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SUBJECT: Chlorendic Anhydride (CAS R=gistry No. 115-27-5)
Additional Toxicological anc Epidemiological Studies -
For your Information.

Dear Sir or Madam,

Velsicol Chemical Corporation is herein submitting two copies of a
number of toxicology and epidemiology studies which either directly
or indirectly involve chlorendic anhydride for the Agency's
information.

It is our opinion that these studies may be of interest to the
Agency in the light of the results of the recentiy released NTP
report on chlorendic acid and the fact that chlorendic anhydride
can be converted to chlorendic acid,

The studies herein submitted are:

.~ 1. Shindell and Associates, Milwaukee, WI, "Report of
Epidemiologic study of the Employees of Velsicol Chemical
Corporation Plant Memphis, Tennessee, January 1952-
December 1979", March 1981,

Leong, B. K., "Chlorendic Anhydride. Acute Inhalation
Toxicity Study in Rats”, International Research and
Development Corp., Mattawan, MI, Report No. 163-51_.,
August 10, 1978,

Wazeter, F. X., and Goldenthal, E. I., "Chlorendic
Anhydride. Acute Toxicity Studies in Rats and Rabbits",

International Research and Development Corp., Mattawan,
MI, Report NO., 163-140, November 22, 1972,
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4. Witherup, S., Stemmer, K. L. and Schlecht, H.,
The Toxicity of Chlorendic Acid and Chlorendic
Anhydride", The Kettering laboratory, Cincinnati, OH,
June 25, 1965,

v

Jaganrath, D. R., "Mutagenicity Evaluation of Chlorendic
Anhydride," Litton Bionetics, Inc., Kensington, MD,
Project NO. 20838, October 1977.

Matheson, D. W., "Mutagenicity Evaluation of Chlorendic
Anhydride in the Mouse Dominant Lethal Assay," Litton
Bionetics, Kensington MD, Project 20862, February 1978,
revised June 1978,

Goldenthal, E. I., "Chloreuadic Anhydride. Teratology
Study in Rats", International Research and Development
Corp., Mattawan, MI, Report No, 163-535, November 8,
1978,

Goldenthal, E. I., "Chlorendic Anhydride. Twenty-Eight

Day Range Finding Study in Rats", International Research
and Development Corp., Mattawan, MI, Report No. 163-532,
July 6, 1978,

Nair, K.P.C. and Gunderson, G., "Chlorendic Anhydride,
Tech. 90-Day Subacute Toxicity Study in Rats",
International Research and Development Corp., Mattawan,
MI, Report no. 163-544, January 7, 1980,

Jefferson, N. D, and Goldenthal, E. I., "Chlorendic
Anhydride. 90-Day Subacute Toxicity Study in Rats.
Amendment to th:> Final Report", International Research
and Development Corp., Mattawan, MI, Report No. 163-533,
February 8, 1980 (amendment to reference 9)

Goldenthal, E. I., "Chlorendic Anhydride, Three Week
Dermal Toxicity Study in Rabbits", International Research
and Development Corp., Mattawan, MI, Report No. 163-530,
January 24, 1979,

Ulrich, C. E., "Chlorendic Anhydride. Subacute
Inhalation Study in Rats 20 Exposures in 28 Days,"
International Research and Development Corp., Mattawan,
MI, Report No. 163-531, October 19, 1979,
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Chlorendic Anhydride has been produced at Velsicol's Memphis,
Tennessee Plant since commercialization. The plant epidemiology
study 1is, in our opinion, useful in assessing the effects of
chlorendic anhydride to humans.

The NTP chlorendic acid study was done orally. Any exposure to
chlorendic anhydride is likely to be via inhalation or dermal
exposure rather than oral. The results of the enclosed inhalation
and dermal studies would be more useful than the results of an oral
study in assessing the effects on exposure.

Velsicol has already submitted a great deal of informatiun on
chlorendic anhydride to the Agency. A summary of these submissions
is, for convenience, listed on the following page.

With regards to the confidentiality of these studies, we believe
that the provision in TSCA, which provides that health and safety
data is not a trade secret, is an unlawful takirg of property under
the constitution. However, we are a small company, not in a
position to challenge the constitutionality of this provision.

Until such challenge is made, we will abide by the terms of the
statute.

Accordingly, we assert an interest in these studies to the extent
that there may be compensation due from other manufacturers and
processors of chlorendic anhydride.

We will not resist the Agency's disclosure of these studies
recognizing that the Agency proceeds at its own risk regarding the
constitutionality of this provision of the Act.

If you have any questions on this submission, please contact me at
(312) 670-4805.

Very truly yours,

=

Alfred A. Levin
Director, Toxic Substances Control

enc,
AAL: jmes
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REPORT OF EPIDEMIOLOGIC STUDY
VELSI1COl,_ CHEMICAL CORPORATION
MEMPHIS, TENNESSEE
JANUARY 1952 - DECEMBER 1979

Introduction

The initial epidemiologic study by Shindell and Associates of
health experience of employees of the Velsicol Chemical Corporation
at its Memphis, Tennessee plant was conducted during the period
July 1976 through May of 1977. Its purpose was to evaluate the
overall health status of all former and current employees with
three months or more employment at the Memphis plant between 1952
when manufacture of heptachlor began and the study cut-off date of

31 December 1976.

Mortality data on Yelsicol employees were compared to the
overall mortality experience of like segments (by age and sex) of
the United States population at large to determine whether Memphis
plant exposure prcduced any discernible variations from expected
mortality from all causes and from selected significant causes.
Analysis of these mortality data revealed no significant differ-
ences between Velsicol employees and the overall U.S. population.
The degree of follow-up achieved in this study was less than op-
timal, however, the study having been prematurely terminated in
order to meet a deadline imposed by the necessity to prepare a
report for presentation at a hearing being conducted by the Envir-

onmental Protection Agency.

In spite of the relatively limited follow-up achieved in 1977,
the observed deaths among Memphis plant employees from all causes
and from the specific causes of primary interest (i.e., heart dis-
ease and cancer) were found to be essentially at the level of the
calculated expected deaths amons comparable segments of the overall
U.S. population. These data were presented in testimony by Dr.
Shindell on 9 June 1977 at the EPA hearing along with similar data

-l- 000009




derived from a study of the chlordane plant in Marshall, Illinois.
Concomitant with this prior study, an ind. -~ndent investigation

employing different follow-up and angrycical .o/ 7lvues was performed

by Drs. Wang and MacMahon of the Harvard Schuol of Puilic Health.

An account of their study was published in the Journu) of Occupa-

tional Medicine, Volume 21, No. 11, November 1979 (pp. 745-748)

and reported substantially similar results.

A second independent study involving the Memphis plant has been
conducted by the University of Illinois School of Public Health under
contract with the National Institute for Occupational Safety and
Health (NIOSH). The NIOSH/University of Illinois contract was
awarded in 1976 and Menphis is one of four plants Included in the
Mortality Study of Workers Employed at Organochlorine Pesticide

Manufacturing Plants. This.study is based on a longer minimum em-

ployment perisd (b months) and covers a shorter overall time span,
including only those qualified individuals whose employment ter-
minated on or before 31 December 1964. The follow-up cut-off date
was 31 December 1976 and a report in general agreement with our
prior findings and those of Drs. Wang and MacMahon was completed
in draft form in April 1980.

Velsicol renewed its contact with Shindell and Associates in
the latter half of 1979, wishing to update its own study of the
Memphis plant and achieve two objectives: (a) to aim for a more
complete degree of follow-up, and (b) to extend the period of
follow-up by including persons employed subsequent to 1976, thus
resulting in an additional three years of expevience compared to
the initial Velsicol-sponsored study. Negotiatic.s were formal-
ized in Memoranda of Understanding in September and October of
1979; the follow-up work was begun in February 1980 and con-

cluded in January 1981,

This report describes the methodology of investigation, the
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techniques of analysis, and the find/ng: and conclusions of the
resuiting uwpdated study of the mortality of employees of the
Velsice® Memphis plant during the twenty~eight year period

of heptachlor mani-facture from 1952 through 1979,




Design of the Study

The overall goal of the study is to determine the health status
of all persons who completed a minimum of three months' employment
at Velsicol's plant in Memphis, Tennessee at any time between 1
January 1952 and 31 December 1979. The employment experience of
such employees prior to 1952 is included for individuals who ter-

minated employment in that year or thereafter.

The methods employed in reconstructing the roster of hourly
employees terminated prior to 1957 and salaried employees termirn-
ated pr_.or to 1969 was described in the Summary Report issued in
1977. This roster of employees was the starting point of the cur-
rent study and, using all collateral sources available, every in-
dividual who could be identified as having been employed for three
months or more in the plant éuring the 28-year period of the study

has now been included in the current study cohort.

The requirement that a period of three months' employment be
necessary for inclusion in the study cohort was imposed primarily
to eliminate transients from consideration. All persons who could
be determined to have had the potential of experiencing significant
exposure to the occupational environment of the Memphis plant have

been subjected to the follow-up procedures employed.

After updating the prior cohort roster to include qualified
emplovees hired after 31 December 1976, intensive effort was made
to trace and contact all employees not determined to be dead at
the time of the original study. Death certificates were obtained
for individuals who died between 1 January 1977 and 31 December
1979 and attempts were made to determine the current health status

of all suivivors as of 31 December 1979.

In order to evaluate relative health effects of various occu-
pational expcsures among Memphis personnel, classifications of job

types and products exposures, established at the time of the original

-4 000012




study, were reviewed and refined, Based on information obtained
during and subsequent to the original study, the categories of
job/product exposure were clarified to reflect distinguishable
characteristice in groups large enough to permid valid statis-
tical analysis. The job/product classifications ultimately em-
ployed are in accordance with the Project Specification attached
(Appendix I-1).

A data sheet was created for each individual incorporating
information as of 31 December 1976 for members of the original
cohort and relevant information as of 31 December 1979 for sub-
sequent additions to the cohort. The form used for data col-

lection is attached (Appendix I-2).

Al information collected was coded and/or transcribed for
computer input in accordance with revised and updated Coding
Specifications (Appendix I-3), and entered for analysis as re-

quired in accordance with the TNata Field Layout (Appendix I-4).

The methods employed to contact former employees included the
traditional approactes of searchirg company recovds, conferring
with current emplovees and former employees still residing in the
local communities, contacting relatives and personal references,
inquiring of school alumni groups and professional associations,
and following up with former neighbors and identified acquain-

tances.

Two general circumstances significantly enhanced our success

in determining current status of former Memphis employees. The first
was the generous cooperation received from local and state agency
custodians of background data on individuals in the cohort. The
Memphis Consumer Credit Association was particularly helpful in
providing address information from its files; Mr. Harold E. Crawford
responded with unusual speed to our requests for assistance. Simil-
arly valuable help was provided by Major Charles W. Dunner, Director

of Driver Control of the Tennessee Department of Safety, by Mr.
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Thomas Overton, Assistant Director of the Division of Vital Records
of the Tennessee Department of Public Health, and by Mr. Art Richard-
son, Management Information Systems Officer of the Mississippl Depart-

ment of Public Safety. The second major factor contributing to the

substantially increased achizvement of contact compared to the 1977
report was the availability at reasonable cost of the cross-reference
directories by street address for Memphis and environs published by
Cole Publications of Lincoln, Nebraska. These directories were of
inestimable value in tracing former employees by contacting their

former neighbors.

Determination of survivor status by querying the Social Security
Administration was also attempted. Through SSA assistance we were
able to identify ten decedents whose deaths we had not discovered
by other tracing efforts, and to confirm as alive during the first
thrzz months of 1980 an add{tional nine individuals not otherwise
ascertained to be alive as of the 31 December 1979 cut-off date.

Although assistance from all these sources has been helpful
in increasing success in locating many individuals whose status
had not been determined in 1977, the reports did not permit res-
olution of the status of all the individuals identified as qual-
ifying for inclusion in the study cohort. Overall, however, the

status of 92.8% of the study cohort was determined.




The Study Universe

The Memphis plent cohort of employees who completed three
months or more employment during the study period of 1 January 1952
through 31 December 1979 totaled 1,115 individuals. The greup 1o
comprised of 970 white males, 55 n. -white males and 90 females,

Of the 1,115 in all classifications, 263 were persons employed
as of 31 Decemr~r 1979 and 852 were former employees of whom 80
wvere determined to have died before 1 January 1980. Of the 772
not known to be deceased, 692 were contacted either directly or
indirectly and confirmed to be alive as of 31 December 1979. An
individual is classified as & direct contact whenever (a) one of
our staff actually spoke with him or her by telephone, confirmed
all the data on the data sheet and received an answer concerning
his or her current health stétus, or (b) a mailed questionnaire
affirming the above information was completed, signed and returned
by the employee. An indirect ccutact is (a) one in which the de-
sired information was obtained from a family member or close as-
sociate, (b) in which current status as alive was confirmed by a
personally signed receipt for a certified letter sent to an address
reported by a reliable source to be the employee's curren. address,
or (c) by report of SSA of a currently active account or by the
Motor Vehicle Department of a current driver's licence. Eighty
persons could not be confirmed alive or dead and are classified

as status unknown.

Table I shows the white males (grouped according to primary
job/product category), the non-white males and the females clas-
sified according to status: current (1), former contacted (2 & 3),
former deceased (4 & 5), and former with status unknown (9). The
degree of follow-up achieved for each sub-group is also shown.

As was stated, 92.8% of the study cohort could be accounted for

as of 31 December 1979.
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The original Memphis plant study covering the period from
1 January 1952 through 30 December 1976 identified a total of 1,074
potential members of the then study cohort. This total included
seven part-time employees shown later not to qualify for inclusion
and 8 number of individuals who had been identified by only a name
at the time of the originsl study. Review of Velsicol records
during the current investigation failed to disclose any additional
information regarding sex, race, dates of birth, hire or termination,
nor any social security numbers. Being unable to obtain valid data
for analysis or identification for review by the Social Security
Administration, and being unable to confirm reliably their basic
qualification for inclusion in the study, these persons were de-

leted from the current update cohort.

0f the remaining 161 originally qualified individuals whose
status was not determined du;ing the original study, we succeeded
in ascertaining the status of 104 during the current study by
direct or indirect contact. Only 57 of the 228 with undetermined
status in 1976 remained in that category at the conclusion of the

current update study.

Of the 534 individuals classified in the initial study cohort

as former employees, confirmed alive, all but 15 were successfully
contacted or otherwise confirmed to be deceased or still alive
during the current update study. These 15, whose status was not
confirmed during the current study, include six who were contacted
directly and nine who were confirmed alive with unknown health

status in 1976.

The update study added 115 individuals to the original study
cohort. The status of all but six of these was determined. Of
these six, three had been hired after completion of the previous
study and the other three were identified as qualified former
employees when a group of personnel records was discovered in

October and Novewmber of 1980.
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Of the 1,077 health starus investigations which comprised the
criginal study, all but the 54 individuals for whom death certifi-
cates were obtained at that time required complete reinvestigation
for the current study. Thus, the present study involved retracing
and/or additional data collection for 1,138 individuals as compared
to 1,077 in the 1977 investigation. The death certificates on file
from the original study were reviewed and classification by specific
cause confirmed. Efforts to obtein death certificates for all in-
dividuals reported to be deceased were nct successful in five
cases. Table II summarizes the information available on those
reportad to be deceased but for whom no death certificates were

_obtained. These individuals are included in the analysis as
deceased individuals even though final confirmation of their

deaths was not obtained.
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Analytic Technique

In order to analyze the mortality experience of the Memphis
employees, it is necessary to compare the observed mortality in
the employee groups with that of the comparable segments of the
United States population over the zame period of time. To per-
form these comparisons, the probability of zach employee dying
from the specific causes during the period of the study was

calculated using the following formula:

Py = 1 - (l—pl)el(lmpz)QZ . oo (l-pk)ek = the probability of
each individual em-
ployee dying over
the total period of
the study, where:

= the probability of
dying in the indi-
vidual years of the
study, and

the portion of a
year ir which the
individual 1is repre-
sented in the study
("e" may be 0, 1, or
a fraction of a yr.)

When calculating expected mortality, two imjortant constraints
are imposed. ¥First, the period for calculation of risk of dying
for each individual is precisely defined. Because the conditions
for inclusion in the study included a minimum period of employment,

the calculation of expected mortality began at the conclusion of

the period of minimum employment rather than on the date on which

employment began. The counting of time at risk terminates at the
end of the study. However, where a person's status as of 31 Dec-
ember 1979 was not determined, time was counted only to the point

of last known date alive rather than the cut-off date of the study.

The second constraint concerns the rates that were used in

calculating expected mortality. Race- and sex-specific U.S. mor~-
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tality rates for the years 1945, 1950, 1955, 1960, 1965, 1970 end
1975 were employed. The rates for 1945 were applied in calcul-
ations for the period January 1946 - June 1947; rates for 1950
for July 1947 = June 1952; and similarly for each five-year period,
using 1975 rates for the period July 1972 - December 1979 (the
most recent detailed rates available).

Rates for 1960 and later are published by the National Center
for Health Statistics for five-year age groups. In order to make
data for 1945, 1950 and 1955 comparable, logarithmic interpolations
between published rates for ten-year age groups were derived to
obtain estimates for the intervening five-year intervals. Thus
in calculating expected mortality, five-year age groups and five-

year time periods were used for comparison purposes.

The causes of death considered in the analyses were classified
according to the Eighth Revision of the International Classification
of Diseases, Adapted. The categories of interest were deaths from:
all causes (all ICDA), malignant neoplasms (ICDA 140-209), diseases
of the heart and circulatory system except cerebrovascuiar (ICDA
390-429 & 440-458), cerebrovascular diseases (ICDA 430-438), and
all trauma (accidents, suicide, homocide, etc. - ICDA EB800-E999).
For those cases in which death certificates were not obtainable,
the cause of death was tabulated as '"'Other or Unknown" unless the
source of the inlormation was able to furnish a reliably classi-

fiable cause.

Statistical significance was determined by comparing the
observed number of deaths with that expected, and assuming that
the distribution of the difference is Gaussian. This is expressed

by the following formula:

Z =

= Zpi, and

VEpi(l-pi)

- 13 -




This technique results in statistical gignificance for smaller
variatione than is the case_if the distribution is assumed to
be Poisson and § = VE.

Summarizing the above: we use the published mortality rates
for the U.S. population at large to calculate how many deeths would
be expected to occur for all causes and for each specific cause
among a group of individuals of the same numerical size, race, sex
and age composition as the Memphis nlant ewployee group during the
time period in which the Memphis cohort was “a* rigk" during and
after Velsicol employment. The comparison of these expected values

_to the observed deaths among the Memphis cohort provides a deter-
mination of whether working at the Memphis plant is likely to be
accompanied by a mortality experience that 1s similar to that of
people of comparable ages not working at the Memphis plant.

By eliminating periods of adult activity of Memphis workers
prior to Velsicol employment from the time at risk calculations,
we reduce the overall person-years base on which the expected
deaths are calculated, and thus reduce the number of expected
deaths to which we compare the number of actually observed deaths.
While it can be argued that it is likely that Velsicol employees
hired after employment elsewhere should be considered at risk
during their entire working lives for purposes of establishing
the overall person-years base for calculating expected deaths,
we deem it more conservative to consider only the time after
the required minimum exposure to the occupational environment

whose effects we are attempting to evaluate.

The analysis includes 5,805.8 person-years of employment at
Velsicol and 14,092.8 person-years of survival since commence-

ment of such employment.

A second type of analysis was performed In which the actual

mortality experienced and the expected mortality in the comparable
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segment of the U.S. population as calculated above were used to

develop survival curves, i.e. the proportion of & cohort sur-

viving over the period of study, compared to the survival of

the comparable segment of the U.8. populaticn.

The results of these two types of analyses are presented

in the feollowing pages.




Summary of Findings

Comparisons of the observed mortality among the Memphis cohort
to calculated expected values based on national statistics revealed
a slightly lesser occurrence of death overall than would be expected
in a group of similar size and age distribution in the U.S. as a
whole. When viewed in detail for various job and product classi-
fications and with respect te specific causes of death the results
ere generally consistent with the national experience. This can

be seen 1n Table III and Figure I which are presented on the

following pages.

Table III shows the number of deaths by major cause among the
employees of the Memphis plant. Overall there werz 80 deaths in
this group compared to an expected number cof 84.2. There were 30
deaths from heart disease as.compared to 32.2 expected and 15 deaths

from cancer as compared to an expected 16.3.

Both strokes and trauma showed an increase over expected, but
the apparent excess of deaths from these causes is limited to em-
ployee groups who are at relatively low risk of exposure to the

actual process of manufacturing the chemicals which are produced

in this plant. These findings will be discussed in further detafl

in the next section.

Figure I displays graphically the survival curve of the white
male employees. Too few non-white males or female employees are
in the cohort to permit a comparable analysis. As can be seen
from this curve, the likelihood of survival among the employees
of the Memphis plant is more favorable than the comparable portion
of the U.S. population until about age 60 and from then on is
essentially identical to that of the U.S. white male in the

country as a whole.
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FIGURE I: Proportion of white mele employees of
the Memphis plant of the Veleicol Corporation sur-
viving at specific eges when those dying from all
causes are deducted, as compared to the comparable
segment of the U.S. population (January 1952 to

December 1979)

Key
U.S. White Males

¥——x—— Memphis Employees

4

+

30 40 50
AGE (Years)
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The morbidity experience among current and surviving former

employees i3 entirely unremarkable. Althougb no reliable national

statistics are available on the health of the U.S. population in
general, we reviewed the occurrence of health problems among the
Memphis employees confirmed to be alive and compared the results
to similar findings of our prior studies in the chemical industry.
Approximately 727 of all surviving Memphis employees reported no
health conditions requiring medical attention. This "good health"
index is substantially higher than we have found in previous
studies where the overall absence of health problems has averaged
about 661.

In summary, we discern no relationships attributable to the
Memphis occupational environment which would suggest any dele-
terious effect upon the life expectancy or general health of
the Memphis employees. The detailed results of our analyses

are presented in the following sections.
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HMortality by Job and Product

Table III above showed the overall mortality experience of

all Memphis employees who worked at the plant for three months

or more since Velsicol began producing pesticides in that facility
some twenty-seven years ago. It also displays the mortality ex-
perience with respect both to the kinds of exposure by job and
product and to specific causes of death. The matrix of exposure
categories and specific causes of death represents an attempt to
be as specific as possible in distinguishing differences in poten-—
tial exposures and types of illnesses given the constraint of
considering groups of sufficient size to permit statistical

validity.

The comparisons of observed deaths among Memphis employees
with expected deaths based og U.S. rates for like segments of the
general population reveal no significantly excessive differences
with the exception of deaths from stroke among the maintenance
employees and deaths from trauma among both the engineers and
female employees. Other than these instances, the number of
deaths observed for all causes and for each specific cause among
the various employee groups are consistent with the national

norms.

~

Because of the finding that the deaths from stroke among
the former maintenance personnel exceeded the number expected
in the comwparable segment of the U.S. population over this

period of time, this group was subjected to further analysis.

It should be noted that while more deaths from stroke were
recorded generally for the Memphis employees than expected, this
is offset by a lesser number of deaths from causes other than
those specifically noted. The "Other" category included deaths

from emphysema (3 cases), alcoholism (2 cases), and diabetes and
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hypertension (1 case). In two instances, as was reported in

Table 1I, che cause of dedth 18 unknown.

Table IV shows a listing of the nine former employees whose

death was recorded as having been from a stroke. As can be seen,
five of these persons worked for Velsicol two years or less and
died an sverage of 13.8 years after leaving Velsicol. Three of
the four maintenance workers who died of stroke are inm this group.
The other had worked for Velsicol 18 years and died five years
after leaving the company's employv. There thus appears to be no
relationship between the occurrence of stroke and the work ex-
perience at Velsicol.
/

The deaths from trauma of various forms were also subject to

further exploration. Among the white male employee group, treumatic

deaths occurred in the following fashion:

Auto accident
Industrial accident (2 at Velsicol)
Suicide

Homicide

Household accident (while employed at Velsicol)
Poisoning (while employed at Velsicol)

Drowning

Land e B > T VS B UC Ry % ]

Asphyxiation

Four of the above people were employed by Velsicol at the time
of death. An average of 7.8 years intervened between leaving Vel-
sicol and time of death in the other individuals. Two of the three
deaths listed as industrial accident resulted from an explosion at
the Memphis plant which occurred in November 1955. The death from
poisoning was in a painter employed in maintenance at Velsicol at
the time of his death in May of 1955. Other than the three deaths

from trauma occurring during employment at Velsicol, all of which
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occurred 25 years ago, none of the deaths in this category can be

considered to be related to the work situation.

There were no deaths from trauma recorded among the non~white
males of the study cohort and the two trauma deaths in the female
employee group were both auto accidents seven and fourteen years

respectively after leaving the employ of Velsicol.
It would appear, therefore, that both the trauma deaths and
stroke deaths represent chance variations unrelated to the work

environment at Velsicol.

While the incidence of cancer deaths was consistent with the

expected number of deaths from this cause in the U.S. population,

an analysis was nonetheless performed of the deaths from cancer by
site and by job class. Table V shows the result of this analysis.
The only concentration of cases is in the lung cancer category

among maintenance personnel.

Only one of these individuals exhibited the disease while at
Velsicol and died while in the employ of the company. A second
individual in this group worked for Velsicol less than one year
and died six years after leaving the company. The other two worked
for Velsicol over ten years and died in their mid-60's after leav-

ing Velsicol--one three years later and the other ten years later.

Among the current and former employees alive at the time of
this study and reporting neoplastic disease, none report lung cancer.
There are two with brain tumors, two with skin cancer and one each

of the testicle, bladder and prostate.

0f the individuals affected by brain tumor, neither of the
decedents was involved in the production process. The two surviviag
employees with this condition are a former maintenance employee and
a currently employed operator who was invelved at one time or another

in multiple production processes.
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Ho pattern of neoplastic disease thus emerges that would
raige any suspicion of a job-related risk factor unless, of course,
the ability to smoke on the job may be considered job-related. A
factor which may also be operative is the likelihood of being af-
fected either by prior or subsequent employment. On the average,
maintenance personnel in the cohort were employed at Velsicol
at 35.7 years of age. The white male employees in the other job
categories were employed at age 27.8 years on the average. Thus
4f the work-situation were an operative factor, the maintenance
personnel had a substantially greater period of time prior to
employment at Velsicol to be exposed to hazardous substances

in other work settings.

Since the maintenance employees represent a somewhat dis-
similar group from the remainder c¢f the employees at Velsicol's
Memphis plant, an analysis of the survival of this group of

employees was performed separately.

Figure II shows the curve for overall survival of the main-
tenance employees as was presented for the total cohort of white
male employees in Figure I. The curve demonstrates that even
though hired at an older age than the remainder of the work

force, thelr overall mortality experience does not vary sig-

nificantly from the U.S. population which is plotted for

comparison.
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JFIGURE II: Proportion of white male maintenance
employees of the Memphis plant of the Velsicol
Corporation surviving et specific ages when thoge
dying from ell causes are deducted, &s compared
to the compareble segment of the U.S. population
(January 1952 - December 1979)
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Mortality by Length of Employment

The matter of "latency” of influences present in the work
environment is of constant concern. In an attempt tc examine
this issue, an analysis of standard mortality ratios was performed
for the white male employees other than the maintenance group.

The results are shown as standard mortality ratios in Table VI.

It will be noted that the analysis continues only through
15 years of employment. Because the period of the study extends
over a 28-year period and the average non-maintenance worker was
employed at age 27.8 years, only those employed in the early
years have had time for death to occur in sufficient numbers
for analysis. The average age at death for those that have-
died was found to be 55.2 years for this group.

It is evident that the analysis indicates the likelihood of
mortality from exposure to conditions present in the plant prim-
arily during the first half of the study perioad. The numbers
are too small to permit analysis at this time beyond the 15-year
period. Among people with a minimum of 20 years of employment,
only ten deaths have thus far occurred, six from heart disease,
two from cancer and two from trauma.

\

The analysis disblayed in Table VI shows essentially no

change in risk of death overall or from heart disease or cancer

regardless of length of employment at Velsicol. It is curious

to note that the risk of death from causes other than heart dis-

ease or cancer tends to decline as length of employment increases.
This is undoubtedly affected by the fact that the chronic degen-
erative diseases have not had sufficient time to be manifested

in this employee group and that trauma deaths, which are more
likely to occur in younger persons, are already evident in the

data available and are reflected in the SMR's for the briefer

periods of employment.
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In summary, the analyses performed of the specific causes

of death, of the specific job categories showing apparent var-

iation from normal and of the relationship of mortality to dur-

ation of employment all tend to con{irm that chance variation
is responsible for the findings present. The overall death
rate of individuvals employed im the plant and the death rates
by major causes are consistent with what one would expect in

the population studied.




Health Status of Surviving Employees

In addition to the analyses of mortality, the health conditions
wvarranting medical attention were recorded for all employees, cur-
rent and former, who could be contacted and who agreed to supply

the information.

Table VII shows the types of problems reported by the employees
indicating a current medical condition or illness. Consistent with
earlier studies in the chemical industry, a substantial majority
of current and former employees reported no medical conditions war-
ranting treatment. Of the 955 persons confirmed to be alive, the
current health status of 822 was determined. Good health was re-
ported by 683 of these, representing 83.1%7 of those reporting.

The 139 who reported health problems identified the conditions

shown in Table VII.

The most commonly reported problem was hypertension. Hyper-
tension and other cardiac disease were reported by 6.5% of the
surviving employee group, an incidence appreciably less than ob-
served in other studies which averaged 10Z of surviving employees
reporting hypertension and cardiovascular disease. This may be
due to the fact that follow-up only covers a 2B-year period, while

other studies covered periods of greater length.

Because of the interest in the possible relationship between

work environment and the occurrence of cancer, the seven subjects

alive at the time of contact who reported the presence of neo-

plastic disease were reviewed in detail. As was reported above,
there were two individuals who reported having brain tumors.

One is a currently employed operator, the other formerly employed
in maintenance. Two individuals reported having skin cancer, a
currently employed operator and a former laboratory worker. The

cancers of the testicle, bladder and prostate are in a former
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laborer, operator and maintenance employee respectively. The
variety of tumors present im the numbers noted does not reveal
an unusual 2oncentration of a specific cancer type in any

specific employee group.

Review of the information contained in Table VII revealed
no pattern of disease or medical condition, by job or product
exposure, that would suggest an adverse influence on morbidity

from the work environment in the Memphls plant.
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Sumnary and Conclusions

A study was conducted of a cohort of 1,115 current and former
employees who worked three months or more at the Memphis, Tennessee
plant of the Velsicol Chemical Corporation from 1 January 1952
through 31 December 1979. Of the study cohort, 93.1% of the males
and 90.0% of the females were located and data on morbidity and
mortality obtained.

The data indicate that overall mortality was lower (but not
significantly) in the male employees than that expected in the
comparabl.e segment of the U.S. populatjon as a whole. This was
true also in the case of deaths from heart disease and cancer.
Trauma deaths and deaths from stroke were generally consistent
with U.S. experience. Trauma vas the major cause of death among
fema o employees. There were minor differences among specific
clas '‘es of workers due to chance variation but none of the var-
iations in specific employee groups could be related to the pro-

ducts handled. The relative mortality by cause was found to be

consistent regardless of length of employment.

Morbidity data &are likewise comparable to expectations in
a work force of the age composition present in the Memphis fac-
ility and among those no longer employed and surviving at the

time of the termination of the study.

There is, thus, no evidence of any long-term latent effect
on health related in any way to employment at the Velsicol plant
in Memphis, Tennessee, for the twenty-eight year period in which
it has been engaged in the production of chlorinated hydrocarbon

insecticides.
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APPENDIX I-1

1

B WAURKEE, WISCONBIN

SPECIFICATIONS FOR STUDY

at Velsicol Chemical Corporation - Memphis Plant: 1979 Update

Mailing address: 1199 Warford, Memphis, TN 38108

Phone:_901-324-~-4401

Plant Mgr. C. Lynn Sharpe Medical Dept. C. Lee Maglio

Ind. Rel. Fred C. Billings Personnel Linda Medlin-Spitzer

DEFINITION OF SAMPLE:

Employees completing 3 wmonths or more after _1 Jan.-1952 to 31 Dec 1979

COMPANY/PLANT CODE: VMEB

JOB CATEGORY CODE: PRODUCT/PROCESS CODE:

Operator, Shift Foreman End products - EGH(exc.chlorine)

Labor . Intermediates - PCL

Shipping Caustic Chlorine

Maintenance, High Risk Heptachlor/Chlorendic

Majintenance, Low Risk Endrin

Laboratory 1ot _assigned

Engineering not assigned

Management /Admin./Clerical . Formulations/Laboratory

Miscellaneous/Unknown ’ Multiple/Other/Unknown

Absence/Leave/Layoff | Office

SPECIAL CODES:

Study approved on __ 18 October 1979

Data collection commenced initial visit 31 Oct 1979
project start-up 7 Jan 1680

F1ELD suPErvisor: 000043
Slack Ulrich

P.O BOX 26509 53228 (414} 257-8283
$29 NORTH ASTOR STREET 33202 {414) 270-4974




o
C%M AND ASSOCIATES

INFORMATION SHEET ON EMPLOYEES

APPENDIX 1-2

NAME o ¢ v 9 3 o a1 4 2 5 1 3 "

SSN 4 ¢ 4 st L % g v 3 Sex y 3 Borny 4 e 2 g1

Phone

Last address

Phone

Subsequent

Phone

Subsequent

Product

Major Job Category

Date Terminated

Date Employed

Intervening Activity

Status as of I - Current 2 - Contacted 3 - Indirect

Deceased: Location __b.C? 4 - Yes 5 - No Date

Major Illness/Cause of Death

Other lllness/Cause of Death

Prlhary Cancer Site

Other Jobs within Plent

Category Product Months

VELSICOL: MEMPHIS
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Page 1

SYNOPSIS

Inhalation exposure of 10 rats for 1| hour to a dust atmosphere of
Chlorendic Anhyvdride at a "metered" concentration of 203.0 =g/l
resulted in salivation during the exposure. A slight bodv weight loss

was observed in 6 rats for 1 day postexposure.
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Page 2

I1. COMPOUND
The compound was received from the Velsicol Chemical Corporation,
Chicago, Illlinois on September 2, 1977,
It was recelved and identified as follows:

Compound
Identification Descriiption

Chlorendic Anhydride fine white powder containing
Technical Reference Standard some chunks
93.8% (EIl)
Lot No. 3-12-206

163-512
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Page 3

PROCEDURE
A. ANIMAL EXPOSURE:
Five male and 5 female Charles River CD rats, which had been

quarantined for at least | week, were used to study the compound. The
male rats weighed frem 211 to 226 grams, and the females from 213 fo
232 grams. The razs were housed individually in wire-mesh cages and
were kept throughout the pre- and postexposure periods in a tem—
perature and humidity controlled room in accordance with standards
outlined in the "Guide For the Care and Use of Laboratory Animals;
DHEW No. (N.I.E. 74-23) 1974", Purina Laboratory Cnow and water were
supplied ad libitum except when the rats were in the exposure chamber.

The rats were exposed to a single concentration of test material.

During exposure, the rats were caged individually in compartmented
wire-mesh exposuve cages. The cages were placed in a 160-liter cubi-
cal, stainless steel and glass chamber. A constant chamber airflow
was maintained by means of a rotary centrifugal alr pump located at
the exhaust side of the chamber. The chamber exhaust was filtered
with an activated charcoal filter and a Cambridge Absolute® filter
before being discharge outside of the laboratory.

B. OBSERVATIONS:

Observations for pharmacotoxic signs and mortality were :made
during and immediately following the 1 hour exposure p-~iod and twice
daily thereafter for 14 days. Individual body welghts were recorded
prior to 1 hour exposure and periodically thereafter in order to
detect any latent effects following the exposure. The rats were

sacrificed and discarded at the end of the 14 day observation period.

000005
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Page 4

C. DUSTS ATMOSPHERE:

The dust atmosphere of the compound was generated by dispersing
the powder at a calculated rate, with a specially constructed dust
generator located near the chamber air inlet at the top of the expo-
sure chamber. This dust generator consisted of a revolving plate with
calibrated "cups” for transporting a known quantity of powder per unit
time from a reservoir to a "blowhole”. At the "blowhole" the powders
in a "cup” were dispersed into the chamber by a jet of air blowing at
tne rate of 7.5 liters per minute.

The actual quantiiy of powder disseminated was determined by
weighing the quantity of powder in the reservoir before and after the
experiuent.

A total of 91.37 grams of the powders was disseminated during the
] hour exposure period. The rate of powder dissemination was calcu-
lated to be 1.52 graws per minute. The rate of chamber airflow was 7.5
liters per minute and the chamber dust concentration was calculated to

be 2C3.0 mg/l. The chamber atmosphere was extremely dusty.

163-512
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Page 5

RESULTS
A. ANIMAL OBSERVATIONS:

The immediate response of the rats to the experimental atmosphere
was an increase of activity in preening. After several minutes of
exposure, this activity decreased. After 30 minutes of exposure six
rats exhibited salivation. By the end of the exposure all the rats
exhibited salivation and one rat exhibited nasal discharge. After
the exposure, all the rats appeared ncrmal.

B. BODY WEIGHTS:
A ~light body welight loss was observed in 6 rats for 1 day postex-
posure 1l..ble 1).
C. MORTALITY:
None of the rats died in the experiment.
All animals survived the observation period and were sacrificed

and discarded.

163-512
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SYUO0PS1S

The test compound was cxamined for acute toxicity in rats and
rabbits in accordance with the regulations under the Federal Hazardous
Substances Act. The following tects were conducted and the results as
indicated obtained:

Eye Irritation Test in Albino Rabbits (Proposed regula-
tion under 21 CFK Pcrt 191, Hazardous Substances Test
for Eye Irritants, Food and Drug Administration):
Group I - 5 minute wash:

A strongly irritant substance,
Group II ~ 24 hour wash.

An extremely irritant and corrosive substance.
Acute Dermal Toxicity in Albino Raobits:

Not a toxic substance by the dermal route of
administration.

Acute Inhalation Exposure in Male Albino Rats:
Not a highly toxic substance by the inhalation
route of administration.

The test compound @lso was evaluated for primary skin irritation
and corrosive hazard in accordance with Title 49 - Transportation,
Chapter 1, Classification of Corrosive Hazards. Based upon the test
data, the followirng resulc was obtained:

Not a primary skin irritant nor does this material
present a corrosive hazard to the skin.

In addition, an acute oral toxicity (LDSO) was conducted in male
and female albino rats, The acute oral LDSO values were calculated
to be as follows:

fale Albino Rats: 1190 (875-1618) mg/kg
Female Albino Rats: 1098 (912-1220) mg/kg
Combined Male and Female Albino Rats: 1138 (971~-1333) mg/kg

163-140 000005
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COMPOUND

e

The test compound w:, received from the Velsicol Chemical Corp-

oration, Chicago, Illinocis on July 21, 1372

It was identified as "Chlorencic Anhydride, 72-785, . Calo'" and

was received as a white powder.

163-140
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EYE IRRITATION IN THE ALBINO “\BBIT

A, METHODS:
Four male and 4 female New Zealand White rabbits were used in
this test. The rabbits weighed from 2171 to 2777 grams at the

beginning of the study. Food and water were available ad libitum.

Prior to compound administration, the eyes of each rabbit were
examined with ultravinlet light after instillation of one drop of a
2.0 percent sodium fluorescein solution. Rabbits exhibiting corneal

lesions were discarded.

The 8 rabbits .ere divided into 2 groups. Group I consisted of
5 rabbits and Group II consisted of 3 rabbits. Rabbits in both groups

received 0.1 wmilliliter by vri.me of the test compound.*

The test material was placed into the cupped conjunctival sac of
the right eye of each rabbit fecllowing which the eyelids were gently
held together for one second. The left eye served as the untreated

control for each rabbit,

The 5 rabbits in Group I were exposed to the test compound for
5 minutes. The rabbits in Group II were exposed to the test compound
for 24 hours. TFollowing the exposure periods, the treated eyes were

washed with a geatle, continuous stream of water, regulated tc

deliver a volume of 300 milliliters of water over a 2 minute period.
The eyes c¢f the rabbits in Group II were examined at 24 hours prior

to the 24 hour wash,

The treated eyes were examined in accordance with the following

schedule:

*Average weight of each milliliter test dose:
Group I - 104,3 milligrams
Crowp II - 94.9 milligrams
163-140
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Group 1 : Group II

1 hour following wash at 5 minutes 1 hour following instiliacion
24 hours 24 hours*
48 hours 48 hours
72 hcurs¥* 72 hours>
7 days* 7 days*
14 days* 14 days*
21 days¥* 21 days*

*Sodium fluorescein examinations were conducted at these intervals,
After grading the eye reaction, one drop of sodium fluorescein

was instilled directly onto the corneal surface of each rabbit.
After a few seconds, excess stain was flushed from the corneal
surface with 20 milliliters of water and the eyes examined with
ultraviolet light,

Fourteen and 21 day examinaticns were not required in this test

as no ulceration, necrosis or corneal opacity was present at the 7

day examination interval.

The grading system employed in this test procedure is presented

on the following page.

B. RESULTS:
Table 1 (Group I) and Table 2 (Group II) present a summary of the

results obtained at each examination period.
Based upon the data derived, the following results were obtained:

vroup I - 5 minute wash:
A stringly irrvitant substance.
Group II - 24 hour Wash:

An extremely irritant and corrosive substance.

163-140
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firading System for Scoving Ocular Lesions

Axrca

CORNFA:
No ulceration or opécity

Scattered or diffusc arcas of opacity, deteils of
fris clecarly visible

Easily discernible translucent arcas of opacity,
details of iris slightly obscurcd

Nacreous arecas of opacity, no details of iris visible,
size of pupil bLarely discernible

Complete corneal opacity, iris not discernible
Ulceration, abscnce of a gross patch of corneal
epitheclium
B. IRIS:
Normal

Markedly decpcned folds, congestion, swelling,
moderate circumcorneal injection (any of these
or combination of any thereof). Iris still
reacting to light

No reaction to light, hemorrhage, gross destruction
(any of all of these)
CONJUNCTIX&E:
1. Redness (palpebral/bulbar conjunctivae):
Vessels normal
Some vessels definitely injected

Diffuse, crimson red, individual vessels not
easily discernible

Diffuse, becfy red
Chemosis:

No swelling

Any swelling above normal (includes nictitating
membranc) .

Obvious swalling with partial eversion of lids
Swelling with lids half closed
Swellirg with lids more than half closed

Ulceration or necrosis of palpcbral/bulbar
conjunctivac or nictitating membranc

cousidercd positive for determining an eye irritant
considered positive for detcrmining a corrosive substance
if a grade I opacity is evidenced for 6 or more days,
considered positive for determining a corrosive substance

163-140 000009




Chlorencic Anhydride: Eye irritation in the Albino Rabbit,

TABLE 1, Observations (Group I - 5 minute wash),

Examination Interval
(No, Pesitive/No. Dosed)
Hours Days
Area Observation 24 .3 72 7

CORNEA
No ulceration or opacity . 5/ ¢ 5/ 5/5 5/5
Grade )1 opacity
Crade 2 .opacity
Grade 2 opacity
Grade 4 opacity
Ylceration, absence of corneal epithelium

IRIS
Normal
Grade 1 iridal irritation
Grade 2 iridal irritation

CONJUNCTIVAE
Rednessa:

Vessels normal

Grade 1 redness
Grade 2 redness
Grade 3 redness

CHEMOSIS
No swelling
Grade 1 swelling
Grade 2 swelling
Grade 3 swelling
Grade &4 swelling

Ulceration or necrosis of conjunctivae
or nictiteating membrane

OTHER:
Blanching
Hemorrhaga, conjunctivae
Purulent discharge
Vocalization following instillation

Sodiumrfluorescnin examination, number
exhibiting positive corncal damage 0/5

163-140 000010




Chlorencic Anhydride: Eye Irritation in the Albino Rabbit.

TABLE" 2, Observations (Group II = 24 hour wash),

Examination Interval
(No. Positive/No. Dosed) _
Hours Days
Area Observation 24 48 72 7 14

CORNEA
No ulceration or opacity 3/3 2/3 1/3 2/3 3/3
Grade 1 opacity /3 2/3  1/3
Grade 2 -opacity
Grade 3 opacity
Grade 4 opacity
Ulceration, absence of corneal epithelium

JRIS
Normal
Grade 1 1iridal irritation
Grade 2 1iridal irritation

CONJUNCT IVAE
Redness:

Vessels normal

Grade 1 redness
Grade 2 redness
Grade 3 redness

CHEMOSIS
No swelling
Grade 1 swelling

Grade 2 swelling
Grade 3 swelling
Grade 4 swelling

Ulceration or necrosis of conjunctivae
or nictitating membrane

OTHER:
Blanching
Hemorrhage, conjunctivae
Purulent discharge
Vocalization following instillation

Sodjum fluorescein examination, number
exhibiting positive corneal damage

163-140
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ACUCE DERMAL TOXICITY IN ALDINO RABBITS

A, METHOD:

Two maie and 2 female New Zealand White rabbits were used in this
test. The rabbits weighed from 2410 to 2930 grams at the beginning
of this study. Food and water were available ad libitum. Body weights

were measured initially and at 14 days after compound application.

The hair was removed from the back of each rabbit with an electric
clipper. The skin of 1 male and 1 fer.a'> rabbit was abraded with

a scalpel blace.

The test compound was applied once only to the back of each rablit
at a dosage level of 2000 mg/kg. The area of application was wrapped
with a gauze bandage and occluded with Saran Wrap. Twenty-four hours
later the bandages were removed and the backs were washed with tepid
tap water, The rabbits were observed for mortality for a pericd of

14 days.

B. RESULTS:
'All of the rabbits survived the 14 day period of study.

Two of four rabbits exhibited body weight gains during the study
period; the remzining two rabbits showed body weight losses of ¢14

and 31 grams,

Based upon the results obtained, the test compound would -ot be

considered a toxic substance by the dermai route of administration,

163-140
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ACUTE INHALATION TOXICITY IN THE ALBINO RAT
A. METHOD:

l. General Procedure:

Ten male rats of the Spartan strain, weighing from 223 to
265 grams, were used in this test. The rats were housed in groups of
5 in metal cages above the droppings and maintained in temperature and
humidity controlled quarters throughout the pre-exposure and post-—
exposuie periods. Purina Laboratory Chow and water were available ad

libitum.

During the 4 hour exposure to the test compound, the rats were
observed continuously for changes in behavior and/or appearance.
Immediately following the ecxposure, the rats were examined closely for
pharmacodynamic ard/or toxic signs. All rats which died on study were
subjected to a gross aecropsy examination, The rats were observed for

a period of 14 days and then sacrificed.

2. Compound Administration:

The group of 10 rats was placed in a sealed 59.1 liter glass
chamber and exposed for 4 hours to a dvnamic atmosphere containing the
aerosol mist c° the test material., In order co prevent '"piling up"
during the exposure, the rats were sepurated into 4 units of 2 or 3 rats

each,

Addition of the test compound to the test chanhker atmosphere
was controlled by a Wright Dust Feeder, Dried and filiered .ir
was passed through the mecharism and directly into the exposure chamber,

Airflow was regulated by means of a flowmeterl.

1Gelman Instrument Company, Ann Arbor, Michigan, Model No. 8221

163-140
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. The calculated atmospheric concentration administered was

approximately 65 mg/L. of the test compound.

B, RESULTS:
None of the rats exposed to the 65 mg/L. atmospheric concentration
died during the 4 hour exposure period or the subsequent 14 day

observation period,

Signs seen during the exposure period included eye squint, dyspnea,
prostration, salivation, l-crimation, ocular and nasal porphyrin
discharge, erythema and generally decreased motor activity. At 24
hours 3 rats continued to exhibit ocular or nasal porphyrin discharge.
At 48 hours all rats were normal and continued so for the remainder

of the 14 day study period.

All rats exhibited normal body weight gains during the 14 day
period of study.

In accordance with the results obtained and the regulations under
the Federal llazardous Substances Ac®, the test compound would not be
considered a highly toxic substance by the inhalation route of admin-

istration.

163-140
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Page 11

PRIMARY SKIN IRRITATION AND CORROSIVE HAZARD TEST IN ALBINO RABBITS

A, METHOD:
Three male and 3 female New Zealand White rabbits were used. The

rabbits weighed from 2330 to 2595 grams at the beginning of the study.

The hair was removed from the back of each rabbit with an electric
clipper. The skin of 3 of the rabbits was abraded with a scalpel

blade. Food and water were available ad libiggg.

500 willigrams of the test material were applied to the back
of each rabbit. The area of application was then wrapped with
a gauze bandage. Four hours later the bandages were removed and the
area was washed with tepid tap water and examined for skin irritation
in accordance with the scale on the following page. These examinations

were repeated at 24 and 72 hours.

B, RESULTS:
" No evidence of skin irritation was observed at any of the observ-

ation intervals.

Based upon the results obtained, Chlorencic Anhydride does not
present a corrosive hazard to the skin nor is this material a primary

skin irritant.

Due to the negative results obtained in this study, tables of a
summation of observations and calculated primary irritation score

have been deleted from this report.

163-140
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Erythema and Eschar Formation:

No erythema

Very slight erythcma (barely perceptible)

Well defined erythema

Moderate to severe erythema

Severe erythema (bect redness) to slight
eschar formation (injuries in depth)

Edema Formation:

No edema
Very slight edema (barely perceptible)
Slight edema (edges of area well defined
by definite raising)
Moderate edema (raised approximately 1.0 mm)
Severe edema (raised mnre than 1.0 mm extending
beyond the area of exposure) 4

*The ''Value" recorded for each reading is the average value of
six or more animals subjected to the test.

The values for erythema and eschar formation at 24 hours and at

72 hours for the intact animals' skin were added to similar values

obtained for the abraded skin animals (a total of 4 values).

Similarly, thé values for edema formation at 24 and 72 hours for
intact and abraded skin animals were added together (a total of 4
values)., The primary irritant score is the sum of the 8 values
divided by 4. As scored by this method, a primary irritant is a
substance which 1s not corrosive, but which results in a score of
5 or more, (Section 191.1 (g) (2) of the regulations of the Federal

Hazardous Substances Act,)

163~140
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ACUTE ORAL TOXICITY IN ALBINO RATS

A, METHOD:

Twenty-five male and 25 female Spartan rats weighing from 104 to
144 grams were used for this study. The rats were housed by sex in
groups of 5 rats per cage, elevated above the droppings. They were
maintained in temperature and humidity controlled quarters through=
out the study period. The rats had food and water available ad
1ibitum, except for an overnight period preceding compound admin-

istration during which food, but not water, was withheld.

The test compound was suspended in corn oil and administered
orally at the following dosage levels to male and female rats: 500,

1250, 1984, 3150 and 5000 ug/kg.

Five rats of each sex were used at each dosage level. Volumes of

10 ml/kg of body weight were administered at all dosage levels.

All rats were observed for mortality continuously during the first
4 hours after dosing, at 24 hours, and once daily thereafter for a

total of 14 days.
Body weights were recorded initi:lly and at 14 days.

B, RESULTS:
1. Body Weight:
All surviving rats at each dosage level exhibited normal body

weight gains during the 14 day observation period.

2, Calculated Acute Oral LD Values:

50
a