism, and excretion
AED atomic emission detection
AOEC Association of Occupational and Environmental Clinics
AFID alkali flame ionization detector
AFOSH Air Force Office of Safety and Health
ALT alanine aminotransferase
AML acute myeloid leukemia
AOAC Association of Official Analytical Chemists
AP alkaline phosphatase
APHA American Public Health Association
AST aspartate aminotranferase
atm atmosphere
ATSDR Agency for Toxic Substances and Disease Registry
AWQC Ambient Water Quality Criteria
BAT best available technology
BCF bioconcentration factor
BEI Biological Exposure Index
BSC Board of Scientific Counselors
C centigrade
CAA Clean Air Act
CAG Cancer Assessment Group of the U.S. Environmental Protection Agency
CAS Chemical Abstract Services
CDC Centers for Disease Control and Prevention
CEL cancer effect level
CELDS Computer-Environmental Legislative Data System
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CFR Code of Federal Regulations
Ci curie
CI confidence interval
CL ceiling limit value
CLP Contract Laboratory Program
cm centimeter
CML chronic myeloid leukemia
CPSC Consumer Products Safety Commission
CWA Clean Water Act
DHEW Department of Health, Education, and Welfare
DHHS Department of Health and Human Services
DNA deoxyribonucleic acid
DOD Department of Defense
DOE Department of Energy
DOL Department of Labor
DOT Department of Transportation
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DOT/UN/ Department of Transportation/United Nations/
    NA/IMCO     North America/International Maritime Dangerous Goods Code
DWEL drinking water exposure level
ECD electron capture detection
ECG/EKG electrocardiogram
EEG electroencephalogram
EEGL Emergency Exposure Guidance Level
EPA Environmental Protection Agency
F Fahrenheit
F1 first-filial generation
FAO Food and Agricultural Organization of the United Nations
FDA Food and Drug Administration
FEMA Federal Emergency Management Agency
FIFRA Federal Insecticide, Fungicide, and Rodenticide Act
FPD flame photometric detection
fpm feet per minute
FR Federal Register
FSH follicle stimulating hormone
g gram
GC gas chromatography
gd gestational day
GLC gas liquid chromatography
GPC gel permeation chromatography
HPLC high-performance liquid chromatography
HRGC high resolution gas chromatography
HSDB Hazardous Substance Data Bank 
IARC International Agency for Research on Cancer
IDLH immediately dangerous to life and health
ILO International Labor Organization
IRIS Integrated Risk Information System  
Kd adsorption ratio
kg kilogram
Koc organic carbon partition coefficient
Kow octanol-water partition coefficient
L liter
LC liquid chromatography
LCLo lethal concentration, low
LC50 lethal concentration, 50% kill
LDLo lethal dose, low
LD50 lethal dose, 50% kill
LDH lactic dehydrogenase
LH luteinizing hormone
LT50 lethal time, 50% kill
LOAEL lowest-observed-adverse-effect level
LSE Levels of Significant Exposure
m meter
MA trans,trans-muconic acid
MAL maximum allowable level
mCi millicurie
MCL maximum contaminant level
MCLG maximum contaminant level goal
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MFO mixed function oxidase
mg milligram
mL milliliter
mm millimeter
mmHg millimeters of mercury
mmol millimole
mppcf millions of particles per cubic foot
MRL Minimal Risk Level
MS mass spectrometry
NAAQS National Ambient Air Quality Standard
NAS National Academy of Science
NATICH National Air Toxics Information Clearinghouse
NATO North Atlantic Treaty Organization
NCE normochromatic erythrocytes
NCEH National Center for Environmental Health
NCI National Cancer Institute
ND not detected
NFPA National Fire Protection Association
ng nanogram
NIEHS National Institute of Environmental Health Sciences
NIOSH National Institute for Occupational Safety and Health
NIOSHTIC NIOSH's Computerized Information Retrieval System
NLM National Library of Medicine
nm nanometer
NHANES National Health and Nutrition Examination Survey
nmol nanomole
NOAEL no-observed-adverse-effect level
NOES National Occupational Exposure Survey
NOHS National Occupational Hazard Survey
NPD nitrogen phosphorus detection
NPDES National Pollutant Discharge Elimination System
NPL National Priorities List
NR not reported
NRC National Research Council
NS not specified
NSPS New Source Performance Standards
NTIS National Technical Information Service
NTP National Toxicology Program
ODW Office of Drinking Water, EPA
OERR Office of Emergency and Remedial Response, EPA
OHM/TADS Oil and Hazardous Materials/Technical Assistance Data System
OPP Office of Pesticide Programs, EPA
OPPTS Office of Prevention, Pesticides and Toxic Substances, EPA
OPPT Office of Pollution Prevention and Toxics, EPA
OR odds ratio
OSHA Occupational Safety and Health Administration
OSW Office of Solid Waste, EPA
OW Office of Water
OWRS Office of Water Regulations and Standards, EPA
PAH polycyclic aromatic hydrocarbon
PBPD physiologically based pharmacodynamic 
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PBPK physiologically based pharmacokinetic 
PCE polychromatic erythrocytes
PEL permissible exposure limit
PID photo ionization detector
pg picogram
pmol picomole
PHS Public Health Service
PMR proportionate mortality ratio
ppb parts per billion
ppm parts per million
ppt parts per trillion
PSNS pretreatment standards for new sources
RBC red blood cell
REL recommended exposure level/limit
RfC reference concentration
RfD reference dose
RNA ribonucleic acid
RTECS Registry of Toxic Effects of Chemical Substances
RQ reportable quantity
SARA Superfund Amendments and Reauthorization Act
SCE sister chromatid exchange
SGOT serum glutamic oxaloacetic transaminase
SGPT serum glutamic pyruvic transaminase
SIC standard industrial classification
SIM selected ion monitoring
SMCL secondary maximum contaminant level
SMR standardized mortality ratio
SNARL suggested no adverse response level
SPEGL Short-Term Public Emergency Guidance Level
STEL short term exposure limit
STORET Storage and Retrieval
TD50 toxic dose, 50% specific toxic effect
TLV threshold limit value
TOC total organic carbon
TPQ threshold planning quantity
TRI Toxics Release Inventory
TSCA Toxic Substances Control Act
TWA time-weighted average
UF uncertainty factor
U.S. United States
USDA United States Department of Agriculture
USGS United States Geological Survey
VOC volatile organic compound
WBC white blood cell
WHO World Health Organization

> greater than
$ greater than or equal to
= equal to
< less than
# less than or equal to
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% percent
α alpha
β beta
γ gamma
δ delta
µm micrometer
µg microgram
q1

* cancer slope factor
– negative
+ positive
(+) weakly positive result
(–) weakly negative result
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INDEX

adipose tissue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106, 109, 124, 148, 213, 219, 223
adsorption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192, 194
aerobic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 183, 193, 194
AHH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
air . . . . . . . . . . . . . . . . . . . . 2-5, 7, 9, 11, 12, 23, 141, 142, 175, 180, 183, 185, 187-189, 191, 193, 195, 196, 200, 203, 204, 206,

208, 213, 220, 221, 223, 225, 227, 229, 230
ambient air . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 183, 203, 213
anaerobic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193, 194
androgen receptor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133, 140, 143, 165, 170
Antarctic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191, 193
antiandrogenic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 90, 132, 138-140, 143, 165, 170
aryl hydrocarbon hydroxylase (see AHH) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
bioaccumulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 183, 213
bioavailability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
bioconcentration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193, 212, 213
bioconcentration factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
biodegradation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 183, 193, 194, 212
biomagnification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193, 213
biomarker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139, 146, 147
blood . . . . . . . . . . . . . . . . . . . . . . 2, 4, 6, 8, 11, 12, 19, 67, 68, 87, 90, 106-108, 113, 116-121, 131, 141, 143, 144, 146-148, 153,

161, 168, 180, 183, 199, 209, 210, 213, 218, 219, 223, 226
body weight effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
breast cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
breast milk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 7, 88, 112, 143-145, 161, 166, 170, 204, 206
cancer . . . . . . . . . . . . . . . . . . . . . . 5, 6, 13-16, 20, 22, 23, 28, 91-93, 121, 122, 125, 127, 135, 136, 139, 141, 142, 155, 161-163,

167, 170, 174, 227, 231
carcinogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 14, 15, 231
carcinogenic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 14, 21, 22, 125, 158, 230
carcinogenicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 14, 15, 91, 92, 94, 122, 126, 127, 135, 155, 162, 170, 227, 229, 231
carcinoma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
cardiovascular effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
Clean Water Act . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
Department of Health and Human Services (see DHHS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 14
dermal effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80, 93
DHHS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
dialysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 6, 68, 77, 108, 113, 152, 210
DNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 14, 69, 73, 76, 93-101, 124-127, 136, 146, 163
dog . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
ECMO therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144, 209
effluents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189, 192, 194, 197
enantiomer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90, 166
endocrine effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
epigenetic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 70, 93, 97, 122
estrogen receptor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
estrogenic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85, 139
exchange transfusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199, 209, 210
extracorporeal membrane oxygenation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 67, 183, 199, 209
FDA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 92, 93, 108, 143-145, 153, 161, 166, 170, 183, 199, 202, 206, 210, 212, 228, 231
FEDRIP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171, 172, 214
fetus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 140
fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 193, 198
follicle stimulating hormone (see FSH) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
Food and Drug Administration (see FDA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 202, 231
FSH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85, 129, 131, 134, 135, 138
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gap junctional intercellular communication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 77, 122, 125, 127, 134, 146, 170
gas chromatography (see GC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217, 219, 222
gastrointestinal effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
GC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217-223
general population . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 23, 146, 152, 168, 200, 202, 206
glutathione peroxidase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72, 73, 75
groundwater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 192, 196, 197, 212, 213, 227, 230
half-life . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109, 113, 146, 147, 193
hematological effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
Henry’s law . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185, 195
hepatic effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 14, 20, 24, 68-70, 76, 77, 144, 226
high performance liquid chromatography (see HPLC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217, 219
HPLC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217-220, 223
hydrolysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67, 109, 110, 120, 129, 147, 169, 194
immune system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
immunological effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 81
insects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
Integrated Risk Information System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231
intermediate oral exposure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 226
kidney . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 6, 7, 20, 77-79, 96, 106-109, 124-127, 158-162
kidney effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 78, 160
lake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69, 70, 72, 76, 120, 122, 123, 125, 159, 161, 162, 169, 188, 192
LD50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29, 92
leachate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78, 162, 189, 192, 197
leukemia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
LH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85, 134, 138
liver . . . . . . . . . . . . . . . . . . . . . 4, 6, 7, 12-15, 17, 20, 23, 24, 29, 68-70, 72-77, 88, 91, 93-96, 100, 101, 106-109, 115-119, 121-

128, 134-136, 142, 146-150, 153-156, 158-163, 167-170
lung . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 24, 104, 109, 144-146
luteinizing hormone (see LH) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83, 129, 134
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lymphoreticular effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 81, 93
marine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192, 197, 198
mass spectroscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
medical procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 7, 12, 121, 144, 167, 183, 209
MEHP . . . . . . . . . . . . . . . . . . . . . . 3, 4, 8, 67, 69, 86, 88, 90, 102, 104, 108-112, 116-118, 120, 121, 123-125, 127, 129-136, 138,

140, 142-145, 147, 148, 150, 153, 154, 163-165, 168, 169, 200, 219, 220
milk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 7, 88, 112, 143-145, 161, 166-168, 170, 198, 199, 202, 204, 206
Minimal Risk Levels (see MRL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 16, 22
MRL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16-20, 22, 84, 90, 159-162, 165, 225, 226
MRLs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15-17, 22, 23, 164
musculoskeletal effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
National Priorities List (see NPL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 183
neurobehavioral . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81, 82, 138, 143, 167
neurodevelopmental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144
NIOSH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 174, 204, 217, 220, 221, 223, 224, 227, 231
NOAEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17-21, 24, 28, 29, 84, 86, 87, 91, 160, 162, 165, 225, 226
NOAELs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18, 21, 22, 164
NOES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
NPL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 12, 156, 183, 184, 189, 191, 215
ocean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190
ocular effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23, 80, 93
pacifiers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 199, 200, 206, 207, 214
particulate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191, 199, 208
particulates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191-193, 196, 204, 212
partition coefficients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116-118, 175
PBPD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
PBPK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113-116, 164
peroxisomal proliferation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 68, 72, 76, 122, 136
peroxisome . . . . . . . . . . . . . . . . . . . . . . . . 13-15, 20, 24, 70, 74-77, 88, 91, 104, 122-127, 135, 136, 152, 156, 162, 163, 168, 169
pharmacodynamic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113, 153
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pharmacokinetic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113-115, 120, 164
photolysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
physiologically based pharmacodynamic (see PBPD) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
physiologically based pharmacokinetic (see PBPK) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113, 115, 164
plasma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 67, 88, 109, 112, 113, 121, 130-132, 134, 199, 209, 210, 219
precipitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79, 218
public health . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 5, 9, 11, 13, 21, 22, 137, 156, 158, 211, 217, 223, 230
PVC . . . . . . . . . . . . . . . . . . . . 8, 11, 13, 24, 105, 121, 141, 142, 145, 153, 177, 180, 181, 196, 199, 200, 202-204, 206-208, 210,

211, 214, 220, 222
RCRA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181, 229, 231
reference dose (see RfD) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231
regulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 10, 181, 225, 227, 228, 231
renal effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77, 78, 92, 162
reportable quantity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
reproductive effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
reproductive system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16-18, 85, 87, 89, 90, 121, 132, 139, 140, 143, 159, 164-167, 225
Resource Conservation and Recovery Act (see RCRA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181, 231
RfD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 226, 229, 231
seal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198
sediment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191, 194, 197, 198, 204, 220, 221
selenium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
serum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 67, 68, 74, 79, 85, 113, 128, 129, 138, 151, 155, 163, 199, 209, 210, 219
sludge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189, 190, 194, 198, 222
soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 3, 9, 185, 190-195, 197, 204, 212, 213, 220, 221, 231
solubility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 175, 183, 192, 195
surface water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189, 196, 197, 213
T3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79, 151
T4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79, 151
testicular effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 15, 19, 82, 84-86, 128, 134, 136, 138, 143, 160, 167, 171
testicular toxicity . . . . . . . . . . . . . . . . . . . . . . 12, 15, 18, 83-86, 120, 124, 128-130, 133, 136, 138, 139, 142, 143, 145, 155, 162,

164, 170, 172, 226
thyroid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 12, 79, 129, 151, 158
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