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TO INTERESTED PARTIES 

Section 304 (a) (1) of the Clean Water Act (33 u.s.c. 

1314(a)(l) requires the Environmental Protection Agency (EPA) to 

publish and periodically update ambient water quality criteria. 

These criteria are to accurately reflect the latest scientific 

knowledge (a) on the kind and extent of all identifiable effects 

on health and welfare including, but not limited to, plankton, 

fish shellfish, wildlife, plant life, shorelines, beaches, 

aesthetics, and recreation which may be expected from the 

presence of pollutants in any body of water including ground 

water; (b) on the concentration and dispersal of pollutants, or 

their byproducts, through biological, physical, and chemical 

processes; and (c) on the effects of pollutants on biological 

community diversity, productivity, and stability, including 

information on the factors affecting rates of eutrophication and 

organic and inorganic sedimentation for varying types of 

receiving waters. These criteria are not rules and they do not 

have regulatory impact. Rather, these criteria present 

scientific data and guidance of the environmental effects of 

pollutants which can be useful to derive regulatory requirements 

based on considerations of water quality impacts. When 

additional data has become available, these summaries have been 

updated to reflect the latest Agency recommendations on 

acceptable limits for aquatic life and human health protection. 

Periodically EPA and its predecessor agencies has issued 

ambient water quality criteria, beginning in 1968 with the "Green 

Book" followed by the 1973 publication of the "Blue Book" (Water 

Quality Criteria 1972). In 1976, the "Red Book" (Quality 

For sale by the Superintendent of Documents, U.S. Government Printing Office 
WBBhington, D.C. 20402 
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Criteria for· water) was published. on November 28, 1980 (45 FR 

79318), and February 15, 1984 (49 FR 5831), EPA announced through 

Federal Register notices, the publication of 65 individual 

ambient water quality criteria documents for pollutants listed as 

toxic under section 307(a)(l) of the Clean Water Act. on July 

29, 1985 (50 FR 30784), EPA published additional water quality 

criteria documents. 

The development and publication of ambient water quality 

criteria has been pursued over the past 10 years and is an 

ongoing process. EPA expects to publish about 10 final criteria 

documents each year. Some of these will update and revise 

existing criteria recommendations and others will be issued fc>r 

the first time. 

In a continuing ·effort to pro.v ide those who use EPA 1 s water 

quality and human h~alth criteria with up-to-date criteria ·value1s 

and associated information, this document Quality Criteria fo_.;: 

Water 198 6 was assembled. This document includes summaries of 

all the contaminants for which EPA has developed criteria·recom-

mendations (Appendix A-C). The· appropriate appendix is 

identified at the end of each summary. A more detailed 

description of these procedures can be found in the appropriate 

Appendix. Copies of this document can be obtained by contacting 

the U.S. Government Printing Off ice at: 

U.S. Government Printing Office 
Superintendent of Documents 
N. Capitol and H Street N.W. 
Washington, o.c. 20401 

A fee is charged for this document. 

Copies of the complete background ambient water quality 
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j 
criteria documents containing al 1 the data used to develop the 

criteria recommendations summarized herein and the "Red Book" / 

including complete bibliographies are available only from: 

National Technical Information service 
5285 Port Royal Road 
Springfield, VA 22161 

Telephone: (703) 487-4650 

The NTIS order numbers for the criteria documents can be found in 

the Index. A fee is charged for copies of these documents. 

As new criteria are developed and existing criteria revised, 

updated criteria summaries will be made available once a year to 

those who purchase this document through the U.S. Government 

Printing Office. You will automatically be placed on the mailing 

·list to receive annual updates. The cost for receiving annual 

updates is included in the purchase price of the document. 

Qua!ity Criteria for Water, 1986 is designed to be easily 

updated.to reflect EPA 1 s continuing work to present the latest 

scientific information and practices. our planned schedule for 

f~ture criteria development in the next few years is attached for 

your information. 

The Agency is currently developing Acceptable Daily Intake 

(ADI) or Verified Reference Dose (RfD) values on a number of 

chemicals for Agency-wide use. Based upon this new analysis the 

values have changed significantly for 5 chemicals from those used 

in the original .h~man health criteria calculation done in 1980. 

The chemicals affected are as follows: 

Exhibit 17 
AR J.1



Chemical 1980 wgc Draft RfD 

l. cyanide 200 uq/L . 02 mq/kq/day 
2. Ethylbenzene 1.4 mq/L . o l mq/kq/ day 
3. Nitrobenzane 19.8 mq/L .ooos mq/kq/day 
4. Phenol 3.5 mq/L o • l mq/kq/ day 
5. Toluene 14.3 mq/L O • 3 mq/kq/ day 

FOR FORT.HER INFORMATION CONTACT: 

Dr. Frank Gostomski at the above address or by phoninq (202) 245-

3030. 

It is EPA's qoal to continue to develop and make available 

ambient water quality criteria reflectinq the latest scientific 

practices and information. In this way we can continue to 

improve and protect the quality of the Nation's waters. 

Jam:;~~ 
Actinq Director, 
Office of Water Requlation:s 

and Standards · 
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DRAFT CRITERIA DOCUMENTS TO BE PROPOSED 

LATE FY 86/EARLY FY 87 

Diethyhexylphthalate 
1,2,4, Trichlorobenzene 
Silver 
Phenanthrene 
2,4,5, Trichlorophenol 
Organotins 
Tributyltin 
Selenium (no saltwater criteria) 
Hexachlorobenzene 
Antimony III 
Acrolein (no saltwater criteria) 

LATE FY 87/EARLY 88 

Thallium (no saltwater criteria) 
Tetrachloroethylene (no saltwater criteria) 
Phenol 
Toluene 
Chloroform (no saltwater criteria) 
Analine 
Acrylontrile 
Hexachlorocyclopentadiene (no saltwater criteria) 
Dimethylphenol · 
Hexachlorobutadiene (no saltwater criteria) 

Both lists will incorporate aquatic and human health values. 

All above are toxic pollutants exc~pt for organotins and 
analine which are non-conventionals. 
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CRITERION:: 

INTRODUCTION: 

PHOSPHORUS 

0.10 ug/L yellow (elemental) phosphorus for marine or 
estuarine water. 

Phosphorus in the elemental form is particularly toxic and is 

subject to bioaccumulation in much the same way as mercury. 

Phosphorus as phosphate is one vf the major nutrients required 

for plant nutrition and is essential for life. In excess of a 

critical concentration, phosphates stimulate plant growths. 

During the past 30 years, a formidable case has developed for the 

belief that increasing standing crops of aquatic plants, which 

often interfer~ with water uses and are nuisances to man, 

frequently are caused by increasing supplies of phosphorus. such 

phenomena are associated with a condition of accelerated 

eutrophication or aging of waters. Generally, it is recognized 

that phosphorus is not the sole cause of eutrophication but there 

is substantiating evidence that frequently it is the key element 

of all of the elements required by freshwater plants, and 

generally, it is present in the least amount relative to need. 

Therefore, an increase in phosphorus allows use of other already 

present nutrients for plant growth. Further, of all of the 

elements required for plant growth in the water environment, 

phosphorus is the most easily controlled by man. 

Large deposits of phosphate rock are found near the western 

shore of Central Florida, as wel 1 as in a number of other States. 

Deposits in Florida are found in the form of pebbles which vary 
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in size from fine sand to about the size of a huinan foot. These 

pebbles are embedded in a matrix of clay and sand. The 

phosphate rock beds lie within a few feet of the surface and 

mining is accomplished by using hydraulic water jets and a 

washing operation that separates the phosphates from waste 

materials. The process is similar to that of strip-mining. 

Florida, Idaho, Montana, North Carolina, South Carolina, 

Tennessee, Utah, Virginia, and Wyoming share phosphate mining 

activities. 

Phosphates enter waterways from several different sources. 

The human body excretes about one pound per year of phosphorus 

expressed as "P". The use of phosphate detergents and other 

domestic phosphates increases the per capita con~ribution to 

about 3.5 pounds per year of phosphorus as P. Some industries, 

such as potato processing, have wastewaters high in phosphates. 

Crop, forest, idle, and urban land contribute varying amounts of 

phosphorus-diffused sources in drainage to watercourses. This 

drainage may be surface runoff of rainfal 1, effluent from tile 

lines, or ~eturn flow from irrigation. Cattle feedlots, 

concentrations of domestic duck or wild duck populations, tree 

leaves, and fallout from the atmosphere al 1 are contributing 

sources. 

Evidence indicates that: (1) high phosphorus concentrations 

are associated with accelerated eutrophication of waters, when 

other growth-promoting factors are present; (2) aquatic plant 

problems develop in reservoirs and other standing waters at 

phosphorus values lower than those critical in flowing streams; --~. 

(3) reservoirs and lakes collect phosphates from influent streams 
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and store a portion of them within consolidated sediments, thus 

servinq as a phosphate sink; and (4) phosphorus concentrations 

critical to noxious plant qrowth vary and nuisance qrowths may 

result from a particular concentration of phosphate in one 

qeoqraphical area but not in another. The amount or percentage 

of inflowing nutrients that may be retained by a lake or 

reservoir is variable and will depend upon: (l) the nutrient 

loadinq to the lake or resevoir; (2) the volume of the euphotic 

~one; (3) the extent Of bioloqical activities; (4) the d~tention 

time within a lake basin or the time available for biological 

activities; and (5) the level of discharqe from the lake or of 

the penstock from the reservoir. 

Once nutrients are combined within the aquatic ecosystem, 

their removal is.tedious and expensive. Phosphates are used by 

alqae and hiqher aquatic plants and may be stored in excess of 

use within the plant cell. With decomposition of the plant cell, 

some phosphorus may be released immediately throuqh bacterial 

action for recyclinq within ~he biotic community, while the 

remainder may be deposited with sediments. Much of the material 

that combines with the consolidated sediments within the lake 

bottom is bound permanently and will not be recycled into the 

system. 

RATIONALE: 

Elemental Phosphorus 

Isom (1960) reported an LCSO of 0.105 mg/L at 48 hours and 

0.025 mg/Lat 160 hours for bluegill sunfish, L_!E,omi.§. 

macrochirus, exposed to yellow phosphorus in distilled water at 
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26 °c and pH ,7. The 125-and 195-hour LCSO's of yellow phosphorus r-...' 

to Atlantic cod, Gadus morhua, and Atlantic salmon, Salmo salar, 

smelts in continuous-exposure experiments were 1.89 and 0.79 

ug/L, respectively (Fletcher and Hoyle, 1972). No evidence of an 

incipient lethal level was observed since the lowest 

concentration of p 4 tested was 0.79 ug/L. Salmon that were 

exposed to elemental phosphorus concentrations of 40 ug/L or less 

developed a distinct external red color and showed signs of 

extensive hemolysis. The predominant features of p 4 poisoning in 

salmon were external redness, hemolysis, and reduced hematocrits. 

Following the opening of an elemental phosphorus production 

plant in Long Harbour, Placentia Bay, Newfoundland, divers 

observed dead fish upon the bottom throughout the Harbour (Peer, 

1972). Mortalities were confined to a water depth of less than 18 

meters. There was visua~ evidence of selective mortality among 

benthos. Live mussels were found within 300 meters of the 

effluent pipe, while all scallops within this area were dead. 

Fish will concentrate elemental phosphorus from water 

containing as little as 1 ug/L (Idler, 1969). In one set of 

experiments, a cod swimming in water containing :L ug/L elemental 

phosphorus for 18 hours concentrated phosphorus to 50 ug/kg in 

muscl~, 150 ug/kg in fatty tissue, and 25,000 ug/kg in the liver 

(Idler, 1969; Jangaard, 1970). The experimental findings showed 

that phosphorus is quite stable in the fish tissues. 
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The criterion of 0.10 ug/L elemental phosphorus for marine or 

estuarine waters is .1 of demonstrated lethal levels to important 
... 

marine organisms and of leyels that have been found to result in 

siqnif icant bioaccumulation. 
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Phosphate Phosphorus 

/ Althouc;fli~·¥a. total phosphorus criterion to control nuisance 

aquatic qrowths is not presented, it is believed that the 

followinq rationale to support such a criterion, which currently 

is evolvinq, should be considered. 

Total phosphate phosphorus concentrations in excess of 100 

uq/L P may interfere with coaqulation in water treatment plants. 

When such concentrations exceed 25 ug/L at the time of the sprinq 

turnover on a volume-weiqhted basis in lakes or reservoirs, they 

may occasionally stimulate excessive or nuisance growths of alqae 

and other aquatic plants. Algal growths inpart undesirable 

tastes and odors to water, interfere with water treatment, become 

aesthetically unpleasant, and alter the chemistry of the water 

supply. They contribute to the phenomenon of cultural 

eutrophication. 

To prevent the development of bioloqical nuisances and to 

control accelerated or cultural eutrophication, total phosphates 

as phosphorus (P) should not exceed 50 uq/L in any stream at the 

point. where it enters any lake or reservoir, nor 25 uq/L within 

the lake or reservoir. A desired qoal for the prevention of 

plant nuisances in streams or other flowing waters not 

discharginq directly to lakes or impoundments is 100 ug/L total P 

(Mackenthun, 1973). Most relatively uncontaminated lake 

districts are known to have surface waters that contain from 10 

to 30 ug/L total phosphorus as P (Hutchinson, 1957). 

The majority of the Nation's eutrophication problems are 

associated with lakes or reservoirs and currently there are more 
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data to support the establishment of a limiting phosphorus level ,----... 

in those waters than in streams or rivers that do not directly 

impact such water. There are natural conditicins, also, that 

would dictate the consideration of either a more or less 

stringent phosphorus level. Eutrophication problems may occur in 

waters where the phosphorus concentration is l.ess than that 

indicated above and, obviously, such waters would need more 

stringent nutrient limits. Likewise, there are those waters 

within the Nation where phosphorus is not now a limiting nutrient 

and where the need for phosphorus limits is substantially 

diminished. Such conditions are described in the last paragraph 

of this rationale. 

There are two basic needs in establishing a phosphorus 

criterion for flowing waters: one is to control the development 

of plant nuisances within the flowing water and, in turn, to 

control and prevent animal pests that may become associated with 

such plants; the other is to protect the downstream receiving 

waterway, regardless of its proximity in linear distance. It is 

evident that a portion of that phosphorus that enters a stream or 

other flowing waterway eventually will reach a receiving lake or 

estuary either as a component of the fluid mass, as bed load 

sediments that are carried downstream, or as floating organic 

materials that may drift just above the stream's bed or float on 

its water's surface. Superimposed on the loading from the 

inflowing waterway, a lake or estuary may receive additional 

phosphorus as fallout from the air shed or as a direct 

introduction from shoreline areas. 
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Another 111ethod to control the inflow of nutrients, 
- .. ~. -:;:~:.-~~··. : : j. 

particularly:phosphates, into a lake is that of prescribing an 
.·.:: . . ·. 

annual loadinq to the receiving water. Vollenweider (1973) 

suggests total phosphorus (P) loadings in grams per square meter 

of surface area per year that will be a critical level for 

eutrophic conditions within the receiving waterway for a 

particular water volume where the mean depth of the lake in 

meters is divided by the hydraulic detention time in years. 

Vollenweider•s data suggest a range of loading values that should 

result in oligotrophic lake water quality. 

Mean Depth/Hydraulic 
Detention Time 

Oligotrophic or 
Permissible 
Loading 

(meters/year)(grams/meter2/year) 

o.s 0.07 

1.0 0.10 

2.5 0.16 

s.o 0.22 

7.5 0.27 

10.0 0.32 
... --. 

. ;~·: 2.s·. 0 
. ·~. 

0.50 
··'. -

·so.o 0.71 

75.0 0.87 

ioo.o· 1.00 

Eu trophic 
or critical 
Loading 

(grams/meter2/year) 

0.14 

0.20 

0.32 

0.45 

0.55 

0.63 

1.00 

1.41 

1.73 

2.00 

There may be waterways wherein higher concentrations or 

loadings of total phosphorus do not produce eutrophy, as well as 

those waterways wherein lower concentrations or loadings of total 
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phosphorus may be associated with populations of nuisance 

organisms. Waters now containing less than the specified amounts 

of phosphorus should not be degraded by the introduction of 

additional phosphates. 

It should be recognized that a number of specific exceptions 

can occur to reduce the threat of. phosphorus as a contributor to 

lake eutrophy: l. Naturally occurring phenomena may limit the 

development of plant nuisances. 2. Technological or cost-

effective limitations may help control introduced pollutants. 3. 

Waters may be highly laden with natural silts or colors which 

reduce the penetration of sunlight needed for plant 

photosynthesis. 4. Some waters morphometric features of steep 

banks, great depth, and substantial flows contribute to a history 

of no plant problems. 5. Waters may be managed primarily for 

waterfowl or other wildlife. 7. In some waters nutrient other 

than phosphorus is limiting to plant growth; the level and nature 

of such limiting nutrient would not be expected to increase to an 

extent that would influence eutrophication. 6. In some waters 

phosphorus control ·cannot be sufficiently effective under present 

technology to make phosphorus the limiting nutrient. 

No national criterion is presented for phosphate phosphorus 

for the control of eutrophication. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 

.. -; 
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