Vs on on 50 o on o =0 om o0 o "n 5m we W 3m Ww W

am S 7Ffflﬁ\ﬁt]ﬁwﬁﬁ\ﬁﬁnumnm

CHRONIC INHALATION TOXICITY STUDY OF 1,2-DICHLORQETHANE (EDC) IN RATS
TREATED WITH DISULFIRAM OR ETHANOL

By

James M. Zholakis
David H. Steele
Susan D. Peterson
Jack H. Hagensen
. Garfield X. Liu
Allan T. Chztham
Shirley A. McCann
Karen J. Smith
Debra J. Williamson
Hung D. Hoang
Clifford C. Templeman
Robert M. Kovatch {PAI)

FINAL CHRONIC REPORT
PART I
VOLUME 1 OF 2
TOXICOLOGY AND PATHOLOGY

September 30, 1985

Contract No. 200-82-2508
MRI Project No. 7452-E(2)

For

ETB, NIOSH
4676 Columbia Parkway
Cincinnati, Ohio 45226

\

T

/

MIDWEST RESEARCH INSTITUTE 425 VOLKER BOULEVARD, KANSAS CITY, MISSOURI 64110 ¢ 816 753-7600

i
REPRODUCED BY: ‘
L.5. Department of C:nmmen:eEl‘.'E :
Nalional Technical informalion Service
springfield, Virginia 22161

N

\

|

J






" 50272-101

REPORT DOCUMENTATION | 1. REPORT NoO. 2. o Ts. Reciplert's Accession No.
_ PAGE . DBBET 16305 6%
d
‘5&?8313“T3ha13t10n Toxicity Study of 1,2-Dichloroethane (EDC) 85769? 5

in Rats Treated with Disulfiram or Ethanol. Final Chronic

8.
Report, Part I, Volume 1 of 2, Toxicology and Pathology
7. Authortd J - M. Cholakis, D. H. Steele, 5. D. Peterson, J. H. 8 Performing Organization Rept. No:
Hagensen, G. K. Liu, A. T. Chatham, S. A. McCann, et al
9. Performing Organization Nsmo and Address 10. Project/Task/Work Unit No.

Midwest Research Ingstitute, Kansas City, Missouri

11. Contract(C) or Grant{G) No.

, 200-82-2508

[{03]

12. Sponsoring Organizatlon Name and Address 13. Type of Report & Period Covered

- Same as box 9.

15. Supplementary Notes

L

16, Ab!tran (Uimlt: 200 words)
Sprague-Dawley-rats were used to study the effects of inhaled 1,2-dichloroethane

(107062) (EDC) in the presence and absence of disulfiram (97778) in the diet, and with
or without ethanol (64175) in the drinking water. Rats were exposed to EDC at 50 parts
per million for 7 hours per day, 5 days per week for 24 months. All animals receiving
disulfiram showed lower body weight gains, but demonstrated no other changes regarding
toxicity, survival or food intake. An increased incidence of liver masses was noted in
male and female rats receiving EDC and disulfiram. This finding is in agreement with
other findings concerning the synergistic effects of haloethanes and disulfiram. The
pharmacological agent greatly enhanced the carcinogenicity of the carcinogen. The high
incidence of intrahepatic bile duct cholangiomas in both male and female rats and
neoplastic .nodules in male rats indicate that the combined EDC/disulfiram treatment
must be considered carcinogenic to the liver. Male rats also showed significantly
increased interstitial cell tumors of the testes and fibromas of the subcutis. Female
rats demonstrated increased incidence of adenocarcinomas of the mammary gland. Kidney
lesions were more frequent in the male EDC treatment groupp =

o \\\\u

17-_ Documaent Analysis a. Descriptors

b Identifiars/Open-Ended Terms
NIOSH-Publication, NIOSH-Contract, Contract-200-82-2508, Solvents, Inhalants,

Resplratory-system—disorders, Animal-studies, Cancer-rate, Liver-diseases

-4t ' : ' : [
c. COSATL Fl;ldIGmup
18. Availabllity Statement 7 18, Security Class (This Report) 21. No. of Pagas |
20. Security Class (This Page) 22, Price ~
(See ANSI-Z39.18) See Instructions on Reversa OPTIONAL FORM 272 (&-77)

(Formarty NTIS-35)
Department of Comrmerce



I PRV

s,

ook

v B



PREFACE

This report was prepared at Midwest Research Institute, 425 Volker
Boulevard, Kansas City, Misscuri 64110, under Contract No. 200-82-2508 with
the National Institute for Occupational Safety and Health (NIOSH), Division
of Biomedical and Behavioral Science, 4676 Columbia Parkway, Cincinnati,
Ohio 45226. '

The research was conducted from May 17, 1982, to September 30, 1984,
in the Chemical and Biological Sciences Division, Department of Toxicology,
Deramus Field Station Facilities, 13100 Robinson Pike Road, Grandview,
Missouri 64030. Dr. James M. Cholakis was principal investigator and study
director. JInhalation chamber operations, daily and monthly observations,
body weight measurements, food and water consumption measurements, and
animal husbandry practices were performed by the chamber toxicology staff
(Mr. J. Hagensen, Mr. G. K. Liu, Ms. S. D. Peterson, Ms. K. J. Smith, and
Ms. D. Williamson). Animal husbandry practices were coordinated by
Dr. C. C. Templeman, Veterinarian.

Data coordination, computer operations, and daily scheduling were
supervised by Ms. 5. D. Peterson and Mr. G. K. Liu. Necropsy and histo-
pathology were performed by Dr. R. Kovatch (Pathology Associates, Inc.) and -
support staff (Dr. H. D. Hoang and PAI prosectors).

All chemistry operations including generation and analytical mon-
itoring of 1,2-dichloroethane vapor atmospheres, analysis and reanalysis of
test compounds, and specdial chemistry studies were supervised by Mr. D. H.
Steele and Mr. A. T. Chatham.

The histopathology evaluation performed at Pathology Associates,
Inc., 10075 Tyler Place, I[jamsville, Maryland 21754, is attached to this
report as follows: (a) the pathology narrative (materials and methods, re-
sults and discussion, conclusion, and summary tables) is found in Appendix
9 of this volume; (b) the individual animal histopathology tabulations is
found in Volume 2 of Part I of this report.

The special biochemical study (metabolism, disposition, and DNA
binding experiments) is submitted as Part II of this report.

MIDWEST RESEARCH INSTITUTE

LA '777 ' CM@%U

amgs M. Cholakis, Ph.D.

Approved: ncipal Investigator
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Department
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ABSTRACT

A study of the effects of inhaled 1,2-dichloroethane (EDC) at the
current U.S8. occupational standard of 50 ppm, with or without disulfiram in
the diet, with or without ethanol in the drinking water, was conducted in
Sprague-Dawley rats. Fifty (50) animals/sex/group were exposed to 1,2-
dichloroethane 7 hr/day, 5 days/week for 24 menths in six (6) dose group
designations as follows:

I. Control--exposed to filtered air, provided standard rodent diet, and
drinking water.

II. Ethanol (ET)--exposed to filtered air, provided standard rodent diet,
and 5% ethanol in drinking water. '

ITI. Disulfiram (DS)--exposed to filtered air, provided 0.05% disulfiram
in diet, and drinking water. ‘

IV. EDC--exposed to 50 ppm 1,2-dichloroethane, provided standard rodent
diet, and drinking water. '

V. EDC/DS--exposed to 50 ppm 1,2-dichloroethane, provided 0.05% disul-
firam in diet, and drinking water.

VI. EDC/ET--exposed to 50 ppm 1,2-dichloroethane, provided standard rodent
. diet, and 5% ethanol in drinking water.
A

Bath male and female rat treatment groups receiving disulfiram in
the diet (DS and EDC/DS groups) gained significantly less weight when com-
pared with their control groups over the course of the entire study. On the
other hand, no noteworthy changes were recorded in clinical signs of toxic-
ity, on survival, or on food and water consumption parameters. However,
at necropsy an. increased incidence of liver masses were noted in both male
and female EDC/DS group, kidney lesions in the male EDC/ET group, and le-
sions of the testes in the male EDC treatment group.

Under conditions of this study, the EDC/DS combination treatment
should be considered carcinogenic for the liver as there was a high inci-
dence of intrahepatic bile duct cholangiomas in both male and female rats
and neoplastic nodules (hepatocellular adenomas) in male rats utilizing
this dosing regimen. Interstitial cell tumors of the testes and fibromas
of the subcutis were also significantly increased in male rats receiving
EDC/DS. An increased incidence’ of adenocarcinomas of the mammary gland
observed in female rats is also considered a marginal carcinogenic effect.




I. INTRODUCTION

The basis of nomination of 1,2-dichlorcethane [Natiomal Cancer
Institute (NCI) No. C00511] (ethylene dichloride, EDC) for bicassay was
to compare its biological effects to those of other 1,2-dihalcalkanes.

Recent chronic studies have produced contradictory results on the
carcinogenicity of EDC. A gavage study (NCI, 1978) found that EDC was car-
cinogenic to male and female rats and mice. However, an inhalation study in

‘rats found no significant carcinogenicity. Possible explanations of these

results include strain differences (B6C3F1 and Sprague~Dawley, respectively),
route differences, and an artifact from the effects of unscheduled deaths
(Maltoni et al., 1980).

- The problem is made more serious by the known effects of the
closely related chemical 1,2-dibromoethane (EDB). Research at Midwest
Research Institute (MRI), under National Institute for Occupational Safety
and Health (NIOSH) Contract No. 210-76-0131, showed that inhaled EDB is
carcinogenic and that simultaneous feeding with disulfiram (an alcohol
dehydrogenase inhibitor, widely used in the treatment of alcoholism) greatly
increased the carcinogenic potency and lethality of EDB. From basic chem-
istry, one would assume that EDC reactions are substantially similar to
these of EDB, implying that a similar disulfiram-EDC synergism exists.

The Chemlcal Abstracts Service (CAS) Ninth Collective Index (197;)
name for this compound is Ethane, 1,2-dichloro- (CAS Registry Number is ‘
107-06-2). The compound is also known as sym-dichloroethane-and glycel
dichloride. :

Although 1,2-dichloroethane is the largest volume synthetic or-
ganic chemical manufactured in the United States (Gold, 1980), only about
10 to 15% of 1,2-dichloroethane production is sold commercially. The rest
is produced by oxychlorination of ethylene and used captively to produce
vinyl chloride. It is also used in the production of 1,1,1-trichloroethane
(methylchloroform), trichloroethylene, tetrachloroethylene (perchloroethyl-
ene), vinylidene chloride, and ethylene amines. It is a component of most
leaded fuels as a lead scavenger. Other minor uses include solvents for
extraction of caffeine, perfume oils, and animal fats; textile cleaning;
and metal degreasing. It has been used in food packaging adhesives; in
fumigants for upholstery, carpets, and grain; in paint, varnish, and finish
removers; and in soaps and scouring compounds. 8till other minor uses in-
clude wetting and penetrating agents, organic synthesis, ore flotation, and
as a dispersant for nylon, rayon, styrene-butadiene rubber, and other poly-
mers (Drury and Hammons, 1979; NIOSH, 1978a). Annual United States produc-
tion in the last decade has. ranged from about 3, 620 ,000 to 4,290,000 MT
(USITC, 1976-1984).



The following producers were listed in the 1977 inventory taken
by the U.S. Environmental Protection Agency (EPA) for the Toxic Substances
Control Act: BASF Wyandotte Corporation, B. F. Goodrich Chemical Division,
Borden Petrochemical, Contlnental 0il Company, Diamond Shamrock Corporation,
Dow Chemical U.S.A., Ethyl Corporation, Olin Corporation, PPG Industries,
Inc., Shell Chemical Company, Stauffer Chemical Company, Union Carbide
Corporation, and Vulcan Materials Company (TSCA, 1980).

Acute toxic effects of EDC in laboratory animals most frequently
include lowering blood pressure and cardiac impairment. Other acute effects.
are pulmonary edema, fatty degeneration of the liver and kidmey, and degen-
eration of the adrenal cortex (NIOSH, 1978a).

Humans develop similar symptoms whether the route of acute expo-
sure is ingestion, inhalation, or dermal absorption: nausea, vomiting,
dizziness, internal hemorrhaging, cyanosis, rapid but weak pulse, and un-
consciousness. Death occurs from respiratory and circulatory failure.
Chronic exposure of humans to EDC has been associated with neurologic
changes, loss of appetite, other gastrointestinal problems, mucous membrane
irritation, liver and kidney impairment, and death {NIOSH, 1978a).

- The acute toxicity of EDC has been tested in many laboratory spe-
cies. Reported oral LDggy's for the mouse, rat, and rabbit are 489, 670,
and 860 mg/kg, respectively. The lowest toxic oral dose reported for man
is 810 mg/kg. Lowest lethal concentrations (LC..) in air within a 7-hr

exposure period are 1,500 ppm for the guinea pig and 3,000 ppm for the pig

and rabbit. The 2-hr inhalation LC.. for the mouse is 2,500 ppm. The low-
est toxic inhalation exposure for hiimans is 4,000 ppm in 1 hr (Tatken and

Lewis, 1983).

.The permissible exposure limit for EDC promulgated by the Occupa-
tional Safety and Health Administration (OSHA) is 50 ppm as a time-weighted
average (TWA) for an 8-hr day, 40-hr work week. OSHA regulations include a
ceiling value of 100 ppm (200 mg/m3) and a peak level of 200 ppm for 5 min
in any 3-hr period.

NIOSH recommended 1 ppm for a TWA exposure with a 2-ppm ceiling
value (NIOSH, 1978a). The American Conference of Governmental Industrial
Hygienists (ACGIH) recommend a threshold limit value (TLV) of 10 ppm and a
short-term exposure limit (STEL) of 15 ppm/15 min. ACGIH has proposed
ellmlnatlon of the STEL (ACGIH, 13984). '

NIOSH (19783; 1978b) estimated that 200 000 workers are: coutlnu-‘
ously exposed on the job to EDC; 34,000 for as much as 4 hr or more daily.. |
Altogether, a total of épproximately 2 million workers are exposed at some

‘time.to EDC in nearly 150,000 workplaces. Persons in the general population

who work or reside in areas adjacent to industries that produce, consume,
or discharge EDC may inhale contaminated air as will persons who spend tlme
near gasollne storage facilities or f1111ng stations.
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The sweetish odor of EDC, barely detectable at 50 ppm, is not
striking enough so that it serves as sufficient warning of the chronic ex-
posure hazard. Persons become adapted to low concentrations (Clayton and
Clayton, 1981).

The mutagenicity of EDC in various test systems depends greatly
on their metabeclic capabilities. Exposed Drosophila melanogaster exhibit
sex-linked recessive lethal mutations, somatic mutations, and nondisjunc-
tion of X chromesomes. Barley seeds show increased sterility and-point:
mutations, and pea seedlings, arrested growth. S-9 activation is necessary
for the mutagenic effect or enhances it greatly for human lymphocytes in
vitro (DNA reparative synthesis enhanced), the Chinese hamster ovary cell/
HGPRT culture system (gene mutation), and many Salmonella tester strains.
Cytosol, cytosol + GSH, and/or microsomes enhance the activation of EDC to
a more potent mutagen. Mutagenic activity was absent in tests with
Escherichia coli and in the micronucleus test in mice. The more potent
mutagens arising from EDC metabolism have not been identified unequivocally.
They may include glutathione or cysteine conjugates and chlorcacetaldehyde
(Davidson et al., 1982).

Although the older literature reports that exposing female rats
to EDC in the air caused embryolethality and increased perinatal mortality,
more recent experiments with pregnant rats and rabbits exposed to 100 or
300 ppm for 7 hr/day for 10 or 13 days during pregnancy did not cause em-
bryotoxicity, fetotoxicity, or malformations attributable to EDC. A multi-
generation exposure of male and female mice to EDC at up to 290 mg/L in the
drinking water (daily dose approximately 50 mg/kg) did not cause any dose-
dependent effects on fertility, gestation, viability, or lactation (Davidson
et al., 1982).



II. MATERIAL AND METHODS

A. Chemical

i. 1,2-Dichloroethane

a. Procurement and usage: Four lots of EDC were used durlng
the course of this study. All four lots (Lot Nos. 2403TH, 5027EJ, 1420TJ,
and 2401HL) consisting of 5, 30, 30 and 12 L, respectively, were purchased |
from Aldrich Chemical Company, P.O. Box 355, Milwaukee, Wisconsin 53201. i

Upon receipt of each lot, reference standards were removed, l
placed in septum vials, and sealed with aluminum crimp seals and Teflon- |
faced septa. The reference standards were stored at -20°C. The remainder
of the lot was stored-at 5°C.

The usage of these lots is summarized below.

Lot No. Used Dates of Use
2403TH 9/27/82 to 3/17/83
5027EJ 3/18/83 to 11/22/83
14203 11/23/83 to 8/17/84
ZAleL | 8/18/84 to 9/14/84

b. TIdentity and purity analysis

(1) Original bulk chemical analyses: The original
bulk chemical analyses of each lot were performed under the supervision of
the project chemist. The results of these analyses are summarized below.
Copies of the reports are contained in Appendix 1.

(a) Lot No. 2403TH: The sample was identified as
1,2~dichloroethane by infrared spectroscopy. Gas chromatographic analysis
detected no impurities 0.1% or greater, relative to the major peak indi-
cating a purity > 99%.

(b) Lot No. 5027EJ: The sample was identified as
1,2- dlchloroethane by infrared spectroscopy. Gas chromatographic analysis
detected no impurities 0.1% or greater, relative to the major peak, indi-
cating a purity > 99%.

(c) Lot No. 1420TJ: The sample was identified as
1,2-dichloroethane by infrared spectroscopy. Gas chromatographic analysis
detected no impurities 0.1% or greater, relative to the major peak, indi-
cating a purity > 99%.



{(d) Lot No. 2401HL: The sample was identified
as 1,2- d1chloroethane by infrared spectroscopy. Gas chromatographic anal-
ysis detected one impurity 0.1% or greater, relative to the major peak.

Three smaller impurities having areas less than 0.1% relative to the major

peak were also detected in the sample. The combined area of the impurity

.peaks totaled 0.32% of the major peak, indicating a purity > 99%.

(2) Bulk chemical reanalysis: The objective of the
bulk chemical reanalysis was to determine whether the purity of the test
chemical as received and stored was, and remained, identical to that ini-
tially received and analyzed by MRI.

The 1,2-dichloroethane used during this study was ana-=
lyzed for purity upon receipt and at 4-month intervals thereafter, including
analyses within 30 days prior to the start of the study and within 30 days
after the last sacrifice. The analyses were conducted by the BioOrganic
Chemistry Department at Midwest Research Imstitute.

The analysis methed employed was a determination of
purity by gas chromatography. Methodologies for this analysis are given
below. ‘

The bicassay sample and the reference standard were
analyzed for purity by gas chromatography. The ratio of the sample peak
areas to the internal standard peak areas were obtained for the bicassay
sample and then normalized to the ratio of the average reference standard
to internal standard peak area. The instrument system used is given below.

Instrument: Varian 3700 gas chromatograph

Detection: Flame ionization

Column: 80/100 Carbopack C/0.1% SP-lOOO, 1.8 m x 4 mm
ID; glass

Carrler Gas: Nitrogen

Carrier Gas Flow Rate: 70 cc/min

Detector Temperature: 250°C

Inlet Temperature: 200°C

Column Oven Temperature: 55°C, isothermal

Samples Injected: Solutioms of 0.5% (v/v)

In all cases, the obtained results were in good agree-
ment with the original amalysis. No significant changes in purity were ob-
served for any of the lots. The reports generated from these analyses are
contained in Appendix 1. The cumulative results are presented in Table 1.

2. Disulfiram

a. Procurement and usage: Two lots of disulfiram were used
during the course of this study. Both lots (Lot Nos. S062982 and 89C0022)
consisting of 1.5 and 2 kg, respectively, were purchased from Sigma Chemical
Company, P.0O. Box 14508, St. Louis, Missouri 63178.




TABLE 1

CUMULATIVE REANALYSIS RESULTS FOR 1,2-DICHLOROCETHANE

Purity Analysis by Gas
Reanalysis Date Chromatography (% of Reference Sample)

9/1/82 o ¥ -
Lot No. 2403TH c
. (Original Analysis)

12/20/82 o 100.5 + 1.4(s)%
Lot No. 2403TH | - |

12/20/82 - - -
Lot No. 5027EJ '
(Original Analysis)

4/27/83 o C100.7 £ 0.1(8)%
Lot No. 5027EJ | o

8/25/83 . o : 100.0 £ 0.1(s)%
Lot No. 5027EJ :

i+

1/4/84 o ‘ - 99.2 + 0.5(s)%

Lot No. 5027EJ

10/7/83 S SR -
Lot No. 1420TJ - ' '
(Original Analysis)

5/4/84 | o 100.0 + 0.2(s)%
Lot No. 1420TJ «

8/14/84 ~ . -
Lot No. 2401HL ' :
(Original Analysis)
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Upon receipt of each lot, reference standards were removed,
placed in septum vials, and sealed with aluminum crimp seals and Teflon-
faced septa. The reference standards were stored at -20°C. The remainder
of the lot was stored at 5°C.

-

The usage of these lots is summarized below.

Lot No. Used Dates of Use
S062982 9/14/82 to 12/29/83
89C0022 12/30/83 to 9/24/84

b. Identity and'puri;y analysis

(1) Original bulk chemical analyses: The original bulk
chemical analyses of each lot were performed by MRI. The results of these
analyses are summarized below. Copies of the reports generated from these
analyses are contained in Appendix 2.

(a) Lot No. 5062982: The sample was identified
as disulfiram by infrared spectroscopy. The elemental analyses for carbon,
hydrogen, and nitrogen agreed with the theoretical values, but the analysis
for sulfur was slightly low. High performance liquid chromatography indi-
cated one impurity with an area of 0.4% relative to the major peak. Cumu-
lative data indicated that this sample of disulfiram had a purity of 99%.

(b) Lot No. 89C0022: The sample was identified
as disulfiram by infrared spectroscopy. The elemental analyses for carbon
and nitrogen agreed with the theoretical values, but the analyses for sul-
fur and hydrogen were slightly low. High performance liquid chromatography
indicated two impurities having a combined area of 0.49% relative to the
major peak. Cumulative data indicated that this sample of disulfiram had
a purity of 99%.

(2) Bulk chemical reanalysis: The objective of the
bulk chemical reanalysis was to determine whether the purity of the test

chemical after storage remained identical to that received and analyzed by
MRI.

The disulfiram used during this study was analyzed for
purity upon receipt and at 4-month intervals thereafter, including analyses
within 30 days prior to the start of the study and within 30 days after the
last sacrifice. The analyses were conducted under the supervision of the
project chemist.

The analysis method employed was a determination of
purity by high performance-liquid chromatography. Methodologies for this
analysis are given below.



The biocassay sample and the reference standard were
analyzed for purity by high performance liquid chromatography. The ratiocs
of the sample peak areas to the internal standard peak areas were obtained
for the bicassay sample and then normalized to the ratioc of the average
reference standard to internal standard peak area. The instrument system
used is given below. '

Pump: Waters Model 6000

Detector: Waters Model 440, 254 mm, 2.0 AUFS
Injector: Waters Intelligent Sample Processor
Column: Varian Micro Pak MCH-10, 300 mm x 4 mm ID
Flow Rate: 2.0 mL/min

Mobile Phase: Water:Methanol, 250:750 v/v

In all cases, the obtained results were in good agree-
ment with the ordiginal analysis. No significant changes in purity were ob-
served for any of the lots. The reports generated from these analyses are
contained in Appendix 2. The cumulative results are presented in Table 2.

B. Test Atmosphere Generation and Anélysis of 1,2-Dichloroethane

1. Generation of test atmospheres: A separate generation system
was maintained for each of the three test chambers. The systems counsisted
of gas wash bottles having a coarse glass frit on the inlet tube located
approximately 1/8 in. from the bottom of the wash bottle. Compressed air
entering through the bottom of the gas wash bottle was allowed to bubble
through the glass frit and through the EDC to generate EDC vapors. These
vapors were transferred to a secondary dilution flask, where they were fur-
ther diluted by air. The final vapors produced in the secondary diluticn
flask were transferred to the intakes of the test chambers via 1/4-in.
Teflon lines, where they were diluted to the desired test concentration.
The systems were operated at ambient temperatures to minimize degradation
of test chemical. ‘ '

Each genmeration system was contained within an isolation box
(23 in. x 12 in. x 30 in.), specially designed for operation under negative
pressure. Each box was vented intec a charcoal-filtered exhaust system.
The fronts of the isolation boxes were constructed from 3/8-in. lucite,
reinforced with 1/2=-in. aluminum rods. Operations for weighing and filling
the gas washing bottles were conducted in a Class A hood in a laboratory
adjacent to the inhalation chambers.

The concentrated mixtures of 1,2-dichloroethane vapors were gener-
ated by metering, via flow meters, dry compressed air through the liquid
1,2-dichloroethane in the gas wash bottles. The EDC vapors were then trans-
ferred, via 1/8-in. Teflon lines, to the secondary dilution flasks, where
they were further diluted with compressed air, mixed, and then channeled to
the appropriate intake port of the test chambers. Chamber-intake air was
then used to dilute the vapors to the desired test concentration. The sec-
ondary dilution flasks also served as safety flasks for containing any
possible spillover of liquid 1,2-dichloroethane from the gas wash bottles.




TABLE 2 -

CUMULATIVE REANALYSIS RESULTS OF DISULFIRAM

Purity Analysis by High Performance
Reanalysis Date Liquid Chromatography (% of Reference Sample)

9/1/82 : -
Lot No. 5062982 ‘
(Original Analysis)

1/17/83 ©100.6
Lot No. 5062982

I+
<

.2(8)%

I+
o

5/10/83 ' ~100.0
Lot No. S062982 :

A(s)%

8/30/83 ‘ , 99.5
Lot No. S062982

1+
o

T(s)%h

1+
o

1/9/84 - 100.2 .3(s)%

- Lot No. S062982

'I!' - e i’lll S B T B N = ’Ill | e T _IlIII I!II - s .

10/7/83 -
Lot No. 89C0022 ' '
(Original Analysis)

5/4/84 o 100.8
Lot No. 89C0022

I+
o

.9(s5)%

9/19/84 ) 100.0
Lot No. 89C0022

-+
o

L1(s)%



'2. Analyses for concentration of chemical in the test atmospheres:
A description of the monitoring system and methods for its standardlzatlon
and use are given below.

a. Monitoring system: The system used for monitoring 1,2-
dichloroethane concentrations in the test atmospheres consisted of an auto-
matic gas sampling system, designed and built by MRI, coupled to a gas
* chromatographic system equipped with a flame ionization detector. The com-

penents of this system are described in detail below. :

(1) Automatic sampllng system: Samples from the test
atmospheres were withdrawn, via vacuum pump, from the chambers. A series
of valves controlled by a hard wired program directed the samples either to

’. the gas chromatographic system or to exhaust as described below Flow dia-~

grams for this: system are given in Figures 1 and 2.
: Each of the llnes .coming from the chamber room (one
llne/chamber) was connected to a three- -way solenoid-activated Teflon valve.
These valves were normally in the open position, directing sample flow

through a manifold to the system exhaust.

When one of these valves was actlvated (closed), either
by manual selectlon of an incoming line or by the timing mechanism in auto-
matic operation, the sample in that line was shunted to another manifold
that led to the gas chromatograph. This valve directed the sample stream
into one of the matched, zero-dead-volume, 1.0-cc sampling loops. When an
equilibration and injection sequence was 1n1t1ated a solenoid-controlled
Teflon valve on ‘the downstream side of the sampllng valve and the line valve
in the autosampler both closed. The sample was then allowed to equilibrate
thermally in the closed loop. After a set interval of time, a motor rotated
the sampling valve, injecting the sample onto the column by connecting the.
sample loop to the carrier gas line of the gas chromatograph.

The rotation of the sample valve simultanecusly directed
sample from the next chamber to be monitored through the second sampling
loop. Sample continued to flow through this loop until it was equlllbrated
and injected accordlng to the same sequence.

(2) Gas chromatographic system

Instrument: Varian 2400 ‘gas chromatograph

Detector: Flame ionization

Column: 10% Carbowax 20M-TPA on 80/100 Chromosorb
W(AW), 1.8 m x 2 mm ID; nlckel

Carrier Gas: Nitrogen

Carrier Gas Flow Rate: 30 cc/min

Inlet Temperature: 150°C '

Detector Temperature: 250°C

Column Oven Temperature: 70°C

Data Handling: Varian CDS 111 Integrator

10




Flow Through Lines is Continuous, Either
Through GC and then Exhaust ( Except
During Injection), or Directly to Exhaust

‘

To Sample To Exhaust
Valve in GC

Figure 1 - Flow Diagram Through Autosampler

GC Carrier

GC Column

Sample from
Autosampler /o

Counterclockwise

Flgure i‘- Three-way Sample
Left: Sample entrv; Right:

11

~ Sample from

GC Carrier

GC Column

Autosampler o4

Clockwise

Valve in Ges Chromatograph
Transfer to column



b. System standardization: Manual injection of accurately
prepared solutions of 1,2-dichlorcethane in n-hexane was used for standard-
ization of the gas chromatographic system. A complete standardization was
performed on a daily basis, prior to initiation of the 7-hr exposure period.
At least one of the standards was reinjected after the daily exposure to
verify that the system had not changed during the exposure. Standards were
prepared on a weekly basis and aliquots were transferred to multiple septum
vials. The vials were stored at =-20°C until used. Any single vial was used
for 1 day's exposure and discarded after daily use.

c. Monitoring frequency: During the study, samples from
each test chamber atmosphere and a sample of air from the two work rooms
were analyzed every 30 min.

d. Quality control samples: During the study, one blind
sample was supplied to the chamber monitoring technician each month. This
sample, containing 1,2-dichloroethane at a concentration unknown to the
technician, was analyzed and the results reported to the project chemist.
The purpose of these samples was to check the accuracy of the instrument
operators and of the instrumental system itself.

The values obtained were found to be in good agreement with
theoretical values. The average for 22 samples was found to be 99.0 %
4.0(s)% and ranged from 90.4 to 108.5% of theoretical values.

Reports detailing the results of these analyses were issued
at 6-month intervals. The final report, giving the cumulative results for
these analyses, is contained in Appendix 4.

e. Data handling and interpretation: Data output from the
monitoring was in the form of direct chamber concentration readings (ppm).
These data were recorded on forms provided for that purpose and were subse-
quently entered into a computer program which calculated daily and monthly
means, standard deviations, and listed individual maximum and minimum read-
ings. These forms were maintained as a permanent record, together with
integrator tapes and strlp charts. All data generated were evaluated by
the project chemist.

f. Tabulation of chamber concentrations: The 1,2-dichloro-
ethane concentrations in the test atmospheres are contaiped in Appendix 5.
The concentrations were tabulated on a daily, weekly, and monthly basis.
In addition, the percent number of ocutliers with respect to the total number
of exposure days (daily exposure levels which were greater than or less than
10% of the target level) for the entire chronic study were 4.8%, 5.1%, and
5.9% for the EDC, EDC/DS, and the EDC/ET chamber groups, respectively.
Daily chamber averages of EDC which exceeded the * 10% target level were
the result of technical or analytical equipment variability. The informa-
tion is summarized in Table 3.

12




TABLE 3

NUMBER OF PERIODS FOR EACH EXPOSURE GROUP IN WHICH THE DAILY
AVERAGE EXPOSURE OF EDC WAS GREATER THAN OR LESS THAN
10% OF THE TARGET CONCENTRATION OF 50 ppm

Total No.
Qutliers
Total
‘ Number of QOutliers " Exposure
Group = > 10% < 10% > 20% < 20% Days %
EDC - 12 9 2 1 24/495 4.8
EDC/DS 14 9 2 0 25/495 5.1

EDC/ET 19 8 2. o 29/495 5.9
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3. Special studies

a, Validation of automatic sahpling system This study was
performed to validate the use of the autosampling system used during this
~ study. Full details of this analy51s are contalned in Appendix .4.

Using a 1.0-cc gas-tight syringe, triplicate grab samples of
EDC chamber atmosphere were removed from an equilibrated inhalatien chamber
and analyzed for EDC concentration. ‘Similarly, triplicate samples of EDC
chamber atmosphere from the same inhalation chamber were analyzed for EDC
concentration using the automatic sampling system. All of the samples were
analyzed using the same gas chromatographic system as that used routinely
to monitor EDC chamber concentrations. To obtain a representative sample
and minimize the differences in chamber atmosphere concentration, the sam-
ples were analyzed by alternating between a grab sample and an autosampler
sample until triplicate determlnatlons using each sampling method were ob-
tained.

- The results obtained using the automatic sampling system
were found to be 97.6 £ 2.4(s)% of those obtained from manual injections of
‘chamber atmosphere. These results validate the use of the automatlc .sam-
pllng system for this study.

b. Correcticn of EDC chamber concentratlon data for average
calibration factor differences: The purpose of this work was to correct
the EDC chamber concentration data for differences in the average calibra-
tion factor used by the Varian CDS-111. 1ntegrator Full details of ‘this
analysis are contained in Appendix &4-.

Prior to the start of each 7-hr exposure, liquid standards
contalnlng known amounts of EDC in hexane are injected into the gas chro-
matographic monitoring system. A calibration factor (Cal Fact), based on
an external standard calculation, is generated by the Varian CDS-111 inte-’
grator for each of the liquid standards injected. The average of these
values is then placed in a line program of the integrator which calculates'’
actual EDC chamber concentrations in parts per mllllon (ppm)

‘On certain days Cal Fact values were not used to calculate
the average Cal. Fact value. S;nce a statistical procedure was not used for
rejection, the standardization data were evaluated using the Tietjen-Moore
equation for determining statistical outliers occurrlng on one or both sides
of the mean. If Cal Fact values were determined to be outliers, these
values were rejected and a new average Cal Fact value was calculated Each
chamber -concentration reading obtained during the exposure period was then
recalculated using this new value. '

Review of the morning standardization data 1nd1cated 76 days
that EDC chamber concentration data needed to be corrected. All of these
days fell between 12/27/82 and 10/3/83. 8Since there were 495 exposure days
for each chamber, the overall effect of these corrections on this study mean
was minimal.
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c¢. Stability of ethanolic drinking water in the water
delivery system: This study was performed to determine if the ethanol con-
centration was altered by the water delivery system. Full details of this
analysis are contained in Appendix 4.

A sample of ethanolic drinking water, which had been in the
water delivery system for 2 weeks, was removed from a sipper tube. The
same gas chromatographic. method employed for the original amalysis was used
to analyze the sample for ethanol concentration and the results compared
with the concentration obtained during the original analysis.

The results obtained from this analysis indicated that
ethanolic drinking water was stable in the water delivery system for a
period of 2 weeks.

d. -Drager validation method and chamber ammonia sampling:
This study was performed to validate the use of the Drager method for mea-
suring ammonia concentrations in inhalation test atmospheres. Full details
of this analysis are contained in Appendix 4.

Atmospheres of known ammonia concentration were prepared in
gas sampling bags by adding accurately measured amounts of aquecus ammonium
hydroxide (29%) to known volumes of room air and to control chamber atmo-
sphere. After allowing sufficient time to ensure total evaporation of the
ammonium hydroxide, those standards were analyzed using the Driger method.

Both the standards prepared with the room air_and the stan-
dards prepared with control chamber atmosphere vielded linear relationships
with parallel slopes and correlation coefficients of 0.994 and 0.995, re-
spectively. This study demonstrated that ammonia levels were being accu-
rately measured, within the limits of error (* 15%) of the method.

When samples were obtained from a contrel chamber under the
heaviest animal activity level (early morning prior to chamber waste pan
removal), the ammonia concentration was £ 8 ppm. Later ammonia readings
(6 hr after waste pan removal) were £ 1 ppm.

e. Analvsis of disulfiram/feed mix stored under actual con~
ditions: This analysis was performed to determine whether dosed feed blends

. remain stable under actual bioassay storage conditioms. Full details. of

this analysis are contained in Appendix 4.

A sample containing dosed feed (Lot No. 20), which had been
stored in a plastic bag in a freezer at -20°C, was analyzed for disulfiram
according to standardized procedures. The results of the analysis were
compared with the results from the original analysis on Lot No. 20 to deter-
mine if the sample remained stable under the actual storage conditions.

The'results obtained indicated thaf &osed feed blends stored

approximately 1 month under conditions used in this study retained > 979 of
their original disulfiram dose concentration. ’
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f. Chamber distribution studies: The purpose of the chamber
distribution studies was to validate the use of single port sampling for
daily concentration monitoring. This was done by demonstrating that the
1,2-dichloroethane concentrations at ports adjacent to the cage units were
similar to that of the port from which samples were removed for daily con-
centration monitoring. Samples were taken for analysis with the probes
placed directly above each cage unit in the chamber (12 locations). Cham-
ber atmosphere concentrations were measured using the previously described
daily concentration monitoring system.

The coefficient of variation between the concentration at
the different locations was found to be less than 6% using this procedure.
See Appendix 4 for distribution study reports for each chamber.

C. Disulfiram/Feed Mix Preparation and Analysis

1. Preparation of 0.05% disulfiram/feed mix: The following pro-
cedures were followad during the feed mix preparation.

a. Three 10-kg amounts of Purina 5002 rodent chow were
weighed into three separate containers.

b. A 200-mL beaker was tared on a balance and disulfiram
ladeled into the beaker until 15.0 g of disulfiram had been weighed. The
beaker was then covered with Parafilm.

‘ ¢% Approximately 8 g of the weighed disulfiram was poured
into a mortar, along with an equal amount of the previously weighed feed.
The feed and disulfiram were mixed until a uniform mixture was obtained.
The remainder of the disulfiram was then added to the mixture. Approxi-
mately 24 g of feed was added to the 200-mL beaker and stirred to pick up
the residual disulfiram. This was then added to the premix contained in
the mortar. The mixture was then stirred until it was determined to be
uniform in texture 'and color.

d. The premix from step ¢ was then transferred to a mixing
bowl along with 100 g of feed. The contents were then stirred and mixed as
before. Another 200 g of feed was added to the bowl and the mixing process
continued.

e. To a previously clean and inspected PK blender, one
bucket (10 kg) of the weighed feed was added to each of the two upper ports.

f. Approximately one-half of the premix was added to each
of the two upper ports. Approximately 200 g of feed from the last bucket
was added to the mixing bowl to pick up any residual disulfiram. The con-
tents of the bowl were then added to the blender along with the remaining
feed in the final bucket.
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g. The blender was secured and mixed for 35 min with the
intensifier bar turned on shortly after the start of the mixing period.

h. At the end of the mixing period, a plastic bag was placed
around the opening of the lower port and half the contents of the blender
allowed to flow into the bag. The feed remaining was placed in a second
plastic bag. The blender was tapped with a rubber mallet to shake loose all
of the feed. '

i. A 4-0z jar was filled with the dosed feed and the dosed
feed labeled with the appropriate lot number, project number, ‘date prepared,
etc. The plastic bags containing the dosed rat feed were stored in a freezer
at -20°C. : :

2. Analyses of 0.05% disulfiram/feed mix: Samples from each lot
number of dosed feed, contained in 4-oz screw top jars, were shipped to MRI's
Volker facility and analyzed under the supervision of the project chemist
to determine the actual concentration of disulfiram in the feed. The ana-
lytical method employed was a determination of concentration by high perfor-
mance liquid chromatography Methodologies for this analysis are given
below

a. Triplicate 10.0-g samples of dosed feed from each lot
number were shaken on a wrist-action shaker with 100 mL of acetonitrile for
30 min to extract the chemical.

' (

b. Three individually spiked portions of feed, -dosed at the
same concentration as the samples, were prepared to determine the recovery
of disulfiram from feed. : -

c. The extracts were clarified by centrifugation, and a
10-mL aliquot of extract along with a 3-mL aliquot of internal standard
solution [butyrophenone, 0.75 mg/mL in methanol:water (75:25)] were diluted
to 25 mL with methanol:water (75:25).

d. The final solutions were filtered through an 0.45-p fil-
ter and injected in duplicate into the high performance liquid chromatography °
svstem below.

Pump: Waters Model 6000

Injector: Waters 710B Autoinjector

Detector: Waters 440 Wavelength: 280 nm

Attenuation: 0.10 AUFS ‘

Column: Waters Z-Module radial compression column with
M Bondapack C18 cartridge (115 mm x 8 mm ID)

Mobile Phase: Methanol:water (75:25)

Flow Rate: 3.0 mL/min

Injection Volume: 20 ML

Data System: Nelson 4400 Data System

17



e. Detector response was monitored by injecting a matrix
standard, disulfiram dissolved in extracted undosed feed solution (20 pg/mL)
after every third sample. The accuracy of the calibration standard was
verified by chromatographing another ‘independently prepared matrix standard.

f. The areas of the disulfiram and internal standard peaks
were integrated by a Nelson 4400 data system. A RRF (relative response
- factor) was calculated for each 1nject10n of the matrix standard The RRF
was calculated as follows

RRF = Disulfiram Std Conc x Peak Area of Internal Std <+ Peak Area of
Dlsulflram ‘

The concentration of disulfiram found in each feed sample
(in mg/g) was then calculatéd using the following equatlon

RRF X Peak Area of Dlsulflram x D.F. = Peak Area of Internal Std + ‘
10.0 (grams of sample) '

where D.F,:= dilution factor = 250

h. -If the mean recovery.of disulfiram from the spiked feed
samples were < 99%, the .sample results were appropriately corrected.

A final report was issued to the principal 1nvesf1gator prior
to the use of the dosed feed. Copies of these reports are contained in
‘Appendix 3. The cumulative results from these analyses are presented in

Table 4.

D. 5% Ethanolic Drinking Water Preparation and Analysis

‘1. Preparation of 5% ethanolic drinking water: The following
procedures were followed during the preparation of the ethanol/water mix.

a. The 55-gal. drum to be used as‘the miking container was
disinfected by rimsing with ethanol followed by filtered water.

b. Using a 1-L graduated cylinder, 11, 579 mL of 95% ethanol
was added to the drum. Filtered water was then added until the final volume
Just reached the bung holes of’ the drum.

c. Using a long-shaft stainless steel étirring paddle, the
contents of the drum were mixed for approximately 5 mim. '

d. A 10- to 20—mL sample was then collected in a glass vial
for analysis. : .
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TABLE 4

CUMULATIVE RESULTS OF % DISULFIRAM FOUND IN RODENT FEED

Mixing Lot
Date No.
9/21/82 1
9/29/82 1
2
10/6/82 1
2
3
4
10/27/82 1
2
3
4
11/18/82. 1
2
3
4
12/16/82 1
2
3
4
1/5/83 1
2
3
4

2/2/83
2/25/83 1
2
3
4

Fo N VSRR SR
oCcoCe cCoOoOoD cCOoO oo oCcooo o0 O0oO oo oo o

[ = =3 o]

(Target Label Concentration

Disulfiram
Found (%)
.0512 + 0.0008(s)
L0496 * 0.0001(s)
L0492 * 0.0001(s)
.0508 t 0.0004(s)
.0504 * 0.0001(s)
.0492 + 0.0006(s)
.0508 £ 0.0002(s)
.0516 % 0.0007(s)
.0514 + 0.0005(s)
.0514 % 0.0004(s)
.0522 * 0.0008(s)
.0517 £ 0.0001(s)
.0516 * 0.0011(s)
L0534 £ 0.0009(s)
.0528 * 0.0015(s)
.0506 * 0.0009(s)
.0498 + 0.0008(s)
.0494 * 0.0002(s)
L0504 £ 0.0001(s)
.0484 * 0.0005(s)
L0488 + 0.0001(s)
L0476 = 0.0000(s)
L0474 % 0.0006(s)
.0490 * 0.0009(s)
L0477 £ 0.0001(s)
L0488 + 0.0003(s)
.0488 * 0.0002(s)
.0514 * 0.0008(s)
L0489 * 0.0007(s)
.0490 £ 0.0002(s)
L0494 £ 0.0001(s)
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=

Mixing Lot
Date No
3/22/83 ik

2
3
4
4/18/83 1
2
3
4
5/5/83
6/2/83 1
6/14/83 1
6/15/83 2
3
4
6/29/83 1
2
3
4
7/27/83 5
6
7
8
8/17/83 g
10
11
12
9/7/83 13
14
15
16

TABLE 4 (continued)
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.0497
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.0470
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Mixing
Date

9/28/83

10/25/83

11/17/83

12/8/83

12/30/83

1/23/84

2/13/84

3/8/84

4/5/84

Lot
No.

17
18
19
20

21
22
23
24

25
26
21
28

29
30
31

32
33
34
35

36
37
38
39

40
41
42
43

44
45
46
47

48
49
50
-51

TABLE 4 (continuéd)
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Disulfiram
Found (%)
.0492 + 0.0004(s)
.0498 £ 0.0002(s)
L0502 £ 0.0001(s)
L0498 = 0.0001(s)
.0484 = 0.0005(s)
0486 + 0.6001(s)
L0495 + 0.0003(s)
L0477 £ 0.0007(s)
L0476 * 0.0001(s)
.0482 = 0.0008(s)
L0480 * 0.0001(s)
L0486 * 0.0002(s)
L0494 * 0.0007(s)
L0478 £°0.0017(s)
.0489 % 0.0002(s)
L0494 % 0.0004(s)
L0494 £ 0.0001(s)
.0499 * 0.0006(s)
.0501 £ 0.0001(s)
.0497 % 0.0000(s)
L0500 £ 0.0000(s)
.0506 £ 0.0004(s)
.0508 * 0.0001(s)
.0484 + 0.0001(s)
0480 * 0.0007(s)
L0491 £ 0.0004(s)
L0489 * 0.0003(s)
.0496 = 0.0004(s)
.0496 * 0.0006(s)
L0496 £ 0.0006(s)
.0494 % 0.0006(s)
L0488 + 0.0008(s)
L0492 *+ 0.0006(s)
.0485 * 0.0002(s)
L0490 % 0.0006(s)
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Percent .

Of Label
98.4 * 0.8(s)
99.5 * 0.4(s)

100.4 £ 0.1(s)
99.6 * 0.1(s)
96.9 = 1.0(s)
97.2 £ 0.2(s)
99.0 * 0.6(s)
95.4 + 1.4(s)
95.2 £ 0.2(s)
96.4 * 1.6(s)

©86.0 £ 0.2(s)
97.2 = 0.4(s)
98.8 £ 1.4(s)
95.7 £ 3.5(s)
99 .6 0.4(5)\
98.8 * 0.8(s)
98.8 * 0.2(s)
99.8 * 1.2(s)

100.2 £ 0.2(s)
99 .4 * 0.0(s)

100.0 £ 0.0(s)

101.2 £ 0.8(s)

101.6 £ 0.2(s)
96.8 £ 0.3(s)
96.0 = 1.4(s)
98.2 £ 0.8(s)
97.8 * 0.6(s)
99.2 = 0.7(s)
99.2 + 1.2(s)
99 2 + 1.2(s)
'98.8 £ 1.2(s)
97.6 * 1.5(s)
98.4 * 1.2(s)
97.0 £ 0.3(s)
98.0 £ 1.2(s)



‘Mixing
Date

Lot
No.

5/10/84
6/7/84
7/11/84

8/9/84

57

52

53
54
55

‘586

58
59

60
61
62
63

64
65

66%

67

C g
7

TABLE 4 (concluded)

O OO [N el o]

O oo

0
0
-0
0

Disulfiram.
Found (%)

.0500
.0501
.0482
.0483

.0503
.0500
.0502
.0502

L0484
L0477
.0467
.0488

.0491
.0481
L0427
.0499

o+t
oo OO

4+ H

+ 4+ I
[ B o P |

H i+ =+
DO OO

(== o R

.0002(s)
.0005(s)
.0006(s)
.0002(s)

.0004(s)
.0004(s)
.0007(s)
.0006(s)

.0008(s)
.6002(s)
.0002(s)
.0005(s).

.0012(s)
.0020(s)
.0007(s)
.0015(s)

100.
100.

96.
‘96.

100.
- 100.
100.
100.

96.
85.
93.
97.

98.
96.
85.
99,

Percent

0f Label
0 £ 0.4(s)
2+ 1.0(s)
4 * 0.1(s)
6 * Oné(s)
6 £ 0.8(s)
0+ 0.8(s)
4 + 1.4(s)
4. 1.2(s)
8 1.6(5)
4 % 0.4(s)
4 * 0.4(s)
6 £ 1.0(s)
2 2.4(s)
2 4.0(s)
4 % 1.7(s)
8 + 3.0(s)

This lot of disulfiram/feed mix was not within the

specifications required for use on this program
(0.05 * 0.005%); however, Lot No. 66 was not
needed or used in this program. ‘

22




'I"’ [ ‘Illl il E - = D & D &N B B = | R O - E e

2. Analysis of 5% ethanolic drinking water mix: A sample of the
ethanolic drinking water was analyzed by Deramus Field Station personnel to
determine the actual concentration of ethanol present in the sample. The
concentration was determined by gas chromatography Methodologies for this
analysis are given below.

a. Prior to the analysis of the ethanol/water sample, stan-
dards containing 3.8 and 5.7% v/v ethanol in water were prepared according
to standardized procedures.

" b. Duplicate injections from each of the two standards and
triplicate injections of the ethancl/water sample were made into the gas
chromatography system described below.

Tnstrument: Varian 920 gas chromatograph
Detector: Thermal conductivity

Column: 100/120 mesh Chromosorb 105; 3. O m x 2 mm ID; nickel
Carrier Gas: Helium

Carrier Gas Flow Rate: 30 cc/min
Reference Cell Flow Rate: 30 cc/min

Inlet Temperature: 250°C

Detector Temperature: 250°C

Column Oven Temperature: 170°C, isothermal
Filament Current: 150 mA

c. The areas of all the ethanol peaks were calculated using
the following equation:

= H x Wl1/2
where: A = Area of the peak {(in mm?2)
H = Height of the peak (in mm)
W1l/2 = Width of the peak (in mm) measured at the peak’s half-height

(H/2)
d. Response: The standard values (%/A Std) for each of the
standard ethanol peaks were calculated using the % ethanol value (3.8 or
5.7%) of the standard injected and the (A) obtained in step c above.

e. The mean (%/A Std), standard deviation, and the coeffi-
cient of variation for all of the %/A Std values obtained were calculated.

f. The percent ethanol in the ethanol/water sample was cal-
culated for each of the three injecticons using the following equation:
EtOHY (v/v) = (%/A Std) x (A sample)

where: %/A Std
A sample

Mean of %/A 5td values obtained in step d above.
Area of sample peak (in mm?)
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'g. The mean, standard deviation, and coefficient of varia-
tion for the EtOH% (v/v) value were calculated. The maximum allowable co-
efficient of variation was £ S%.

A record of each analysis, including a fully documented strip
chart, along with a copy of the calculations, was maintained as a permaneat
record of the analysis. The cumulative results from all the analyses are
presented in Table 5. ‘

E. Animals Used in Chronic Study

For species, strain of animal, source .of animals (supplier, city,
state), examinations to assure health of test animals, quarantine period,
assignment to test group, age, weight when received, age and weight when
placed on test, -and randomization procedure, see Table 6.

F. Animal Maintenance

The animals were housed individually in stainless steel cage
modules (Hazelton Systems, Inc., P.0. Box 700, Aberdeen, Maryland) one per
compartment. The design of the cages allowed for the housing of animals in
individual compartments within the cage modules; each cage module contained
16 male and/or female rats, or 24 female rats, depending upon the design of
the cage module (Figure 3). Each cage was equipped with an automatic water-
ing system (glass water bottles were used overnight for determining water
consumption data), and removable glass jar feeders. Cage modules were
housed in 2.2-m3 Hazelton-1000 chambers (one chamber per dose group), lo-
cated in Rooms 2 and 3 (control, DS, and ET dose groups in Room 2, EDC,
EDC/DS, and EDC/ET dose groups in Room 3), Building 5, MRI, Deramus Field
Station, 13110 Robinson Pike Road, Grandview, Missouri 64030.

Cages were rotated within each inhalation chamber one position
counterclockwise weekly throughout the study.

The cages and feeders were changed once a week and washed in a
Girton Tunnel Washer (Girton Manufacturing Company, Millville, Pennsylvania
17846) in which a 180°F water temperature was maintained. Clout® detergent
was used in the washing cycles (Pharmacal Research Laboratory, Greenwich,
Connecticut 06830). The water bottles, used only overnight for collecting
water consumption data, were removed, washed, and autoclaved after every
use, The wastepans were changed and washed daily. DACB® (Deotized Animal
Cage Board, supplied by Shepherd Speciality Papers, Inc., P.0. Box B804,
Kalamazoo, Michigan 49005), used only during the weekends and holidays, was
changed daily. ‘ .

Daily room sanitation consisted of rimsing the floor with water
and forcing the water to drains with floor squeegees.
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TABLE 5

CUMULATIVE RESULTS OF ETHANOL IN DRINKING WATER

{Target Concentration = 5%)

Mixing Date Analytical Results Found/Target (%)
9/23/82 5.60 * 0.28(s)%. ) 112.0
10/4/82 4.30 * 0.13(s)% 86.0
10/11/82 5.49 £ 0.58(s)% 109.8
10/13/82 4.90 £ 0.78(s)% 98.0
10/18/82 4.89 * 0.09(s)% ' 97.8
10/20/82 4.71 £ 0.50(s)% 94.2
10/21/82 5.08 * 0.20(s8)% 101.6
11/2/82 4,95 £ 0.26(s)% - 99.0
11/2/82 '4.88 . 0.36(s)% 97.6
11/10/82 5.42 * 0.36(s)% 108.4
11/12/82 4.98 * 0.07(s)% 99.6
11/23/82 4.65 * 0.04(s)% 93.0
12/9/82 5.10 £'0.09(s)% 102.0
12/27/82 4.68 £ 0.21(s)% 93.6
1/7/83 4.85 + 0.15(s)% 97.0
1/21/83 4.76 * 0.07(s)% 95.2
2/3/83 5.94 * 0.48(s)% ‘ 110.8
2/22/83 5.44 + 0.06(s)% 108.8
3/11/83 5.09 * 0.08(s)% 101.8
3/23/83 5.50 £ 0.27(s)% - 110.0
4/6/83 . 4.96 + 0.15(s)% 99.2
4/20/83 5.15 * 0.32(s)% ‘ 103.0
5/5/83 4.62 £ 0.17(s)% 92.4
5/16/83 5.10 £ 0.22(s)% \ 102.0
6/1/83 '5.10 * 0.30(s)% o 102.0
6/17/83 5.01 % 0.21(s)% 100.2
7/1/83 5.14 % 0.06(s)% 102.8
7/17/83 5.18 * 0.05(s)% : 103.6
8/1/83 5.08 £ 0.02(s)% "~ 101.6
8/11/83 5.06 = 0.06(s)% ©101.2
8/25/83 5.01 £ 0.10(s)% ‘ '100.2
9/9/83 4.94 £ 0,21(s)% 98.8
9/27/83 5.11 £ 0.10(s)% 102.2
10/11/83 4.99 £ 0.14(s)% 99.8
10/24/83 5.23 * 0.16(s)% _ 104.6
11/7/83 5.12 £ 0.23(s)% 102.4
11/21/83 5.08 + 0.00(s)% 101.6
12/6/83 . 5.39 £ 0.32(s)% ‘ 107.8
12/20/83 5.15 + 0.04(s)% _ 103.0
1/5/84 4.92 + 0.14(s)% , 98.4
1/24/84 5.06 * 0.07(s)% ' 101.2
2/7/84 5.08 * 0.07(s)% 101.6
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TABLE 5 (concluded)

Mixing Date ’ ‘Analytical Results Found/Target (%)

' 2/23/84 5.08 £ 0.05(s)% S 101.6
3/12/84 5.13 £ 0.07(5)% : 102.6
3/28/84 5.23 £ 0.05(s)% - , 104.6
4/18/84 5.29 + 0.24(s)%" B -~ 105.8
5/1/84 5.12 £ 0.07(s)% ' 102.4
5/16/84 5.49 * 0,08(s)% ‘ 109.8
6/5/84 5.44 £ 0.16(s)% . ~'108.8
6/28/84 5.06 * 0.39(s)% . 101.1°
7/18/84 4.99 £ 0.25(s)% 99.8
7/31/84 5.22:% 0.58(s)% C . 104.4
8/21/84 4.82 £ 0.22(s)% e 96 .4
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TABLE 6 °

EXPERIMENTAL DESIGN AND MATERIAL AND METHODS FOR STUDIES OF

SPRAGUE-DAWLEY RATS INHALING 1,2-DICHLOROETHANE

EXPERIMENTAL DESIGN:

Size of Test Groups:

50 males and 50 females

Group No.
Doses: (Designation)

(Control)
(DS)

(ET)
(EDC/DS)
(EDC)
(EDC/ET)

O U s o N =

Parameters
EDC ‘Diet Water
Filtered air Standard diet Drinking water
Filtered air 0.05% disulfiram - Drinking water
Filtered air  Standard diet 5% ethanol
50 ppm 0.05% disulfiram Drinking water
50 ppm Standard diet Drinking water
50 ppm Standard diet 5% ethancl

Duration of Dosing:

103 Weeks (exclusive of weekends and holidays)
for 50 ppm 1,2-dichloroethane dose groups.

104 Weeks (exclusive of weekends and holidays)
for 5% ethanol and 0.05% disulfiram dose groups.
Note: special study animals* continued to 105
weeks. Termination dates: 9/24/84 to 9/27/84.

First treatment date fér ethanol or disulfiram:
9/20/82

First exposure date for 1,2-dichlorcethane: 9/27/82

Last exposure date for 1,2-dichloroethane: 9/14/84

Type and Frequency
of Observation:

Animals observed twice daily for moribundity and
mortality.

Formal observations for clinical signs of toxicity
were performed each week for the first 8§ weeks
and monthly thereafter,

Formal monthly palpations for tissue masses were
begun 6/20/83 (week 40).

Body weights were recorded each week for the first
8 weeks, and monthly thereafter.

Food and water consumption data were collected each
week for the first 12 weeks, every second week
for the next 12 weeks, and monthly thereafter.

Necropsy and
Histopathlogic
Examination:

All animals {600).

27



TABLE 6 (continued)

ANIMALS AND ANIMAL MAINTENANCE:

Species:

Sprague-Dawley CD rats.

Animal Source:

Charles River Breeding Laboratories, Kingston, NY.

Time Held Before
Start of Test:

12 Days (received 9/8/82; study started 9/20/82).

Age When Placed on .
Study:-

5-1/2 to 6 Weeks (born week of 8/12/82).

Age When Sacrificed:

110 Weeks (born 8/12/82; terminal sacrifice: 9/17/84

to 9/20/84).

Special study animals:* 110 to 112 weeks (terminal
sacrifice 9/24/84 to 9/27/84).

Method of Animal
Distribution:

Animals of each sex randomized into dose groups via a
computerized randemization stratification program.

Animal Identification:

Stainless steel ear tag (Gey Band and Tag Company,
Norristown, PA).

Feed:

&5

Purina No.‘5002 Certified Rodent Chow (Ralston Purina
Company, Richmond, IN 47374).

Maximum Storage Time
for Feed:

120 Days poSt milling.

Storage Conditions
for Feed:

Feed mixed with disulfiram was stored until use in a
freezer at -20°C. Unmixed feed stored at room
temperature.

Bedding:

Quarantine and Study Period: DACBT (Deotized Animal
Cage Board) changed each morning throughout the weekend
and/or holidavs.
replaced with clean pans every morning throughout the
week.

¥ DACB Specifications:

Deotizer Layer Backing
Composition Chipboard 2% W.S. Kraft
Basis Wt/MSF 28 1b 20 1b
Neomycin 20-50 ppm 0
Color Distinctive Brown

’ purple/blue -
Moisture 5% £ .75 5% * .75
Porosity Not more than 0
10 sec

Supplied by: Shepherd Specialty Papers, Inc., P.O.

Box 804, Kalamazoo, MI 49005
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TABLE 6 (continued)

Water:
(filtered)

Water was prefiltered using a 10-pm unit. Water was
passed through a charcoal bed systém to remove any
organic materials (Model A2952, 1 cu ft, organic bed
carbon exchanged every 6 months) and filtered at

1 um to help remove bacteria greater than this size
(Continental Water System, a Division of Millipore
Corporation).

Ethanol was mixed with filtered water and placed in
pressurized carboys for delivery to appropriate test
chambers. -

Both water and ethanol/water were supplied via an
automatic watering system, Edstrom Industries,
Waterford, WI, except during water consumption data

~collection periods when fluids were supplied in in-

dividual water bottles (placed on the cages in the
afternoon following the inhalation exposure, and
removed the following morning prior to initiation
of ‘the inhalation eXxposure.

Cages;

Hazelton Systems cage modules (See Figure 3).

Chamber Air Filtration:

HEPA/charcoal-filtered‘air.

Animals per Cage:

One per compartment (see Figure 3).

Chamber Environmental.
Conditions:

12 hr overhead flucrescent light per day.
Temperature: 74 * 4°F (70-78°F)
Relative Humidity: 50 % 15% (35-65%)
Air Changes/Hour: Greater than 10

Animal Weights (g)
When Received
(Mean):

Males - 58.1

Females - 57.9

Animal Weights (g)

When Placed on
Test (Mean):

Dose Group Male Female
Control 85.9 84.9
DS 85.9 84.7
ET . 85.9 "84.6
EDC 85.8 84.6
EDC/DS : 85.9 84.9
EDC/ET 85.9 84.6
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TABLE 6 (concluded)

Animal Health  Animals subjected to physical examination and certified
Examinations: . to be clinically healthy by veterinarian on 9/8/82 and
9/20/82 (when animals were released from quarantine
preparatory to study start up).

‘Two animals per sex were sacrificed and necropsied
for prestudy examination by veterinarian on 9/8/82.
All animals were certifiéd to be in good health.

ote

* Special study: metabolism, distribution, and DNA binding studies were per-
formed on animals selected from this chronic study (see separate report -
Part TI).
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The inhalation chamber water traps were flushed with water each
afternoon following the chamber exposure phase. The interior surfaces were
cleaned every 2 weeks with water containing Clout® and rinsed. '

The halls in the animal holding quarters were washed using Clout®
at least twice a week. The hall walls and doors of all the animal rooms on
and off halls were washed every 3 months with Clout® and rinsed.

- Roach population control was accomplished through the use of blue
roach traps [Roatel (Fumakilla, Ltd.), Cornell Chemical and Equipment Company,
Lithinium Height, Maryland]. Baygon 1.5 Emulsifiable Insecticide (Mobay
Chemical Corporation, Kansas City, Missouri) was used only in areas where
there was no possible contact with animals, animal feed, or caging. Flying
insects were controlled using insect electrocutors {Blue Max, Model 601T,
Don Gilbert Industries, Inc., P.O. Box 2188, 5700 Krueger Drive, Jonesboro,
Arkansas 72401)..

Certified Rodent Chow No. 5002 (Ralston Purina Company, Richmond,
Indiana 47374) was used throughout the program. (See Appendix 6 for mill-
ing dates and sample feed label.) Each shipment of feed was rotated through
the facrilities approximately every 90 days and no greater than 120 days from
the milling date. In addition, each rodent feed lot received a basic anal-
ysis which included: protein, fat, fiber, phosphorus, aflatoxin levels,
arsenic, cadmium, calcium, lead, mercury, selenium, pesticide screen and
PCB (i.e., lindape, DDT, malathion, etc.). (See Appendix 6 for basic anal-
ysis on No. 5002 feed lots.)

Water ‘for this study was supplied to the inhalation facilities by
the Kansas City Missouri Water Department. The delivered water was analyzed
for metal content, mineral and physical content, pesticide residues, and
nitrate content by the Kansas City Missouri Water Department. Water was
then prefiltered using a 10-pm unit, treated through a charcoal bed system
to remove organic materials (Model A2952, 1 cu ft, organic bed carbon ex-
changed every € months), and finally filtered at 1 um to help remove bac-
teria above this size (Continental Water System, a Division of Millipore
Corporation). Ethanol was mixed with filtered water and placed in pressur-
ized carboys for supply, via the automatic watering system, to the dose
groups being treated with 5% ethanol.

Airflow through the inhalation chambers provided a minimum of 10
air changes per hour as monitored by an orifice plate and a differential
pressure gauge (Magnehelix®). HEPA/charcoal-filtered room air was drawn
through another set of HEPA/charcoal filters prior to circulating within
the inhalation chambers (Double Filtration, HEPA Corporation, Anaheim,
California). Chamber exhaust air was then drawn through a charcoal bed
prior to exhaustion into the atmosphere. The chambers were maintained at
slightly negative pressure (i.e., 0.2 in. water). Fluorescent light was
provided 12 hr/day.
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Chamber environmental conditions for this program were maintained
between 70°F and 78°F for temperature and 35% to 65% for relative humidity.

G. Clinical and Pathological Examination

All animals were formally examined for clinical signs of toxicity
each week for the first 8 weeks and monthly thereafter. Formal palpations
for tissue masses were begun at week 40 and performed monthly thereafter.

Animals were routinely observed twice daily for moribundity/
mortality. Any animal exhibiting loss of or poor righting reflexes, leth-
argy, excess fluid discharge, neuromuscular paralysis, emaciation, jaundice,
hypothermia, or life-threatening tumor mass, etc., was considered moribund.
The animal number, date, time, and dose group were recorded along with ob-
servations of its condition. Animals were sacrificed using C0p, and termi-
nal body weight and blood smears were taken. The pathologist or prosector
performed the necropsy, and the required tissues were taken with observa-
tions recorded on the pathology form.

A complete gross necropsy included collection of the follewing

Salivary gland

tissues:
Gross lesions Ileum
Skin Colon
Mandibular lymph reode Cecum
Mammary gland . Rectum

Mesenteric lymph node

Thigh muscle Liver
Sciatic nerve Pancreas
Sternebrae, vertebrae or Spleen
femur including marrow Kidneys
Costochrondral junction, rib Adrenals

Thymus : Urinary bladder
Larynx and pharynx Seminal vesicles
Trachea : Prostate

Lungs and bronchi Testes

Heart Ovaries

Thyroid Uterus
Parathyroids Nasal cavity and nasal
Esophagus turbinates
Stomach Brain

Ducdenum Pituitary
Jejunum Spinal cord
Tissue masses or suspect tumors Eyes

and regional lymph nodes
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After the gross necropsy, all anlmals received a complete histo-

pathologlc examination-as follows:

Gross lesions and tissue masses
(and regional lymph nodes, if
possible

Blood smear (as requlred by
the pathologlst)

Mandibular or mesenteric lymph

: node
Salivary gland

Heart

Esophagus

Stomach

Uterus ,

Brain (three sectlons, 1nclud—
ing frontal cortex and basal
ganglia, parietal cortex and
thalamus, and cerebellum and

Sternebrae, femur or vertebrae pons)
1nclud1ng marrow . Thymus

Thyroid Trachea

Parathyroids Pancreas

Small -intestine (one section)’ Spleen
- Colon . ‘ Kidneys

Liver . Adrenals

Prostate ' Urinary bladder

Testes Pituitary

Ovaries Spinal cord (if neurologlc signs

are present)
Eyes (if grossly abnormal)
Mammary gland
Pharynx (if grossly abnormal)

Lungs and mainstem bronchi

Nasal cavity and nasal
turbinates (three sections
at (1) level of incisor teeth,
(2) midway between incisors
and first molar, and (3) middle
of second molar - olfactory
region) ‘

In addition, the following organ weights were recorded at necropsy
liver, and ovaries or testes. :

. All tissues were preserved in 10% neutral buffered formalin, pack-
aged in suitable containers, and shipped via commercial carrier (PET Express,
Inc., Kansas City, Missouri) to Pathology Associates, Inc. (PAI), 10075 Tyler
Place, Ijamsville, Maryland 21754). At PAI, tissues were processed (histol-
ogy), embedded in paraffin, sectioned, and stained with hematoxylin and eosin.
Histopathological evaluation (pathology) was performed at PAI.

During the last month of this study (month 24), a special study
was performed on animals selected from this chronic study (metabolism, dis-
pesition, and DNA binding). The results of this study is submitted as a
separate report (Part II). ‘
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ITI. RESULTS

A. Clinical Signs of Toxicity

Clinical signs of toxicity are summarized for male and female rats
in Tables 7 and B, respectively.

There were no.noteworthy clinical signs of toxicity observed
throughout the course of this study. (Clinical signs were noted with ap-
proximately equal frequency.in treated and contxrol groups.)

B. Survival

A final survival summary is presented in Table 9, and mortality
is detailed by individual animal in Tables 12A through 12F for male rats
and Tables 12G through 12L for female rats.

In male rats, 26/50 (52%) of the control group, 35/50 (70%) of
the DS group, 26/50 (52%) of the ET group, 26/50 (52%) of the EDC group,
22/50 (44%) of the EDC/DS group, and 26/50 (52%) of the EDC/ET group male
rats survived to the end of the study. Except for a higher survival rate
in the DS treated group, there was no apparent difference in survival in
treated animal groups versus the control group. The reason for the higher
survival at 24 months in the DS group when compared to the control group is
not known at this time.

: In female rats, 27/5C (54%) of the control group, 33/50 (66%) of
the DS group, 27/50 (54%) of the ET group, 32/50 (64%) of the EDC group,
22/50 (44%) of the EDC/DS group, and 22/50 (44%) of the EDC/ET group female
rats survived to the end of the study. There was no apparent difference in
survival of the treated groups when compared with the control group; however,
as in the male animals, a higher survival was noted in the DS treated female .
group when compared with the control group. The reason for this higher sur-
vival at 24 months in the DS group is not known at this time.

C. Body Weights (Growth)

Mean body weights for male and female animals are presented graph-
ically in Figures 4 and 5 and tabulated for the entire study with statisti-
cal evaluation in Appendix 7. ‘

Both male and female rats treated with DS or EDC/DS gained sig-
nificantly less weight over the course of the entire study when compared
with their respective control groups. The Dunnett's multiple comparison
test demonstrated only that the DS and EDC/DS groups in both sexes of ani-
mals were significantly different at the 5% level when compared with the
control groups. :
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Clinical Sign

Conjunctivitis
Emaciation
Epistaxis
Lacrimation
Tissue mass

Conjunctivitis
Emaciation
Epistaxis
Lacrimation
Tissue mass

Conjunctivitis
Emaciation
Epistaxis
Lacrimation
Tissue mass

Conjunctivitis
Emaciation
Epistaxis
Lacrimation
Tissue mass

SUMMARY OF CLINICAL SIGNS IN MALE RATS

TABLE 7
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Dose Group
Control DS ET EDC EDC/DS EDC/ET
6-Month Period
3/49 7/50 5/50 4/50 53/50 5/49
0/49 0/50 0/50 0/50 0/50 0/49
0/49 g/50 0/50 0/50 0/50 0/49
2749 2/50 0/50 2/50 3/50 1/4%
2/49 0/50 0/50 0/50 0/50 0/49
12-Month Period
3/48 10/50 5/48 5/49 9/48 4/48
0/48 0/50 0/48 0/49 0/48 0/48
0/48 0/50 0/48 0/49 0/48 0/48
0/48 0/50 1/48 0/49 0/48 0/48
0/48 0/50 -0/48 0/49 1/48 3/48
18-Month Period
3/46 11/48 5/45 6/45 7/45 7/44
0/46 0/48 2/45 0/45 0/45 0/44
0/46 2/48 0/45 0/45 0/45 0/44
4746 10/48 3/45 5/45 7/45 7/44
3/46 3/48 4/45 445 6/45 7/44
24-Month Period
4/42 6/36 2/34 2/36 4/28 2/30
1/32 0/36 4734 4/36 2/28 3/30
0/32 0/36 0/34 /36 0/28 0/30
4/32 6/36 2/34 2/36 4/28 2/30
0/32 2/36 4734 5/28 5/30
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Clinical Sign

Conjunctivitis
Emaciation
Epistaxis
Lacrimation
Tissue mass

Conjunctivitis
Emaciation
Epistaxis
Lacrimation
Tissue mass

Conjunctivitis
Emaciation
Epistaxis
Lacrimation
Tissue mass

Conjunctivitis
Emaciation
Epistaxis
Lacrimation
Tissue mass

SUMMARY OF CLINICAL SIGNS IN FEMALE RATS

TABLE 8

Dose Group

Control

1/49
0/49
0/49
1/49
0/49

2/48
0/48
0/48
0/48
0/48

2/46
0/46
2/46
2/46

11/46

0/42
1/32
0/32
0/32
15/32

DS ET

6-Month Period

2/50 3/50
0/30 0/50
1/50 0/50
2/50 3/50
0/50 0/50

12-Month Period

2/50 5/48
0/50 0/48
1/50 0/48
0/50 1/48
Q0/50 3/48

18-Month Period

2/48 4/45
0/48 1/45
0/48 2/45
2/48 4/45
1/48 4745

24-Month Period

1/36 2/34

0/36 4/34

0/36 = 0/34

1/36 2/34

1/36 3/34
37

EDC

2/50
0/50
6/50
1/50
0/50

3/49
0/49

0/49

0/49
0/49

6/45
0/45
0/45
5/45
8/45

2/36

"0/36

0/36
2/36
17/36

EDC/DS

3/50
0/50
0/50
1/50
0/50

3/48
0/48
0/48
0/48
0/48

3745
1/45
0/45
3/45
9/45

3/28
2/28
0/28
3/28
9/28

EDC/ET

0/49
0/49
0/49
0/49
0/49

3/48
0/48
0/48
0/48
1/48

2/44
0/44
0/44
2/ 44
8/ 44

4/30
2/30
0/30
4/30
12/30



TABLE 9

SUMMARY OF SURVIVAL IN RATS AFTER 24 MONTHS ON TEST

Number of Surviging
Animals (%)

Dose Group Male Female
Control 26 (52%) 27 (54%)
DS 35 (70%) 33 (66%)
ET ‘ 26 (52%) 27 (54%)
EDC 26 (52%) 32 (64%)
EDC/DS 22 (44%) 22 (44%)

EDC/ET 26 (52%) 22 (44%)

a Based on 50 animals/sex/group.
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o

The depression of weight gain in these two treatment groups in

‘male and female animals was due to disulfiram intake alone since there was

no apparent difference between the mean body weights of the DS groups versus
the EDC/DS groups; i.e., no apparent additive or synergistic effects of
disulfiram and 1,Z-dichlorcethane on mean body weight at the concentrations
tested in this study.

D. Food and Water Consumption

A summary of food consumption and water consumption are presented
in Tables 10 and 11, respectively, and tabulated weekly and meonthly for the

entire program in Appendix 8.

1. Food consumption: In both male and female rats, the DS, ET,
EDC/DS, and EDC/ET dose groups consumed overall less food when compared to
their respective control groups. Animals exposed to EDC alone did not
demonstrate any apparent difference in mean food ceonsumption when compared

“to the control groups. The depression of mean food copsumption in disul-

firam treated groups is probably the result, in part, of adverse palatabil-
ity of disulfiram in food, whereas the depression of mean food consumption
in ethanol treated groups may represent a caloric difference (i.e., ethanol
treated animals may be deriving more of their caloric intake from the alco-
hol than from the feed chow).

2. Water consumption: In both male and female rats, the ET, EDC,
EDC/DS, and the EDC/ET dose groups consumed overall more water when compared
to their respective control groups. Increased water consumption was less
apparent but noted in the male but not the female disulfiram alone treated
group. The increase in water consumption in ethanol treated animals is
probably due in part to a dependence of these animals on alcoheol. The rea-
son for the increased water consumption, if any, in EDC treated animals is
not known at this time.

E. Necropsy Oﬁservations/Organ Weights

Individual necropsy observations (tissue lesions, tissue masses,
date of death, etc.) are tabulated for every animal by group in Tables 12A
through 12L (12 tables).

Tissue lesions and masses were noted at necropsy with approximately
equal frequency in treated male and female groups compared to their control
groups except as follows: In male rats, an increased incidence of liver
masses was noted in 16/50 (32%) of the EDC/DS group (Table 12E) versus 4/50
(8%) in the control group, kidney lesions in 15/50 (30%) of the EDC/ET group
(Table 12F) versus 4/50 (8%) in the control group, and lesions of the testes
in 12/50 (24%) of the EDC group (Table 12D) as compared with 5/50 (10%) in
the control group. In female rats, the most noteworthy observation was an
increased incidence of liver masses in 23/50 (46%) of the EDC/DS group
(Table 12K) compared to 3/50 (6%) in the control group (tissue lesions
identified at necropsy, i.e., enlarged, discolored, irregular, etc.).
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TABLE 10

SUMMARY OF FOOD CONSUMPTION 'IN RATS AFTER 24 MONTHS ON TEST

Male Female

Average Mean® % Average Mean %
Group (g/day) Change (g/day) Change
Control 24.9 - 18.1 -
DS - 21.2 -14.1 14.2 -19.6
ET 2007 -16.3 14.5 -19.1
EDC 23.6 -3.8 17.1 - -3.3
EDG/DS - 20.0 -19.1 4.4 -19.6
EDC/ET 19.6 -20.6 14.6 -18.5

a Average mean for entire study. See Appendix 8 for weekly or monthly

tabulations.

TABLE 11

SUMMARY OF WATER CONSUMPTION IN RATS AFTER 24 MONTHS ON TEST

Male . ?emale

Average Mean® % Average Mean %
Group (g/day) Change (g/day) Change
Control 42.3 - 40.3 -
DS 45.9 8.9 40.8 1.8
ET 48.2 14.5 45.0 11.6
EDC . 48.4 15.0 45.5 13.6
EDC/DS ' 54.9 29.8 45.7 13.8
EDC/ET - 51.8 23.0 47.9 18.9

a Average mean for entire study. See Appendix 8§ for-weekly or monthly

tabulations.
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The absolute and relative organ weights are summarized in Table 13.
There were no significant differences in absolute organ weights when the
treated groups were compared to the control groups; however, the liver weight
relative to body weight was significantly increased (p £ 0.05) in both male
and female EDC/DS groups when compared to their coantrol groups. This find-
ing is consistent with a increased incidence of liver masses in EDC/DS male
and female treatment groups when compared to the control groups.

F. Histopathology

See Appendix 9 for histopathology narrative and summary tables
and a separate volume (Part I, Volume 2 of 2) for individual animal path-
ology data.

Table 14 highlights the incidence of selected primary tumors that
were evaluated at the termination of study.
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IV. DISCUSSICN - SUMMARY

Sprague-Dawley rats (50/sex/group) were exposed to 50 ppm 1,2-
dichloroethane 7 hr/day, 5 days/week, for 24 months with or without disul-
firam in the diet, and with or without ethanol in the drinking water. Dur-

'ing the course of this study, animals were periodically observed for ¢lin-
ical signs of toxicity, weighed to determine growth characteristics, pal-
pated for tissue masses incidence, and food and water consumption determined
as toxicolegical parameters. At the completion of the study, complete tis-
sue histopathology was performed on all animals. In addition, animals from
this chronic study were selected for metabolism, disposition, and DNA bind- '
ing studies (Special Studies Program). Additional information on the ex-
perimental design and material and methods are detailed in Table 6.

During the course of this study, less body weight gains were noted
in both male and female animals in dose groups treated with dietary disul-
“firam (i.e., DS group and EDC/DS group). This finding of decreased weight
gains is consistent with other chronic studies previously performed with
disulfiram (National Cancer Institute, "Bioassay of Tetraethylthiruram,”
1979, and Midwest Research Institute, "Chronic Inhalation Toxicity of 1,2-
Dibromoethane in Rats,'" 1980). On the other hand, no noteworthy changes
were recorded in c¢linical signs of toxicity, on survival rate, or oan food
and water consumption parameters during the course of this study. An in-
creased incidence of tissue lesions or masses were noted in.several treat-
ment groups at necropsy, an increased incidence of liver masses in both
male and female EDC/DS groups, an increased incidence of kidney lesions in
the male EDC/ET group, and an increased incidence of testicular lesicns in
the male EDC treatment group. The significance of these necropsy observa-
tions correlates with some of the findings from the histopathological eval-
uation, namely, the lesions of the testes and the liver. The liver as a
target organ of potential EDC/DS toxicity is consistent with other chronic
studies of the synergistic effects of 1,2-dihaloethanes and pharmacolegic
agents (i.e., 1l,2-dibromeoethane and disulfiram). In previocus studies with
1,2~dibromcethane and disulfiram, the toxicity and carcinogenicity of the
test chemical were increased in the presence of the pharmacologic agent.

In this study, the EDC/DS combination treatment should be con-.
sidered carcinogenic for the liver as there was a high incidence of intra-
hepatic bile duct cholangiomas in both male and female rats and necoplastic
nodules (hepatocellular adenomas) in male rats utilizing this dosing regimen.
Interstitial cell tumors of the testes and fibromas of the subcutis were
also significantly increased in male rats. The increased incidence of
adenocarcinomas of the.mammary gland in female rats is also considered a
marginal carcinogenic effect (see Appendix 9).
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Parameters
Body weights:
(growth)

Food and water
consumption:

Clinical signs:

Survival:

Organ weights:

Gross lesions:
{necropsy)

Histopathology:

T/¢’

Male Rats
+ weight gains in DS and
EDC/DS groups (entire
study)

NNF

NNF
NNF

+ in relative liver
weights in EDC/DS group

+ liver masses in EDC/DS
group

t kidney lesions in EDC/ET
group

4+ testicular lesions in
all EDC groups

4 cholangiomas of intra-

hepatic bile duct in
EDC/DS group

* neoplastic nodules of
liver (hepatocellular

adenoma) in EDC/DS group -

+ fibromas of subcutis in
EDC/DS group

+ interstitial cell tumors

.of testes in EDC/DS group

increase/decrease.

NNF = no noteworthy findings
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‘ A summary of pertinent findings for this chronic study is pre-
-sented below: '

Female Rats
{ weight gains in DS and
EDC/DS groups (entire
study)

NNF

NNF
NNF

T in relative liver
weight in EDC/DS group

4+ liver masses .in EDC/DS
group :

+ cholangiomas of intra-
hepatic bile duct in
EDC/DS group

1+ adenocarcinomas of’
mammary gland in EDC/DS
group

1+ fibromas of subcutis
in EDC/DS group -
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APPENDIX 1

BULK CHEMICAL ANALYSES REPORTS

(1,2-DICHLOROETEANE)

Lot
Lot
Lot
Lot
Lot
Lot
Lot
Lot
Lot
Lot

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

2403TH,
2403TH,
2403TH,
5027EJ,
5027EJ,
5027EJ,
1420TJ,
5027EJ,
142077,
2401HL,

9/1/82

9/1/82 (revised 12/20/82)
12/20/82

12/20/82

4/27/83

8/25/83

10/7/83

1/4/84

5/4/84

8/14/84



MIDWEST RESEARCH INSTITUTE
NIOSH CONTRACT NO. 200-82-2508
MRI Project No. 7452-B

September 1, 1982 .

COMPOUND: 1,2-Dichloroethane

CoHy4Cla Lot No.: 2403TH
M.W. 187.88 - |

I. LIMITED BULK CHEMICAL CHARACTERiZATION

A. HOMOGENIZATION

The sample was received in a 1- llter glass bottle and was mixed by
manually shaking and inverting the bottle for ~ 5 min.

~B. 'REANALYSIS SAMPLE STORAGE

Five-milliliter aliquots were transferred by pipet to 8 x 5-ml
amber septum vials which had been purged with nitrogen. 4 nitrogen head-
space was placed over each sample, and the vials were sealed with Teflon®-
lined septa and aluminum seals. The samples were stored at -20°C.

. C. ANALVSIS

1. INFRARED SPECTROSCOPY

Instrument: Perkin-Elmer 283 ' Spectrum consistent

Cell: Thin film between 51lver with structure
chloride plates : - and literature

Results: See attached spectrum : reference. !
(Figure 1)

2. GAS CHROMATOGRAPHY

Instrument: Varian 3700

Detector: Flame ionization
- Inlet Temperature: 200°C

Detector Temperature: 250°C

* Sadtler Standard Spectra, Sadtler Research Laboratorles, Phlladelphla
Pennsvlvania, IK No. 35.




Carrier Gas: Nitrogen

Carrier Flow Rate: 70 cc/min

Column: 80/100 Carbopack C/0.1% SP-1000, 1.8 m x -4 mm ID,
glass : .

Oven Temperature Program: 50°C for 5 min, then 50 to 200°C
at 10%/min

Samples Injected: Neat liquid-(4 pl); 1.0% and 0.5% solutions
of 1,2-dichlorocethane in methylene chloride to quantitate
the major peak and check for detector overloading.

Results: Major peak only, with no impurities observec having
areas of 0.1% or greater relative to the major peak. Three
impurities were observed with areas less than 0.1%, two
before and one after the major peak (see Figure 2).

Retention Retenticon Time Area (% of
Peak No. Time (min) (Relative to Major Peak) Major Peak Area)
1 6.2 1.00 100

3. CONCLUSION
The sample was identified as 1,2-dichloroethane by infrared spec-

troscopy. Gas chromatographic analysis detected no impurities 0.1% or
greater, relative to the major peak, indicating a purity > 99%.

IT. CHEMICAL ANALYSIS PROTOCOL FOR THE BIOASSAYER

A. GENERAL PROTQCOL

The objective is to determine whether a given compound as received
and stored is, and remains, identical to that received and analvzed by MRI.

The mest efficient method for determining stability is to maintain
a stable standard for comparison with the stored bulk chemical. Therefore,
when you receive the bulk shipment, remove standard samples of 5 ml for each
testing time.

Place each sample.in a glass vial, under a nitrogen headspace,
with a Teflon®-lined top, tightly closed and, if possible, sealed. Place
samples in a freezer at -20°C for storage prior to amalysis.

Remove a single vial of standard from the freezer approximately
4 hr prior to analysis. Obtain a sample of the stored bulk chemical. Ana-
lyze the two samples in tandem, so that test results for the bulk chemical
and the standard can be directly compared. Also compare your test results
te those given in the MRI analytical reports. Your analytical results may
differ slightly from those reported by MRI. However, your standard and
sample analyses should be identical to each other and identical to MRI data
within expected variation limits.
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B. PURITY ANALYSIS BY GAS CHROMATOGRAPHIC MAJOR PEAK COMPARISON
1. PROCEDURE

Prepare the intermal standard and duplicate samples of the test
material and the reference sample in the following manner:

‘ a. Prepare a solution of tetrahydrofuran (THF), the intermnal
standard, by delivering about 4.2 ml of THF to a 200-ml volumetric flask and
dllutlng to volume with ACS reagent grade methylene chloride. Shake well
prior to use.

b. Using a volumetric pipet, deliver 1 ml of the test or
reference 1,2-dichlorcethane sample to a 200-ml volumetric flask containing
about 100 ml of ACS reagent grade methylene chloride.

c. Add 20 ml of the internal standard solution to the flask
containing 1,2-dichloroethane, using a volumetric pipet. Dilute to volume
with methylene chloride and shake well to mix.

d. Prepare a blank solution by pipeting 20 ml of the internal
standard solution into a 200-ml volumetric flask and diluting. to volume with
methanol

e. Make at least duplicate injections (~ 3 pl) for each solu-
tion. Use sufficient attenuation to produce peaks having at least half-scale
deflection. Use the following GC system as nearly as practicable, adjusting
the oven temperature if necessary to obtain retention tlmes close to those
reported by MRI.

Instrument: Varian 3700 with autoinjector and
CDS-111 integrator

Detector: Flame ionization

Inlet Temperature: 200°C

Detector Temperature: 250°C

Carrier Gas: Nitrogen

Carrier Flow Rate: 70 cc/min . ,

Column: 80/100 Carbopack C/0.1% SP-1000, 1.8 m x 4 mm ID,
glass

Oven Temperature Program: 55°C, isothermal

Retention Times: Tetrahydrofuran (Internal Standard) - 3.2 min

1,2-Dichlorcethane - 5.2 min

2. CALCULATIONS =

a. Determine peak‘éreas of 1,2-dichloroethane and the
internal standard. '

b. Calculate a RRF (relative response factor) for each test
and reference sample 1nJect10n as follows:

1-4




Il PN FE BN oE EE O ED o S s BN BN N BN EE

RRF = Peak Area Sample
Peak Area Internal Standard x Weight Sample*

c. Determine the relative purity of the test material by
comparison of RRF values, using the formula

ERF Test Compound < 100
RRF Reference Material

Relative purity (%) =

d. Use chromatograms of the blank sclution to determine that
there are no interfering peaks under the sample peak. Also note and report
any impurities detected for the test compound during the analysis.

III. CONTRIBUTORS

Roger Bardsley performed the analysis of 1,2-dichlorcethane.

Chemical Characterizatioen

Linda Siemann
Assistant Chemist

a0

Richard D. Brown
Associate Chemist -

Approved:

3\ .
Evelyn Migrill, Ph.D. '

Senior Advisor for Chemistry
and Biology

Woodhouse, Ph.D.
Head, Bioanalytical Chemistry Section

* Since the same volume of compound is contained in each sample tested, a
value of one (1) is used for "weight sample." ~
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MIDWEST RESEARCH INSTITUTE - |
NICSH CONTRACT NO. 200-82-2508
MRI Project No. 7452-B
December 20, 1982

| Revised Report*
COMPOUND: 1,2-Dichloroetharne
2 3

I
Cl-?-?-—Cl
H 3

CoHaCly | o Lot No.: 2403TH
M.¥. 187.88 |

I. LIMITED BULK CHEMICAL CHARACTERIZATION

A. HOMCGENTIZATION

The sample was received in a l-liter glass bottle and was mixed by
manually shaking and inverting the bottle for ~ 5 min.

B. REANaALYSIS SAMPLE STORAGE

Five-nilliliter aliquots were transferred by pipet to § x S-ml
amber septum vials which had heer purged with gitreogen. A nitrogen aead-
space was placed over each sample, and the vials wers sealed with Taflond-
lined septa and aluminum seals. The samples were stored at -20°C.

C. ANALYSIS
1. INIRARED SPECTROSCOPY
Instrument: Perkin-Elmer 283 Spectrum consistant
Cell: Thin film between silvar with structuce
chloride plates and literature
Results: See attached spectrum referenca.?
(Figure 1) 4

2. GAS CHROMATOGRAPHY

Instrument: Variam 2700

Detector: Flame ionization
. Inlet Temperature: 200°C

Detector Temperature: 230°C

* Sadtler Standard Spectra, Sadtler Reseaarch Laboratories, Philadelphia,
Peonsvlivanza, . [K No. 335. ,
* This 1s a revision of the report dated 9/1/82.

1
-
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Carrier Gas: Nitrogen

Carrier Flow Rata: 70 cc/min

Celumn: 80/100 Carbopack €/0.1% SP-1000, 1.8 m x 4 mm I,
glass

Oven Temperature Program. SO°C for 5 min, them 50 to 200°C
at 10°%/min

Samples Injected: Neat liquid (4 ul); 1.0% and 0.5% solutions
of 1,2-dichlorcethane in methylene chloride to quantltate
the major peak and check for detector overloading.

Results: Major peak only, with no impurities observed having
-areas of 0.1% or greater relative to the major peak. Three
impurities were observed with areas less than 0.1%, two
before and one after the major peak (see Figure 2).

, " Retention Retention Time Area (% of
Peak No. Time (min) (Relative to Major Peak) Major P=ak Area)

1 6.2 _ -1.00 ' 100

3. CONCLUSION

The sample was identified as 1,2-dichloroethane by infrared spec-
troscopy. Gas chromatographic analysis detected no impurities 0.1% or
reater, relative to the major peak, imdicating a purity > 997%..

II. CHEMICAL ANALYSIS PROTOCOL FOR THE BIOASSAYER

A. GENERAL PROTOCOL

The objective is to determine whether a given compound as received
and stored 1is, and remains, identical to that received aad analvzed bv !RI.

The most efficient method for determining stability is te maintain
a stable standard for comparison with the stored bulk chemical. Therefore,

when you receive the bulk shipment, remove standard samples of § ml for each
testing time.

Place each sample in a glass vial, under a nitrogen headspacas,
with a Teflon®-lined top, tightly closed and, if possible, sealed. Place
samples in a freezer at -20°C for storage prior to amalysis.

Remove a single wvial of standard from the freezer approximately
4 hr prior to analysis. OGbtain a sample of the stored bulk chemical. Ana-
lvze the two samples in tandem, so that test results for the bulk chemical
and the standard can be directly compared. Also compare your test results
to those given in the MRI analytical reports. Your amalytical results may
differ slightly from those reported by MRI. However, your standard and
sample analyses should be identical to each other and identical to MRI data
within expected variation limits.

2
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B. PURITY ANALYSIS BY GAS CHROMATOGRAPHIC MAJOR PEAK COMPARISON
1. PROCEDURE |

: Prepare the internal standard and duplicate samples of the test
material and the reference‘sample in the following manner:

a. Prepare a solution of tetrahydrofuran (THF), the intsrnal
standard by delivering about 4.2 ml of THF to a 200-ml volumetric flask and
diluting to volume with ACS reagent grade methylene chloride. -Shake well
prior to use. ‘ .

b.. Using a volumetric pipet, deliver 1 ml of the test or
reference 1,2-dichlorcethané sample to a 200-ml volumetric flask containing
about 100 ml of ACS reagent grade methylene chloride.

c. Add 20 ml of the intermal standard solution to the flask
contalnlno 1,2-dichloroethane, using a volumetric pipet. Dilute to volume
with methylene chloride and shake well to mix.

d. Prepare a blank solution by plpetlng 20 ml of the intermal
standard soluticn into a 200-ml volumetrlc flask and diluting to volume with
‘ methylene chloride. :

~e. Make at least dunllcare injections (~ 3 pl) for each solu-
tion. Use sufficient attenuation to produce peaks having at least half-scale
deflection, Use the following GC svstem as pearly as practicable, adjusfing
the oven temnerature if necessary to cbtain retepntion times close to those
reportad by MBI,

Instrument: Varlan 3700 with aut01nJector and
CDS~-111 integrator :

Detector: Flame icnizaticn

Inlet Temperature: 200°C

Detector Temperature: 250°C

Carrier Gas: Nitrogen

Carrier Flow Rate: 70 cc/min o

Column: 80/100 Carbopack C/0.1% SP 10C0, 1.3 m x & mm ID,
glass

'Qven Temperature Program 53°C, iscthermal

Retention Times: Tetrahydrofuran (Internal Standard) - 3.2 min
' " 1,2-Dichlorcethane - 5.2 min

2. CALCULATIONS

a. Determine peak areas of 1,2-dichloroethane and the
internal standard. ' g

b. Calculate a RRF (relative .respcase factor) for each test.
~and referenca sample injection as follows:

1-10




£

%3

BRE = Peak Area Sample
Peak Area Internal Standard x Weight Sampie®

c. Determine the relative purity of the test material by
comparison of RRF values, using the formula:

Relative purity (%) = RRF Test Compound <100

RRY Reference Material

d. Use chromatograms of the blank solution to determime that
there are no interfering peaks under the sample peak. 4lso note and report
any impurities detected for the test compound during the analysis.

III. CONTRIBUTORS

Roger Bardsley performed the analysis of 1,2-dichloroethane.

Chemical Charactarization .

Yol

Linda Siemaan
Assistant Chemist

/;ﬁéibdidbtdgzﬂézfﬁZ/Lkrﬁu&—~\‘

Richard D. Brown
Associate Chemist

Approved:
Evelyn MOtrill, Ph.D.

Senior Advisor for Chemistry
and_ Biology

o

Woodhouse, Ph.D.
Head Bloanalytlcal Chemistry Section

-

Since tne same volume of compound is contained in each sample tastad, a -
value of one (1) is used for "weight sample.”

1-11



m:m;umouoasoﬂnlm.ﬂ jo unijoads paieajul

1 2an3ty

S CRL Ot 1Y)
« U313 NIHuEd

ot

b2 27°0 3IIva T iy ¥OIveISO

TSI T MASON) JuwYS md |

Sy
ETR JU(E (6

i
i

oe

hevepy!

R Ealal

e 114

ol

|
__.L

1=

1
SEIAWOHIW

e

TN T WYRLOB IS | T T JAm0 il T T v mO Tttt om 7t - - T o Imaruw -«-.E-uﬁy\ EE A E R AL
=4 © T IsHOus IR -7 |“EI MOISEINAINS T T T T A iomt T T o T T~ T T Miva i)
u e e e e, o . q e _-..-.h PACILE o7
rohpr WS 7 HOIHY ax3 = HYIS a3 YO/ HOUYEITUAIOD .1 PN quud srmeiag S ygrcaugqa €4
VSSISAY b TToaraws vy
R — —— JR— SPRSIS J— — -
{, WDl BIBWNNIAY M vor( o0t 0081 0002 005Z {, WOl B3avinuavm aoov
TG AT M . ST G T el
MTHIN .
woM
) '
12-9-92-10
. )
yonm o
| ro o
0 F4
I m
s »
) =
»
©
H
(4]
1
]
»
2
J yo o
'
: N "
| g
; 1 |
f 3 }
H ﬁ (1
i i _
' | [ it
i

“Adoo e|qejieA
woJ) padnp

e 1§39
oJdoy _

1-12



A A Al R T AV I A L 3Y VI JdVvsd v Urasuvgumuaty vy T Carees pop

wWnu i . .

144 (114 81 9 4] ot [|]] ] 9 (4 4 . [}

| I [ T L 1 | 1 I r | L
) , , uoy22fuy .Ilﬁ

%1°0> ‘, j J ﬁn ﬁ %1°0>

%i°0>

1-13

(ojpas jjn4 rdwy)
4-01 X 91 tAiappueg
~ opjiogy) audjyreyy
N U1 votidely) o | wosy

3juag uQ Yooy sofery

(®103g jng vduy) (o) x 9§ 1hipappsueg

ug /501 2 D002 ©1 0§
usyy ‘ujw ¢ 10} 3 06 _Eu.uo.m u.:-Eg_Eo_—
0001 -4$ % 1 "0/ 2 #>vdogio) gpy /g8 1 uwnjod)
HILOrZ 1°oN 0] :
1.2 N] .a:b._.uo.o_._u_aru; :

3038 )0
I ypag solopy

'
(
i




Internal Analytical Report
_Project No. 7452-B
December 20, 1982

REANALYSIS OF ETHYLENE DICHLORIDE (LOT NO. 2403 TH)

I. PURPOSE

To confirm the purity of the ethylene dichloride being used in the
chronic inhalation study by comparison with a reference sample stored at -20°C.

IT. ANALYSTS BY GAS CHRCMATOGRAPHY
"A, SYSTEM

Instrument: Varian 3700 gas chromatograph
Detector: Flame ionization .
Column: 80/100 Carbopack C/0.17 SP-1000; 1.8 m x 4 mm ID; glass
Carrier Gas: Nitrogen
Carrier Gas Flow Rate: .70 cc/min
Detector Temperature: 250°C
Inlet Temperature: 200°C
Column Oven Temperature Program: 53°C, isothermal
Samples Injected: Solutions of 0.5% (v/v) ethylene dichloride in
methylene chloride with v 0.2% tetrahydrofuran as the internal
standard ' : E
‘Retention Times: Ethylene dichloride - 6.4 min
s Tetrahvdrofuran - 4.0 min

B. METHOD

The bioassay and reference samples were analyzed on the'gas chromato-
graphic systém given above. The ratio of the sample peak areas to the Internal
standard pezk areas was obtained for the biocassay sample and then normalized
to the -average sample to internal standard ratio obtained for the reference
sample. '

C. RESULTS

‘ * The purity of the bioassay sample, relative to that of the reference
sample, was found to be 100.5 + 1.4(s)Z.

1-14




ITII. CONCLUSIONS

The sample of the bioassay material was not found to be significantly
different from the reference sample stored at -20°C at MRI.

This analysis was performed by the Bioanalytical Chemistry Section
at Midwest Research Institute. Dr. Evelyn Murrill served as technical con-
sultant for this analysis.

MIDWEST RESEARCH INSTITUTE

e Dt

Allan T. Chatham
Junior Chemist

David H. ‘Steele
Associate Chemist

Wocdhouse, Ph.
Head, Bioanalytical Chemistry Section

> ca

E. Murrill, Ph.D.
Senior Advisor for Chemistry
and Biology
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MIDWEST RESEARCH INSTITUTE
NIOSH CONTRACT NO. 200-82-2508
MRI Project Neo. 7452-B
Internal Analytical Report
December 20, 1982

COMPOUND: 1,2-Dichloroethane

E H
Cl—C—C—CL
-
B E
M.W. 187.88

I. LIMITED BULX CHEMICAL CHARACTERIZATION

A. HOMOGENIZATION

. The sample was received in a l-liter glass bottle and was mixed by
manually shaking and inverting the bottle for ~ 5 min.

B. REANALYSIS SAMPLE STORAGE

Five-milliliter aliquots were transferrad by pipet to 8 x 5-ml amber
septum vials which had been purged with nitrogen. =4 nitrogen headspace was
placed over each sample, and the wvials were sealed with Teflon® -lined septa
and aluminum seals. The samples were stored at -20°C.

C. ANALYSIS

1. INFRARED SPECTROSCOPY

Instrument: Perkin-Elmer 283 Spectrum consistent

Cell: Thin film between silver with structure
chloride plates - - and literature

Results: See attached spectrum " reference.l
(Figure 1)

1 _Sadtler Standard Spectra, Sadtler Research Laboratories, Philadelphisa,
Pennsylvania, IR ¥No., 35. '
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2. GAS CHROMATOGRAPHY . , -

Instrument: Varian 3700

Detector: Flame ionization

Inlet Temperature: 200°C

Detector Temperature: 250°C

Carrier Gas: Nitrogen

Carrier Flow Rate: 70 ce/min .

Column: 80/100 Carbopack C/0.1% $P-1000, 1. 8 mx4mm 1D, glass

Oven Temperature Program 30°C for 5 min, then 30 to 200°C at
10°/min o o ‘

Samples Injected: Neat liquid (4 ul): 1.0% and 0.5% solutiomns
of 1,2-dichlorcethane in methvlene chloride to quantitate the
major peak and check for detactor overloading.

Results: Major peak only, with no impurities observed having
areas of 0.1% or greater relative to the major peak. Nine
impurities were observed with areas less than 0.1%, five
before and four after the major peak (see Figure 2).

Retention Retention Time ' " Area (% of

Peak No. Time (min) (Relative to Maior Peak) Maior Peak Area)
I % .00 0 a 100

3. . CONCLUSION

v .The sample was identified as 1,2-dichloroethane bv infrared spectros-
‘copy¥. Gas chromatographic analysis detected ne impurities 0.1% or greater,
relative to the major peak, indicating a purity > 997. ’

This analysis was conducted by the Biocanalytical Chemistrv Section
a N - - - - -

-at Midwest Research Imstitute. Dr. Evelvn Murrill served as technical con-

sultant for this analysis.

Approved: . o MIDWEST RESEARCH I TITUTE
Wocdhouse, Ph.D. Allan Chatham
Head, Bicanalytical Chemistry Section Junior Chemist

=5 V‘VQZ | —.S.«.yé‘-#’"

E. Murrill, Ph.D. Dave Steele
Senior Advisor for Chemistry - Associate Chemist
and Biology
' 1-17
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“Internal Analytical Report
MRI Project No. 7452-B
april 27, 1983

REANALYSIS OF ETHYLENE DICHLORIDE (LOT NO. 5027 EJ)

PURPOSE

To confirm the purity of the ethylene dichloride being used in

the chrenic¢ inhalation study by comparison with a reference sample stored
at -20°G.

ANALYSIS BY GAS CHROMATOGRAPHY

SYSTEM

Instrument: Varian 3700 gas chromatograph
Detector: Flame ionization
. Column: 80/100 Carbopack C/0.17% SP-1000; 1.8 m x 4 mm ID glass
Carrier Gas: Nitrogen
Carrier Gas Flow Rate:. 70 cc/min
Detector Temperature: 250°C
Inlet Temperature: 200°C
Column Oven Temperature Program: 55°C, isothermal
Samples Injected: Solutions of 0.5% (v/v) ethylene dichloride in
methylene chloride with ~ 0.2% tetrahydrofuan as the internal
standard .
Retention Times: Ethylene dichloride - 6.0 amin
: Tetrahydrofuran - 3.8 min .
Data Handling System: Hewlitt-Packard 2826 computer

METHCD

The bioassay and reference samples were analyzed on the gas chro-

matographic system given above. The ratic of the sample peak areas to the
internal standard peak areas was obtained for the bioéssay sample and then
normalized to the average sample to internal standard ratio obtained for the
reference sample:

RESULTS

The purity of the bicassay sample, relative to that of the refer-

ence sample, was found to be 100.7 + 0.1(s)Z.

1-20



ITI. CONCLUSIONS

The sample of the bioassay material was not found to be signifi-
cantly different from the reference sample stored at -20°C at MRI.

This analysis was performed by the Bicanalytical Chemistry Section
at Midwest Research Institute. Dr. Evelyn Murrill served as technical consul-
tant for this analysis. '

'MiDWEST RESEARCH INSTITUTE

s, (T

Ailan T. Chatham
Junior Chemist

David H. Sceele -
Associate Chemist

Appro#ed:

.} Weodhouse, Ph.
Hedd,. Bicanalytical Chemistry Section

‘.

E. Murr®ll, Ph.D.
Principal Advisor for Chemistry
and Bielogy
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‘Internal Analytical Report
MRI Project No. 7452-E
August 25, 1983

REANALYSIS OF ETHYLENE DICHLORIDE (LOT NO. 5027 ‘EI)

I. PURPOSE
" To confirm the purity of the ethylene dichloride being used in

the chronic inhalation study by comparison with a reference sample stored
at -ZOOCU

CII. ANALYSTS BY GAS CHROMATOGRAPHY

A. - SYSTEM .
Instrument: Varian 3700 gas chromatograph
" Detector: Flame ionization ‘ ‘ )
.Column: 80/100 Carbopack C/0. l/ sp- 1000; 1.8 m x 4 mm ID; glass
Carrier Gas: Nitrogen
Carrier Gas Flow Rate: 70 cc/min
y Detector Temperature: 250°C
"~ - Inlet Temperature: 200°C
Column Oven Temperature Program: 55°C, isothermal
'_Samples Injected ‘Solutions of 0.5% (v/v) ethylene dlchlorlde in
methylene chloride w1th v 0,27 tetrahydrofuan as the intermal
standard
Retention Times: Ethylene dichloride - 6.0 min
" Tetrahydrofuran - 3.8 min
Data Handling System: Hewlett-Packard 3380 A integrator

'B. METHOD
The bicassay eﬁd'feference samples’ﬁere analyzed on the gas chro-

matographic system given above. < The ratio of the sample peak areas to the
internal-standard peak areas was obtained for the biloassay sample and then

normalized to the average sample to 1nternal standard ratio obtained for the

reference sample. - o
C. RESULTS

_ The'purity of the Bioassay sample;,relative to that of the refer-
ence sample, was found to be 100.0 + 0.1(s)%.



III. CONCLUSIONS

The sample of the biloassay material was not found to be signifi-~
cantly different from the reference sample stored at ~20°C at MRI.

This analysis was performed by the Biloanalytical Chemistry Section
at Midwest Research Ianstitute. Dr. Evelyn Murrill served as technical consul-
tant for this analysis.

MIDWEST RESEARCH INSTITUTE

Allan T. Chatham
Junior Chemist

David H. Steele
" Associate Chemist

Approved:

) Woodhouse, Ph.D.
» Bloanalytical Chemistry Section

]

E. Murr¥ll, Ph.D. _
Principal Advisor for Chemistry
and Biology
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MIDWEST RESEARCH INSTITUTE
NIOSH CONTRACT NO. 200-82-2508
MRI Project No. 7452-E
Internal Analytical Report
October 7, 1983

COMPOUND: 1,2-Dichlorocethane
H

c1'—4::— —c1
|

H—0-—m

C,H4Cl,  M.W. 187.88 ' 5 Lot No.: 1420 TJ

I. LIMITED BULK CHEMICAL CHARACTERIZATION .

A. HOMOGENIZATION

The sample was received in a 1-L glass bottle and was mixed by
manually shaking and inverting the bottle for ~ 5 min.

B. REANALYSIS SAMPLE STORAGE

Five-milliliter aliquots were transferred by pipet .to 6 x 5 mL amber
septum vials which had been purged with nitrogen. A nitrogen headspace was
.placed over each sample, and the vials were sealed with Teflon®-lined septa
and aluminum seals. The samples were stored at -20°C.

C. ANALYSIS

1. INFRARED SPECTROSCOPY

Instrument: Perkin-Elmer 283 Spectrum consistent

Cell: Thin film between silver with structure
chloride plates and literature

Results: See attached spectrum reference.!
(Figure 1)

1 Sadtler Standard Spectra, Sadtler Research Laboratories, Philadelphia,

Pennsylvania, IR No. 35.
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2. GAS CHROMATOGRAPHY

Instrument: Varian 3700

Detector: Flame ionization

Inlet Temperature: 200°C

Detector Temperature: 250°C

Carrier Gas: Nitrogen

Carrier Flow Rate: 70 cc/min

Column: 80/100 Carbopack C/0.1% SP-1000, 1.8 m x 4 mm ID, glass

Oven Temperature Program 50°C for 5 min, then 50 to 200°C at
10°/min ‘

Samples Injected: Neat liquid (5 pL); 1.0% and 0.5% solutions
of 1,2-dichloroethane in methylene chloride to quantitate
the major peak and check for detector overloading.

Results: Major peak only, with no impurities observed having
areas of 0.1% or greater relative to the major peak. Three

impurities were observed eluting before the major peak with
areas less than 0.1% (see Figure 2).

. Retention : Retention Time Area (% of
Peak Neo. Time (min) (Relative to Major Peak) Major Peak Area)

1 9.4 . 1.0 - 100
3. CONCLUSION

The sample was identified as 1,2-dichloroethane by infrared spectros-

. copy. Gas chromatographic analysis detected no impurities 0.1% or greater,

relative to the major peak, indicating a purity > 99%. This lot of ethylene
dichloride was found to be of comparable purity with lot Nos..2403-TH and
5027-EJ.

This analysis was conducted by the Biocanalytical Chemistry Section
at Midwest Research Institute. Dr. Evelyn Murrill served as technical con-
sultant for this analysis. -

MIDWEST RESEARCH INSTITUTE

o T

Allan Chatham
- Junior Chemist

Dave H. Stege

Woodhouse, Ph.D. . Associate Chemist
Head, B10analyt1ca1 Chemlstry ‘
Sectlon

Evelyn Murrill, Ph.D.
Principal Adviseor for Chemistry
and Biology
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Internal Analytical Repbrt
MRI Project No. 7452-E
January 4, 1984

REANALYSIS OF ETHYLENE DICHLORIDE (LOT NO. 5027 EJ)

I. PURPOSE

.~ To confirm the purity of the ethylene dichloride being used in
the chronic inhalation study by comparison with a reference sample stored
at -20°C.

II. ANALYSIS BY GAS CHROMATOGRAPHY

A. SYSTEM

Instrument: Varian 3700-gas chromatograph
- Detector: Flame ionization
Column: 80/100 Carbopack C/0.1% SP-1000; 1.8 m x 4 mm ID; glass
Carrier Gas: Nitrogen
Carrier Gas Flow Rate: 70 cc/min
Detector Temperature: 250°C
Inlet Temperature: 200°C
- Column Oven Temperature Program: 55°C, isothermal
" Samples Injected: . Solutions of 0.5% (v/v) ethylene dichloride in
methylene chloride with ~ 0.2% tetrahydrofuran as the internal
standard .
Retention Times: Ethylene dichloride - 5.9 min
‘ Tetrahydrofuran - 3.6 min
Data Handling System: Hewlett-Packard 3380 A integrator

B. METHOD

The bioassay and reference samples were analyzed on the gas chro-
matographic system given above. The ratio of the sample peak areas to the
internal standard peak areas was obtained for the bioassay sample and then
normalized to the average sample to internal standard ratio obtained for
the reference sample.

C. RESULTS

The purity of the biocassay sample, relative to that of the refer-
ence sample, was found to be 99.2 % 0.5(s)%. .
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III. CONCLUSIONS

The sample of the bioassay material was not found to be signifi-
cantly different from the reference sample stored at -20°C at MRI.

This analysis was performed by the Bioanalytical Chemistry Section
at Midwest Research Institute. Dr. Evelyn Murrill served as technical con-
sultant for this analysis.

MIDWEST RESEARCH INSTITUTE

QQQMTCQ\ﬂﬁ:
Allan T. Chatham
Junior Chemist

ﬁ‘%E;r:—__SZ_\ér <§§CLJ_Q«_

David H. Steele
Associate Chemist

E> Woodhouse, Ph.D.
Head Bioanalytical Chemistry Sectlon

Evelyn Murrill, Ph.D.

Principal Adv1sor for Chemlstry
and Biology
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Internal Analytical Report
MRI Project No. 7452-A -
" May 4, 1984

"REANALYSIS OF ETHYLENE DICHLORIDE (LOT NO. 1420 TI)

I. PURPOSE

" To confirm the purity of the eﬁhylene dichloride being used in
the chronic inhalation study by comparison with a reference sample stored
at -20°C.

1I. ANALYSIS .BY"GAS CHROMATOGRAPHY
A. SYSTEM

Instrument: Varian 3700 gas chromatogréph
Detector: Flame ionization .
Column:  80/100 Carbopack C/0.1% SP-1000; 1.8 m x 4 mm ID; glass
Carrier Gas: Nitrogen
. Carrier Gas.Flow Rate: 70 cc/min
Detector Temperature: ' 250°C
Inlet Temperature: 200°C
‘Column Oven Temperature Program: 55°C, isothermal
Samples Injected: Solutions of 0.5% (v/v) ethylene dichloride in
methylene chloride with ~ 0. 2% tetrahydrofuran as the internal
standard
Retention Times: Ethylene dichloride - 5.9 min
Tetrahydrofuran - 3.6 min
Data Handling System Nelson Analytical Data System

B. METHOD

The biocassay and reference samples were analyzed on the gas chro-
matographic system given above. The ratio of the sample peak aréas to the
internal standard peak areas was obtained for the bioassay sample and then
normalized to the average sample to internal standard ratio obtained for
the reference sample.

C. RESULTS

The purity of the bioassay sample, relative to that of the refer-
ence sample, was found to be 100.0 * 0.2(s)% (n = 3).
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III. CORCLUSIONS

The sample of the bicassay material was not found to be signifi-
cantly different from the reference sample stored at =-20°C at MRI.

This analysis was performed by the Bioanaiytical Chemistry Section
at Midwest Research Institute. Dr. Evelyn Murrill served as techanical con-
sultant for this analysis.

MIDWEST RESEARCH INSTITUTE

Allan T. Chatham
Junior Chemist

=T e S X

David H. Steele
Associate Chemist

oodhouse, Ph.D.
Hexdy"Bioanalytical Chemistry Section

Evelyn Murrill, Ph.D.
Principal Advisor for Chemistry
and Biology
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MIDWEST RESEARCH INSTITUTE
. NIOSH CONTRACT NO. 200-82-2508
MRI Project No. 7452-A
Internal Analytical Report
August 14, 1984

COMPOUND: 1,2-Dichloroethane

C2H4C12 ‘ Lot No. 2401 HL

M.W. 187.88

I. LIMITED BULK CHEMICAL CHARACTERIZATION

A. HOMOGENIZATION

The Sample‘was received in a 1-L glass bottle and was mixed by
manually shaking and inverting the bottle for ~ 5 min.

B. REANALYSIS SAMPLE STORAGE

Five-milliliter aliquots were transferred by pipet to & x 5-mlL
amber septum vials which had been purged with nitrogen. A nitrogen head-
space was placed over each sample, and the vials were sealed with Teflon@®-
lined septa and aluminum seals. The samples were stored at -20°C.

C. ANALYSIS

1. INFRARED SPECTROSCOPY

Instrument: Perkin-Elmer. 283 . Spectrum consistent

Cell: Thin film between silver with structure
chloride plates and literature

Results: See attached spectrum reference.l.
(Figure 1)

1 Sadtler Standard Spectra, Sadtler Research Laboratories, Philadelphia,

Pennsylvania, IR No. 35.
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Peak No.

v WM

troscopy.

2.

3.

GAS CHROMATOGRAPHY

. Instrument: Varian 3700

Detector: Flame ionization

Inlet Temperature: 200°C

Detector Temperature: 250°C

Carrier Gas: Nitrogen

Carrier Flow Rate: 70 cc/min

Column: 80/100 Carbopack C/0.1% SP-1000, 1.8 m x 4 mm ID,
glass ‘ '

Oven Temperature Program: 50°C for 5 min, then 50 to 200°C
at 10°/min .

Samples Injected: Neat liquid (4 pL); 1.0% and 0.5% solutions
of 1,2-dichlorcethane in methylene chloride to quantitate
the major peak and check for detector overloading.

Results: A major peak and one impurity having an area 0.1%
or greater relative to the major peak area were observed in
the sample. This impurity was found to elute after the
major peak. Three additional impurities were observed with
areas less than 0.1%; two eluted before and one after the
major peak. The total combined area of the impurity peaks
was 0.32% of the major peak area (see Figure 2).

Retention Retention Time Area (% of
Time (min) (Relative to Major Peak) Major Peak Area)

1.01 0.15 0.005

1.39 0.21 0.01

6.62 1.00 - 100

11.76 1.78 0.01

19.63 2.96 0.30
CONCLUSION

The sample was identified as 1,2-dichloroethaneﬂby infrared spec-

Gas chromatographic analysis detected one impurity 0.1% or greater,

relative to the major peak. Three smaller impurities havimg areas less than
0.1% relative to the major peak were alsc detected in the sample. The com-
bined area of the impurity peaks totaled 0.32% of the major peak, indicating
a purity > 99%.
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This analysis was conducted by the Bioanalytical Chemistry Section
at Midwest Research Institute. Dr. Evelyn Murrill served as technical con-
sultant for this amalysis. :

MIDWEST RESEARCH INSTITUTE

Mﬁn&:

Allan Chatham
Junior Chemist

David H. Steele
Associate Chemist

Woodhouse, Ph.D.
Bicanalytical Chemistry Sectlon

,E Murrill, Ph.D.
‘Senior- Adv1sor for Chemlstry
and Biology -
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APPENDIX 2

BULK CHEMICAL ANALYSES REPORTS
(DISULFIRAM)

Lot No. $062982, 9/1/82
Lot No. S062982, 1/17/83
Lot No. 5062982, 5/10/83
Lot No. S062982, 8/30/83
Lot No. 89C0022, 10/7/83
Lot No. S062982, 1/9/84
Lot No. 89C0022, 5/4/84
Lot No. 89C0022, 9/19/84




MIDWEST RESEARCH INSTITUTE
NIOSH CONTRACT NC. 200-82-2508
- MRI Project No. 74532-B
September 1, 1982

COMPOUND: Disulfiram

S S

HaCHoC_ j 1 CHpCHs
N-C-8-S-C-N
. / N
H3CH,C CHpCHg
CioHp0N2S4 . Lot No.: 3062982
M.W. 296.54 » g

3 .
I. LIMITED BULX CHEMICAL CHARACTERIZATION

A. CHEMICAL HANDLING

The compound was received in two plastic coatainers. The contents
of the containers were combined in a Ball 4ill and milled for ~ 30 min. The
compound was then transferred to 3 x 1-qt amber glass containers and stored
at 23°C. : : ‘ ‘

B. ‘REANALYSIS.SAMPLE STORAGE

Approximatelv 3.5 g of sample was placed in each of eight 5-mnl
amber septum vials. The vials were sealed with Teflon@-iined septa and
aluminum seals and stored at =-20°C. '

€. ANaLYSIS

1. SPECTRAL DATA

Determined Literature Values
a. Infrared
Instrument: . Perkin-Elmer 283 Spectrum consistent
Cell: 1% in potassium bromide with structure
pellet _ oo and literature
Results: See attached spectrum raference.!

(Figure 1)

L Sadtler Pharmaceutical Spectra, Sadtler Research Laboratories,

Philadelphia, Pennsylvania,-IR No. R239.
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Determined Literature Values

b. Ultraviclet/Visible

Instrument: Cary 219 Spectrum comsistent
with structure.
No absorbance maximum was No literature
observed from 800 to 350 nm reference found.

(visible region) but an increase
in absorbance was observed as
350 nm was approached, at a
concentration of 1% (w/v).
Amax (om) £ X 10_4
283 (shoulder) 1.20 + 0.0
250 (shoulder) 1.33 £ 0.0
215 2.11 £ 0.0

3(s)
3(s)
6(s)

Solvent: 95% ethanol

c. Nuclear Magnetic Resonance

Instrument: Varian EM-360A Spectrum consistent
- Solvent: Deuterated chloroform with structure
with tetramethylsilane and literature
internal reference. reference.?
Assignments: See attached spectrum
(Figure 2)

(a) unresolved m, & 1.36 ppm

(b) q, 6 4.01 ppm, Ja-b = 7 Hz

Solvent (CHCl;) - s, § 7.31 ppm

Integration Ratios:

Determined Theoretical
(a) 12.12 12
(b) 7.88 8

2

¢ Sheipin, Eric B., et al., J. Assoc. Off. Anal. Chem., 56{1), 126 (1973).

2-3
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2. ELEMENTAL ANALYSIS

Element o C H N S

Theoretical % (T) 40.50 €.80 §.45 43.25

Determined % (D) 40.69  6.91 9.35 42.87

: 40.58 6.95 9.48 42 .62

Difference from_ +0.14 +0.13 -0.04 -0.50
theoretical (B-T) '

Relative agreement 100.3 101.9 99.63 98.83
(% D/T)

3. HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

Instrumental System:
Pumps: Waters M6000A
Programmer: Waters 660
" Detector: Waters 440
Injector: Rheodyne 7120
- Detection: Ultraviolet, 254 am
Column: Varian Micro Pak MCH-10, 300 x 4 mm ID
Solvent Svstem:
A: Water
B: .Methanol
Sélvent Ratio: 43% A:57% B, isocratic
Flow Rate: 1.0 ml/min
Samples Injected: Solution containing 1.25 mg/ml disulfiram
in methanol, filtered into a septum vial
- Volume Injected 20 ul
' Results: Major peak and one impurity which eluted before the
major peak. One additional impurity was observed before
the major peak with am area less than 0.1% (see Figure 3).

Retention ' Retention Time Area (7% of
Peak No. Time (min) - (Relative to Major Peak) Major Peak)™
1 .23.4 ‘ ‘ 0.85 _ 0.4

2 27.6 1.00 _ 100

Developmental HPLC Observations: When a disulfiram solution
of similar concentration to that above was injected at 100, 80, 753, and 65% B
on the HPLC system described above, no additional impurities with areas
greater than 0.1% were detected.

-
Y

Detector response is very dependent upon the absorbance of a substance at
the detection wavelength used. The values reported are absolute areas
expressed as percentages of the area of the major peak and do not take
into account the different ¢ values of the compound and its impurities.
Therefore, the areas reported do not necessarily reflect the actual
weight percenta es of the impurities in the sample.

3
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4. DISCUSSION AND CONCLUSION

The sample was identified as disulfiram by spectroscopy. The ele-
mental analyses for carbon, hydrogen, and nitrogen agreed with the theoreti-
cal values, but the analysis for sulfur was slightly low. High performance
liquid chromatography indicated one impurity with an area of 0.4% relative
to the major peak.

Cumulative data indicate that this sample of disulfiram has a
purity of ~ 99%.

II. ANALYSIS PROTOCOL FOR THE BIQASSAYER

A. GENERAL PRCTOCOL

The objective is to determine whether a given compound as received
and stored is, and remains, identical to that received and analyzed by MRI.

: The most efficient method for determining stability is to maintain
a stable standard for comparison with the stored bulk chemical. Therefore,
when you receive the bulk shipment, remove standard samples of 3.5 g for
each testing time. '

Place each sample in 2 glass vial with a Teflon®-lined top, tightly
closed and, if possible, sealed. Place samples in a freezer at -20°C for
storage prior to amalysis. '

Remove a single vial of standard from the freezer approximately
4 hr prior to analysis. Obtain a sample of the stored bulk chemical. Ana-
lyze the two samples in tandem, so that test results for the bulk chemical
and the standard can be directly compared. Also compare your test results
to those given in the MRI analytical reports. Your analytical results mav
differ slightly from those reported by MRI. However, your standard and
sample analvses should be identical to each other and identical to MRI data
within expected variation limits.

Major peak comparison by HPLC, as described in Section II.B. of
this report, is recommended for purity analysis of disulfiram.

B. PURITY ANALYSIS BY HIGK PERFGRMANCE LIQUID CHROMATOGRAPHY

1. PROCEDURE

Prepare the internal standard solution and duplicate samples of
the test material and the reference sample in the following manner:

a. Prepare a solution of propiophenone, the internal standard,
by weighing 500 mg into a 250-ml volumetric flask and diluting to volume with
ACS reagent grade methanol. Shake well to mix.

b. Accurately weigh approximately 47 mg of the sample into
a 100-ml velumetric flask. Add 10 ml of the internal standard sclution by

A
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volumetric pipet, and dilute to the mark with ACS reagent grade methanol.
~ Shake well to mix. ‘

‘ c. Prepare a blank solution by pipetting 10 ml of the inter-
nal standard solution into a 100-ml volumetric flask and diluting to volume
with methanol. Shake well to mix.

d. Make dupllcate injections, at least, for each solution.
Use an attenuation of 1.0 AUFS and an injection volume (~ 20 Ml) to produce
peaks having at least half-scale deflection. As nearly as practicable, use
the instrument parameters described below, adjusting the solvent ratio, if
necessary, to obtain retention volumes close to'those reported by MRI.

- Pumps: Waters M6000A
Programmer: Waters 660
-+~ Detector: Waters 440
Injector: Rhecdyne 7120

Detection: Ultrav1olet 254 nm’
Column: Varian Micro Pak MCH-10, 300 x 4 mm ID
Solvent System:
A: Water
B: Methanol
Solvent Ratio: 25% A:75% B
Flow Rate: 2.0 ml/min
Retention Volumes:
Propiophenone (Internal Standard) - 4.0 ml
Disulfiram - 5.4 ml:

2. CALCULATIONS

Determine ﬁhe peak heights of disulfiram and the internal standard
peaks. Calculate a RRF (relative response factor) for each test and cefer-

ence sample injection. Use the injections of the blank solution to determine

that there are no interfering peaks under the test sample peak

RRF = Peak Height Compound
Peak Height Internal Standard x Weight Sample {in mg)

Determine .the relative purity of the test material by the formula:

Relative % Purity = __EBF Test Compound

- x 100
" RRF Reference Material

Also note and report any impurities detected in the test compound
during the analysis. :

2-6




III. CONTRIBUTORS

Personnel contributing to the analysis of dlsulflram were Alice

Clark and Terry Witherington.

‘Chemical Characterization

Jlitind] 8 Bton. on

Lee W. Pittman
Assistant Chemist

Ve shaa
Linda Siemann
Assistant Chemist

MMM

Richard D. Brown
Associate Chemist

Approved: _
Evelyn Murrill, Ph.D.

Senior Advisor for Chemistry
iology

E.{J. Noodhouse, Ph.D.
Heady—Zioanalytical Chemistry Section
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INTERNAL ANALYTICAL REPORT
January 17, 1983

- REANALYSIS CGF DISULFIRAM, LOT S0-62982 - PROJECT NO. 7452-B

I. PURPOSE

To confirm the purity of the disulfiram currently being used for
the bioassay entitled "Study on the Carcinogenicity and Toxicity of Inhaled
l1,2-Dichlorcethane in Rats Treated with Disulfiram or Ethanol." This sample
was taken at the ~ 4 months point in the study and was compared with di-
sulfiram stored at -20°C as a refarence standard.

II. ANALYSIS ,

Accurately weighed portions (~ 47 % 0.0]1 mg) of disulfiram sample
were weighed in triplicate and transferred to individual 100-ml volumetric
flasks. A similar accurately weighed portion of disulfiram reference chem-
ical was placed in a separate 100-ml volumetric flask.

The chemical in each flask was dissolved in ~ 50 ml of methanol.
Internal standard solution (10 ml of preopiophenone solution, 2 mg/ml in
methanol) was then pipetted into the flasks, and the solutions were diluted
to 100 ml with methanol. A 10-ml volume of the internal standard solution
was diluted to 100 ml with methanol for use as a reagent blank. Aliquots
(20 pl) of each solution were injected in duplicate into the high performance
liquid chromategraphy system described below.

Pumps: Waters Model 60Q0
Detector: Waters Model 440, 254 nm, 1.0 AUES
Injector: Rheodyne, 20 pl
Column: Varian Micro Pak MCH-10, 300 mm x 4 mm ID
Flow Rate: 2.0 ml/min
Mobile Phase: Water:methancl, 250:750 v/v
Retention Times: Disulfiram - 2.6 min
Propiophenone (Internal Standard)} - 2.0 min

ITI. RESULTS

Relative response factors {compound peak height/internal standard
peak height) were calculated for each injection and adjusted for individual
sample weights. Relative percent purity was determined by comparing the
mean RRF values for each sample determination with the mean RRF of the
reference chemical and converting to percent. Results from the three de-
terminations are shown below. '

2-11



Relative % Purity of Disulfiram

100.5
100.8
B 100.6
X = 100.6 £ 0.2(s)%

This analysis was conducted in the Biocanalytical Chemistry Sec-

tion of Midwest Research Institute by Jake Hays.

Apprbved:

m—

Head, Biocanalytic Chemistry
Department

MIDWEST RESEARCH INSTITUTE
7y

RECIR

/austav Kuhn
Senior Chemist



INTERNAL ANALYTICAL REPORT
May 10, 1983

REANALYSTIS OF DISULFIRAM, LOT S0-62982 - MRI PROJECT NO. 7452-E

I. Purpose

To confirm the purity'of the disulfiram being used in the chronic
bioassay study by comparison with a reference sample stored at -20°C.

II. Analysis by High Performance Liquid Chromatography

A. System

Pumps: Waters Model 6000
Detector: Waters Model 440, 254 nm, 2.0 AUFS
Injector: Rheodyne, 20 ul _
Column: Varian Micro Pak MCH-10, 300 mm x 4 mm ID
Flow Rate: 2.0 ml/min
Mobile Phase: Water:methanol, 250:750 v/v
Retention Times: Disulfiram - 3.2 min
Propiophenone (Internal Standard) - 2.0 min

B. Method

Accurately weighed aliquots (v 47 mg) of the bloassay and the ref-
erence samples were transferred to 100 ml volumetric flasks. Ten milliliters
{accurately delivered) of internal standard solution (a 2 mg/ml solution of
propiophenone in methanol) was added to each flask, and the flasks diluted to
volume with methancl. A solvent blank was prepared by diluting 10 ml of in-
ternal standard solution to 100 ml with methanol. An aliquot of each solu-
tion was filtered through a 0.45 u filter, sealed in a septum vial and ana-
lyzed for disulfiram concentration using the HPLC system described above.

The ratio of the sample peak areas to the internal standard peak areas, after
correction for sample weight, was obtained for the bioassay sample and then
normalized to the corrected average sample to Iinternal standard ratic obtalned
for the reference sample. t

C. Results

The purity of the biossay.sample, relative to that of the reference
sample, was found to be 100.0 + 0.4(s)% (N=3).
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IIT. Conclusilons

The sample of the bicassay material was not found to be signifi-
cantly different from the reference sample stored at -20°C.

This analysis was conducted in the Bicanalytical Chemistry Section
of Midwest Research Institute by Dennis Hooton. Dr. Evelyn Murrill served
as technical consultant.

MIDWEST RESEARCH INSTITUTE

ustav Kuhn
Senior Chemist

Approved:
E. Woodhouse, Ph.D.

Head, Bioanalytical Chemistry
Section
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INTERNAL ANALYTICAL REPORT
,August 30, 1983

REANALYSIS OF DISULFIRAM, LOT S0-62982 - MRI PROJECT NO. 7452-E

I. Purpose

To confirm the purity of the disulfiram being used in the chronic
inhalation study by comparison with a reference sample stored at -20°C.

II. Amalysis by High Performance Liquid Chromatography

A. System

Pumps: Waters Model 6000 -+
Detector: Waters Model 440, 254 mm, 2.0 AUFS
Injector: Rheodyne, 20 ul
Column: Varian Micro Pak MCH-10, 300 mm x 4 mm ID
Flow Rate: 2.0 ml/min <
Mobile Phase: Water:methanol, 250:750 v/v
Retenticn Times: Disulfiram - 3.2 min
Propiophenone (Internal Standard) - 2.0 min

B. Methed

Accurately weighed aliquots (v 47 mg) of the biocassay and the ref-
erence samples were transferred to 100 ml volumetric flasks. Ten milliliters
(accurately delivered) of internal standard solution (a 2 mg/ml solutien of
propiophenone in methanol) was added to each flask, and the flasks diluted to
volume with methanol. A solvent blank was prepared by diluting 10 ml of in-
ternal standard solution to 100 ml with methancl. An aliquot of each solu-
tion was filtered through a 0.45 p filter, sealed in a septum vial and ana-
lyzed for disulfiram concentration using the HPLC system described above.

The ratio of the sample peak areas to the internal standard peak areas, after
correction for sample weight, was obtained for the bioassay sample and then
normalized to the corrected average sample to internal standard ratio obtained
for the reference sample. \

C. Results

The purity of the biloassay sample, relatlive to that of the reference
sample, was found to be 99.5 + 0.7(s)Z (N=3).
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III. Conclusions

The sample of the bioassay material was not found to be signifi-
cantly different from the reference sample stored at -20°C.

This analysis was conducted in thé Bioanaiytical Chemistry Section
of Midwest Research Institute. Dr. Evelyn Murrill served as technical con-

sultant.

Apﬁroved:

h Woodhouse, Ph.D.
Head, Bioanalytical Chemistry

Section

Evetyn Murrill, Ph.D.
Principal Advisor for Chemistry
and Biology
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MIDWEST RESEARCH INSTITUTE
NIOSH CONTRACT NO. 200-82-2508
MRI Project No. 7452-E
Qctober 7, 1983

COMPOUND: Disulfiram

S S
H3CH2C'\ i i| ~CHaCHa
N-C-5-5-C-N .
e AN
HaCH,C CHoCHg
C10H20N2S4 Lot No.: 89C-0022
M.W. 296.54 ~ Batch No.: 02

I. LIMITED BULK CHEMICAL CHARACTERIZATION

A. CHEMICAL HANDLING

The compound was received in two plastic containers. The contents
of the containers were combined im a Ball Mill and milled for ~ 30 min. The

compound was then transferred to a 2-gal. metal can lined with plastic and
stored at 25°C.

B. REANALYSIS SAMPLE STORAGE

- Approximately 3.5 g of sample was placed in each of six 5-ml amber
septum vials. The vials were sealed with Teflon®-lined septa and aluminum
seals and stored at -20°C. '

C. ANALYSIS

1. SPECTRAL DATA

Determined" Literature Values
a. Infrared
Instrument: Perkin-Elmer 283 Spectrum consistent
Cell: 1% in potassium bromide with structure
pellet and literature
Results: See attached spectrum reference.!

(Figure 1)

4 Sadtler Pharmaceutical Spectra, Sadtler Research Laboratories,’
Philadelphia, Pennsylwvania, IR No. R239.
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Determined

Ultraviclet/Visible

Instrument: Cary 219

No absorbance maximum was
observed from 800 to 350 nm
(visible region) but an increase
in absorbance was observed as
350 om was approached, at a
concentration of 1% (w/v).

Apax (0m) e x 10°%

-288 T 1.12 + 0.01(s)
251 (shoulder)  1.27 % 0.02(s)
217 7 1.99 + 0.02(s)

Solvent: 95% ethanol

Nuclear Magnetic Resonance

Instrument: Varian EM-360A

Solvent: Deuterated chloroform
with tetramethylsilane
internal reference.

Assignments: . See attached spectrum
(Figure 2)

(2) unresolved m, & 1.40 ppm
(b) q, 6 4.01 ppm, J = 7 Hz

Solvent (CHCl;y) - s, 3-2.28 pPpm
Integration Ratios:

Determined Theoretical
(a) 11.86 = 12
(b) 8.14 8

Sheinin, Eric B., et al., J. Assoc. Qff. Anal. Chem.

2-18

Literature Values

Spectrum comnsistent
with structure.
No literature
reference found.

Spectrum comsistent
with structure
-and literature
reference.?

, 56(1), 126 (1973).
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2. ELEMENTAL ANALYSIS

Element ‘ C H N S

Theoretical % (T) 40.50 6.80 9.45 43.25

Determined % (D) 40.53 . 6.69 9.37 42.11

40.45 6.66 9.41 42.13

Difference from_ , --0.01 -0.12 -0.06 ;1.13
theoretical (D-T)

Relafiye agreement 99.98 98.16 99.36 97.39
(% D/T) '

3. HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

Instrumental System:
Pumps: Varian 5020
Detector: Waters 440
Injector: Rheodymne 7120
Detection: Ultraviolet, 254 nm
Column: Varian Micro Pak MCH-10, 300 x 4 mm ID
Solvent System:
A: Water
B: Methanol
Solvent Ratio: 467 A:54% B, isocratic
Flow Rate: 1.0 mL/min ‘ : :
Samples Injected: Solution containing 1.23 mg/mL disulfiram
_ in methancl, filtered into a septum vial
* Volume Injected: 20 WL "
Results: Major peak and two impurities which eluted before
the major peak. Two additional impurities were observed
before the major peak having areas less thaa 0.1% (see

Figure 3).
Retention  Retention Time 3 Area (% of
Peak No.  Time (min) {Relative to Major Peak) Major Peak)®
1 3.30 : 0.142 0.11
2 -+ 19.88 : 0.853 0.38 .
3 23.30 ‘ 1.00 . 100

Developmental HPLC Observations: When a disulfiram selution . .

of similar concentration to that above was injected at 100, 80, 75, and 65% B
on the HPLC system described above, no additional impurities with areas
greater than 0.1% were detected.

ke

the detection wavelength used. The values reported are absolute areas
expressed as percentages of the area of the major peak and do not take
into account the different £ values of the compound and its impurities.
Therefore, the areas reported do not necessarily reflect the actual
welght percentages of the impurities in the sample.

3
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4. DISCUSSION AND CONCLUSION

- The sample was identified as disulfiram by spectroscopy. The ele-
mental analyses for carbon and nitrogen agreed with the theoretical values,
but the analysis for sulfur and hydrogen were slightly low. High perfor-
mance liquid chromatography indicated two impurities having a combined area
of 0.49% relative to the maJor peak ’

Cumulative data 1nd1cate that this sample of disulfiram has a
purity of ~ 99%. This lot of disulfiram was found to be of comparable
purity with lot No. 50-62982. ‘

CII. ANALYSIS PROTOCOL FOR THE BIOASSAYER

A. GENERAL PROTOQCOL

The ObJECtIVe is to determine whether a given compound as received
and stored is, and remains, identical to that recelved and analyzed by MRI.

-"The most efficient method for determining stability is to maintain
a stable standard for comparison with the stored bulk chemical. Therefore,
when you receive the bulk shlpment, remove standard samples of 3.5 g for

"each testing time.

Place each sample in a glass vial w1th a Teflon®-lined top, tightly
closed and, if po551ble,.sealed Place samples in a freezer at -20°C for
storage prior to-.amalysis. ' S

Remove a single vial of standard from the fréézer'approximately
4 hr prier to analysis. Obtain a sample of the stored bulk chemical. Ana-
lyze the two samples in tandem, so that.test results for the bulk chemical
and the standard can be directly compared. Also compare your test results

- to those given in the MRI-analytical reports. Your analytical results may

differ slightly from those reported by MRI. However, your standard and
sample analyses should be identical to each other and ideatical to MRI data

~within expected variation limits.

' MaJor peak comparison by HPLC, as described in SectiOQ,II.B. of
thls report, is recommended for purity analysis of disulfiram.

. B. PURITY ANALYSIS BY HIGH PERFORMANCE LIQUiD CHROMATOGRAPHY

'1. PROCEDURE

Prepare the -internal standard solution and duplicate samples of
the test material and the reference sample in the following manner:

a. Prepare a soluticn of proplopheﬁone, the internal standard,

by weighing 500 mg into a 250-mL volumetric flask and dllutlug to volume with
ACS reagent grade methanol. ".Shake. well to mix. :

2220
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f.

b. Accurately weigh approximately 47 mg of the sample into
a 100-mL volumetric flask. Add 10 mL of the internal standard solution by
volumetric pipet, and dilute to the mark with ACS reagent grade methanol.
Shake well to mix.

€. Prepare a blank solution by pipetting 10 mL of the inter-
nal standard solutiomn into a 1Q00-mL volumetric flask and diluting to volume
with methanocl. Shake well to mix.

d. Make duplicate injections, at least, for each solution.
Use an attenuation of 1.0 AUFS and an injectiom volume (~ 20 pL) to produce
peaks having at least half-scale deflection. As nearly as practicable, use
the instrument parameters described below, adjusting the solvent ratio, if
necessary, to obtain retention volumes close to those reported by MRI.

- Pumps: -Waters M6000A
Programmer: Waters 660
Detector: Waters 440
Injector: Rheodyne 7120

Detection: Ultraviolet, 254 om
Column: Varian Micro Pak MCH-10, 300 x 4 mm ID
Solvent System:
A: Water
B: Methanol
Solvent Ratio: 25% A:75% B
Flow Rate: 2.0 mL/min
Retention Volumes:
Propiophenone (Internal Standard) - 4.0 mL
Disulfiram - 5.4 mlL

-2.  CALCULATIONS

Determine the peak heights of disulfiram and the internal standard
peaks. Calculate a RRF (relative respcnse factor) for each test and refer-
ence sample injection. Use the injections of the blank solution to determine
that there are no interfering peaks under the test sample peak.

Peak Height Compound

RRF = Peak Height Intermal Standard X Weight Sample (in mg)

Determine the relative purity of the test material by the formula:

RRF Test Compound
RRF Reference Material

Relative % Purity = x 100

Also note and report any impurities detected in the test compound
during the analysis.

2-21



ITI. CONTRIBUTORS

This analysis was conducted by the Biocamalytical Chemiétry Sec-
tion of Midwest Research Institute. Dr. Evelyn Murrill served as technical
consultant for this analysis.

MIDWEST RESEARCH INSTITUTE

oo Aty

Allan Chatham
Junior Chemist

‘iSL\Ck}r%éJL

David H. Steele
Associate Chemist

sorh

Approved:

Evelyn Murrill, Ph.D.
Principal Adv1sor for Chem1stry
a Biology

Woodhouse, Ph.D.
Head, Biocanalytical Chemistry Sectiom
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Solvent

]

Disulfiram
Lot No,: 89C=0022
Batch No.: 02

Instrument Parameters

Pumps: Varian 5020 High Performance
Liquid Chromatography System
Detector: Waters 440
Injector: Rheodyne 7120 .
Detection: Ultraviolet, 254 nm, 0,05
Absorbance Units Full Scale
Column: Varian Micro Pak MCH=10;
300mmx 4 mm [.D.
Solvent System:
A: Water
B: Methanol
Solvent Ratio: 54% B
Flow Rate: 1.0 mi/min
Volume of Solution Injected: 20 il

Major Peak On Scale from Injection
of @ 1.25 mg/ml Selution of Disulfiram
in Methanol

Abscrbance Range = 1.0 AUFS

{+— Major Peck Off Scale

2
- [njection
‘ ] ! i i | | |
5 10 - 15 20 , 23 30 35
Time (Min)

Figure 3 - High Performance Liquid Chromatogranhic Profile of Disulfiram
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INTERNAIL ANALYTICAL REPORT
January 9, 1984

REANALYSIS OF DISULFIRAM, LOT S0-62982 - MRI PROJECT NO. 7452-E

I. Purpose

To confirm the purity of the disulfiram being used in the chromic
inhalation study by comparison with a reference sample stored at -20°C.

IT. Analysis by High Performance Liquid Chromatography

A, sttem

Pumps: Waters Model 6000

Detector: Waters Model 440, 254 nm, 2.0 AUFS

Injector: Rheodyne, 20 uL ,

Column: Varian Micro Pak MCH-10, 300 mm x 4 mm ID

Flow Rate: 2.0 mL/min

Mobile Phase: Water:methanol, 250:750 v/v

Retention Times: Disulfiram - 3.0 min ‘ -
Propiophenone (Internal Standard) - 2.2 min

B. Method

Accurately weighed aliquots (~ 47 mg) of the bioassay and the
reference samples were transferred to 100-mL volumetric flasks. Ten milli-
liters (accurately delivered) of internal standard solution (a 2 mg/mL solu-
tion of propiophenocne in methanol) was added to each flask, and the flasks.
diluted to volume with methanol. A solvent blank was prepared by diluting
10 mL of intermal standard solution to 100 ml with methanol. An aliquot of
. each solution was filtered through a 0.45 p filter, sealed in a septum vial
and analyzed for disulfiram concentration using the HPLC system described
above. The ratic of the sample peak areas to the imternal standard peak
areas, after correction for sample weight, was obtained for the biocassay
‘'sample and then normalized to the corrected average sample to intermal
standard ratio obtained for the reference sample.

C. Results

The purity of the biocassay sample, relative to that of the refer-
ence sample, was found to be 100.2 £ 0.3(s)% (n = 3).
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ITII. Conclusions

The sample of the biocassay material was not found to be signifi-
cantly different from the reference sample stored at -20°C.

This analysis was conducted in the Bicanalytical Chemistry Section:
of Midwest Research' Imstitute. Dr. Evelyn Murrill served as technical con-
sultant. : '

MIDWEST RESEARCH INSTITUTE

e dtf

Allan Chatham
Junior Chemist

= e kS

David H. Steele
Associate Chemist

Woodhouse, Ph.D.
Bioanalytical Chemistry Section

Evelyn Mu¥rill, Ph.D. .

Principal Advisor for Chemistry
and Biology '

12
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Internal Analytical Repert
MRI Project No. 7452-A
: May 4, 1984 -

REANALYSIS OF DISULFIRAM, LOT,NO. 89C-0022

I. PURPOSE

To confirm the purity of the disulfiram being used in.the chronic
inhalation study by comparison with a reference sample stored at -20°C.

II. ANALYSIS

A. System

Pumps: Waters Model 6000 . ,
Detector: Waters Model 440, 254 om, 1.0 AUFS ,
Injector: " Waters Intelligent Sample Processor, 25 pL
Column: Varlau Micro Pak MCH 16, 300 mm x 4 mm ID
Flow Rate: 2.0 mL/min : .
Mobile Phase: Water:methanol, 250:750 v/v
Retention Times: Disulfiram - 3.0 min
' ' Proplophenone (Internal Standard) - 1. 8 min

B. Hethqd

Accurately weighed aliquots (~ 47 .mg) of the bioassay and the
reference samples were transferred to 100 mL volumetric flasks. Ten milli-
~liters (accurately delivered) of internal standard solution (a 2 mg/mL so-
lution of propiophenone in methanol) was added to each flask, and the flasks
diluted to volume with methanol. A solvent blank was prepared by diluting
10 mL of internal standard solution to 100 mL with methanol. An aliquot of
~ each solution was filtered through a 0.45 p filter, sealed in a septum vial
and analyzed for disulfiram concentration using the HPLC system described
above. The ratio of the sample peak areas to the internal standard peak
areas, after correction for sample weight, was obtained for the bioassay
sampie and then normalized to the corrected average sample to 1nternal
standard ratio obtained for the reference sample

C.' Results

. The purity of the‘bioaesay sample, relative to that of the refer-
ence eample, was found to be 100.8 £ 0.9(s)% (n = 3). ‘

III. Conclusions

, The sample of the blO&SS&Y materlal was not found to be 31gn1f1-
- cantly different from the reference sample stored at -20°C.



This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute. Dr. Evelyn Murrill served as techmical con-
sultant for this analysis.

MIDWEST RESEARCH INSTITUTE

. Dt

Allan Chatham
Junior Chemist

TS o B Pt
David H. Steele
Associate Chemist

oodhouse, Ph.D.
Heads~Bioanalytical Chemistry
Department

Evelyn Murrill, Ph.D.

Principal Advisor for Chemistry
and Biology
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Internal Amalytical Report
MRI Project No. 7452-A
September 19, 1984

REANALYSIS OF DISULFIRAM, LOT NO. 89C~-0022

I. PURPOSE

To confirm the purity of the disulfiram being used in the chronic
inhalation study by comparison with a reference sample stored at ~20°C.

II. ANALYSIS

A. System

-Pump: -Waters Model 6000 . v
Detector: Waters Model 440, 254 nm, 1.0 AUFS
" Injector: Waters Intelligent Sample Processor, 15 pL
Column: Varian Micro Pak MCH-10, 300 mm x 4 mm ID
Flow Rate: 2.0 ml/min
Mobile Phase: Water:methanol, 250:750 v/v
Retention Times: Disulfiram - 2.9 min
Propiophenone (Internal Standard) - 2.1 min
Data System: Nelsom 4400 Data System '

B. Method

Accurately weighed aliquots (~ 47 mg) of the bioassay and the
reference samples were transferred to 100-mL volumetric flasks. Ten milli-
liters (accurately delivered) of internal standard solution (a 2 mg/mL solu-
tion of propicphenone in methanol) was added to each flask, and the flasks
diluted to volume with methanol. A solvent blank was prepared by diluting
10 mL of internal standard solution to 100 mlL with methapol. An aligquot of
each solution was filtered through a 0.45 y filter, sealed in a septum vial
and analyzed for disulfiram concentration using the HPLC system described
above. The ratio of the sample peak areas to the internal standard peak
areas, after correction for sample weight, was obtained for the bioassay
sample and then normalized to the corrected average sample to internal
standard ratio obtained for the reference sample.

€. Results

The purity of the biocassay sample, relative to that of the refer-
ence sample, was found to be 100.0 * 0.1(s)%.

III. CONCLUSIONS

The sample of the bioassay material was not found to be signifi-
cantly different from the reference sample stored at -20°C.
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This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute. Dr. Evelyn Murrill served as technical con-
sultant for this analysis.

MIDWEST RESEARCH INSTITUTE
Allan Chatham ‘
Assistant Chemist

D D B

David H. Steele
Associate Chemist

Approved: -

. J. Woodhouée, Ph.D.
Head, Biocanalytical Chemistry Section

Evelyn rill, Ph.D.

Principal Advisor for Chemistry
and Biology
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APPENDIX 3

DISULFIRAM FEED STABILITY AND HOMOGENEITY REPORTS
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STUDY ON THE CARCINOGENICITY AND TOXICITY OF INHALED
1,2-DICHLOROETHANE IN RATS TREATED WITH -
DISULFIRAM OR ETHANOL

_CHEMICAL/VEHICLE STUDIES OF DISULFIRAM

INTERNAL REPORT -

MIDWEST RESEARCH -INSTITUTE
MRI Project No. 7452-B

October &4, 1982 -

For

National Institute for Occuﬁatidnal Safety and Health

3-2




I. INTRODUCTION

The chemical/vehicle studies described in this report were per=-
formed for the National Institute for Occupational Safety and Health in
support of a study of the carcinogenicity and toxicity of inhaled 1,2-di-
chloroethane in rats treated with disulfiram or ethanol. All experimental

work was conducted using a portion of the same lot of disulfiram submitted
for bioassay. '

The report presents descriptions of experimental procedures used
for mixing disulfiram iunto feed, and gives results from homogeneity and
stability studies performed on a laboratory-size feed blend prepared at a
dose concentration of 0.05%.

ITI. MIXING STUDY

A. DOSED FEED PREPARATION

1. PARAMETERS

Batch size: 1,500 g

Concentration: 0.05% (500 ug/g)

Vehicle: Ralston-Purina Certified Rat Chow No. 5002

Blender: Patterson-Kelley Twin-Shell®, 4-qt, stainless steel,
with intensifier bar

2. PREMIX PREPARATION

Disulfiram (750.6 mg), which had passed a 70-mesh sieve, was
mixed by spatula with ~ 1 g of feed. Additional portiomns of feed were
blended into the mixture, doubling the weight of the batch with each addi-

tion. Then a final amount of feed was incorporated intec the premix, making
the total weight 200 g.

3. BULK MIXING

A 600~-g portion of feed was layered evenly in the blender; then
the 200-g premix was added in roughly equal amounts to both sides of the
blender. The fine material adhering to the premix beaker was removed by
stirring 100 g of feed in the beaker and pouring it oanto the premix. After
an additional 600 g of feed was added in roughly equal amounts to both
shells, the blender ports were sealed. The mixture was blended for 15 min
with the intensifier bar in operation for only the first 5 min. While mix- .
ing, the blender was periodically rapped to dislodged any feed packed into
the corners.

3-3



B. HOMOGENEITY EVALUATION

1. SAMPLING AND ANALYSIS

A portion of dosed feed (50 g) was removed from each of the three
blender ports. Triplicate 10.00-g samples from each portion were shaken
for 30 min with 100 ml of UV-grade acetonitrile to extract the chemical.
Three individually spiked portions of feed, dosed at the same concentrationm
as the samples, were extracted with the'samples to determine recovery of
disulfiram from feed.

The extracts were clarified by centrifugationm, then 10-ml ali-
quots were mixed with 3 ml of internal standard solution [butyrcphenone,
0.75 mg/ml in methanol:water (75:25)] and diluted to 25 ml with methanol:
water (75:25). A few milliliters of each sclution were filtered through a
0.45 p filter prior to being injected in duplicate into the high performance
liquid chromatography system described below.

Pump: Waters M6000A
. Injector: Rheodyme 7125 . ‘ ,
Detector: Waters 440 - Wavelength: 280 om
Attenuation: 0.05 AU full scale
Column: Waters Z-Module radial compression column with pBondapak
Cig cartridge (115 mm x 8 mm I.D.)
Guard Column: Whatman CO:PELL ODS (72 mm x 2.3 mm I. D )
Mobile Phase: Methanol:water (75:23)
Flow Rate: 3.0 ml/min
Injection Volume: 20 pul
Retention Times: Disulfiram - 3.3 min
Butyrophenone (Internal Standard) - 2.6 min

Detector response was monitored by injecting a matrix standard
(disulfiram, 20 ug/ml in blank feed extract) after every third sample. A
second, independently prepared matrix standard was used to verify the ac-
curacy of the calibration standard. The chromatographic system was eval-
unated for linearity of response with matrix standard solutioms of disulfiram
at concentratioms ranging from ~ 10 to 25 pg/ml The correlation coeffi-
cient was 0.99997. C

The concentration (micrograms per gram) of disulfiram in the
dosed feed samples was calculated using the intermal standard method, with
appropriate correction for recovery.
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2. RESULTS - HCMOGENEITY EVALUATION

Sampling - Disulfiram _ . Found

Location Found (pg/g)a Theoreticalb ()
Right shell : 506 101.2
‘ 307 101.4
505 _101.0

o x = 101.2 £ 0.2(s)
Left shell 496 99.2
507 - 101.4
507 _ ' 101.4

x = 100.7 * 1.3(s)
Bottom port 506 161,2
494 98.38
503 _ 100.6

x = 100.2 £ 1.2(s)

Wi
i

Mean of all assays 100.7 £ 1.0(s)

a Corrected for 98.0 * 1.0(s)% recovery of chemical from spiked feed
(n = 12). '
b Theoretical concentration of disulfiram in the feed was 500 pg/g.

C. CONCLUSION

- The mixing procedure developed for incorporating disulfiram into
feed at the 0.05% level produced a uniform blend suitable for the biocassay
studies. Chemical analysis of samples taken at three locatioas in the
blender exhibited 1.0% maximum variation in dose concentration between aany
two sampling points.

ITT. STABILITY STUDY

A. TEST PARAMETERS

Concentration: 0.05% (500 pg/g)
Vehicle: Ralston-Purina Certified Rat Chow No. 5002
Storage Conditions:
-20°C: 2, 4, and 5 weeks in the dark in sealed bottles
5°C: 2, 4, and 5 weeks in the dark in sealed bottles
Room Temperature: 7 and 14 days open te air and light in a
rat cage
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B. SAMPLE PREPARATION AND STORAGE -

Six screw=-cap ‘jars, one for each of the storage conditions de-
scribed above, were filled with ~ 150 g of the 0.05% dosed feed blend pre-
pared as described in the Dosed Feed Preparation section (p. 1). In addi-
 tiom, six 9-oz jars were half-filled with dosed feed (~ 75 g) and placed,
uncapped, on the bedding in a rat cage equipped with a filter cap. Three
jars were removed for analysis after 7 days, and the other three jars were
analyzed after 14 days. Samples for analysis from these jars were taken
by scooping up feed near the surface, without disturbing the remainder of
the feed in the bottles. - ) '

C. ANALYSIS PROCEDURE

The stability samples were analyzed using the procedure described
in the Sampling and Analysis section (p. 2). The dosed feed stored in the
rat cage was sampled by removing the top layer of feed from each jar.

D. RESULTS - STABILITY IN FEED

Storage - Disulfiram Found (%)
Conditions » ' Found Lpg/g)a _ Theoretical
1 week (rat cage) ) ' 414 82.8
‘ | o 410 82.0
. 417 . 83.4
- : . X =82.7 £0.7(s)
2 weeks (-20°C) 496 1 99.2
496 99.2
488 _ 91.6 ‘
x = 98.7 * 0.9(s)
2 weeks (5°C) - 483 96.6
' 480 96.0
470 _94.0 .
; X =95.5 % 1.4(s)
2 weeks (rat cage) _ - 355 71.0
o ' 340 68.0
364 _72.8
X = 70.6 £ 2.4(s)
4 weeks (-20°C) o 493 98.6
492 98.4
470 _94.0
x.= 97.0% 2.6(s)
4 weeks (5°C) 471 94.2
| o 475 95.0
451 _90.2
Xx = 93.1 % 2.6(s)
4




Storage - Disulfiram Found

Conditions Found (ug/g)? Theoreticalb “)
5 weeks {-20°C) 474 94.8
- 474 94.8
478 . 95.6

x = 95.1 £ 0.5(s)
5 weeks (5°C) 468 93.5
466 93.2
464 _ 92.8

X = 93.2 £ 0.4(s)

Pooled standard deviatiom: 1.5%

a Corrected for 98.0 * 1.0(s)% recovery of chemical from spiked feed
(n = 12). ,
b Theoretical concentration of disulfiram in the feed was 500 ug/g.

E. CONCLUSION

. Disulfiram mixed with rodent feed at 0.05% was unstable. Dosed
feed stored open to air and light at room temperature exhibited ~ 17% loss
of chemical after 7 days and ~ 29% loss after 14 days. Losses of 5%, 7%,
and 7% of chemical were observed from samples stored at 5°C for 2, &4, and 3
weeks, respectively. The dosed feed was stable for 2 weeks at -20°C, but
had lost ~ 5% after 5 weeks. Based on the pooled standard deviation for
the measured values, a 2.2% loss of chemical was required to comclude, at
the 95% confidence level, that a sample was unstable.

IV. CONTRIBUTCRS

The analytical work for the disulfiram study was performed by
Katherine Edman and Sue Ann Scheppers.

Approved: MIDWEST RESEARCH INSTITUTE
Evelyn Murrill, Ph.D. 2John Rollheiser
Senior Advisor for Chemistry Associate Chemist
aBiology
< . . Zv

Ph.D. Gustav Kuhn
eXdde=fiocanalytical Chemistry Senior Chemist
Section



oe! L. wrcodhouse
J. Rollheiser

September 30, 1332
Jin Cholakis
Gus Hubn

Analysis of Disulfuram — Feed Sampla (9/21/32 mix) Projuct le. 7452-B.
~nhalysag on the abova-sample ara completed and r=suits are shown below:

Labal Cone. Digulfuram Found Fbund

Cuglzd - (ugls) ‘ Label )

500 514.5 122,73
599 : 513.4 193.7
3ui » - 503.3 100.3
g 132.5 *-1
T"’w:ﬁw D it s Bk i o e = iy, .
nXibjm e
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cc: E. Woodhouse
K. Stelting
' J. Rollheiser
INTEROFFICE COMMUNICATION

‘MIDWEST RESEARCH INSTITUTE

October 13, 1982

To: Jim Cholakis

From: Gus Kuhn

Subject: . Analysis fbr Disulfiram in Feed Samples, MRI Project No. 7452-B

Results of analyses for disulfiram in the dosed feed samples you submitted recently are
shown below.

) : Label Conc. Disulfiram Found* Fouﬁd )
Mixing Date (ug/g) (pg/g) . _ Label
9/29/82 - #1 500 : 495 99.0
- 497 99,4
X 99.2 + 0.3(s)
9/29/82 ~ #2 ' 500 493 98.7
492 98 .4
X 98.6 + 0.2(s)
10/6/82 - #1 500 510 : 102.0
505 101.0
¥ 10L.5 + 0.7(s)
10/6/82 - #2 500 504 100.8
505 101.0 .
X 100.9 + 0.1(s)
10/6/82 - #3 500 488 | 97.6
497 , 99.4
X 98.5 + 1.3(s)
10/6/82 - #4 500 510 102.0
507 101.4

¥ 101.7 + 0.5(s)

* Results corrected for 98.8% recovery from feed.

GR/kf
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4cc: E. Woodhouse
K. Stelting

: ‘ J. Rollheiser
ANTEROFFICE COMMUNICATIQN

MIDWEST RESEARCH INSTITUTE
h November 4, 1982 |
To: , Jim Cholakis
Hbﬂﬁ. Gus Kuhn

" Subject: Analysis for Disulfiram in Feed Samples, MRI Project No. .7452-B

Results of analyses for disulfiram in the dosed feed samples you submitted recently are

shown below.

. Label Conc. -~ Disulfiram Found# o -Found'(7)
Mixing Date (ug/g) ' (ug/g) Label
10/27/82 - #1 500 ' | 511 o 102.2

: | 521 : 104.2
¥ 103.2 + 1.4(s)
10/27/82 - #2 500 510 © . 102.0
517 103.4 -
% 102.7 + 1.0(s)
10/27/82 - #3 500 ‘ o511 © 102.0
517 103.4
0 X 102.7 £ 1.0(s)
10/27/82 ~ #4 | 500 516 . 103.2
o | 527 105.4
: T

104.3 + 1.6(s)

* Results corrected for 98.0% recovéry from feed.
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To

From:

Subject:

INTEROFFICE COMMUNICATION

MIDWEST RESEARCH INSTITUTE cc: E. Woodnouse

November 24, 1982

Jim Cholakis

Gus Kuhn

K. Stelting
J. Rollheiser

Analysis for Disulfiram in Feed Samples, MRI Project No. 7452-B

Results of analyses for dis'ulfiram- in the dosed feed' samples you submitted recently
are shown below.

_ Label Conc. Disulfiram Found*
Mixing Date (ng/g) (e/g)
11/18/82 - #1 500 516

- 518

11/18/82 - #2 . 500 508
: 524

11/18/82 - #3 500 540
527

11/18/82 - #4 500 517
538

% Results

GK/gls

Found (%)
Label

103.2
_103.6
x 103.4 + 0.3(s)

101.6
_104.8
x 103.2 + 2.3(s)

108.0
_105.4
x 106.7 + 1.8(s)

103.4
_107.6
x 105.5 + 3.1(s)

corrected for 96.3 + 0.5(s)% recovery from feed (n = 3).



cc: E. Woodhouse
i . K. Stelting
INTEROFFICE COMMUNICATION J. Rollheiser
D. Steele
MIDWEST RESEARCH INSTITUTE
December 28 l982

Teo: Jim Cholakis
From: Gus Kuhn
Subject: Analysis for Disulfiram in Feea Samples, MRI Project No. 7452-B

Results of analyses for disulfiram inc¢the dosed feed samples you submitted recently are
shown below.

Label Conc. Disulfiram Found . Found

: (%
Mixing Date - (ug/g) (ug/g) Label )
12/16/82 - #1 500 499 99.8
. 512 102.4
¥ 101.1 + 1.8(s)
12/16/82 - #2 . 500 ' 492 98.4
504 100.8
X 99.6 + 1.7(s)
12/16/82 - #3 500 ‘ 493 98.6
’ 496 99.2
X 98.9 + 0.4(s)
12/16/82 - #4 500 -+ 505 101.0
503 100.6
X 100.8 + 0.3(s)
GK/kE
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INTERNAL ANALYTICAL REPORT
January 17, 1983
Revised February 11, 1983%

ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-B

I. PURPOSE

To determine the concentration of disulfiram in four dosed feed
samples submitted by the MRI Toxicology Department.

II. SAMPLE IDENTIFICATION

Mixing Date Sample No. Amount Received
1/5/83 1 ' ~ 50 g
1/5/83 2 ~50 g
1/5/83 3 ~ 50 g
1/5/83 4 ~ 50 g

IITI. ANALYSIS

These samples were analyzed by a high performance liquid chromato-
graphic analysis method described previously in MRI Internal Report "Chemical/
Vehicle Studies of Disulfiram" dated October 4, 1982. Each sample was ana-
lyzed in duplicate.

IV. RESULTS
Sample Disulfiram in Feed Found
No. Label Conc (%) % Found Label fo
1 0.05 0.0488 97.6
0.0481 . 96.2
x=2096.9 % 1.0(s)
2 0.05 0.0488 97.6
0.0487 _ 974
Xx =97.5 £ 0.1(s)
3 0.05 0.0476 95.2
0.0476 . 95.2 |
X = 95.2 * 0(s)
4 0.05 0.0479 95.8
0.0470 _94.0
X =94.9 ¢

1.3(s)

wla
A

This revision corrects the reference to a gas chromatographic method in
the Analysis section. Feed samples containing disulfiram were analyzed
by a high performance liquid chromatographic method.

1
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- This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute by Kathy Edman.

MIDWEST/RESEARCH INSTITUTE-

s
_ S
- oo
Gustav Kuhn
Senior Chemist

Approvéd:
7 S
E. J. Woodhouse,

Head, BloanalytlJPﬂ/Chemlstry
Section
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INTERNAL ANALYTICAL REPORT
February 10, 1983

ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-B
I. PURPOSE
To determine the concentraticon of disulfiram in four dosed feed

samples submitted by the MRI Toxicology Department.

II., SAMPLE IDENTIFICATION

Mixing Date - Sample No. Amount Received
2/2/83 1 ~ 50 g
2/2/83 2 ~ 50 g
2/2/83 3 ~ 50 g
2/2/83 & ~ 50 g

ITI. ANALYSIS

These samples were analyzed by a high performance liquid chromato-
graphic method described previously in MRI Internal Report "Chemical/Vehicle
Studies of Disulfiram'" dated October &, 1982. Each sample was analyzed in
duplicate. '

IV. RESULTS
Sample Disulfiram in Feed Found C7)
No. Label Conc (%) % Found Label *
1 0.05 0.0483 896.6
0.0496 _99.2
x =97.9 * 1.8(s)
2 0.05 0.0476 95.2
0.0478 _95.6
Xx = 95.4 % 0.3(s)
3 0.05 0.0490 98.0
0.0486 o 97.2
X =97.6 £ 0.6(s)
4 ' 0.05 0.0487 97.4
0.0490 _98.0
x = 97.7 % 0.4(s)

N N N I BN BN B B N B B BN B N N M e
- -~ - - .
-

B -



This analysis was conducted in the Bioanmalytical Chemistry Section
of Midwest Research Institute by Kathy Edman.

MIDWEST RESEARCH INSTITUTE

A

Guscav Kuhn
Senior Chemist

WOodﬁouse, Ph.D.
Biocanalytical Chemistry Section
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INTERNAL ANALYTICAL REPORT
March 7, 1983

ANATYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-B

I. PURPOSE

To determine the concentration of disulfiram in four dosed feed
samples submitted by the MRI Toxicology Department.

ITI. SAMPLE IDENTIFICATION

Mixing Date Sample No. Amount Received
2/25/83 1l ? ~ 50 g
2/25/33 2 ~v 50 g
2/25/83 3 ~ 50 g
2/25/83 4 v 50 g

III. ANALYSIS

"These samples were analyzed by a high performance liquid chromato-
graphic method described previously in MRI Internal Report "Chemical/Vehicle
Studies of Disulfiram" dated October 4, 1982, Each sample was analyzed in
duplicate. ‘

IV. RESULTS

Sample Disulfiram in Feed Found (1)
No. Label Conc (%) % Found . Label
1 ‘ 0.05 0.0509 . 101.8
0.0520 104.0

x = 102.9 + 1.6(s)

2 0.05 0.0484 96.8
0.0494 _ 98.8

x = 97.8 + L.4(s)
3 0.05 0.0491 - 98.2
0.0488 _ 97.6

x = 97.9 + 0.4(s)
4 0.05 0.0493 98.6
0.0494 _ 98.8

x = 98.7 + 0.1(s)
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) This analysis was conducted in the Bloanalytlcal Chemlstry Section
of Midwest Research Instltute by Kathy Edman.

' MIDWEST RESEARCH INSTITUTE
'Gustav Kuhn
Senior Chemist

Approved:

odhouse, Ph.D.
Head, Bioanalytlcal Chemlstry
Section
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INTERNAL ANALYTICAL REPORT
April 11, 1983

ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT No. 7452-B
I. PURPOSE
To determine the concentration of disulfiram in four dosed feed

samples submitted by the MRI Life Sciences Department.

II. SAMPLE IDENTIFICATION

Mixing Date Sample No. Amount Received
3/22/83 1 ~ 50 g
3/22/83 2 N~ 50 g
3/22/83 3 A~ 50 g
3/22/83 4 ~ 50 g .

IIT. ANALYSIS

These samples were analyzed by a high performance liquid chromato-
graphic method described previously in MRI Internal Report, 'Chemical/Vehicle
Studies of Disulfiram," dated QOctober 4, 1982. Each sample was analyzed in
duplicate.

IV. RESULTIS
Sample Disulfiram in Feed Found (%)
No. Label Conc. (%) % Found Label
1 0.05 0.0498 99.6
0.0496 99.2
X = 99.4 + 0.3(s)
2 0.05 0.0464 ‘ 92.8
0.0466 93.2
X = 93.0 + 0.3(s)
3 0.05 0.0471 . 94.2
0.0468 - 93.5
X = 93.9 + 0.4(s)
4 0.05 0.0472 94.4
0.0471 94.2
X = 94.3 % 0.1(s)
3-19



This analysis was conducted in the Bicanalytical Cheﬁistry Section
of Midwest Research Institute by Kathy Edman.

MIDWEST RESEARCH INSTITUTE

P

Gustav Kuhn
Senior Chemist

Approved:

e
B J;)Woodhouse, PH.D.

Head, Bioanalytical Chemistry
Section




INTERNAL ANALYTICAL REPORT
April 25, 1983

ANALYSIS TOR DISULFIRAM IN FEED'SAMPLES‘f MRI PROJECT NO. 7452-B
I. PURPOSE
To determine the concentration of disulfiram in four dosed feed

samples submitted by the MRI Life Sciences Department.

IT. SAMPLE IDENTIFICAIION.

Mixing Date Sample No: Amount Received

f 4/18/83 1 ~ 50 g
; 4/18/83 2 N 50 g
) 4/18/83 3 N 50 g

4/18/83 4 v 50 g

III. ANALYSIS

These samples were analyzed by a high performance liauid chromartec=-
graphic method described previously in MRI Internal'Report, "Chemical/Vehicie
Studies of Disulfiram,” dated October 4, 1982. Each sample was analvzed in
duplicate. ‘

- IV. RESULTS

Sample . Disulfiram in Feed Found
No. Label Conc. (%) % Found Label (%)

1 0.05 0.0476 95.2
0.0484 _ 96.8

x = 96.0 + 1.1(s)
2 . 0.05 0.0475 - 95.0
0.0469 _ . 93.8

X = 94.4 + 0.8(s)
3 ©0.05 - 0.0480 96.0
0.0476 _ 95.2

x = 35.6 + 0.6(s)
& 0.05 ' 0.0494 . 98.8
0.0506 101.2

. Tz = 100.0 + 1.7(s)
3-21




This anéi&sis was. conducted in the Bioanalytical Chemistry Sectiom
of Midwest Research Institute by Kathy Edman.

MIDWEST RESEARCH INSTITUTE

Gustav Kuhn -
Senior Chemist

Approved:

R

R -
odhouse, Ph.D.

Eead;=8icanalytical Chemistry
Section
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I. PURPCSE

Sciences Department.

II. SAMPLE IDENTIFICATION

III. ANALYSIS

INTERNAL ANALYTICAL REPORT
May 13, 1983

Mixing Date Sample No.
5/5/83 1
5/5/83 2
5/5/83 3
5/5/83 4

ANATLYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PRQJECT NO.

To determine the concentration of disulfiram in four
samples submitted by the MRI Pharmacology and Toxicology Section

Amount

7452-E

Received

dosed feed
of the Life

e 2 é @

50
50
50
50

ae 09 09 09

These samples were analyzed by a high performance liquid chromato-

graphic method described previously in MRI Internal Report "Chemical/Vehicle

Studies of Disulfiram" dated Qctober &4, 1982.

duplicate.

IV. RESULTS

% Found

Sample Disulfiram in Feed
No. Label Conc (%)
0.05
2 0.05
3 0.05

4, 0.05

I T S S A WS ME =
—

3-23

0.0486
0.0484

0.0481
0.0472

0.0475
0.0474

0.0484
Q.0492

wi

i

i

Found
Label

& o

I
(Yo
~4

(o]

=

o
[=3]

(%)

I+

I+

1

Each sample was analyzed in

0.3(s)

1.3(s)

0.1(s)

1.1(s})



This analysis was conducted in the Bicanalytical Chemistry Section
of Midwest Research Institute by Cheri Cox.

MIDWEST RESEARCH INSTITUTE
Gustav Kuhn

Senior Chemist

Approved:

E, Woodhouse, Fh.D.
Head, Biocanalytical Chemistry Section
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"INTERNAL ANALYTICAL REPCRT

June 6, 1983
ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-E

I.  PURPOSE

To determine the concentration of disulfiram in one dosed feed sample
submitted by the MRI Pharmacology and Toxicology Section of the Life Sciences
Department.

II. SAMPLE IDENTIFICATION

Mixiﬁg Date Lot No. Amount Received

6/2/83 ' 1 NS0 g

ITI. ANALYSIS

p This. sample was analyzed in triplicate by a high performance liquid chromato-
goaphic method described previously in MRI Intermal Report ""Chemical/Vehicle Studies of

~Disulfiran" dated October 4, 1982.
% .

IvV. RESULTS

Sample ) ‘ . Disulfiram in Feed Found
No. ‘ Label Conc (%) 7 Found _ Label A)

1 ‘ 0.05 0.0482 ' ©96.4

' 0.0480 96.0

0.0473 94.85

This analysis was conducted in the 3ioamalytical Chemistry Sectiom of
Midwest Research Imstitute by Cheri Cox.

MIDWEST RESEARCH INSTITUTE
Gustav Kuhn

Senior Chemist

Approved:

Woodnouse, ?Ph.D.

Head, Bioanalytical Chemistry Section 3-25
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INTERNAL ANALYTICAL REPORT
July 12, 1983
ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-E
I. PURPOSE-
. To determine_thé concentration of disulfiram in four dosed feed

samples submitted by the MRI Pharmacology and Toxicelogy Section of the
Life Sciences Department.

- II. SAMPLE IDENTIFICATION

7 Mixing Date Lot No. . Amount Received
. 6/29/83 1 ~ 50 g
- 6/29/83 2 ~ 50 g
- 6/29/83 _ 3 . ~ 50 g
6/29/83 _. 4 ' -~ 50 g

IIT. ANALYSIS

These sémples were analﬁzed in dupiica:é‘by‘a high performance

liquid chromatographic method described previously in MRI Intermal Report .

"Chemical/Vehicle Studies of Disulfiram" dated October 4, 1982.

IV. RESULTS

Lot Disulfiram in Feed ‘ - Found (%)

No. - -~ Label Come. (%) % Found Label
~0.05 0.0495 : - 99.0
‘ 0.0492 . 98.4

X = 98.7 + 0.4(s)

2 | 0.05° .. 0.0488 * 97.6
0.0482 - 96.4
‘ ) X =97.0 +
3 | 0.05 - 0.0494 - 98.8
| 0.0494 98.8
, % =98.8 +
4 | 0.05 . 0.0484 96.8
0.0494 08.3

% = 97.8 + 1.4(s)
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This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute by Cheri Cox. '

MIDWEST RESEARCH INSTITUTE

Do T

David H. Steele
Associate Chemist

Approved:

/

E. J. Woodhouse
Head, Bioanaly

.D.
cal Chemistry Section
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= ° INTERNAL ANALYTICAL REPORT
July 13, 1983
ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-E
I. PURPOSE
To determine the concentration of disulfiram in four lots of dosed

feed prepared by the MRI Pharmacology and Toxicology Section of the Life Sciences
Department.

II. INTRODUCTION

Four lots of dosed feed, prepared by the Deramus Field Station staff
on June 9, 1983, were analyzed for disulfiram concentration on June 13, 1983,
The results indicated that all four lots were out of specification (v 867 of
target). Consequently, additional disulfiram was added and the lots were re-
mixed. Concentration analyses, performed on June 15, and 17, 1983, indicated:
acceptable disulfiram levels in all four remixed lots. The results from the
analyses of both the original and remixed lots are presented in Section IV.

III. ANALYSIS

Duplicate samples from each lot were extracted and then analyzed by
high performance liquid chromatography using the methods described previously

(see MRI Internal Report "Chemical/Vehicle Studies of Disulfiram,'" dated
Cctober &4, 1982).
IV. RESULTS
Target Original , Remixed
Lot Conc. Mixing % Remixing
No. (%) Date Found % of Target Date Found % of Target
1 0.05 6/9/83 0.0436 86.6 + 0.8(s) 6/14/83 0.0520 105.6 x 2.3(s)
0.0430 : 0.0536
2 0.05 6/9/83 0.0432 86.1 = 0.4(s) 6/15/83 0.0474 96.2 = 2.0(s)
0.0429 0.0488
3 0.05 6/9/83 0.0432 86.6 = 0.3(s) 6/15/83 0.0518 103.1 %= 0.7(s)
0.0434 ' 0.0513
4 0.05 6/9/83 0.0446 87.8 = 2.0(s) 6/15/83 0.0518 104.0 % 0.6(s)

0.0432 0.0522
| 3-28




This analysis was conducted in the Bioanalytical Chemistrv Section
of Midwest Research Institute by Cheri Cox.

MIDWEST RESEARCH INSTITUTE

D %Sérﬁw”n
David H. Steele
Associate Chemist

Approved'

E J Wood ouse,
Head, Bloanalytlc Chemistry Section
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" INTERNAL ANALYTICAL REPORT
August 1, 1983
ANALYSTIS FOR DISULFIRAM IN FEED SAMPLES'-‘ MRI PROJECT NO. 7452-E
I. PURPOSE
To determine the ‘concentration of disulfiram in four dosed feed

samples submitted by the MRI Pharmacology and Toxlcology Section of the
Life Sc1ences Department.

II. SAMPLE IDENTIFICATION

Mixing Date - Lot Ne. : Amount ﬁeceived
7/27/83 5 50 g
7/27/83 6 A 50 g

-7/27/83 7 "~ 50 g

1 7/27/83 -8 ve500g

III. ANALYSIS
These samples were analyzed in duplicate by a high’performancé

liquid chromatographic method described previcusly in MRI Internal Report .
"Chemical/Vehicle Studies of Disulfiram" dated October 4, 1982 ‘

IV. RESULTS

Lot , ____Disulfiram in Feed ‘ ' ~ Found (4
No. Label Conc. (%) o % Found ‘ ~ Label
5 0.05 0.0485 97.0

“ 0.0491 ~ ‘ 98.2

% =97.6 1 0.8(s)

6 . 0.05 ©0.0487 97.4

0.0482 96.4 ,
% =96.9 % 0.7(s)
7 . 0.05 | 0.0482 96.4
0.0487 , 97.4 * )
s ' o x=96.91%0.7(8)
8 | 0.05 0.0489 97.8
0.0486 g 97.2
x=97.5%

T 0.4(s)
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This analysis was conducted in the Bloanalytical Chemistry Section
of Midwest Research Institute by Cheri Cox.

MIDWEST RESEARCH INSTITUTE

i

v
Gustav Kuhn

Senior Chemist

Approvedi

Section
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INTERNAL ANALYTICAL REPORT
o August 26, 1983

ANALYSTS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-E

I. PURPGCSE ,
To determine the concentration of disulfiram in four dosed feed

samples submitted by the MRI Pharmacology and Toxicology Section of the
Life Sciences Department.

II. SAMPLE IDENTIFICATION

Mixing Date T Lot No. Amount Received
8/17/83 9 . ~50g
.- 8/17/83 10 ~ 50 g
8/17/83 11 ~ 50 g
~ 50 g

8/17/83 12

III. ANALYSIS
These samples werelanalyzed in duplicate by a high performance

liquid chromatographic method described previously by MRI Intermal Report
"Chemical/Vehicle Studies of Disulfiram" dated October 4, 1982.

IV. RESULTS

Disulfiram in Feed ‘Found @
Lot No. Label. Conc. (%) % Found . Label ®
9 ‘ 0.05 0.0406
. 0.0486 )
% = 0.0491 + 0.0007(s) %= 98.2 % 1.4(s)
10 0.05 ‘ 0.0500
. 0.0488 )
% = 0.0494 * 0.0008(s) 2 =08.8 +1.7(s)
11 0.05 0.0497
: _0.0490 ) ,
% = 0.0494 + 0.0005(s) X =098.8 + 1.0(s)
12 0.05 . 0.0496
_0.0490 i »
X = 0.0493 % 0.0004(s) X = 98.6 + 0.8(s)
1




."'r?

_E

This analysis was conducted in the Bicamalytical Chemistry Section
of Midwest Research Institute by Randy Peters and Cheri Cox.

MIDWEST RESEARCH INSTITUTE
Gustav Kuhn
Senior Chemist

Apprqyed:

. oodhouse, Ph.D.
Head, Biocanalytical Chemistry Section
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MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT.

September 19, 1983

ANATLYSIS FCR DISﬁLFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-E

I. PURPOSE

To .determine the concentration of disulfiram in four dosed feed
samples submitted by the MRI Pharmacology and Toxicology Section of the.
Life Sciences Department '

IT. SAMPLE IDENTIFICATION

Mixing Date Lot No. ) Amount Received

9/7/83 13 ~ 50 g
9/7/83 —~ 14 “ 350 g
9/7/83 15 A 50 g
9/7/83 16 A~ 50 g

ITI. ANALYSIS

These samples were analyzed in duplicate by a high per‘or“avce
llquld chromatographic methed described previously by MRI Intermal Report,
"Chemical/Vehicle Studies of Dlsulfl:am, dated October 4, 1982.

IV. RESULIS
‘ Disulfiram in Feed : Found
Lot No. Label Conc. (%) % Found : Label (%)
13 0.05 0.0467
: - - 0.0474
X = 0.0471 + 0.0005(s) ¥ = 94.2 + 1.0(s)
14s, 0.05 T 0.0470
‘ 0.0479
¥ = 0.0474 + 0.0006(s) X = 94.8 + 1L.3(s)
(continued)

3-34




) . . -
----------

b}

Disulfiram in
Lot No. Label Conc. (%)
15 ©0.05
X
16 0,05
b3

Feed ) Found (7
7% Found Label

0.0481

0.0488 .
= 0.0484 + 0.0005(s) X = 96.8 i_l.O(s)

0.0471

0.0473
= 0.0472 + 0.0001(s) X = 9.4 + 0.3(s)

This analysis was conducted in the Bioanalytical Chemistry Section
. of Midwest Research Institute by Randy Peters.

Approved:

SJDWM‘EN

E. J. Woodhouse, Ph.D.

MIDWEST RESEARCH INSTITUTE

R

Gustav Kuhn
Senior Chemist

Head, Bioanalytical Chemistry Section
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MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT

October 10, 1983

ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-E

I. PURPQOSE

To determine the concentration of disulfiram in four dosed feed
samples submitted by the MRI Pharmacology Toxicology Section of the Life
Sciences Department. ‘

II. SAMPLE IDENTIFICATION

Mixing Date‘ Sample No. Amount Received
- 9/28/83 17 ~ 50 g
9/28/83 18 ~ 50 g
9/28/83 19 ~ 50 g
9/28/83 20 ~ 50 g

1<

III. ANALYSIS

These samples were analyzed in duplicate by a high performance
liquid chromatographic method described previously in MRI Intermal Report
"Chemical/Vehicle Studies of Disulfiram” dated October 4, 1982.

IV. RESULTS
Disulfiram in Feed Foﬁnd .
Lot No. Label Conc (%) Y Found? Label -*
17 ©0.05 0.0495
_0.0489 _— :
X = 0.0492 * 0.0004(s) X =98.4 % 0.8(s)
18 : 0.05 0.0499
: _0.0496 | _
X = 0.0498 * 0.0002(s) X = 99.5 t 0.4(s)
19 0.05 0.0503
_0.0502 B
x = 0.0502 * 0.0001(s) X = 100.4 £ 0.1(s)
.20 ‘ 0.05 , 0.0497
: _0.0498 _
x = 0.0498 % 0.0001(s) X =99.6 % 0.1(s)

a Results corrected for 96.1% recovery from fead.
. 1
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This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute by Randy Peters.

MIDWEST RESEARCH INSTITUTE

ustav Kuhn
Senior Chemist

E. Woodhouse, Ph.D.
Head, Biocanalytical Chemistry Section

~
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MIDWEST  RESEARCH INSTITUTE -
INTERNAL ANALYTICAL REPORT

November 3, 1983

ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-E

I. PURPOSE

To determlne the concentration of dlsulflram in four dosed feed
samples submitted by the MRI Pharmacoloy and Toxicology Section of the Life
Sciences Department

II. SAMPLE IDENTIFICATION

Miﬁing Date Sample No. ’ ’ Amount Recéived
10/25/83 - .21 ~50g
10/25/83 L 22 - ~ 50 g
10/25/83 ‘ 23 ~ 50 g
10/25/83 24 ~ 50 g

III. ANALYSIS

These samples were analyzed in duplicate on October 27, 1983,
using a high performance liquid chromatographic method described preV1ously
in MRI Internal Report '"Chemical/Vehicle Studies of Disulfiram” dated
October 4, 1982.

IV. RESULTS
Disulfiram in Feed ' : ' Found (u)
Lot No. Label Conc (%) ‘ % Found Label ‘'
21 0.05 0.0488
o ‘ | _0.0481 . o .
X = 0.0484 + 0.0005(s) x =96.9 = 1.0(s)"
2 . 0.05 | 0.0485. i
) o ' _ 0.0487 . _ .
X = 0.0436 * 0.0001(s) X =97:2 £ 0.2(s)
23 | 0.05 0.0497
: . 0:0493 " | ;
x = 0.0495 # 0.0003(s) X =99.0 = 0.6(s)
24 ©0.05  0.0472
' _0.0482 _ :
% = 0.0477 £ 0.0007(s) X =05.4 % 1.4(s)




This analysis was conducted in the Bloanalytlcal Chemistry Section
of Midwest Research Imstitute by Randy Peters.

- MIDWEST RESEARCH INSTITUTE

Sl

Gustav Kuhn
Senior Chemist

codhouse, Ph.D.
Head, Bioanalytical Chemistry Section
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MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT

January 3, 1984

ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-E

I. PURPOSE

To determine the concentration of disulfiram in four dosed feed
samples submitted by the MRI Pharmacology and Toxicology Section of the
Life Sciences Department.

II. SAMPLE IDENTIFICATION

Mixing Date ' " Sample No. Amount Received

11/17/83 25 ~ 50 g
11/17/83 26 ~ 50 g
11/17/83 27 ~ 50 g
11/17/83 28 ‘ ~ 50 g

ITI. ANALYSIS

These samples were analyzed in duplicate on November 22, 1983,
using a high performance liquid chromatographic method described previously
in MRI Intermal Report "Chemlcal/Vehlcle Studies of Disulfiram" dated
October 4, 1982.

IV. RESULTS

Disulfiram in Feed ‘ ‘ Found (%)
Lot No.r Label Conc (%) % Found Label

25 0.05 0.0476
‘ ‘ 0.0475
0.0476

Y|
]
I+
I+

0.0001(s) X =952+ 0.2(s)
26 . 0.05 0.0487
0.0476
0.0482

I+

96.4

E
1]
i+

0.0008(s) .

"l
H

‘1.6(5)

27 | 0.05 0.0480
0.0479
0.0480

36.0 = 0.2(s)

I+
i
I

0.0001(s)

i
1]
I+

28 . 0.05 0.0487
: 0.0484
0.0486

>
1]
I+

H

0.0002(s)  x =97.2 £ 0.4(s)
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This analysis was conducted in the‘Bioanalytical Chemistry Section
of Midwest Research Institute by David Kline.

MIDWEST RESEARCH INSTITUTE
/.

‘Gustav Kuhn

Senior Chemist
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MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT

" January 4, 1984

ANALYSTIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-E

I. PURPOSE

To determine the concentration-of dlsulflram in three dosed feed
samples submitted by the MRI Pharmacology and Toxicology Sectlon of the

‘Life Sciences Department.

II. SAMPLE IDENTIFICATION

. Mixing Date Sample No. _ Amount Received
12/8/83, 29 | . ~50g
12/8/83 30 ~ 50 g
12/8/83 : o 31 ~ 50 g

III. ANALYSIS

These samples were analyzed in dupllcate on December 13, 1583,
u31ng -a high performance liquid chromatographic metbod described prev10usly
in MRI Internal Report "Chemical/Vehicle Studies of Disulfiram" dated
October 4, 1982.

IV. RESULTS
' : Disulfiram in Feed . ' : Found ( )
Lot No. Label Conc (%) ‘ % Found _ Label ‘7
29 0.05 0.0489
©_0.0499 | o
x = 0.0494 + 0.0007(s) x = 98.8 £ 1f4(s)
30 0.05 - D.0466
| . 0.0491 _ , .
x = 0.0478 % 0.0017(s) x = 95.7 £ 3.3(s)
31 0.05 | 0.0499
: _0.0496 _ ,
x = 0.0498 + 0.0002(s) £ =99.6 * 0.4(s)
1
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This analysis was conducted in the Bicanalytical Chemlstry Section
of Midwest Research Institute by Sheri Cox.

MIDWEST RESEARCH INSTITUTE

Gustav Xuhn
Senior Chemist

oodhouse, Ph.D.
, Bioanalytical Chemistry Section
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" MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT

January 5, 1984

ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7432-E

I. PURPOSE

To determine the concentration of disulfiram in four dosed feed‘
samples submitted by the MRI Pharmacoleogy and Toxicology Section of the
Life Sciences Department. '

II. SAMPLE IDENTIFICATION

Mixing Date - Sample No. Amount Received
. 12/30/83 32 B ~ 50 g
12/30/83 33 ~ 50 g
12/30/83 .34 ~ 50 g
12/30/83 35 ~ 50 g

III. ANALYSIS

These samples were analyzed in duplicate on January 3, 1984,
using a high performance liquid chromatographic method described previously
in MRI Internal Report "Chemical/Vehicle Studies of Disulfiram" dated

" October 4, 1982.

IV. RESULTS
Disulfiram in Feed Found )
Lot No. Label Conc (%) % Found Label *”
32 0.05 0.0492
_0.0497 _
® X = 0.0494 £ 0.0004(s) x = 98.8 £ 0.8(s)
33 ‘ 0.05 0.0495
‘ _ 0.0494 , _
x = 0.0494 = 0.0001(s) x =98.8 * 0.2(s)
34 0.05 0.0495
_0.0503 _
x = 0.0499 * 0.0006(s) X =99.8 £ 1.2(s)
35 . 0.05 0.0502
_0.0501 _
x = 0.0501 £ 0.0001(s) x = 100.2 * 0.2(s)
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) This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute by Tom Dux.

MIDWEST RESEARCH INSTITUTE

“Gustav Kuhn
Senior Chemist

Approved:

Woodhouse, Ph.D.
, Bioanalytical Chemistry Section
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" MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPCRT

February 9, 1984

| ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-E

I. PURPOSE

To determine the concentration of disulfiram in four dosed feed
samples submitted by the MRI Pharmacology and Toxicology Sectlon of the
Llfe Sciences Department.

II. SAMPLE IDENTIFICATION

Mixing Date o Sample No. “ _ Am&unt'Received
1/23/83 36 N 50 g
1/23/83 . 37 ~ 50 g
1/23/83 | 38 ~ 50 g
1/23/83 | 3 ~S50 g

III. ANALYSIS

These samples were analyzed in duplicate on January 25, 1984,
using a high performance liquid chromatographic method described previously |
in MRI Internal Report ''Chemical/Vehicle Studles of Dlsulflram” dated
October &4, 1982. ‘ '

IV, RESULTS
Disulfiram in Feed - : Found )
Lot No. Label Conc (%) % Found " Label *°
36 ‘ 0.05 0.0497
_0.0497 - |
X = 0.0497 * 0.0000 0 99.4 £ 0.0
37 0.05 0.0500
_0.0500
x = 0.0500 = 0.0000C 100.0 £ 0.0
38 0.05 0.0504
| » _ 0.0509 |
x = 0.03506 + 0.0004 - 101.2 £ 0.8
39 l 0.05 ‘ 0.0507
. _ 0.0509 o
x = 0.0508 = 0.0001 101.6 £ 0.2 -
1




This analysis was conducted in the Bioanalytical Chemlstry Section
of Midwest Research Institute by Randy Peters..

MIDWEST RESEARCH INSTITUTE

Gustav Kuhn
Senior Chemist

Approved:

g}.erc ey yLuM_J_L-ﬁiJ\-—

E. J. Woodhouse, Ph.D.
Head, Bioanalytical Chemistry Section
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MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT

March 1, 1984

ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO.. 7452-E

I. PURPOSE

To determine the concentration of disulfiram in four dosed feed
samples submitted by the MRI Pharmacology and Toxicology Section of the
Life Sciences Department. ‘

IT. SAMPLE IDENTIFICATION

Mixing Date Sample No. Amount Received
2/13/83 : 40 ~75¢g
2/13/83 41 ~ 75z
2/13/83 -42 ~ 75 g

~ 75 g

2/13/83 43

IT1I. ANALYSIS

These samples were analyzed in triplicate on February 16, 1984,
using a high performance liquid chromatographic method described previously
in MRI Internal Report "Chemical/Vehicle Studies of Disulfiram" dated
October 4, 1982.

IV. RESULTS

: Disulfiram in Feed . Found )
Lot No. Label Conc (%) % Found Label

40 0.05 - . -
- 0.0483

0.0485

0.0484 * 0.0001 - 96.8

I+

0.3(s)

|
H

41 0.05 0.0487
1 0.0479

0.0473
= 0.0480

L
|
1+
I+

0.0007{s) 96.0 1.4(s)
42 : 0.05 0.0492
0.0487

0.0495

x = 0.0491

-+
I+

0.0004(s) 98.2 * 0.8(s)
43 0.05  0.0489
0.0486
0.0492
0.0489

3-48

I+
I+

0.0003(s) 7.8 t 0.6(s)

“
H




This analy51s was coaducted in the Bloanalytlcal Chem1stry Section
of Midwest Research Institute by Cheri Cox.

MIDWEST RESEARCH INSTITUTE

Gustav Kuhn
Senior Chemist

Ap ved:

oodhouse, Ph.D.
Heady—-Bioanalytical Chemistry Section

\
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"MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT

March 20, 1984

ANALYSIS FOR DISULFIRAM IN FEED SAMPLES X MRI PROJECT NO. 7452-E

I. PURPOSE
To determine the concentration of disulfiram in fouf dosed feed

-samples submitted by the MRI Pharmacology and Toxicology Secticn of the
Life Sciences Department.

II. SAMPLE IDENTIFICATION

Mixing Date - . Sample No. ) Amount Received
3/8/84 - . 44 ~ 75 g
3/8/84 45 ~ 75 g
3/8/84 ‘ 46 ~75 g
3/8/84 ' 47 ~ 758

III. ANALYSIS
These sampleslﬁere analyzed in‘triplicate on March 13, 1984, uSing

a high performance liquid chromatographic method described previously in MRI
Internal Report "Chemical/Vehicle Studies of Disulfiram" dated October &4, 1982.

IV. RESULTS

. Disﬁlfiram in Feed . ‘ Found (%)
Lot No. Label Conc (%) ‘ . % Found ‘ Label

44 0.05 0.0500 .
' 0.0495 -

t|
1]
©
o
£
\0
o
+
I+

0.0004(s) 99.2 + 0.7(s)

45 0.05 0.0490

x|
1]
o
o
s
\O
o
I+
I+

0.0006(s) 99 2 * 1.2(s)

46 ' 0.05 0.0502

I+

0.0006(s) 99.2

E ]
1}

<
o
~
0
[o)
I+

1.2(s)

&7 ' 0.05 . ) 0.0495

0.0006(s) 98.8

»
1
(]
<
=~
O
_b
i+
1+

1.2(s)




This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute.

MIDWEST RESEARCH INSTITUTE

o it

Allan Chatham
Junior Chemist

David H. Steele
Associate Chemist

oodhouse, Ph.D. ‘ :
Head, Bioanalytical Chemistry Section
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MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT

April 18, 1984

ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-E

I. PURPOSE
To determine the concentration of disulfiram in four dosed feed

samples submitted by the MRI Pharmacology and Toxicology Section of the
Life Sciences Department.

II. SAMPLE IDENTIFICATION

Mixing Date " Sample No.  Amount Received

4/5/84 48 ~ 75 g
4/5/84 : 49 ~ 75 ¢g
4/5/84 . 50 ~ 75 g

~ 75 g

4/5/84 51

III. ANALYSIS

These samples were analyzed in triplicate on April 11, 1984, using
a high performance liquid chromatographic method described previously in MRI
Internal Report "'Chemical/Vehicle Studies of Disulfiram” dated October 4, 1982.

IV. RESULTS

Disulfiram in Feed Found (%)
Lot No. Label Conc (%) % Found Label *°

48 ~0.05 0.0497
0.0485
0.0483
0.0488

i+
I+

0.0008(s) 97.6 £ 1.5(s)

w
il

49 0.05 0.0489
0.0499

_.0.0488

X = 0.0492

I+

¥o)
oo
=~
i+

0.0006(s) 1.2(s)
30 0.05 0.0485
{.0486
0.0483
0.0485

1+

0.0002(s) 97.0

1+

0.3(s)

|
0]

51 0.05 0.0485

0.0488

0.0496 ‘

0.0490 * 0.0006(s) 38.0

I+
I+

1.2(s)

L
L}

1
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This analysis was conducted in the Biocanalytical Chemistry Section

of Midwest Research Institute.

Approved:

E. Woodhouse, Ph.D.
Head, Bioanalytical Chemistry Section

MIDWEST RESEARCH INSTITUTE

o Al

Allan Chatham
Junior Chemist

™ LN
D O 5 Tz U

David H. Steele
Associate Chemist
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MIDWEST‘RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT

May 21, 1984

ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-A

I. PURPOSE

To determine the concentration of disulfiram in four dosed feed
samples for use in the ethylene dichloride/disulfiram inhalation toxicology
study currently being conducted at Deramus Field Station.

II. SAMPLE IDENTIFICATION

Mixing Date: Sample No. Amount Received

5/10/84 , 52 ~ 75 g
5/10/84 53 _ \ ~ 75 g
5/10/84 54 . | S ~75 g
5/10/84 55 ~ 75 g

III. - ANALYSIS
These samples were analyﬁed]in triplicate on May 11, 1984, using

a high performance liquid chromatographic method described previously in MRI
Internal Report "Chemical/Vehicle Studies of Disulfiram" dated October 4, 1982.

IV. RESULTS

» Disulfiram in Feed B Found 4
Lot No. . Label Conc (%) , % Found Label

52 0.05 ] 0.0497

: 0.0500-
0.0502
0.0500

53 0.05 0.0496
0.0505
0.0503
0.0501

34 ‘ ~ 0.05 - 0.0482
0.0483
0.0482
0.0482 * 0.00006(s) 96.4 * 0.1(s)

55 ' 0.05 0.0483

- 0.0485
0.0482 ‘
0.0483 = 0.0002(s) 96.6 .

0.0002(s) 100.0 * 0.4(s)

X |
n
1+

"
1]
H

0.0005(s) 100.2° % 1.0(s)

|
Il

i+

0.4(s)

E|
1]
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This analysis was conducted in the Bicamalytical Chemistry Section
of Midwest Research Institute. .
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MIDWEST RESEARCH INSTITUTE

Allan Chatham
Junior Chemist

David H. Steele
Associate Chemist



MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT

June 20, 198&

ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-A

I. PURPQSE
To determine the concentration of disulfiram in four dosed feed

samples for use in the ethylene dichloride/disulfiram inhalation toxicology
study currently being conducted at Deramus Field Station.

II. SAMPLE IDENTIFICATION

Mixing Date ' Sample No. , Amount Received
6/7/84 56 : ~75g
6/7/84 57 ~ 75 g
6/7/84 58 ~ 75 g

-6/7/84 ] 59 ~75 g

ITI. ANALYSIS

These samples were analyzed inm triplicate on June 14, 1984, using
a hlgh performance liquid chromatographic method described prev1ously in MRI

Internal Report "Chemical/Vehicle Studies of Disulfiram" dated October &4, 1982,

IV. RESULTS

» Disulfiram in Feed | ‘ Found (%),
Lot No. Label Conc (%) % Found " Label

56 0.05. . 0.0498
0.0505
0.0505
0.0503

57 . 0.05 0.0500
0.0496
0.0504
0.0500

58 0.05 0.0505
0.0494
0.0507
0.0502

39 0.05 0.0506
' 0.0495
0.0505
1 0.0502

I+

0.0004(s) 100.6 £ 0.8(s)

i
I}

i+

0.0004(s) - 100.0 *+ 0.8(s)

E|
n

L
Il
H+

0.0007(s?) 100.4 = 1.4(s)

»|
1]
1+

0.0006(s) 100.4 * 1.2(s)
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This analysis was conducted in the Bioanalytical Chemistry Section

of Midwest Research Institute.

A ved:

. Woodhouse, Ph.D.

3

MIDWEST RESEARCH INSTITUTE

il

Allan Chatham
Junior Chemist

/= o {d =~

David H. Steele
Associate Chemist

, Bicamalytical Chemistry Section
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MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAT. REPORT

July 24, 1984

ANALYSIS FOR DISULFIhAM IN FEED SAMPLES - MRI PROJECT NO. 7452-A

I. PURPOSE

To determine the concentration of disulfiram in four dosed feed
samples for use in the ethylene dichloride/disulfiram inhalation toxicology
study currently being conducted at Deramus Field Station.

II. SAMPLE IDENTIFICATION

Mixing Date ' Sample No. Amount Received
7/11/84 60" ~ 75 g
7711784 : 61 . ~ 75 g
7/11/84 62 ~ 75 g
7/11/84 63 ~ 75 g

. ITI. ANALYSIS

These samples were analyzed in tfiplibate on July 16, 1984, using
a high performance liquid chromatographic method described previously in
MRI Internal Report '"Chemical/Vehicle Studies of Disulfiram" dated October 4,
1982.

-~

IV. RESULTS

Disulfiram in Feed Found ()
Lot No. Label Conc (%) % Found ' Label

60 0.05 0.0493
0.0482
0.0478

0.0484

61 0.05 0.0479
0.0476
0.0475
0.0477

62 0.05 : 0.0465
0.0467
0.0468
0.0467

63 0.05 ‘ 0.0482

‘ 0.0490
0.0492
0.0488

0.0008(s) © 96.8

|
I}
I+

i+

1.6(s)

X1
H
I+

0.0002(s) 95.4

I+

0.4(s)

0.4(s)

LA
I}

I+

I+

0.0002(s) 83.4

E
I
I+

0.0005(s) 97.6

I+

1.0(s)
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This analysis was conducted in the Biocanalytical Chemistry Section
of Midwest Research Institute.

MIDWEST RESEARCH INSTITUTE .

B AT

Allan Chatham
Junior Chemist

David H. Steele
Associate Chemist

Woodhouse, Ph.D.
, Bioanalytical Chemistry Section
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MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT

August 21, 1984

ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-A

I. PURPOSE
To determine the concentration of disulfiram ia four dosed feed

samples- for use in the ethylene dichloride/disulfiram inhalation toxicology
study currently being conducted at Deramus Field Station. '

IT. SAMPLE IDENTIFICATION

Mixing Date Sample No. Amount Received

8/9/84 64 ~ 75 g
8/9/84 65 ~ 75 g
8/9/84 66 ~ 75 g
8/9/84 67 ' ~ 75 g

ITI. ANALYSIS

Thesé samples were analyzed in triplicate on August 14, 1984,
using a high performance liquid chromatographic method described previously
in MRI Internal Report "Chemical/Vehicle Studies of Disulfiram' dated
October 4, 1982.
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IV. RESULTS

Disulfiram in Feed Found )
Lot No. Label Conc (%) % Found- Label

64 0.05 0.0476
0.0500
0.0496
0.0491

wi
1}
+
I+

0.0012(s) 98.2 * 2.4(s)
65 0.05 - 0.0458
' 0.0494
0.0490
0.0481

I+
i+

0.0020(s) 96.2 t 4.0(s)

I
n

66% 0.05 0.0419
0.0433
0.0428
0.0427

1+
I+

0.0007(s) 85.4 * 1.7(s)

b
1

67 0.05 0.0482
' 0.0510
0.0504
0.0499

+
I+

0.0015(s) 99.8 £ 3.0(s)

1
L]

* This lot of disulfiram/feed mix was not within the specifications re-
‘quired for use on this program (0.05 * 0.005%).

This analysis was conducted in the Biocanalytical Chemistry Section
of Midwest Research Institute.

MIDWEST RESEARCH INSTITUTE

..

Allan Chatham
Junior Chemist

—— o WAoo

David H. Steele
Associate Chemist

ocodhouse, Ph.D.
Heads~Bioanalytical Chemistry Section
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MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT

September 26, 1984

ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-A

I. PURPOSE

To determine the concentration of disulfiram in two dosed feed
samples for use in the ethylene dichloride/disulfiram inhalation tox1cology
study currently being conducted at Deramus Field Station.

II. SAMPLE IDENTIFICATION

Mixing'Date Sample No. Amount Received

7T .9/5/84 ~ 68 ~ 75 g
9/5/84 69 ~ 75 g

III. ANALYSIS =~ =

These samples were analyzed in triplicate on August 14, 1984,
using a high performance liquid chromatographic method described previously
in MRI Internal Report "Chemical/Vehicle Studies of Disulfiram” dated
October 4, 1982.

IV. RESULTS

Disulfiram in Feed Found (%)
Lot No. Label Conc (%) %_Found Label %

68% 0.05 0.0561

‘ 0.0539
"0.0543
0.0548

1+

0.0012(s) 109.6 £ 2.2(s)

1
1]

69 . 0.05 o 0.0490
0.0479
0.0459
0.0476

H+

0.0016(5) 95.2 * 3.4(s)

X

* This lot of disulfiram/feed mix was orlglnally analyzed as Lot No. 66
(see MRI Internal Report "Amalvsis of Disulfiram in Feed Samples"
dated august 21, 1984). Because the concentration of disulfiram from
this original lot was found to be 85.4 * 1.7(s)% of the target concen-
tration, Lot No. 66 was remixed and additional disulfiram added to in-
crease the concentration. The results of the analysis of this new lot
(Lot No. 68) are described above. Although this lot of disulfiram/feed
mix was within the specifications required for use on this program,
its use was not required due to the completion of the study.

1 .
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This amalysis was conducted in the Biocanalytical Chemistry Section

of Midwest Research Institute.

Approved:

se,

Ph.D.

ab Head, Bioanalytical Chemistry Section
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APPENDIX 4

SPECTIAL STUDIES

EDC Quality Control Sample Analyses, 4/29/83

EDC Quality Control Sample Analyses, 1/3/84

EDC Quality Control Sample Analyses, 9/5/84

Validation of the Driger Method for Ammonia Sampling

Determination of the Stability of Ethanolic Drinking
Water in the Chamber Water Delivery System

Evaluation of EDC Standardization Data to Determine
Statistical Qutliers

Analysis of Disulfiram Feed Sample

Validation of the Autosampling System

Chamber Distribution Study
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INTERNAL ANALYTICAL REPORT
April 29, 1983 v ' .

ETHYLENE DICHLCORIDE QUALITY CONTROL SAMPLE ANALYSIS

MRI Project No. 7452-E

I. Purpose

Beginning with the start of the chronic phase of the ethylene di-
chloride inhalation study (September 27, 1982), one quality contrel sample
has been supplied to the field station staff each month. The quality con-
trol sample, containing ethylene dichloride at a concentration unknown to
the field station staff, is analyzed and. the results reported tc the chem-
ist. The purpose of these samples is to check the accuracy of the instru-
ment operators and of the imstrument system itself.

II. Analysis

The quality control samples are analyzed using the same gas chro-
matographic system that is used to routinely monitor chamber atmosphere con-
centrations. The samples are injected with the systeﬁ in the chamber mode,
and the results computed in parts per million.

III. Results

The results for the quality control samples analyzed to date are
presented in tabular form below. .

GQuality Control Theory Determined Difference From .
Sample No. Date (ppm) (T) = (ppm) (D) Thecretical (D-T) % D/T
2 10-28-82 71.44 67.17 - =427 94.0
3 12-2-82 -~ 7l.44 65.20 -6.24 91.3
4 12-30-82 71.44 72.70 ‘ +1.286 101.3
5 1-6-83 35.72 36.50 +0.78 102.2
6 2-3-83 71.44 ‘ 72.90 +1.46 102.0
7 3-3-83 57.16 56.70 =0.46 96.2
8. 91 96.9%

3-31-83 57.16 35.425 -1.

Average = 98.2‘i 4.3(s)%
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IV. Conclusions

The values obtained were found to be in good agreement with theo-
retical values. The average for the eight samples was found to be 98.2 +

4.3(s)%.
MIDWEST RESEARCH IN;TITUTE

Allan Chatham
Junior Chemist

go\n
— ﬁﬂ -*-f““‘
Dave Steele
Associate Chemist

Approved:

Evelyn Murrill, Ph.D.
Principal Adviscr for Chemistry
and_Biology

R A S

E odhouse, Ph.D.
He oanalytical Chemistry
Section
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INTERNAL ANALYTICAL REPCRT
January 3, 1984

ETHYLENE DICHLORIDE QUALITY CONTROL SAMPLE ANALYSIS

- MRI Project No. 7452-E

I. Puggose

Beginning with the start of the chronic phase of the ethylene
dichloride inhalation study (September 27, 1982), ome quality control sample
has been supplied to the field station staff each month. The quality control
sample, containing ethylene dichloride at a comcentrationm unknown to the
field station staff, is analyzed and the results reported to the chemist.
The purpoese of these samples is to check the accuracy of the instrument
operators and of the instrument system itself.

II. Analysis

The quality controcl samples are analyzed using the same gas chro-
matographic system that is used to routinely monitor chamber atmosphere con-
centrations. The samples are injected with the system in the chamber mode,
and the results computed in parts per million.

IIT. Results

The results for the quality control samples analyzed to date are
presented in tabular form below.

Quality Control Theory Determined Difference From _
Sample No. . Date  (ppm) (T) (ppm) (D)  Theoretical (D-T) % D/T
2 10-28-82 71.44 67.17 -4.27 94.0
3 12-2-82 71.44 65.20 -6.24 91.3
4 12-30-82 71.44 72.7¢ +1.26 101.8
S 1-6-83 35.72 36.50 +0.78 102.2
6 2-3-83 71.44 72.9¢ +1.46 102.0
7 3-3-83 57.16 56.70 -0.46 99.2
8 3-31-83 57.16 55.25 -1.91 96.6
9 4-28-83 57.16 56.10 -1.06 98.1
10 5-26-83 57.16 58.83 +1.67 102.9
11 6-30-83 57.16 55.40 -1.76 96.9
12 7-29-83 57.16 51.65 =5.51 90.4
13 8-25-83 57.16 55.93 -1.23 97.8
14 9-29-83 57.16 56.20 -0.96 98.3
14 12-15-83 57.16 56.70 -0.46 99.2

Average = 97.9 % 3.9(s)%
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IV. Conclusions

1

-, -

Approved:

velyn Murrill, Ph.D.
Principal Advisor for Chemistry

adhouse, Ph.D.
oanalytical Chemistry
Sectlon

~
s

The wvalues obtained were found to be in good-agreement with theo-
retical values. The average for the 14 samples was found to be 97.9 * 3.9(s)%.

MIDWEST RESEARCH INSTITUTE
D b L~

Allan Chatham
Junior Chemist

Dave H. Steele
Associate Chemist



>INTERNAL ANALYTICAL REPORT
September 5, 1984

ETHYLENE DICHLORIDE QUALITY CONTROL SAMPLE ANALYSIS
MRI Project No. 7452-A

I. PURPOSE

Beginning with the start of the chronic phase of the ethylene di-
chloride inhalation study (September 27, 1982), one quality control sample
has been supplied to the field station staff each month. The quality con-
trol sample, containing ethylene dichloride at a concentration unknown to

the field station staff, is analyzed and the results reported to the chemist.

The purpose of these samples is to check the accuracy of the instrument op-
erators and of the instrument system itself.

II. ANALYSIS
The quality control 'samples are analyzed using the same gas chro-
matographic system that is used to routinely monitor chamber atmosphere con-

centrations. The samples are injected with the system in the chamber mode,
and the results computed in parts per million.

III. RESULTS

The results for the quality control samples analyzed to date are
presented in tabular form below.

"Quality Control o Theory Determined . Difference From

Sample No. Date (ppm) (T) .(ppm) (D) Theoretical (D-T} % D/T
2 10/28/82 71.44 67.17 =4.27 34.0
3 12/2/82 71.44 65.20 -6.24 91.3
4 12/30/82 71.44 72.70 . +1.26 101.8
5 1/6/83 - 35.72 36.50 +0.78 102.2
6 2/3/83 71.44 72.90 +1.46 102.0
7 3/3/83 57..16 56.70 -0.46 99.2
8 3/31/83 57.16 55.25 -1.91 96.6

9 . 4/28/83 57.16 56.10 -1.06. 98.1
10 ' 5/26/83 57.16 58.83 +1.67 102.9
11 6/30/83 57.16 55.40 -1.76 96.9
12 7/29/83 57.16 51.65 -5.51 890.4
13 . 8/25/83 57.16 55.93 -1.23 97.8
14 9/29/83 57.16 56.20 -0.96 98.3
15 : 12/15/83 57.16 56.70 -0.46 99.2
16 1/10/84" ' 857.16 57.50 +0.34 100.6
17 ‘ 2/22/84 42 .87 43.40 +0.53 101.2
18 " 3/28/84 42.87 42.70 -0.17 99.¢
19 5/2/84 57.16 56.06 -1.10 98.1
20 6/13/84 42 .87 42.32 =0.35 99.2
21 . 8/8/84 57.16 62.04 +4.88 108.5
22 9/5/84 42 .87 34 +0.67 101.6

Average = 99.0 * 4.0(s)%.
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IV. CONCLUSIONS

The values obtained were found to be in good agreement with theo-
retical values. The average for the 21 samples was found to be 99.0 % 4.0(s)%.

MIDWEST RESEARCH INSTITUTE

ot Bt

Allan Chatham
Assistant Chemist

= ok BRo

David H. Steele ‘
Associate Chemist

Approved:

Principal Advisor for Chemistry
< and Biology -

E. J. Woodhouse, Ph.J.
Head, Biocanalytical Lhemistry Section
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INTERNAL ANALYTICAL REPORT
Project No. 7801-E

December 22, 1983

VALIDATION OF THE DRAGER METHOD FOR AMMONIA SAMPLING

I. Purpose

The purpose of this work is to demonstrate the accuracy of the
Driger method! for measuring ammonia levels in inhalation test atmospheres.

II. Amalysis
A. Method

Atmospheres of known ammonia concentration were prepared in gas
sampling bags by adding accurately measured amounts of aqueous ammonium
hydroxide (29.0%).to known volumes of room air and control chamber atmosphers.
After allowing sufficient time to ensure total evaporation of the ammopium
hydroxide, these standards were analyzed using the Drager method.

B. Results

The results are presented in tabular form below. Both the stan-
dards prepared with room air and the standards prepared with coatrel chamber
atmosphere yielded linear relaticnships with correlation coefficients of
0.9994 and 0.9951, respectively. In addition, the lines obtained were paral-~
lel, with the difference in the v-intercepts indicating the presence of a
background ammonia level in the control chamber of approximately 0.7 ppm.
Although the values obtained are slightly low, thevy fall within the range
cited for the method (% 15%).

1. Room Air Standard Curve

Theoretical Measured

Concentration (ppm) = Concentration {ppm)

0 0

4.4 4

17.6 15

35.2 29

44 .0 38
Y =1.18X - 0.032 corr: 0.9994

T Teichnitz, X. (Ed.), "Air Investigations and Technical Gas Analysis with
Driager Tubes," 4th Edition, August 1979, Dragerwerk Ag Lubeck, p. 25.

4-8
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2. Control Chamber Atmosphere Standard Curve

Theoretical Measured
Concentration (ppm) Concentration (ppm)
0 < 2%

4.4 4
8.8 8
17.6 18
35.2 31

Y=1.12X - 0.67

corr: 0.9951

* This reading was below the calibrated range for
the method and was not used for calculation.

I1II. Conclusions

X . Analysis for ammonia in inhalation test atmospheres using the
Dridger method was validated using standards prepared in room air and in
control chamber atmosphere. This demonstrates that ammonia levels are
being accurately measured, within the limits of error (& 15%) of the
method.

Woodhouse, Ph.D.
Head, Bicanalytical Chemistry Section

v \auﬁiih_qu_Sl‘“
Evelyn Mutrill, Ph.D.

Principal Advisor for Chemistry
and Biology

MIDWEST RESEARCH INSTITUTE

e . b

Allan Chatham
"Junior Chemist

A

< i)¢~_£2;ér'ﬁ<F¥¢—ﬁ4_
David H. Seele
Associate Chemist



INTERNAL ANALYTICAL REPORT
.MRI Project No. 7452-E
January 9, 1984

DETERMINATION OF THE STABILITY OF ETHANOLIC DRINKING WATER
- IN THE CHAMBER WATER DELIVERY SYSTEM

I. Purpose

The amalysis was conducted to detarmine if the ethanmol concentra-
tion was altered by the delivery system.

II. Discussion

In this study, an automated system was used to deliver ethaaolic
drioking water (5%) to the test animals. The system was slightly pressurized
and provided water to the animals on demand via sipper tubes located in each
cage. Because the only contact with the atmosphere is the air-water inter-
face at the end of the sipper tubes, no transmission-losses would be expected

~ to occur.

fII. Analysis
A.  Method

A sample of the ethanolic drinking water, which had been placed
in the delivery system on November 8, 1983, was removed from a sipper tube
in the ethanol contrel chamber on November 21, 1983. The sample was thern.
analyzed for ethanol conceatration using the same gas chromatographic method
employed for the originmal concentration determination (11/7/83). The con=
centration obtained was compared to the concentration obtained during the
original analysis. ‘

B. System

Instrument: Varian 920 gas chromatograph

Detection: Thermal conductivity

Column: 100/120 mesh Chromosorb 105; 3.0 m z 2 mm ID, nickel

Carrier Gas: Helium }

Carrier Gas Flow Rate: 30 cc/min

Reference Cell Flow Rate: 30 cc/min

Inlet Temperature: 250°C

Detector Temperature: 250°C

Column Oven Temperature: 170°C, isothermal

Filament Current: 150 mA ' :

Samples Injected: 1 pL injections of the ethanolic drinking
water and of aqueous ethancl standards (5.7 and 3.8% v/v)

4-10



€. Results

Using this method, the ethanol concentration of a sample which
had been in the delivery system for a period of 2 weelts was not feund tc be
significantly different, within experimental error, from the concentraticn
of the freshly prepared material. The data obtained are presented in tabu-
lar form below.

Analysis Date Concentratiaon (%)
11/7/83 5.00 £ 0.063(s) n=25
11/21/83 , 5.12 £ 0.23(s) o =3

% of original analysis: 102.45%

IV. Conclusion

_ The results obtained indicated that ethamolic drinking water is
stable in the water delivery system for a period of 2 weeks.

MIDWEST RESEARCH INSTITUTE
. W < !

David H. Steele
Associate Chemist

.D.

Evelyn\Murrill, Ph.D.
Principal Advisor for Chemistry
and Biology
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MIDWEST RESEARCH INSTITUIE
‘ Internal Report
MRI Project No. 74532-A
October 4, 1984

EVALUATION OF EDC STANDARDIZATION DATA
TC DETERMINE STATISTICAL CQUTILIERS

I. PURPCSE

To correct the EDC chamber concentration data for differences in
the average calibration factor used for the Varian CDS-111 integrator.

ITI. BACKGROUND AND DISCUSSION

Prior to the start of each 6-hr exposure, liquid standards con-
taining known amounts of EDC in hexane were injected (duplicates at two
different concentrations) into the gas chromatographic monitoring system.

A calibration factor (Cal Fact), was generated by the Varian CDS-111 inte-
grator for each of the liquid standards injected. The average of these.
values and the standard deviation were independently computed. The stan-~
dardization was considered adequate if the coefficient of variation was < 6%.
If the standardization did not meet this criteria, the standards were re-
injected until the criteria was satisfied. The average Cal Fact value was

“then placed in a line program of the integrator and was used to calculate .

actual EDC chamber concentrations.

On certain days, some of the Cal Fact values were not used to cal-
culate the average Cal Fact wvalue. Since a statistical procedure was not
used for rejecting these data points, it was necessary to review the entire
standardization data to determine statistically whlch Cal Fact values were
outliers.

The standardization data was evaluated using the Tietjen-Moore
equation- for determining statistical outliers occurring on one or both
sides of the mean. If Cal Fact values were determined to be outliers, these .
values were rejected and a new average Cal Fact value was calculated. Each
chamber concentration reading obtained during the exposure period was then
recalculated using this new value.

1

T “ ‘ . . ;
Tietjen, G. L., and R. H. Moore, Some Grubbs-Type Statistics for the

Detection of Several Outllers, Technometrlcs, TCNTA, Vol. 14, No. 3,
August 1972, pp. 583 597

4-12
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III. CORRECTION OF DATA

A. Method

A computer program written at MRI using the Tietjen-Moore equa-
tion was used to evaluate the standardization data for statistical outliers.
This equation is shown below. A Tietjen-Moore statistical wvalue (E..) was
calculated and compared to a critical value table to determine if the sus-
pected outlier could be rejected. All of the standardization data were eval-
vated at the 90% confidence level. :

Tietjen-Moore statistic
mean of full sample

number of observations
number of suspected outliers
individual observation

a-k

= 2 Zi/(n-k)

i=1

™~
]

The data were corrected by multiplying individual chamber concen-
tration readings by a correction factor (recalculated average Cal Fact/old
average Cal Fact). A new mean and standard deviation were then calculated.

B. Results

"Review of the morning standardization data indicated 76 davs where
EDC chamber concentration data needed to be corrected. All of these days
fell between 12/27/82 and 10/3/83. The corrected and uncorrected versions
of the data for each chamber (EDC/DS, EDC, EDC/ET), along with the percent
difference are presented in Appendix A. The average percent difference for
the 76 days were found to be +3.91 £ 6.1(s)%, +3.80 % 6.2(s)%, and +3.99 =
6.0(s)}% for the EDC/DS, EDC, and EDC/ET chambers respectively.

"IV. CONCLUSIONS

EDC chamber concentration data_(for 76 days between 12/27/82 to
10/3/83) were corrected for differences in the average Cal Fact values used
by the Variamn CDS-111 integrator to calculate the EDC concentrations.

The average percent difference for the 76 days were found to be

+3.91 * 6.1(5)%, +3.80 * 6.2(s5)% and +3.99 * 6.0(s)% for the EDC/DS, EDC,
and EDC/ET chambers respectively.

4=-13



‘Since there were 485 exposure days for each chamber, the overall
effect of these corrections on the study mean is minimal. :

MIDWEST RESEARCH INSTITUIE

Allan Chatham
Assistant Chemist

~= =0 N et
David H. Steele ‘
Associate Chemist

Approved:-

Evelyn rrill, Ph.D.
Principal Advisor for
Chenigtry/Biology

‘odhouse, Ph.D.
oanalytical Chemistry
" Section : ‘
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EDC/DS
Daily Mean
Date Exposure Davy Uncorrected Corrected % Difference
12/28/82 62 50.6 + 1.25 51.9 £ 1.27 +2.6
12/29/82 63 51.0 + 1.20 54.7 £ 1.34 +7.2
12/30/82 64 50.3 % 0.89 51.0 * 0.89 +1.4
1/3/83 65 49.8 * 1.85 48.9 = 1.84 -1.8
1/4/83 66 51.1 '+ 1.28 51.6 * 1.30 +1.0
1/6/83 68 52.9 * 1.02 49.3 £ 0.94 -6.8
1/7/83 69 51.9 * 0.90 53.5 + 0.94 +3.1
1/10/83 70 50.0 * 1.05 51.1 £ 1.05 +2.2
1/11/83 71 50.8 * 1.87 5.7 £ 2.21 +17.5
1/12/83 ‘ 72 : 52.3 + 2.49 56.7 + 2.68 +8.4
1/13/83 73 51.4 * 2.75 54.0 £ 2.87 +5.0
1/14/83 - 74 : 49.7 * 3.06 50.0 * 3.06 +0.6
1/17/83 75 49.2 * 2.96 47.6 * 2.87 -3.3
1/18/83 76 50.2 * 1.95 51.¢ + 2.02 +3.4
1/19/83 77 50.5 * 0.67 52.0 £ 0.73 +3.0
1/20/83 . 78 50.2 £ 0.68 50.9 + 0.68 +1.4
1/21/83 79 50.1 * 1.03 53.7 + 1.10 C+7.2
1/24/83 . 80 . 50.6 * 0.53 51.8 + 0.56 +2.4
-1/25/83 81 49.6 * 1.76 47.9 * 1.73 -3.4
1/27/83 83 49.7 £ 0.99 54.1 £ 1.10 +8.8
1/28/83 ) 84 , 50.3 % 1.47 52.1 £ 1.52 +3.6
1/31/83 85 51.4 £ 1.81 52.5 £ 1.85 +2.1
2/2/83 87 49.8 £ 1.19 9.1 = 1.17 -1.4
2/8/83 91 50.1 * 1.54 51.2 + 1.51 +2.2
2/25/83 103 49.8 £ 1.35 48.9 * 1.30 -1.8
3/2/83 106 49.9 * 2.10 50.8 * 2.04 +1.8
3/9/83 111 50.5 £ 2.20 49.2 * 2.16 -2.6
3/10/83 112 49.1 £ 2.96 51.7 & 3.14 +5.3
3/11/83 113 51.9 + 1.89 53.0 + 1.92 +2.1
3/16/83 116 45.7 £ 2.05 46 .4 * 2.06 +1.5
4/11/83 134 51.7 * 1.79 53.0 * 1.83 +2.5
4/26/83 145 51.4 £ 1.92 49.7 + 1.36 -3.3
4/29/83 148 50.8 £ 1.25 51.8 £ 1.29 +2.0
5/2/83 149 52.1 % 1.40 52.3 * 1.42 +0.4
5/3/83 150 50.2 * 0.95 48.9 t 0.94 -2.6
5/5/83 152 51.5 & 2.65 S3.7 * 2.76 +4.3
5/11/83 156 48.8 * 1.19 St.1 % 1.25 +4.7
5/13/83 158 50.0 * 1.54° 51.6 £ 1.60 +3.2
5/16/83 159 52.0 £ 3.21 51.6 £ 3.18 -0.8
6/20/83 182 50.0 * 2.54 50.5 + 2.58 +1.0
6/21/83 183 56.5 £ 1.75 48.3 % 1.67 4.4
6/22/83 184 : 48.8 * 1.58 51.2 * 1.65 +4.9
7/1/83 191 51.2 * 1.67 53.1 * 1.73 +3.7
7/5/83 192 47.3 £ 1.35 48.5 * 1.41 +2.5
7/7/83 194 50.4 £ 1.54 S1.4 £ 1.39 +2.0
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Date

7/12/83
7/13/83
7/15/83
7/29/83
8/1/83

8/4/83

8/8/83

8/9/83

8/10/83
8/11/83
8/12/83
8/16/83
8/17/83
8/19/83
8/22/83
8/23/83
8/24/83
8/26/83
8/29/83
8/30/83
9/1/83

9/6/83

9/7/83

9/8/83

9/13/83
9/19/83
9/20/83
9/22/33
9/26/83
9/29/83
10/3/83

Exposure Day

197
198
200
210
211
214
216
217
218
219
220
222

-223

225
226
227
228
230
231 -
232
234
236
237
238
241
245
246
248
250
253
255

EDC/DS (concluded)

Daily Mean

Uncorrected
50.3 * 1.17
49.1 * 1.04
48.5 £ 1.64
49.7 t 1.40
51.1 £ 2.05
50.8 £ 0.99
50.5 % 1.30¢
46.3 £ 1.69
50.9 £ 1.39
48.8 £ 1.41
49.7 + 1.02
49.3 £ 1.35
49.4 % 1.66
50.4 £ 1.66
50.9 £ 1.54
50.0 £ 1.53
50.0 * 1.41
49.8 * 0.83
48.6 + 1.27
49 .4 * 2.03
51.5 £ 3.23
48.7 £ 3.12
50.2 £ 0.47
50.¢ * 1.72
51.5 £ 1.78
31.9 £ 0.69
. 50.3 £ 0.88
50.0 £ 0.87
51.9 £ 1.31
50.1 £ 0.92
50.6 £ 1.27
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Corrected
54.6 * 1.28
9.0 * 1.04
S54.4 + 1.84
51.0 £ 1.44
48.6 £ 1.94
54.0 £ 1.06
63.6 * 1.64
59.2 * 2.03
58.0 £ 1.60
56.2 = 1.60
59.6 £ 1.23
50.0 * 1.38
47.8 £ 1.60
53.8 £ 1.78
53.5 £ 1.62
56.1 £ 1.73
52.2 = 1.47
47.6 £ 0.79
51.7 £ 1.386
53.0 £ 2.18
55.3 % 3.45
47.5 £ 3.04
57.4 % 0.53
53.2 £ 1.81
50.9 £ 1.78
57.9 £ 0.78
52.6 £ 0.93
51.2 £ 0.90
53.8 £ 1.36
51.1 £ 0.94
51.8 £ 1.31

Y% Difference

+8.
-0.
+12.
+2.
-4,
+6.
+25.
+20.
+13.

+15.
+19.
+1.
-3.
+6.
- +5.
+12,
+4.

-4,
+6.
+7.

+7.

-2.

+14,
+4,

-1.
+11.

+4,

+2.
+3.
+2.
+2.
3.9
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N

EDC

- Daily Mean
Date Exposure Dav . Uncorrected Corrected % Difference
12/28/82 62 \ 49.2 + 1.56 50.5 * 1.59 +2.6
12/29/82 63 51.4 * 0.90 55.1 + 0.93 C+7.2
12/30/82 64 ©50.7 % 1.14 51.4 * 1.17 T +1.4
1/3/83" 65 50.0 £ 1.08 49.1 £ 1.06 -1.8
1/4/83 ‘ 66 ~ 50.7 * 1.08, 51.2 + 1.11 +1.0
1/6/83 - - 68 : 50.6 * 1.22 47.2 £ 1.11 -6.7
1/7/83 _ 69 50.8 £ 1.05 ©52.4 * 1.06 +3.1
1/10/83 70 . 49.4 + 1.80 50.4 + 1.84 +2.0
1/11/83 71 ' 50.1 + 0.89 58.9 * 1.04 C +17.6
1/12/83 72 50.9 + 1.81 55.3 + 1.97 +8.6
1/13/83 73 S0.9 £ 2.99 53.5 * 3.13 +5.1
1/14/83 -~ 74 -~ 51.9 t 4.18 © 52.2 £ 4.19 © 0.6
1/17/83 .75 49.9 * 2,49 48.4 * 2:39 -3.0
1/18/83 . 76 50.1 * 0.82 51.8 £ 0.85 +3.4
1/19/83 77 50.1 % 0.60 51.6 * 0.75 +3.0
1/20/83 78 . 50.7 £ 1.14 51.4 = 1.14 C+1.3
1/21/83 79 . 50.4 £ 1.94  53.9 £ 2.09 +6.9
1/24/83 - 80 - 48.9 + 2.20 . 50.1 % 2.24 - +2.4
1/25/83 81 49.3 £ 0.70 47.6 * 0.68 -3.4
1/27/83 83 49.9 £ 0.71 54.3 + 0.77 +8.8
1/28/83 . 84 49.8 + 1.57 51.5°% 1.59 +3.4
1/31/83 85 51.0 £ 1.27 - 52.1 % 1.30 +2.2
2/2/83 87 49.64 £ 0.99 - 48.7 + 0.99 -1.4
2/8/83 - 91 . 50.1 % 3.02 51.1 £ 3.08 +2.0
2/25/83 103 49.7 £+ 0.83 = 48.7 £ 0.80 -2.0
3/2/83 106 50.5 £ 1.26 51.5 = 1.28 42,0
3/9/83 111 49.6 £ 1.95 48.3 + 1.90 ‘ -2.6
. 3/10/83 112 . 49.4 1,23 52.0 £ 1.31 +5.3
3/11/83 113 : 48.9 £ 1.05 49.9 + 1.08 +2.0
3/16/83 116 ‘ 50.6 £ 2.83 51.4 = 2.87 +1.6
4/11/83 134 ' 51.2 £'1.03 52.5 £ 1.05 +2.5
4/26/83 145 49.6.£ 2.21 48.0 £ 2.14 -3.2
4/29/83 148 48.5 % 2.97 49.4 £ 3.03 © +1.8
5/2/83 149 © 48.2 * 2.82 48.4 t 2.84 +0.4
5/3/83 ‘ 150 48.4 * 2,08 47.2 £ 2.03 -2.5
5/5/83 152 45.9 *.13.9 47.9 £ 14.5 -4 4
5/11/83 . 156 B 47.4 £ 4.97  49.7 £5.21 +4.8
5/13/83 © 158 - 51.3 & 3.10 52.9 + 3.18 +3.1
5/16/83 159 56.4 * 7.32 56.0 + 7.28 -0.7
6/20/83 182 . 49.3 % 3.09 49.8 + 3.13 +1.0
6/21/83 . 183 LR.9 * 1.74° 46.7 £ 1.66 -4.5
6/22/83 184 49.2 * 2,25 51.6 + 2.35 +64.0
7/1/83 191 49,2 % 2.95 51.0 % 3.05 +3.6
7/5/83 192 . 48.9 * 1.33 50.0 £ 1.36 , +2.2
7/7/33 - 194 49.7 + 2.03 0 50.7 % 2.06 +2.0
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Date

7/12/83
7/13/83
7/15/83
7/29/83
8/1/83

8/4/83

8/8/83

8/9/83

8/10/83
8/11/83
8/12/83
8/16/83
8/17/83
8/19/83
8/22/83
8/23/83
8/24/83
8/26/83
8/29/83
8/30/83
9/1/83

9/6/83

9/7/83

9/8/83

9/13/83
8/19/83
9/20/83
9/22/83
9/26/83
9/29/83
10/3/83

Exposure Day

197
198
200
210
211
214
216
217
218
219
220
222
-223
225
226
227
228
230
231 -
232
234
236
237
238
241
245
246
243
250
233
255

EDC (concluded)

4-19

Daily Mean
Uncorrected Corrected
50.1 £ 1.65 54.4 £ 1.78
49.8 £ 1.92 49.7 * 1.92
50.9 * 1.41 57.0 = 1.58

©51.1 £ 1.40 52.5 £ 1.43
51,1 = 1.87 48.6 £ 1.78
50.9 £ 1.51 54.3 £ 1.35
48.4 £ 0.57 61.0 £ 0.71
50.5 * 0.88 60.6 £ 1.06
51.3 £ 1.32 58.6 £ 1.50
49.2 * 2,17 56.7 * 2.48
50.1 = 1.64 60.0 * 1.96
50.0 £ 1.42 30.7 t 1.43
49.0 £ 0.97 47.4 * 0.94
49.6 £ 2.71 52.9 = 2.89
49.4 = 0.97 51.9 * 1.02
49.9 £ 2.09 56.0 £ 2.35
50.1 £ 1.17 52.3  1.24
49,7 £ 1.43 47.5 £ 1.37
49.8 + 1.27 53.0 * 1.34
48.5 * 0.84 52.0 £ 0.91
51.2 £ 1.98 55.0 £ 2.12
£9.1 £ 1.69 48.0 = 1.60
50.0 £ 1.37 57.3 £ 1.57
50.3 % 2.67 52.5 £ 2.80
49.6 £ 2.50 49.0 = 2.58
50.1 £ 1.69 55.8 * 1.88
48.9 + 1.20 51.1 = 1.26
50.8 £ 0.52 52.0 £ 0.52
51.2 £ 1.22 53.0 £ 1.28
49.5 £ 1.96 50.5 £ 1.99
50.7 £ 1.22 51.% * 1.26

% Difference

+8.
-0.

+12.
+2.
-4,
+6.
+26.
+20.
+14.
+15.
+19.
+1.
-3.
+6.
+3.
+12.
+4.
-4,
+6.
+7.
+7.
-2.
+14.
+4 .
-1.
+11.
+4 .

+2

- .

+3.
+2.
+2.

3.8

8
2
0
7
9
7
0
0
2
2
8
A
3
6
1
2
4
A
&4
2
&4
2
6
4
2
4
5
4
0
+2.4
30

* 6.17(s)%



N

EDC/ET
Daily Mean
" Date Exposure Day Uncorrected Corrected % Difference
12/28/82 62 49.0 £ 1.60 50.3 £ 1.64 +2.6
12/29/82 63 51.0 £ 1.16 S&4.7 £ 1.24 +7.2
12/30/82 64 50.1 £ 1.08 50.8 £ 1.04 . +1.4
1/3/83 65 50.0 £ 1.39 . 49.1 % 1.37 -1.8
1/4/83 66 51.3 £ 1.57 51.7 £ 1.59 +0.8
1/6/83 68 52.7 £ 0.93 49.1 * 0.87 -6.8
1/7/83 69 52.0 * 1.16 53.6 £ 1.20 +3.1
1/10/83 70 50.0 + 0.79 51.1 £ 0.79 +2.2
1/11/83 71 50.7 * 2.09 59.6 * 2.46 +17.5
1/12/83 72 51.7 £ 3.40 S6.1 £ 3.68 +8.5
1/13/83 73 51.6 + 2.38 54,2t 2.50 +5.0
1/14/83 - 74 -50.3 £ 2.51 50.6 + 2.51 +0.6
1/17/83 .75 50.1 * 4.33 48.5 £ 4.20 -3.2
1/18/83 76 ' 50.0 £ 1.65 51.8 + 1.69  +3.6
1/19/83 77 . 50.3 * 0.67 51.7 £ 0.71 +2.8
1/20/83 78 50.4 * 0.54 51.1 * 0.54 +1.4
1/21/83 79 50.0 £ 0.96 53.5 £ 1.03 +7.0
1/24/83 80 - 50.3 + 0.48 51.6 * 0.51 +2.6
1/25/83 81 . 49.8 £ 1.63 48.1 * 1.60 -3.4
1/27/83 83 49.5 * 0.98 53.8 £ 1.07 +8.7
1/28/83 84 50.2 £ 1.65 51.9 £ 1.71 +3.4
1/31/83 85 51.2 £ 1.22 52.3 % 1.25 +2.1
2/2/83 87 49,9 * 0.99 49.2 * 0.96 -1.4
2/8/83 91 : 50.0 * 2.07 51.0 £ 2.10 +2.0-
2/25/83 103 50.1 + 1.06 "49.2 £ 1.44 -1.8
3/2/83 106 51.0 £ 2.18 52.0 t 2.23 42.0
3/9/83 111 50.4 + 0.532 49.1 * 0.49 -2.6
3/1C0/83 112 ' 51.3 £ 1.31 54.0 * 1.37 +5.3
3/11/83 113 ' 48.1 * 1.03 49.2 + 1.05 +2.3
3/16/83 116 51.8 * 2.03 52.6 = 2.08 +1.5
4/11/83 134 50.2 £ 1.33 51.4 £ 1.37 +2.4
4/26/83 145 50.3 * 0.95 48.6 * 0.93 -3.4
4/29/83 148 50.6 £ 1.06 51.5 £ 1.10 - +1.8
5/2/83 149 51.4 + 3.05 51.6 + 3.07 +0.4
5/3/83 150 50.4 + 2.17 49.1 % 2.12 -2.6
5/5/83 . 152 57.5 £ 12.2 5.9 * 12.7 42
5/11/83 156 49.2 £ 1.61 51.6 = 1.70 +4.9
5/13/83 158 49.5 * 2.05 51.0 * 2.11 +3.0
5/16/83 159 52.7 * 4.58 52.3 t 4.54 -0.8
6/20/83 182 51.1 * 2.50 51.6 + 2.54 +1.0
6/21/83 183 50.9 * 2.22 48.6 £ 2.13 -4.3
6/22/83 184 49.3 * 1.93 51.83 * 2.03 +5.1
7/1/83 191 50.4 * 1.70 52.2 £ 1.77 +3.6
'7/5/83 192 - 47.5 + 1.01 48.7 t 1.04 +2.5
7/7/83 194 49.3 + 1.79 50.2 £ 1.83 +1.8
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Date

7/12/83
7/13/83
7/15/83
7/29/83

- 8/1/83

8/4/83

8/8/83

8/9/83

8/10/83
8/11/83
8/12/83
8/16/83
8/17/83
8/15/83
8/22/83
8/23/83
8/24/83
8/26/83
8/29/83

8/30/83

9/1/83°
9/6/83
9/7/83
9/8/83
9/13/83
9/19/83

19/20/83

9/22/83
9/26/83
9/29/83
16/3/83

Exposure Day

197
198
200
210
211
214
216
217
218
219
220
222
-223
- 225
226
227
228
230
231 -
232
234
236
237
238
241
245
246
248
250
253
255

EDC/ET (concluded)

Daily Mean
Uncorrected Corrected
51.4 * 1,70 55.8 £ 1.85
50.1 £ 1.01 50.0 £ 1.01
48.6 £ 1.36 54.5 * 1.53
50.0 £ 0.44 51.4 £ 0.46
50.0 £ 0.91 47.5 * 0.89
49.8 £ 1.22 53.0 £ 1.31
50.0 £ 1.77 63.0 * 2.20
50.2 £ 0.76 60.2 £ 0.90
50.9 £ 1.10 58.1 * 1.26
50.4 £ 1.26 58.1 & 1.45
50.2 * 1.64 60.2 * 1.96
49.2 * 1.54 49.9 * 1.56
48.6 * 0.96 47.0 * 0.94
49.9 £ 1.25 53.2 * 1.34
48.9 * 1.21 51.3 £ 1.32
49.8 £ 0.75 55.9 % 0.86
50.4 £ 1.Q09 52.6 £ 1.14
49.7 £ 1.06° 47.5 £ 1.00
50.0 £ 1.70 53.2 £ 1.80
49.0 * 0.67 52.5 2 0.75
50.7 £ 1.05 54.6 £ 1.11
49.3 £ 1.88 48.2 + 1.87
50.4 £ 1.91 57.7 £ 2.19
50.4 £ 1.36 52.6 + 1.42
51.2 £ 2.22 50.6 £ 2.19
50.6 £ 1.51 56.4 x 1.68
49.7 £ 0.72 52.0 £ 0.75
50.5 £ 1.04 51.7 £ 1.04
51.6 £ 1.71 53.4 £ 1.77
49.5 + 2.28 50.5 £ 2.33
50.9 * 1.2 0 £ 1.25

10
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52.

% Difference

+8.
-0.
+12.
+2.
-5.
+6.
+26.
+19.
+14.
+15.
+19.
+1.
+3.
+6.
+4.
+12.
+4 .
-4,
+6.
+7.
+7.
-2.
+14.
+4.
-1.
+11.
+4.
+2.
+3.
+2.
+2.1 _
¥3.99 * 6.05(s)%
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iNTEHOFFICE' COMMUNICATION

MIDWEST RESEARCH INSTITUTE®: . J- Cholakis
November 21, 19 E. Woodhouse
E. Murrill
D. Steele
" To Gene Podrebarac
From: Gus Kuh&ék:
Subject: Analysis of Disulfiram Feed Sample - Project No. 7452-E

On October 26, 1983, a dosed feed .sample identified as Disulfiram Feed, Lot 20 was
received along with four samples of freshly prepared feed blends submitted for di-
sulfiram analysis. All five samples were analyzed together, and results on the

four fresh blends have been .reported sepérately (see MRI Internal Analytical Report

dated November 3, 1983).

Subsequent to the analysis of the samples, information was received that the feed .
sample labeled Lot 20 had been taken from a bulk mix which had been stored in a
plastic -bag in a freezer at ~ -22°C from September 28, 1983 to October 25, 1983
(memo from G. Podrebarac to G. Kuhn dated November 18, 1983). The purpose for sub-
mitting this sample was to establish whether or not dosed feed blends remain stable
under actual bioassay storage conditions. For purposes of comparison, the results
below present both the origlnal analy51s data on Lot 20 and data from the current
analysis.

Disulfiram Found in Feed Samples From Lot 20

 Found

Analysis Date - % Foﬁnd‘, "Label Conc. (%)
9/29/83 | . 0.0497
‘ 0.0498 SRR
0.0498 + 0.000(s) 99.6 + 0.1(s)
10/27/83 | - 0.0490
0.0487 . | -
0.0488 + 0.0002(s) ' ©97.6 + 0.2(s)

These results indicate that dosed feed blends stored approximately 1 month under
conditions used by the bioassayer retain > 97% of their original disulfiram dose
concentration. )

GK/gls

4=-22
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THTERNAL ANALYTICAL REPORT
' April 12, 1983
Project No. 7432-B

Validation of tha Aurosampling Svstem

1. Puropcse

To wvalidete the autosampling svstem being used in che chronic
inhelation. study.

II. Methed

[

This analysis was conducted by comparison of iniections of
aliquots of EDC chamber atmosphera using the autcomacic sampling svstem

=CC

£

with manual l-cc injections removed f£rom the same atmosphere using & gas-
ight syringe.

ITTI. 4analvsis
1. Sampling procedure: Using = l-c

tate grab samples of ZDC chamber acmcsphere we
brated inhalatcion chamber and analyzed for ZDC conc

trinlicace samples of EDC chomber atmospherse weres obtained fram zhs
innezlation chamber using the automatic samepling svstam z2pnd znalwvzad in

the same manner.

chromatcsranhic svefam: This asvstem i1z the svscem used
for daily conc ation monizoring.
Inscrumen:: Varian 2400 gzs chrematograph
Detactor: rlame icmnization -
Colunmn: 10% Carbowax 20M=-TPX on 80/10Q Chromasarb W(aW);
1.8 m x 2 m ID; nickel
Carrier Cas: Nitrogen
Carrier Gas Flow Rate: 30 cc/min
Inlet Temperatura: L3077
Derector Temperature: 250°C

Cclumn Oven Tempersture: 70°C
Daza Handling: Variam CDS 1l1 intagracor
4=23



3. Results: The concsnrtrations of EDC (in ppm) obtained Zreom
this experipenc are prasanted below:

Autosenmpler Autosampler
(uncorrected) (corrected to 25°C)@ Menual (az 23°C)

wn
[ RS I S Y}
Ly O O

45.8
45.4
» 4§4.3
Ave = 45.2 = 0.8(s) ppm  Avg =

wotn e
[l B TN S B
[T |

.
(]
[

2

wn
(@]
wn
[#%)
[
I

.0 = 0.3(s) popm Ave = 0.9(s) pom

a Uncorrected autosampler injeccions were correcied %o

C by dividing
the concentration of EDC by -

This gfemperature correction is taken becauses cthe sucoszmpler samplas
the atmosphere at 70°C (343°X) while rhe manuzl samplss wara caken a:c

25°C (298°K).

The autcsampler injections werea found to be 97.6 = 2.4(s)7 of che
manual injections. :

IV. Conclusicn

The resulss cbtained using the autosampling svstem wers fcund zo
be 97.6 = 2.%4{5)% of these obrained from manual injections o5f chamber zc-
mosphere. These rasults vaiidate zhe use of the ocutosampliling svscem Zor
this study.

Approved: : MIDWEST RESTADCH INSTITUTE
ppraove
I = | ,‘l- “'/—“’4: ,\‘
- { &-/(."\‘_/(L' ‘.l \ x ~ v(’\'f-’ .“"—#-\/‘—- —
Evelwrn Mur?*ill, ?Ph.D. Allan Chachanm
?rincipal Advisor for Chemis:Iry Junior Chemis:
and Biology ‘ CX ‘

Sectic
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CHAMBER DISTRIBUTION: STUDY FORM

Chamber K4 -~ EDC/DS Group

. ]
<
- °
o2
6
P
o3
Left Right
FRONT
’Port Port
1 Left Upper:‘ 35.7 7 Left Upper: 56.2
2 left Middle: 49.7 8 Left Middle: 53.5
3 left Lower: 48.9 ? left lower:  49.9
" 4 Right Upper: 53.7 10 Right Upper: 50.1
5 Right Middle: 49,8 11 Right Middle: 48.6
6 Right Lower: 49.7 12 Right Lower: 48,1
Chemicol: EDC Temp: 69°F
Chomber Target Humidity: 65%
Concentration: 50 ppm 5 D
Daote: 9/4/82 C.V. = >—< > x 100
QObserver: J. M. Cholakis .83
cCVv, = 3116 * 100 =“5.54

28-30 1pm dilution air

turbulator in-line

flowmeter (#602) for EDC = 50 units = 200 cc¢/min
orifice reading: 0.05 in. H50 (11 air changes/hr)
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CHAMBER DISTRIBUTION STUDY FORM

Chambér K5 + EDC Group

Port

No.
1 Left Upper:
2 left Middle:
3 Left Lower:

4 Right Upper :
5 Right Middle:
é Right Lower:

Chemical: EDC
Chember Target
Concentration:
Date: 9/4/82
Observer: J. M.

28-30 lpm dilution air

Turbulator in-line ‘ ‘
EDC flowmeter (#602) = 50 units =

e12
Left. Right -
REAR
Pdr-f
Ne. _
48.8 7 Left Upper: 52.1
46.0 B Left Middle: 48.3
46.9 9 Left Lower: 47 .2
52.5 10 Right Upper: 51.4
48.0 11 Right Middle: 47.6
47.3 Iz_Righf Lower: 46.4
Temp: 70°F ' .r
Humidity: 657
50 ppm X
' CV. = S;TD' x 100
Cholakis 52y :
V., s — = 4.6
C =55 X 100
200 cc/min

Orifice ‘reading: 0.05 in. H0 (11 air changes/hr)
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: CHAMBER DISTRIBUTION STUDY FORM
I Chamber K6 - EDG/ET Group
' / e/
.
| B
. [ J
|
o2
I =3
.
‘ 3
| |
' left Right -
FRONT o
I Port : ‘ Port
Re. No.
l 1 Left Upper: 58,9 7 Left Upper: . 57.2
2 Left Middle: 55.7 8 left Middle: 52.6
3 Left Lower: 52.7 9 left Lower: 51.2
l 4 Right Upper: 58.0 10 Right Upper: 56.2
’ 5 Right Middle:53.3 11 Right Middle:52.0
6 Right Lower: 52.8 12 Right Lower: 51.7
I Chemical: EDC Temp: 70°F
Chamber Torget ! Humidity: 62%
C fration:
| ; oncentration: 50 ppm 5o
ate: 9/5/82 C.V. = == x 100
‘ X
Observer: I, M. Cholakis
C.v. = =288, 100 = 4.9%
l ‘ 54.4
28-30 lpm dilution air
I Turbulator in-line
EDC flowmeter = 200 cc/min
i Orifice reading: 0.05 in. H20

4-27 DF$31982






APPENDIX 5

DAILY EDC CHAMBER CONCENTRATIONS

- EDC Chamber
- EDC/DS Chamber
- EDC/ET Chamber

w4
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EDC CHAMBER CONCENTRATIONS (K5)
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Reproduced from
best available copy.
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APPENDIX 6

ANIMAL FEED INFORMATION

- Sample Feed Label
- Lot Numbers/Milling Dates:

Jul 20 82 2F
Jul 20 82 2A
Jan 7 83 1D
Jan 7 83 1K
Jan 7 83 1A
Jan 21 83 1A
May 5 83 2M
May 5 83 2N
Jul 14 83 1E
Oct 13 83 2D
Dec 29 83 2A
Jan 20 84 2B
May 3 84 1A

- Basic Residues Analyses
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i

= Company
Anglytical Services

Checkerboard Square
St. Louis, Missouri 63188

cC R1I
D.
Jd.

TO RICHMOND, 1IN

LAB NO 1824038 EMNTERED 07/23/82

CERTIFIED RODENT CHOW MEAL
LCT NUMBER JUuL 20 82 2F

ASSAY ANALYSIS
PROTEIN (M X §.25) 21.4
FAT (ACID HYDRO.) 7.460
FIBER (CRUDE) 5.06
ARSENIC 0.310
CADMIUM : 0.0946
CALCIUM . 0.931
LEAD °1227
MERCURY
LESS THAHN

PHOSPHORUS 0.782
SELENIUM 8.321
AFLATOXIN

TOTAL:LESS THAN
ORGANOPHOSPHATE PEST

-E (PPM)

C OTHIMET -t st emaacvnn LESS THAN
DISULFOTON......... LESS THAN
MALATHION. ... ....... 0.1%6
THIODAN. ... ...c.... LESS THAH
TRITHIDN........... LESS THAN

PESTICIDE & PCB
(PPMD
ALDRIN............. LESS THAN
ENDRIN. ... .cuieuenn.. LESS THAN
HEPTACHLOR EPOXIDE. LESS THAN

The term “Lluss Than' or vhe use 3f the 1, miboi -

“less Thon' or (<) doei not .mply 1At trores 0F anBixle wese prasent

BN FAE T - I . o ER

‘ = |

‘ ['Reproduced from
I best available copy. "Bt
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2RS
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CHMOND,
C.SHELTOH,
R.SHYDER,

REPORTED 08/04/82 RHI 5002

LHITS LGW-LIMIT

% 20.0

A 4.50

%

PPM

PPHM

%

PPM

0.05 PPM

p

PPM

10 PPB

(PPM}
.02 DIAZINON......... .. LESS THAN
0.02 METHYL PARATHION... LESS THAN
PARATHION......... . LESS THAN
0.02 ETHION. . ..cvovunn.. LESS THAN
0.02
(PPM)
0.02 DIELDRIN......cnu--. LESS THAN
0.02 HEPTACHLOR......... LESS THAN
0.02 LINDANE. .c...vuunn- LESS THAN
6-3

ceen st rmmpRE — e

HIGH-LIMIT

0.500

0.02
0.02
0.02
0.02

0.02
8.02
0.02

1y o3 10 wgnily the lower bt of quannigtion of the orocndure wooer the canditien: empioyed fhe use of tha j1erm
Sampies subminad ta Analytical Services for coutine onalysis will be retoined for 5 muumyum of

sl Qmcaigmy pemn e ae e hea o
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;hgﬂl Ralston Purina
=3zl Company
- Analytical Services l
Checkerboard Sguare*
St. Louis, Missouri 63188
~2T LAB NUMBER 162408 o PAGE 2 |
-CERTIFIED RODENT CHOW MEAL
LOT NUMBER JUL 20 32 2F ) I
PESTICIDE & PCB (CONTINUED) -
DDT . . i e e LESS THAN 0.02 DDE....... ..., .. LESS THAN 0.02
CHLORDANE.........: LESS THAN 0.02 - LESS THAN 0.15
FOR ADDITIONAL INFORMATIOHN, PLEASE CONTACT: i
(1) FOR ASSAY METHODOLOGY - CHARLIE SCHROEDER 314-%932-2332
(2) FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-982-35132
(3> ALL OTHER GQUESTIONS=RICHMOND, IN., MANUFACTURING PLANT 317-962-5561 l
SIGRED ) Zo—EHATE 08/04/32 ‘ I
BY AND FOR AMNALYTICAL SERVICES
Ty ;' . I
! : - e S :
i
R ' S 6-4 o
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Ralston Purina
Company
Analytical Services

Checkerboard Square
S1. Louis, Missouri 63188

CC RICHHMGHE,

D.C.SHELTOH,

TO RICHMOWD, 1IN
J.

LAB MO 152405 EHTERED 07/23/8&2
CERTIFIED RODENT CHOW MEAL
LOT MuUMEE2 JUL 20 82 2A
ASSAY ANALYSIS
PROTEIN (H X €.25) s
FAT (ACID HYDRC.? £.79
FIBER (CRUDE)D 4.77
ARSENIC 0.345
CADMIUM 0.122
CALCIUN ‘ 0.9321
LEAD 0.227
MERCURY

LESS THAHN
PHOSPHORUS 0.785
SELENIUM G.15%

TOTAL:LESS THAN
ORGANOPHOSPHATE PEST -
(PPM?
THIMET............. LESS THAN
DISULFOTON......... LESS THAN
MALATHION.......... 0.14
THIODAN. ... .. ...... LESS THAN
TRITHION........... LESS THAH
PESTICIDE & PCB
(PPM)
ALDRIN............. LESS THAN
ENDRIN............. LESS THAN

HEPTACHLOR EPOXIDE. LESS THAN

The rerm Tlrer Thoe Al tae 4

Tu2ss Than ar ol ages rol gy rhar e

R.SHYDER,

UNHITS LOW-LIMIT RIGH-LIMIT
X 20.0
% 4.50
% 5.5¢0
PP 1.00
PPM 0.50¢
%
PPM 1.50
0.05 PPM
KA
e
10 PPB
(PPM)

0.02 DIAZINGOH........... LESS THAN 0.02
0.02 METHYL PARATHION... LESS THAH 0.02

PARATHION.......... LESS THAN 0.02
.02 ETHION. .. .......... LESS THAN 0.02
0.02

(PPM)

0.02 DIELDRIN........... LESS THAN 0.02
0.02 HEPTACHLOR......... LESS THAN 0.02
0.02 LINDANE........ +... LESS THAN 0.02
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. «rﬁg Ralston Purina
= v Company
> Analytical Services

Checkerboard Square
St. Louis, Missouri 63188
HUMBER 162405

5T LAB PAGE 2

"CERTIFIEZED RODENT CHOW MEAL
LOT MUMBER JUL 20 &2 24

PESTICIDE & FPCE (CONTINUED)
5 1 LESS THAN 0.02 DPE.. ... e ian.. LESS THAN 0.02
CHLORDANE .. ... .. ... LESS THAN 0.02 PCB. ... i LESS THAN O

FOR ADDITIONAL INFORMATION, PLEASE CONTACT:

¢1) FOR ASSAY METHODOLOGY - CHARLIE SCHROZDER 314-532-2333

(2) FOR RUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-982-3513

(3> ALL OTHER QUESTIONS—RICHMOND, IMH., MANUFACTURING PLANT 317-962-9551
/? 7(7 > .2 -"‘/'.'v._p’"'_ﬁé-"‘ff{’ljlf .

SIGNEDN— &7 T T DATE 08/04/82

BY AND FOR ANALYTICAL SERVICES
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. Eén Ralston Purinc
= = Company
® Analyticol Services

Checkerboard Square
St. Louis, Missouri 63188

TO RICHMOND, IN CC RICHMOND, IND.
D.C.SHELTON, 23RS
J.R.SNYDER, 2RS

LAB NO 195825 ENTERED 01/12/83 REPORTED 01/19/83 RHI S5002

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JAN 07 &3 1D

ASSAY ANALYSIS UNITS LOW=-LIMIT HIGH=LIMIT
PROTEIN (N X 6.25) Tz0s oz o0
FAT (ACID HYDRO.) £.15 z 5,50

FIBER (CRUDE) 4,99 X 5.50
ARSENIC 0.233  PPH 1.00
CADMIUM 0.211  PPM 0.500
CALCIUM ' 0.748 %

LEAD 0.639 PPM ‘ 1.50
MERCURY | y

LESS THAN 0.05 PPM

PHOSPHORUS . 0.757 4
SELENIUM 8.219% PPM
AFLATOXIN

TOTAL:LESS THAN 10 PPB

ORGAMODPHDSPHATE PEST

(PPM) (PPM)
THIMET....eovenoa.. LESS THAN 0.02 DIAZINON........... LESS THAN 0.02
DISULFOTON......... LESS THAN 0.02 METHYL PARATHION... LESS THAN 0.02
MALATHION.......... 0.21 PARATHION.......... LESS THAN 0.02
THIODAN.......... .. LESS THAN 0.02 ETHION. ... ..... +.++» LESS THAN 0.02
TRITHION.......r... LESS THAN 0,02

PESTICIDE & PcCB

(PPM) (PPH)
ALDRIN.......... ... LESS THAN 0.02 DIELDRIN..... eee... LESS THAN 8.02
ENDRINM............. LESS THAN 0.02 HEPTACHLOR......... LESS THAN 0.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02 LINDANE........ «-.- LESS THAN 0.02

6-7
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,. EEE Ralston Puring
-~ C n
4 N B ompaony

® Analytical Services

Checkerboard Square

St. Louis, Missouri 63188
RT LAB NUMBER 195825 ‘ ‘ PAGE 2

CERTIFIED RODENT CHOW MEAL
“LOT NUMBER JAN 07 83 1D

" PESTICIDE & PCB (CONTINUED)
DDT..... Ceeneaaes LESS THAN 0.02 DDE.......... ceeean LESS THAN 0.02

CHLORDANE.......... LESS THAN 0.02 PCB. ...t iiii e LESS THAN 0.15

FOR ADDITIONAL INFORMATION, PLEASE CONTACT:

(1) FOR ASSAY METHODOLOGY = JIM LANGE  314-982-3553

(2> FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-982-3513

(3> ALL OTHER QUESTIONS—RICHMOND, IN., MANUFACTURING PLANT 217-962-95§1

!"ﬂ'.- - /- Q

,_--__-,?‘.J'Oi e — v
smrﬁ-, ). (//5’7<—— DATE 01/1%/33

BY AND FOR AHALYTICAL SERVICES

The 'ar= " Less "han’ or the Lse of tre 3 =8e ¢« n oLved 12 wgndy Ihe lowe- .t ot gua~ntancn of the procedure under tha condinans empiayed. The use of the term
Lass Then ar i azes act o'y 1hat 1eaces of onz'pte were presenr Sompies whmired ‘o Anglytico! Services tor routine onglyns =) be retoined for o minimuen af
thiety 300 Joyr sitar sae repn af a-alyws 4 vioed Eatended srzcage cegLicemenn gt De b-qughr 189 the_ arrention of Ana[,"icgl Services prior to ar o1 the time of
tomoie gy 3




EE Ralston Puring
B k.ompony
v -Analytical Services

Checkerboerd Square
St. louis, Missouri 63188

e

TO RICHMOND, 1IN : CC RICHMOND, IND.
D.C.SHELTON, 3RS
J.R.SNYDER, 2RS

LAB NO 195425 ENTERED 91/11/83 REPORTED 01/19/82 RHI 5002

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JAN 07 83 1K

ASSAY ANALYSIS  UNITS LOW-LIMIT  HIGH-LIMIT
PROTEIN (N X 6.25) 20.7 z 20.0

FAT CACID HYDRO.) 6.32 % 4.50

FIBER (CRUDE) 5.05 % 5.50
ARSENIC 6.221  PPM 1.00
CADMIUM 0.225 PPM 0.500
CALCIUM 0.883 %

LEAD » 0.410  PPM 1.50
MERCURY

LESS THAN 0.05 PPM

PHOSPHORUS 0.763 Z

SELENIUM 0.233 PPM
AFLATOXIN

TOTAL:LESS THAN 18 PPB

ORGANDPHOSPHATE PEST

(PPM) _ (PPM)
THIMET .. .oennnnnnn LESS THAN 0.02 DIAZINON...... +.... LESS THAN 0.02
DISULFOTON......... LESS THAN 0.02 METHYL PARATHION... LESS THAN 6.02
MALATHION.......... 0.20 PARATHION. ....... .. LESS THAN 0.02
THIODAN....... e-v.. LESS THAN 0.02 ETHION............. LESS THAN 0.02
TRITHION........... LESS THAN 0.02

PESTICIDE & PCB

(PPM) (PPM)
ALDRIN.......c..... LESS THAN 0.02 DIELDRIN....ovouuu.. LESS THAN 0.02
ENDRIN......oonnn.n LESS THAN 0.02 HEPTACHLOR . ..vuu.. LESS THAN 0.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02 LINDANE....<....... LESS THAN 0.02

6-9

The form “Less Thon” or the use of the symbaol i} is used 1o sgnify the lower limit of quanttation of the procedure under the conditions empioyed. The use of 1he rerm

“lass Thon" or ) does not imply thot troces of onolyte wers present. Surnpias submitied 1o Analytical Snnncn tfor routine analyss will be rs!nmed for @ minrmum of
_i

Evmm At tmm S A P

thirty 130) dive Adtee thp sumar af cmmloer 1ogadd

.



Ralston Purina
Company
= Analytical Services I

Checkerboard Square

St. Louis, Missouri 63188
RT LAB NUMBER 195425 PAGE 2 |

'CERTIFIED RODENT CHOW MEAL
LDT NUMBER JAN 07 83 11X

PESTICIDE & PCB (CONTINUED? )
DDT.....ecvsevea... LESS THAN 0.02 DDE..... +eessesss.0. LESS THAN D.02

CHLORDANE....... ++. LESS THAN §.02 PCB. . .vinnn. ««e.. LESS THAN 0.15

FOR ADDITIONAL INFORMATION, PLEASE CONTACT:

(1> FOR A3SAY METHODOLOGY - JIM LANGE 314-982-3598 )

{2) FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-9832-3513

(3> ALL OTHER QUESTIONS=RICHMOND, IN., MANUFACTURING PLANT 317-962-9561

SIGNED (/ p ._/ DATE 01/1$/83

————— } -

BY AND FOR ANALYTICAL RVICES

610

The lerm “Less Than' or the use of 1he symbol i€ 15 uied 16 w srufy 1ne lower I.md ol quanntanen of the procedure under tha conditions empioyad. The use of the term
“Less Thon™ or |<) does not -mp!y thgt tracei of anaivis wers present. Somplas submitied te Anglytico) Services for rauvtine analysis will be retoined for a minimum of

thommy IS0 drr brar tha camms e Vo Tl et e caa e armmerrd roat e Sreoe i~ e amartan ~F Analvtieal Servis et nrine 1 cr At the Ve




F ‘E] Ralston Purina

l-il B Company
2 Anaglytical Services

Checkerboard Square
$1. Louis, Missouri 63188

TO RICHMOND, IN CC RICHMOMD, IND.
D.C.SHELTON, 3RS
J.R.SNYDER, 2RS

LAB NQ 1$5826 ENTERED 01/12/32 REPQORTED 01-/20/83 RHI 5002

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JAN 07 &3 1A

ASSAY ANALYSIS UNITS LOW-LINIT HIGH-LIMIT
PROTEIN (N X 6.25) 211 % P
FAT (ACID HYDRO.) 6.;3 % 4.50

FIBER (CRUDE) 5.19 A . 5.50
ARSENIC 0.2112 PPM 1.00

CADMIUM 0.211 PPM 0.500

CALCIUM 0.547

o~

Lzap 0.552  PPM . 1.50

MERCURY ~
THAN Q.05 PPM

PHDOSPHORUS 0.818 %
SELENIUM 0.234 PPHM

AFLATOXIN
TOTAL:LESS THAH 10 PPB

ORGANOPHOSPHATE PEST
(PPM) ‘ (PPM)
THIMET . ceieeennnn. LESS THAK 0.02 DIAZINGN........... LESS THAN 0.02
DISULFOTON......... LESS THAN 0.02 METHYL PARATHION... LESS THAN 0.02
MALATHION...... ve.. 0.20 PARATHION.......... LESS THAN 0.02
THIODAN...,........ LESS THAN 0.02 ETHION......cc..... LESS THAN 0.02
TRITHION. .. v..... .. LESS THAN 0.02

PESTICIDE & PCB :
{PFM) (PPM)

ALDRIN. ... .ot LESS THAN 0.02 DIELDRIN........... LESS. THAN 0.02
ENDRIN. v vt cncwnn LESS THAN 0.02 HEPTACHLOR. ... ..... LESS THAN 0.02
HEPTACHLOR EPOXIDE. LESS THAH 0.02 LINDANE. . .......... LESS THAN 0.02

Tme ree= ey Thg- gcothe e zfrme ipmogt v s LMz t9 wget. the caes o 3f guotnrgror of the priicdure mder theg cenditicy employec The Lie ot e rarm
Lass "mar e L 38es ~ET mpte M2t r3Ims ©F 300 o' mece D0€ER' SO T LI4L LuDMIPAT 16 AND 0. S oes 107 rounne analysus arill be cate red io- ¢ miaimum ot

shoes T zo giear ke cazoe b eest LAt Tarerzen tresgc e mmaery = 0t omoeogesm _gmeom o goveeroonosd Ams'ye 03 Secstegsio oz o gt the v ma ol

F---—---——--
-
m
w
(T3]




T LAB NUMBER 155826 . PAGE 2

SXGN;; LR, u?‘* /(/DATE 01/20/83

Ralston Puring
Company

® Analytical Services

Checkerboard Square
St. Louts, Missouri 63188

CERTIFIED RODEHWT CHOW MEAL
LOT NUMBER JAN 07 83 1A

PESTICIDE & PCB (CONTINUED) .
1 ]+ T LESS THAN 0.02 DDE. ... e LESS THAN 0.02
CHLORDANE.....,..... LESS THAN 0.02 PCB........ch... LESS THAN .0.15 . *

FOR ADDITIONAL INFORMATION, PLEASE CONTACT:

(1) FOR ASSAY METHODOLOGY — JIM LANGE 316-982-3593

(2) FOR NUTRITIONAL INTERPRETATION~DR.D.C.SHELTON 3156-982-3513

(3) ALL OTHER QUESTIONS=-RICHMOND, IN., MANUFACTURING PLANT 317-962-9561

/” o 7

- BY AND FOR ANALYTICAL SERVICES

612

The tarm “Lass Than o the se of e 1ymibcl < 1 wied 1C sgndy the lcwerime 5 a.0nt sghizr 3 the procedure under the canditans employad, The use of the term

“Lows Thon' or .- doey ~or imaly 1hat rroces of ¢ sipme =eve pravert Sawcie. D™ Me: ‘iz A=alyrca! Sa-

» zeb for raurne graolysit will be retained ‘or 3 minimum aof
L T ¥ T o - [ - .- T - L e . |




ﬁ‘mﬁ Ralston Purina
m @ Company
¢ A~alytical Services
""" Checkerboard Square
St. Louis, Missouri 63188

TO RICHMODND, 1IN CC RICHMOND, IND.
D.C.SHELTON, 3RS
J.R.SNYDER, 2RS

LAB NO 198070 ENTERED 01/25/83 REPORTED 02/02/83 RHI 5002

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JAN 21 83 1A

ASSAY ANALYSIS UNITS LOW=LIMIT HIGH-LIMIT
;;;;EIN (N X 6.25) 20.4 i A 20.0

FAT (ACID HYDRD.? . 5.98 % 4.50

FIBER (CRUDE) : 5.19 “ ) 5.50
ARSENIC 0.207 PPﬂ | 1.00
CADMIUM _ o 0.174 PPHM 0.500
CALCIUM 0.349 %

. -EAD 0.352 PPM 1.50
HERCURY

LESS THAN 0.05 PPM

PHOSPHORUS 0.744 %

SELENIUM . 0.197 PPM
AFLATOXIN

TOTAL:LESS THAN 10 PFPB

ORGANOPHOSPHATE PEST

(PPM) (PPM)
THIMET......oovun.. LESS THAN 0.02 DIAZINON........... LESS THAN 0.02
DISULFOTON......... LESS THANM 0.02 METHYL PARATHION... LESS THAN 0.02
MALATHION. ......... 0.25 PARATHION........ .. LESS THAN 0.02
THIODAN..... weeee.. LESS THAN 0.02 ETHION. .vveennenns .. LE5S THAN 0.02
TRITHION. . .vuu.n.. LESS THAN 0.02
PESTICIDE & PCB
' (PPM) {PPM)
ALDRIN....cvnceuna. LESS THAN 0.02 DIELDRIN......co-.. LESS THAN 0.02
"ENDRIN....cvvnnnn.. LESS THAN 0.02 HEPTACHLOR . ... ..... LESS THAN 0.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02 LINDANE...cccevcnu.. LESS THAN 0.02
6-13

The term "less Than” aor the use of the iymbol '} 18 used to ugnily tha lower limu of quanntahon aof the procedure wnder the conditions employed. The uie of the term

“Less Thon” or (<} does not imply that troces of onokrie wars prasent. Samples submitted 1o Analyficol Services for reutine analysis wil be retained for o minimum of
thirty {30) doys afrer the reaart of gncivus o1 nived  Exlended slorgae csdum-aments mutt ha brouaht sa the arention of Analwical Services prior to or o the hma ol
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Ralston Purina
Company
= Apalytical Services

"Checkerboard Square
St. Louis, Missouri 63188
RT LAB NUMBER 198070 _ , PAGE 2

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JAN 21 83 1A

PESTICIDE & PCB " (CONTINUED)
o 3 S LESS THAN 0.02 DDE.....c..iia... LESS THAN 0.02
CHLORDANE. .. ....... LESS THAN ©.02 PCB.... ..o ... e+s.+ LESS THAN 0,15

FOR ADDITIONAL fNFORMATIUN 'PLEASE CONTACT:

(1> FOR ASSAY METHODOLOGY - JIM LANGE 314-582-3593

(2) FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 214-982-3513

(3> ALL OTHER QUESTIONS-RICHMOND, IN., MANUFACTURING PLANT 317-962-9561

' ‘ 7
SIGNED Do = .. DATE 02/02/83
), 4522 = e VP

BY AND FOR ANALYTICAL SERVICES

614

The tarm “Less Than” or the use of the symbal (] is used 10 31gnify the lower limit of quantitonon of the procedure under the canditians employed. The use of the term
“laxs Than™ ar () does not imply that traces of analyte were present.: Sampies submirted to Analytical Services for routine analysis will be retoined for o minimum of
thirry (30) davs afrar the renan of analviit icisurd  Estendad storone requirements must be braught to the attention of Analvtical Services prinr fo or af the time of
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i & Ralston Puring
A | Company
* Analytical Services

Checkerboard Squore
St. Louis, Missouri 63188

Thor' a-

I agoe rolomuiy thmt rruzes of araivie wae Loecen!t Semoomy sunmered to Aashenien!

70 RICHMOND, IN CC RICHMOND., IND.
D.C.SHELTON, 3RS
J.R.SNYDER. 2RS
LAB NO 218062 ENTERED 05/10/32 REPORTED 05/18/33 RHI 5002
CERTIFIED RODENT CHOW MEAL
LOT NUMBER MAY D5 83 2M
ASSAY ANALYSIS  UNITS LOW-LIMIT HIGH-LIMIT
PROTEIN‘(N X 6.25) 21.0 % 20.0
FAT (ACID HYDRO.) 6.15 % 4.50
FIBER (CRUDE) 4.21 % 5.50
ARSENIC 0.336 PPM 1.00
CADMIUM "0.221 PPM PN 0.500
CALCIUM 0.835 % 4+ R
LEAD 0.420 PPM el 1.50
MERCURY .
LESS THAN .05 PPM .2 i
@ -
PHOSPHORUS 0.675 %
SELENIUM 0.262 PPM
ORGANOPHOSPHATE PEST
(PPM) (PPM)
THIMET ..o cvven.., .. LESS THAN 0.02 DIAZINON. . .. ....... LESS THAN 0.02
DISULFOTON......... LESS THAN 0.02 METHYL PARATHION... LESS THAN 0.02
MALATHION. .. ....... 0.21 PARATHION. ... ...... LESS THAN 0.02
THIODAN. oo een et LESS THAN 0.02 ETHION. .. oo ieeann.. LESS THAN 0.02
TRITHION. .o eeennnn. LESS THAN D.G02
PESTICIDE & PCB
(PPM)} (PPM)3
ALDRIN. .. ....%" .. .. LESS THAN 0.02 DIELDRIN. ..o vvun s LESS THAN 0.02
ENDRIN. ............ LESS THAN 0.02 HEPTACHLOR . v oo n - LESS THAN 2.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02 LINDANE . . oo eeeen. LESS THAN 0.02
o) SO LESS THAN 0.02 o) o) -3 LESS THAN 0.02
CHLORDANE .. ... v.... LESS THAN 0.02 [T o]- S LESS THAN 0.15
6-15
The term “less Thar™ o+ the use of the svmbol «, s cied *o sigrify the lower imut =f quanitatian nt tne grocedu e - soos *he condnigry empioves The vin 3f the rarm
Ylev I L Ty S e R R AR e T T T



= Analytical Services

Checkerboard Square

© St Louis, MISSOUN 63188 ‘ ‘
RT LAB NUMBER 1806 v PAGE

CERTIFIED RODENT CHOW MEAL
LOT NUMBER MAY 05 33 2M

AFLATOXIN
TOTAL:LESS THMAN 10 PPB

FOR ADDITIONAL INFORMATION, PLEASE CONTACT:

(1) FOR ASSAY METHODOLOGY - JIM LANGE  314-982-3593 _

{2) FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-982-3513
(23> ALL OTHER QUESTIONS-RICHMOND:; IN., MANUFACTURING PLANT 317-96

i

SIGNED

£ % WATE 05/18/83

AND FOR ANALYTICAL SERVICES

The term “loss Than' or tne use of the symbol &0 s used to ;ugrufy the lower Lmit af cucr\hlahon ei ine Drtke’u" urser the condifions employed The use of the term

2i Thea' cr l¢ dnes not imple Mg trocan =7 sreise werr pretent Nas e sube Ped e dngivtonl Sercioes farocoy

2-9561

ine anches wiil be ratgined for ¢ minimum of




Eﬁ Ralston Purina
[ Commny

T Analytical Services

Checkerboard Square
5t. Louts, Missouri 63188

TO RICHMOND. IN CC RICHMOND, IND.
D.C.SHELTON., 3RS
J.R.SNYDER. ZRS

LAB NO 218066 ENTERED 05/10/83 REPORTED 05/18/83 RHI 5002

CERTIFIED RODENT CHOW MEAL
LOT NUMBER MAY 05 83 2N

ASSAY ANALYSIS UNITS LOW-LIMIT HIGH-LIMfT

PROTEIN (N X 6.25) 20.5 % 20.0
FAT CACID HYDRO.) 6.36 % 4.50
FIBER (CRUDE) 4.70 % 5.50

ARSENIC
- LESS THAN 0.2 PPM

CADMIUM 0.207 PPM 0.500
CALCIUM 0.828 %

LEAD 0.444  PPM 1.50
MERCURY

LESS THAN .05 PPM
PHOSPHORUS 0.702 %
SELENIUM 0.238 PPM

ORGANOPHOSPHATE PEST

{PPM) (PPM}
THIMET. . ........... LESS THAN 0.02 DIAZINON. . ......... LESS THAN 0.02
DISULFOTON......... LESS THAN 0.02 METHYL PARATHION... LESS THAN 0.02
MALATHION. .. ....... g.21 PARATHION. ... ...... LESS THAN Q.02
THIODAN............ LESS THAN 0.02 ETHION. .« .o v v i vennns LESS THAN 0.02
TRITHION. .......... LESS THAN 0.02
PESTICIDE & PCB .
(PPM) {(PPM)
ALDRIN. ... ........ LESS THAN 0.02 DIELDRIN.....erv.u. LESS THAN 0.802
ENDRIN........ ++... LESS THAN 0.02 HEPTACKHLOR......... LESS THAN (.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02 LINDANE . . o cvancnann LESS THAN 0.02
2 ) o +... LESS THAN 0.02 DDE. . e i iaa il LESS THAN 0.02
CHLORDANE.......,.. LESS THAN 0.02 PCB. ... iicesneaa., LESS THAN 0.15
6-17
The term “less Then” ar 1he use of the symbel v it utes 2 sigeafy *he lawer hmys of grantitotien 20 1 proceduse (nge tne eonciners emplaved. The use 28 the term
Less Thar' o0 %7 doeg net em Al shee trproe nd ern e wwrn Do asen e o o £orten cn Secifer sz v g e e be refaineg bor o mermue o0

'III IIII‘ -i-il‘”'illi -i..“ -IIIII HIIII -Illl | l-ll II-iA -l-- l E AN T SN & @ e



Len Thur - el dees met imoly that lrgces of ann'vie were prese~1 Somples submired to Analencel Services ‘or routine anobss will be retconeg for g e
. , N . L . .

P "ri - -
B m| Company
£ Analytical Services
Checkerbeard Square
St. Louis, Mlssoun 63188 ‘
RT LAB NUMBER 808 PAGE 2

"CERTIFIED RODENT CHOW MEAL
LOT NUMBER MAY 05 83 2N , -

AFLATOXIN
TOTAL:LESS THAN 10 PPB

FOR ADDITIONAL INFORMATION, PLEASE CONTACT:

(1> FOR ASSAY METHODOLOGY = JIM LANGE  314-982-3558

(2) FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-982-3513

€3> ALL O'r_i_ﬂz'n QUESTIONS-RICHMOND, IN., MANUFACTURING PLANT 317-362-9561

- 5? DATE 05/18/83

Y AND FOR ANALYTICAL RVICES

SIGNED

6-18 "

The rerm "les: Tha~"' or e use of the yymbal [ §5 vurg 1o ugmify the lower limin f quartitonpn ot the procedure unger the canciticns employes Tre use of ¢

e I
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Ralston Purina
Company

3

~ Central Research Services

Checkerboard Square
St. louis, Missourt 63144

70 RICHMOND, IN

LAB NO 231329

ENTERED 07/1%/83

CC RICHMOND,
D.C.SHELTON,
J.R.SNYDER.,

CERTIFIED RODENT CHOW MEAL

LOT NUMBER JUL 14 83 1E
PROTEIN (N X 6.26)

FAT (ACID HYDRO.)

FIBER {CRUDE)

ARSENIC

CADMIUM

CALCIUM

LEAD

MERCURY

PHOSPHORUS
SELENIUM

ORGANOPHOSPHATE PEST

PESTICIDE & PCB

ALDRIN. ..
ENDRIN. . vueveuuanns
HEPTACHLOR EPOXIDE.

“ s e a2

.......

CHLORDANE..........

REPORTED 07/25/33 RHI
ANALYSIS  UNITS LOW=-L1
20.8 A 20.0
5.88 % 4 .50
5,49 % -
0.324 PPM
0.105 PPM
0.812 %
0.1541 PPM
LESS THAN £.05 PPM
0.70% %
0.148 PPM
(FPM)
LESS THAN 0.02 DIAZINON...........
LESS THAN 0,02 METHYL PARATHION...
0.19 PARATHION. .. .......
LESS THAN 0.02 ETHION. cvvvvvnnenns
LESS THAN 0.02
(PPM)
LESS THAN 0.02 DIELDRIN...cveuvs..
LESS THAN C.02 HEPTACHLOR. . v evu...
LESS THAN 0.02 LINDANE, ... .uuen. ..
LESS THAN 0.02 DDE....... e
LESS THAN 0.02 PCB.eeiveronnennnnn
6-19

IND.
3RS
2RS

5002

MIT

(PPM)

LESS THAN
LESS THAN
LESS THAN
LESS THAN

THAN
THAN
THAN
THAN
THAN

HIGH-LIMIT

0.500

0.02
0.02
0.02
0.02

0.02
0.02
0.02
v.02
0.15

The term “Less Than™ is used 1o signify the lower limit of quontitation of the procedure under the conditions empioyed. The use of the term “Less Than” does not imply
that troces of onalyte were present. Somples submitted 1o Central Research Services tor routine anoiyss will be retained for 6 mimimum of thirty (30) doys alter the

repart of analvsis 15 issued

Extendad storoge requirements must be brough! ‘o the orention of Cantral Research Sarvires prine

r2ar ot the nme af sameole submiveion,



Ralston Purina
Company

* Central Research Services
Checkerboard Square

R Lap NUMBRHS Misiqyl 63164 S PAGE 2

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JUL 16 83 1E

AFLATOXIN
TOTAL:LESS THAN 10 PPRB

FOR ADDITIONAL INFORMATION, PLEASE CONTACT:

(1> FOR ASSAY METHODOLOGY -~ JIM LANGE 314-932-359%8

(2) FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 316-932-3513

(3> ALL OTHER QUESTIONS-RICHMOND. IN., MANUFACTURING PLANT 217-962-9561

&/

STy~ DATE 07/25.83
& _/_/

. BY AND FOR ANALYTICAL SERVICES

SIGNE

6-20
The term "Less Than” is used ta signify the lower limit of quannrat

thet traces of analyte wers present,
report of analysis is nsued E

won of the procedure under the <andmuns employed. The use of the term “Less Than” does not imply
Samples submitted to Central Research Servicey lor routine anolysis will be retgined for a minimum of thirty (30) doys abter 'he
wtanded storace “eoirnments mug be Brought 1o the cmem-nn of Cantrgl Recerech Spruirac Arjar 1t 22 methe tema Al cmmmla o emi
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w2 Ralston Purina
[m—]ﬁa Company

* Central Research Services

Bac esed Ok 10,1993

Checkerboard Square
St. Lowis, Missouri 63164

TO RICHMOND., IN CC RICHMOND., IND.
D.C.SHELTON:, 2AP
J.R.SNYDER., 14AP

LAB NO 249108 ENTERED 10/12/2823 REPORTED 10/321/83

CERTIFIED RODENT CHOW MEAL
LOT NUMBER OCT 13 33 2D

ASSAY ANALYSIS  UNITS
;;;;;IN (N X 6.25) a0 ;---‘
FAT (ACID HYDRO.) 5.47 %
FIBER (CRUDE) 5.46 %
ARSENIC ‘ ' 0.315  PPM
CADMIUM 0.275 PPM
caLCIUM S 0.932 %
LEAD . 0.236 PPM
MERCURY

LESS THAN 0.05 PPM
PHOSPHORUS ‘ 0.774 % : P
SELENIUM _ 0.315 PPM

ORGANOPHOSPHATE PEST

.

(PPM) (PPM) L

'III Il T S N P BN W B W O B Y BN e l-lIV N N .

THIMET .. .. i eee LESS THAN 0.02 DIAZINON. ... ....... LESS THAN 5EP2
DISULFOTON......... LESS THAN 0.02 ‘METHYL PARATHION... LESS THAN G,gg .
MALATHION. .. ....... g.40 PARATHION. ......... LESS THAN 0."0'2“,&._ r-"v
THIODAN. .. ......... LESS THAN 0.02 ., ETHION............. LESS THAN 0.02 o
TRITHION........... LESS THAN §.02
PESTICIDE & PCBH
(PPM) ‘ {PPM)
ALDRIN. ... ....cvuuu. LESS THAN 0.02 DIELDRIN........... LESS THAN 0.02
ENDRIN. ... ......... LESS THAN 0.02 HEPTACHLCR. ........ LESS THAN C.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02 LINDANE. .. ......... LESS THAN 0.02
5 . LESS THAN 0.02 o ... LESS THAN 0.02
CHLORDANE. ... ...... LESS THAN 0.02 PCB....uoieeerenen LESS THAN Q.15
6-21
The term “Less Thon” o wsed o signify the lower limi cf quominorion of the proce ot o der tie scaditiom emplived The wae cf b T D=Ly
that froces of “ralvie were oeenent. Sompiss tubmeirad ro Carral Resgoren Seevizds torocxoee ! [l L e
4 ) , - ‘ Reproduced from E\\,‘\\WKZ’;
|| best available copy. amwy'l

. SRR




[ LT RS I IR TR TR T

Company

= Central Research Services

Checkerboard Square

' RT LAB NURGEHS Yiyqyd 63164 | PAGE ' 2

- CERTIFIED RODENT CHOW MEAL
T LOT NUMBER OCT 13 83 2D

AFLATOXIN
TOTAL:LESS THaAN 10 PPB

FOR ADDITIONAL INFORMATION, PLEASE CONTACT:

(1) FOR ASSAY METHODOLOGY - JIM LANGE 314-982-35%8

{2) FOR NUTRITIOMAL INTERPRETATION-DR.D.C.SHELTON 315-922-3513

{3) ALL OTHER QUESTIONS-RICHMOND. IN.. MANUFACTURING PLANT 317-962-95&l

ﬁ P’ _/,'

SIGNED ' " --.03 o ot 0 - . -~DATE 10/31/83
- P — .

4 -/
o T - - L---:{-.--.._-

‘//BY' AND FOR ANALYTICAL SERVICES

The term “less Than is used ‘o sigrify the lower limii =f quantiretion of the pracedure under the conditions employed. The use of the term “Less Than” does nat impyy

thot traces of cnalyte were prasert, Semples wibmiwed to Central Research Services tor routine analysis will be retained for ¢ mimmom of tharmy (300 Savs cher the

repcrt of gnalysis is ssved. Extended siarage requirements rust be brought ro the ofiention of Central Research Services prior to or af the ime cif sample submission.
" ~

R11711.3307
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Ralston Puring
Company

. ® Central Research Services

Checkerboard Squore
St. Llouis, Missouri 63164

CC D.C.SHELTON, 24P
J.R.SNYDER: 1AP
RICHMOND. IN

TO RICHMOND, IND.

RHI Bog2

LAB NO 264066 ENTERED 01/04/86 REPORTED 81/17/84
CERTIFIED RCDENT CHOW MEAL
LOT NUMBER DEC 29 32 2ZA
I's
ASSAY ANALYSIS  UNITS LOW-LIMIT HIGH-LIMIT
PROTEIN (N X 6.23) 21.2 % 20.0
FAT (ACID HYDRO.) 5.62 % 4.50
FIBER (CRUDE) 4.64 % 5.50
ARSENIC '0.260 PPM 1.00
CADMIUM 8.179 PPM C.500
CALCIUM 0.850 %
LEAD 0.592 PPM 1.50
MERCURY
LESS THAN 0.05 PPM
PHOSPHORUS 0.752 %
SELENIUM 0.259 PPM
ORGANOPHOSPHATE PEST
(PPM; (PPM
DIAZINON........... LESS THAN 0.02 PARATHION. ......... LESS THAN 0.02
DISULFOTON......... LESS THAN 0.02 THIMET...... AP LESS THAN 0.02
ETHION. c o veocunnn- LESS THAN D0.02 THIODAN. « o v eeenn. LESS THAN 0.02
MALATHION. ..... veoo 0.34& TRITHION.....0..0.. LESS THAN 08.02

METHYL PARATHION... LESS THAN 0.82

PESTICIDE & PCB

‘ ‘ (PPM)
ALDRIN....cecc0.... LESS THAN 0.02
ALPHA=BHC.......... LESS THAN 0.02
BETA-BHC..:...0es... LESS THAN 0.02
DELTA=-BHC.......... LESS THAN 0.02
CHLORDANE.......... LESS THAN 0.02
DDE. .ccecancos seoae LESS THAN 0.02

6-23

ENDRIN......cconxs.
HCB..scevecrccoce.s LESS THAN D.02
HEPTACHLOR. .. ..0... LESS THAN 0.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02
LINDANE...ccoc0-... LESS THAN 0.02
METHOXYCHLOR....... LESS THAN 06.02

(PPM)
LESS THAN 0.02

The tarm "Less Thon” is used to signify the lower limit of quantitation of the procedure under the conditions empleyed. The use of the term “Less Than” does noi imply
thet traces of analyte were present. Samples submitted to Central Reseorch Services for routine analysis will be retained for @ minimum of thirty (30) days ofter the
report of anolysis is issued. Extended storoge reavirements must be brought 1o the anention of Central Research Services prior to or at the fime of sample submiswon,

2117118303



EEE Ralston Purina
g e Company

il
e Central Research Services

Checkerboard Square
RT LAR NUMBRWS Mgyl 63164 ’ PAGE 2

CERTIFIED RODENT CHOW MEAL.
LOT NUMBER DEC 25 83 2A

PESTICIDE & PCB . (CONTINUED)
DDT(TOTAL)..... «e.. LESS THAN 0.02 MIREX...... ceenen .. LESS THAN 0.02
DIELDRIN..... +e-+.., LESS THAN 0.02 PCB.vesvessearnansae- LESS THAN D0.15
AFLATOXIN

TOTAL:LESS THAN 10 PPB

FOR ADDITIONAL INFORMATION. PLEASE CONTACT:

(1) FOR ASSAY METHODOLOGY - JIM LANGE 314~932-355%

(2) FOR NUTRITIOMNAL INTERPRETATION-DR.D.C.SHELTON 314-582-3513

(3> ALL OTHER QUESTIONS-RICHMOND, IN., MANUFACTURING PLANT 317-962-9561

- P en W e -

SIGNED /:z”"‘“—"@ )/ %;?,@:E 01/17/84

AND FOR ANALYTICAL SERVICES

6-24

The torm "Less Than” is used to signify the lower limrt ef quamiitation of the procedure under the conditions employed. The use of the term “Less Than” does net imply
that traces of analyte were presenl. Sampies submitted to Central Research Services for routine analysis will be retained fer o minimum of thirty (30) doys after the
report of analysis is issued. Extended storage requirements must be brought 1o the attention of Ceniral Research Services prior to or ot the time of sample submnision.
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& Ralston Purina
5 Im Company .
, . e Central Research Services

Checkerboard Square
St. Louis, Missouri 63164

TO RICHMOND., IN CC RICHMOND, IND.
D.C.SHELTON. 2AP
J.R.SNYDER., lAP

LAB NO 267990 ENTERED 01/23/84 REPORTED 02/06/84 RHI 5002

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JAN 20 84 2B

Il Mk =Y M =

ASSAY ANALYSIS UNITS LOW=LIMIT HIGH-LIMIT

- .- - - - - - - - = -

PROTEIN (N X 6.25) 20.6 % 20.0
FAT (ACID HYDRO.) 5.72 % | 4.50

FISER (CRUDE) 4.97 | % : 5.50
ARSENIC 0.414 PPM 1.00
CADMIUM B 0.201  PPM 0.500
LEAD | 0.246 PPM . 1.50

MERCURY
LESS THAN 0.05 PPM

PHOSPHORUS ’ 0.772 “
SELENTUM 0.343 PPM

DRGANOPHOSPHATE PEST

(PPM) ‘ (PPM) .

........... LESS THAN 0.02 PARATHION.......... LESS THAN 0.02

LESS THAN 0.02 THIMET..... reresss. LESS THAN 0.02

ETHION............. LESS THAN 0.02 THIODAN......... ... LESS THAN 0.02
MALATHION. .. cveane 0.25 TRITHION. .. ........ LESS THAN 0.02

METHYL PARATHION... LESS THAN 0.02

PESTICIDE & PCB .

(PPM) (PPM)>
ALDRIN......... .-.- LESS THAN 0.02 ENDRIN..... ce-eoess. LESS THAN 0.02
ALPHA-BHC.......... LESS THAN G.02 HCBR.c..ocesseeeean.. LESS THAN 0.02
BETA-BHC.....c.0s.. LESS THAN 0.02 HEPTACHLOR......... LESS THAN 0.02
DELTA-BHC.......... LESS THAN 0.02 HEPTACHLOR EPOXIDE. LESS THAN 0.02
CHLORDANE.......... LESS THAN D.02 LINDANE............ LESS THAN 0.02
DDE....cse22ecoeeo- LESS THAN 0.D2 METHOXYCHLOR....... LESS THAN D.02
DDT(TOTAL)......... LESS THAN 0.02 MIREX. .. .ccceeenaea LESS THAN 0.02
DIELDRIN,,......... LESS THAN 0.02 PCB. .. iiieicannna . LESS THAN 0.15

6-25

The term “Less Thon” is used to signify the lower limit of quantitction of the procedure under the conditions employed. The use of the term “Less Than'' does nor imoly
that traces of analyte were present. Somples submitted to Central Research Services for routine analysis will be retained for & minimum of therty {30) days afler the
repert of analysis is issued. Extended storage reguirements must be brought to the anention of Central Research Service: prior 1o or at tne time ot sompie submissian.
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' EEE' CR:c:dston Purina
E g Company

. ® Central Research Services

e

Checkerboard Square
RT LaB RurBeh Moy 3164

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JAN 20 84 2B

AFLATOXIN
TOTAL:LESS THAN 10 PPB

FOR ADDITIONAL INFORMATION. PLEASE CONTACT:

Y AND FOR ANALYTICAL SERVICES

6-26

Vo 22 /S g
SIGNED 7.7 V). oy / DATE 02/07/84

(1) FOR ASSAY METHODOLOGY - JIM LANGE  314-982-359%
(2) FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-932-3513
(2) ALL OTHER QUESTIONS-RICHMOND., IN.. MANUFACTURING PLANT 2317-962-9561

PAGE

-

Tl;e term “Less Than” is used ta signify the lower limit of quantitation of the procedure under the conditions empioyed. The use of the term “Less Than'" does not imply
- that traces of analyte were present. Samples submitted te Central Research Services for routine analysis will be retained for o minimum of thirty (30) days after the
report of analysis is ssued. Extended storage requirements must be brought 1o the ohftention of Central Research Services prior 1o or at the time of sample submissian
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- Egﬁi Ralston Purina
g g Company
Central Research Services

Checkerboard Square
St. Louis, Missouri 63164

&

TQ RICHMCOND, IND. C CC RICHMOND, IND. C
RICHMOND, IND. C
RICHMOND, IND.
J.R. SNYDER 1AP
D.C. SHELTON 2AP

LAB NO 269695 ENTERED 01/31/84 REPORTED 02/04/84 RHI 0

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JAN 20 84 28

ASSAY ANALYSIS UNITS LOW=-LIMIT HIGH=LIMIT

- - -y - - - e - - -

CALCIUM 0.877 %

FOR ADDITICONAL INFORMATION, PLEASE CONTACT:

(1) FOR ASSAY METHODOLOGY - JIM LANGE 314-9852-35%8

(2) FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-932-3513

(2) ALL OTHER QUESTIONS-RICHMOND, IN., MANUFACTURING PLANT 317-962-9581l

n - <

e . - ,é-{&:'c-ﬂxﬁ’a'f/
SIFSNED.,/"-"’"_b Vi L ;?f . DATE (02/04/84

i~
= - - - -

6-27

The tarm “Less Than' is used 1o sighify the lower limit of auontitation of she procedure under the conditions employed. The use of the term “Less Than” does not imply
thot traces of ancivie were present. Semsies submitted to Central Research Services for routine analysis will be retained for @ mimimum of thirty (30) doys atter the
repcart of aneivsis is issuad. Extended storage requirements must be brought to the atrenhon of Central Research Services prior 1o or at the nme of somple submission.
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Ralston Purina
Company

o -Central Research Services

Checkerboard Square
St. Lovis, Missouri 631464

TO RICHMOND, IND. CC D.C.SHELTON. ZAP
J.R.SNYDER, 1AP
_ RICHMOND, IN.

LAB NO 251061 ENTERED 05/07/84 REPORTED 05/17/84% RHI S002

CERTIFIED RODENT CHOW MEAL
LOT NUMBER MAY 02 84 1A

_ASSAY : ANALYSIS UNITS ‘ LOW-LIMIT HIGH-LIMIT

PROTEIN (N X 6,25) 20.3 % 20.0
FAT (ACID HYDRO.) 5.69 % ’ 4.50
FIBER (CRUDE) 4.57 % ' . 5.50

ARSENIC
LESS THAN 0.2 PPM

CADMIUM ) D.153 PPM ) 0.500

LEAD " 0.240 PPM ' | 1.50

MERCURY .
- LESS THAN 0.05 PPM

PHOSPHORUS 0.887 %
SELENIUM 0.376 PPM

ORGANOPHOSPHATZ PEST ]
(PPM) ' : (PPM>
DIAZINON....+...... LESS THAN 0.02 PARATHION.......... LESS THAN 0.02
DISULFOTON......... LESS THAN 0.02 THIMET...eev.+.rves. LESS THAN 0.02
ETHION............ . LESS THAN 0.02 THICDAN............ LESS THAN 0.02
MALATHION.......... 0.38. TRITHION........... LESS THAN 0.02
METHYL PARATHION... LESS THAN D0.02

PESTICIDE & PCB
(PPM) (PPM)
ALDRIN..... eeve.... LESS THAN 0.02 ENDRIN....ceveee... LESS THAN D0.02
ALPHA~BHC..... «-... LESS THAN 0.02 HCB......... eewse.. LESS THAN D.02
BETA-BHC........... LESS THAN 0.02 HEPTACHLOR..... ee.. LESS THAN 0.02
DELTA-BHC.......... LESSE THAN D0.02 HEPTACHLOR EPOXIDE. LESS THAN 0.02
CHLORDANE.......... LESS THAN 0.02 LINDANE...++......., LESS THAN 0.02

6-28
The term “Less Than” is used 1o signify the lower iimit af quantitation of the procedure under the :ondmons employed. The use of the term “Less Than” does not imply
that 1races of analyte were present. Samples submitted 1o Central Research Services for routine anclysis will be retomed far a minimum ef thirty (30) days after th

CALCIUM . 0.809 % a C I

" repen of analysis is issued. Extended storage requirements must be brought to the attention of Central Research Services pricr to or ot the time of sompie submis-
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Ralston Purina
ompany

e (entral Research Services

Checkerboard Sauare

RT LAB NOWEESNS Wsgy] 63164

CERTIFIED RODENT CHOW MEAL
LOT NUMBER MAY 03 84 1A

PESTICIDE & PCB (CONTINUED)
DDE. vcveeensennnonn LESS THAN
DDT..{TOTAL)....... LESS THAN
DIELDRIN........... LESS THAN

AFLATOXIN

TOTAL:LESS THAN

FOR
13
(2>

(3) ALL OTHER QUESTIONS-RICHMOND.

.ﬂ i

o -~

SIGNED . . e .
A 2 L T

- - - - —. - - - -

P
D.02 METHOXYCHLOR. . - . . ..
8.02 MIREX. ...
g.02 PCB........ feeeeaee
10 PPB

ADDITIONAL INFORMATION, PLEASE CONTACT:
FOR ASSAY METHODOLOGY = JIM LANGE
FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-%§2-2513

314-9232-2598

IN.» MANUFACTURING PLANT 317

DATE 0b/17/86

R ! ¢ V4
;igsv AND FOR ANALYTICAL BERVICES

e

The term “Lass Than” is used 1o signify the lowe} limit of quontitation of the procedure under the conditions employed. The use of the term “Less Than” does not imply
that traces of anelyte were present. Samples submitted to Central Research Services fer routine anaiysi will oe retained for @ mimmum of thirty (30} days ofter the
report of analysis is issved. Extended storage reguirements must be brought 1o the coftention of Centrof Reseorch Servicas prior to or at the time of sample submission.

6-29

AGE 2

0.17

LESS THAN

-962-9561

....... ... LESS THAN 8.02

.15
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APPENDIX 7
MEAN BODY WEIGHTS
7-1
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. APPENDIX. 8

FOOD AND WATER CONSUMPTION DATA
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PATHOLOSY REPORT
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QUALITY ASSURANCE STATEMENT

This histopathology project has been conducted in compliance with Good
Laboratory Practices regulations promulgated by the US. Food and Drug
Administration. Pathology Associates, Incorporated has a functioning and
responsive quality assurance unit which has conducted appropriate
inspections and reported all findings to management. The following is a
- record of those inspections and reports:

Date of Inspection

Phase Inspected

Date Findings Reported To
Management and Study Director

November 13, 1984
November 13, 1984
December 5, 1984
December S5, 1984
December S, 1984
December 5, 1984

February 4, 1985
March 20, 1985
March 27, 1985

Trimming
Cutting
Processing
Embedding
Staining
Coverslipping and
labeling
Quatity Control
Data
Final Report

W el

November 15, 1984
November {5, 1984
December 8, 1984
December 8, 1984
December 8, 1984
December 8, 1984

February 4, 1885

March 22, 1985
March 27, 1985

O3-2F7-F5

/ Director, Ouahty Assurance Unit

EDC Chrom‘c Study in Rats

O
1

Date



Il. PATHOLOGY NARRATIVE



Carcinogenicity and Toxicity of Inhaled
1,2-Dichloroethane in Rats Treated with Disulfiram
or Ethanol: Report of Histopathological Findings

INTRODUCTION

This study was initiated to determine the potential carcinoegenicity of
1,2-dichioroethane (EDC) in Sprague-Dawley rats alone and in combination
with disulfiram (DS) or ethanol (ET). Animals were exposed to EDC vapors via
the inhalation route since it represents the major route of human exposure.
This report represents the result of the histological examinations.

MATERIALS AND METHODS

Groups of 50 Sprague-Dawley rats of each sex were exposed to either
EDC atmospheres of 50 ppm or filtered air 7 hours/day, 5 days/week
excluding holidays for 24 months. During non-exposure periods, all animais
were housed in chambers and received filtered air. The EDC inhaiation groups,
with or without concomitant exposure to either 5.0% ethanol in the drinking
water or 0.05% disuifiram in feed, were as follows:

~ Group No.
(Designation) EDC © Diet . Water
1 (CONTROL) Filtered air  Standard diet Drinking water
2 (DS) Filtered air  0.05% disuifiram Drinking water
3 (ET) Filtered air  Standard diet S® ethanol

- 4 (EDC/DS) S0 ppm 0.05% disulfiram Drinking water
S (EDC) - SO ppm Standard diet Drinking water
6 (EDC/ET)" 50 ppm Standard diet SZ% ethanol

All animals that died, killed when moribund or survived to 10S weeks,
were given a complete necropsy examination. The following organs and
tissues were examined grossly and fixed in 10% neutral buffered formalin: |

- Skin, mandibular lymph node, mammary giand, salivary giand, thigh
muscle, sciatic nerve, sternebrae, vertebrae or femur .including marrow,
costochrondral junction, rib, thymus, larynx and pharynx, trachea, lungs and
bronchi, heart, thyroid, parathyroids, esophagus, stomach, duodenum, jejunum,

II-1
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ileum, colon, cecum, rectum, mesenteric lymph node, liver, pancreas, spleen,
kidneys, adrenals, urinary bladder, seminal vesicles, prostate, testes,
ovaries, uterus, nasal Cavity and nasal turbinates, brain, pituitary, spinal
cord, eyes, tissue masses, suspect tumors and reglonal lymph nodes and all
‘other gross lesions.

The following organs and tlssues were trimmed, processed through
paraffln secticned at 5-6 microns, stained with hematoxylin. and eosin, and
examined mlcroscopltcally :

Pituitary, brain, heart, thyroid, parathyroid, trachea, esophagus, spleen,

liver, lung, pancreas, salivary gland, mandibular lymph node, thymus, kidney,
adrenal gland, mammary gland, urinary bladder, forestomach, glandular
stomach, small intestine, colon, mesenteric lymph node, ovary, uterus, testes,
prostate, bone, bone marrow, nasal cavity/mucous membrane, larynx, skin,
subcutis, as well as all gross lesions and tissue masses.

Systematized nomenclature of medicine (SNOMED) terminology was
used and modified to include terminclogy for certain lesions unigque to
rodents Diagnoses were computerized using the LABCAT program developed
by Innovative Programming Associates, Inc. Because of the size of the study
and uniqueness of the SNOMED terminology, it was necessary in some cases to
- modify the sequence in the dlagnosm or abbreviate - others to permit
acceptance by the LABCAT system

It was the intent to examine each protocol required organ, however,‘
certain organs were |ost or were unsuitable because of autolysis. Therefore,

the total-number of organs or tissues examined did not in all cases correspond‘

to the number of . ammals on test.

Where poss:ble degenerative and inflammatory lesions were graded |-
minimal, 2- mild, 3- moderate, 4- severe. Certain lesions did not lend
themselves to severity grades such as cysts or neoplasms. The LABCAT
system did not permit the designation of neoplasms as being bilateral or

-multiple. These Iesmns were desrgnated as being multlfocal for acceptance :

by the program

S 1I-2
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RESULTS AND DISCUSSION
Female Rats:

Control - A summary of histological findings are tabulated in the
Project Summary Table, Incidence of Neoplastic and Non-neoplastic
Microscopic Findings.

Organs with a greater than 5 percent incidence of neoplasms included
the adrenal gland, mammary gtand, pancreas, pituitary gland and uterus. Of
these, neoplasms of the pituitary, pars distalis (74%) and mammary gland
(42.1%) were the most prevalent. Seventeen (17) of the rats were tumor
bearing for one or more mammary neopiasms.

Several common non-neoplastic lesions were encountered. Frequently
diagnosed non-necplastic proliferative lesions included C-cell hyperplasia of

~ the thyroid, focal cellular change in the liver, intrahepatic bile duct

proliferation, hematopoietic cell proliferation of the spleen, plasma cell
hyperplasia of the mandibular lymph node, focal or multifocal hyperplasia of
the adrenal cortex, ovarian stromal hyperplasia and hyperpiasia of bone
marrow hematopoietic cells, '

Common degenerative lesions included cardiomyopathy of the
ventricular myocardium, phagocytized pigment in the spieen, retention of
content in the mammary gland, chronic nephropathy, calculi of the renal
pelvis and associated hyperplasia of the pelvic epithelium, focal atrophy of
the exocrine pancreas and hematocysts of the adrenal cortex.

Inflammatory lesions were encountered most frequently in the lung,
nasal mucosa and nasolacrimal duct. Lesions of the lung were usually
minimal and nasal inflammations were most frequently observed in animals
with tooth abscesses.

Compression injury of the hypothalmus, and internal hydrocephalus

were frequently associated with pituitary neoplasms. These were
sufficiently severe in many cases to have caused death or morbundity.
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Ancther common finding was tooth deformities. This probably
represents a developmental maiformation. Tooth abscessation was frequently
associated.

(DS) - There were fewer mammary neoplasms in rats treated with
disulfiram compared with controls. Atlhough of wuncertain mechanism,
congestion of the mesenteric lymph node was exceedingly prevalent (71%) in

the DS group. Chronic nephropathy and calculi of the renal pelvis were of

"reduced incidence when compared to the control group. The incidences of
other neoplastic and non-peoplastic lesions were similar to those
encountered in the control group.

ET - This group had neoplastic and non-neoplastic lesions similar to
those seen in controis. - :

~ EDC/DS - There was a high incidence of cholangiomas (C% control vs
34% treated) of the intrahepatic bile ducts. These were unusual lesions that
consisted of a poorly circumscribed preliferation of bile ducts lined by a
flattened or low cuboidal epithe!'ium. Bitiary epithelial cells rested on a
moderately fine connective tissue stroma. These lesions did not appear te be
locally invasive and there were no metastases. In addition, bile duct cysts
were extremely common (483%) in the livers of this group. The incidence of
mammary neoplasms was:- increased; the combined total of adenomas,
adenocarcinomas and fibroadenomas was 71 percent compared to 42 percent
in controls. Twenty-five (25) of the rats were tumor bearing for one or more
mammary necplasms. The most significant departure from the control value
was mammary adenocarcinoma (8% control vs 25% treated). In addition,
fibromas of the subcutis were increased (2% control vs 10% treated).
Increased incidence of congestion of the mesenteric lymph node, iike that
seen with disulfiram treatment alone, was noted in this combination group.

The histopathological observations in the liver were reflected by an
increased relative liver weight. O -

EDC - There was an 8 percent incidence of basophilic foci in the
exocrine pancreas. This lesion was uncommon in female rats. It may be £DC
related as a few foci were also seen in the EDC/DS (4%) and EDC/ET (2%)
groups. This lésion was not observed in controls. However, the numbers of
such lesions are too low to attribute significance.



EDC/ET - This group had neoplastic and non-neoplastic lesions similar
to those seen in controls.

Male Rats:

Control - A summary of histological findings are tabulated in the
Project Summary Table, Incidence of Neoplastic and Non-neoplastic
Microscopic Findings. :

Organs with a greater than 5 percent background incidence of
neoplasms included the adrenal gland, thyroid, endocrine pancreas, and
pituitary. Of these, neoplasms of the pituitary pars distalis (63 %), were the
rmost prevalent. ‘

Several common non-neoplastic lesions were encountered.” Frequently
diagnosed non-neoplastic proliferative lesions included: focal or muitifocal
hyperplasia of the pituitary pars distalis, C-cell hyperplasia of the thyroid,
focal cellular change of the liver, hyperplasia of the intrahepatic bile duct,
piasma cell hyperplasia of the mandibular lymph node, focal or muitifocal
hyperplasia of the adrenal cortex and, hyperplasia of bone marrow
hematopoietic cells.

Common degenerative lesions included cardiomyopathy of the

- ventricular myocardium, focal atrophy of the exocrine pancreas, chronic

nephropathy of the kidney, hematocysts of the adrenal cortex and, retention of
content in the mammary alveoli and ducts.

Inflammatory lesions were infrequent; chronic interstitial pneumonia
and inflammation of the nasal mucosa were found. Lesions of the nasal
mucous membranes were frequently related to tooth abscessation.

Compression injury of the hypothalamus and internal hydrocephalus
were frequently associated with pituitary neoplasms. These lesions were
sufficiently severe in many cases to have caused death or morbundity.

Another common finding was tooth deformities. This probably
represents a developmental malformation. Tooth abscessation was frequently
associated. '

II-5.
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DS - A lesion absent in this group was retention of content in the
alveoli and ducts of the mammary gland. Moreover, retention of content Was
only observed in 3% of the EDC/DS group, indicating a probabie DS-related
effect. Athough of uncertain mechanism, congestion of the mesenteric lymph
node was exceedingly prevelant (64%) in this group. It appears to be DS
related as congestion of the mesenteric lymph node was also.seen in the
EDC/DS group. There was a slight increase in the incidence of chronic
interstitial pneumonia. However, there was a- decreased incidence of
pulmonary alveolar histiocytosis, a related component lesion. For the above
reason, this was not considered sxgmflcant A similar increase in focal
‘hypertrophy of the adrenal cortex was noted. However, hyperplasw of the

adrenal cortex, a related lesion, was decreased Again the result is

considered not biologically sngmﬁcant

- ET - ThlS group had neoplastic and non- neoplastic lesions sarmlar to
those seen in controls.

EDC/DS - There ‘was a high incidence of cholang;omas of the .

intrahepatic duct (18%) compared to none in the controls.  These benlgn
lesions were morphologically like those seen and described for females. In
addition, bile duct cysts were also common (24%). A 12 percent incidence of

neoplastic nodules (hepatocellular adenoma) was also encountered. Although .

increased, the numbers of -such lesions are too low to attribute significance.
This represents the only group' where hepatocellular neoplasms were
increased. An increased incidence of congestion of the mesenteric lymph node
(49%), like that seen with DS treatment alone, was noted in this combination
group. As noted in the DS group, retention of content in the mammary glands
was of low ilncidence (3%) compared with controls (23%).

Interstitial ceil tumors of the testis (22% treated vs 4% controls) were
noted in this group. This increased incidence confirms the necropsy finding of
increased testicular masses. :

Flbroma of the subcutls was found in 20 percent of the males compared
to 4 percent in controls.

There was no explanation for the increased number of kidney lesions
- seen at necropsy. : -

EDC This group had neoplastic lesions similar to that seen in controls.
II-6 :
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There was a 4 percent incidence of neoplastic nodules, an unusual finding in

- Sprague-Dawley rats. Inasmuch as neoplastic nodules were increased in the

EDC/DS male group, it suggests that EDC may be the principal factor in the
cause of increased EDC/DS associated hepatocelluiar neoplasms. An
increased incidence of hydronephrosis of the kidney (12% treated vs 2%
controls) was also observed.

EDC/ET - This group had neoplastic lesions similar to those seen in
controls. There was an 8 percent incidence of neoplastic nodules. With a
single hepatoceliular carcinoma in the control group this can not be
considered significant. However, it supports the premise that EDC may be a
potentiator of liver neoplasms. The only non-neoplastic lesion of increased
incidence was hydronephrosis (10%) of the kidney. This probably represents
biological variation rather than a compound effect.

Cross Sex Comparison of Treated Groups

DS. The only common lesion was congestion of the mesenteric lymph
node. This represents an unusual finding and it appears to be a circulatory
effect. There was no histological explanation for the reduced body weight.
However, reduced body weight has been associated with reduced incidence of
neoplasms. This reduced weight gain may explain the reduced incidence of
mammary gland neoplasms seen in females of this treatment group.

ET: Both sexes had lesions similar to those seen in their respective
controls.

EDC/DS: Morphologically similar cholangiomas of the intrahepatic bile
ducts were seen in both sexes of this combination group. Also observed was
an increased incidence of subcutaneous fibromas in both sexes although only
marginally significant in females. No comparable lesion was seen in females
that would be associated with the increased incidence of benign interstitial
cell tumors seen in male rats. Neoplastic nodules (hepatoceilular adenoma)
seen in increased incidence in male rats was not observed in females.

EDC: Although basophilic foci were seen in the exocrine pancreas in
both sexes, it could only be considered significant in females.

EDC/ET: The 8% incidence of neoplastic nodules seen in male rats also
supports the premise that ECC is the potentiator of hepatocellular neoplasms

I1-7
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found to be 31gmf|cant ‘in the EDC/DS group Other lesions were found in

similar incidence to that seen in their respective controls.

CONCLUSION

The EDC/DS combination treatment should be considered carcinogenic
for the liver and subcutis as there was a high incidence of intrahepatic bile
duct cholangiomas in both male and female rats and neoplastic nodules
(hepatocellular adenomas) in male rats utilizing this dosing regimen.
Fibromas of the subcutis were also significantly increased in males with the
increase in females considered marginally significant. The increased
incidence of adenocarcinomas of the mammary gland in female rats is
considered a marginal carcinogenic effect.

//Mt N7 et

Robert M. Kovach, D.V.M
-Diplomate, A.C.V.P.
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PATHOLOGY ASSOCIATES, IMNC.

WORK &Ec I GHMEMT EDC
SPRAGUE-DAWLEY FATS
MET AT OEH

Reports Code Tabtle

eyes within noermal hictological limitse

N Tis

(&) Actalysis precluding adequate zualouatian

U Tissues unauailableiunauitablebfor evaluxtion
= Tissues not apeplicable to animal

¥ Tissues not examined ncot required‘by protoco!
1 minimal

2'. mild

3 | mocderate

) Seyersa

» Focal

] dif¥fuz=ze

y muttifocaxl (multiple, bilateral)

F Present

5 Meoplasm, Eenign

M Mecoplasm, Malignant without Metaztacsis

C Meopltasm, Maligrant with Metastasis

X

Matastatic Site (+)

{End of Report)

\ Reproduced from §\\“"/i
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ABBREVIATIONS

THE FOLLOWING ABBREVIATIONS WERE USED WHEN SPACE WAS LIMITED:

- ACT-CHR. - Active-chronic
ART.- Artery
CA - Carcinoma
CARD. - Cardiac
CART.- Cartilage
CEREB.- Cerebral
- CHR. - Chronic

CL. - Cell

CLIT.-Clitoral
COMPRESS.-Compression
CONT.-Content |
CORON.-Coronary .
ENDOCARD.-Endocarditis
GL.-Gland _
HEMATO.-Hematopoietic
HEMORR.~-Hemorrhagic
HYPERPL -Hyperplasia
HYPOTHAL.-Hypothalamus
INFLAM.-Inflammation
INTER.-Internal

L.N.-Lymph Node
MENIN.-Meninges -
METAPL.-Metaplasia
MYOCARD.-Myocardium
- NOS-Not Otherwise Specified
PEDUN.-Peduncle |
PREPUT.-Preputial
PROLIF.-Proliferation
'PULMON.-Puimonary
RETENT.-Retention
SKEL.-Skeletal
SQUAM.-Squamous
SYST.-System .
TRACH-BRONCH-Tracheo-bronchial
VEGETAT.-Vegetative '
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PATHOLOGY ASSOCIATES, INC.

WORK ASSIGNMENT EDC
SPRAGUE-DAWLEY RATS
HRI/NIOSH

Project Summary Table

CSUMARY:  Incidence of NEOPLASTIC and NON-NEOPLASTIC Microscopic Findings

PROJECT ID. NO: EDC FATES: ALL

PAGE 14 BAYS: ALL SEX: FEMALE

GROUP: CONTROL s ET EDC/DS EDC EDC/ET

NUMBER OF ANIMALS: 50 9 49 50 S0 .

s 7 8 7 L I A L I [ S

PITUITARY fEx 30 - 47 49 K 49 47
CARCINDMA, NOS, DISTAL 4 (B) 1 (2 1 () 0 W® 3 (&) 2 4
ADENOMA, NOS, DISTAL 37 (24) 3B (B1) 33 (47 25 (8 3/ N 39 (8D
HYPERPLASIA, NGBS, DISTAL 5 Qa0 5 ap 10w 11 (24) 4 (8 i (9
CYST, NOS, DISTAL I 2 0 W 1 (2) 1 2 i (@ 1t (D
HEMORRHAGE, NOS, DISTAL 0 {0 8 W g 1 (D 0 (0 g9 (0
HEMATOCYST, DISTAL [ {1} 0w 0 (D 1 (D ) [ (1))

BRAIN ‘ # Ex 50 49 49 30 St S0
ASTROCYTOMA, CEREBRIM I () 0 (0 i (2 0 1 (D 0 )
ASTROCYTOMA, CEREBELLUM ¢ @ P 0 W 0 0 (D 1 (D

. COMPRESS, INJURY, BRAIN STEN g (0 [ 1)] ) 6 <« 0 () 1 (@
COMPRESSION INJURY HYPOTHAL. 27 5 18 (3N 16 (33) 11 22y 20 <40) 20 (4D)
COMPRESSION INJ, CEREB.PEDUN [ Y }] 1 2y 2 (4 2 W ) g O
HYDROCEPHALUS, INTER . CEREBRLN 19 €30 15 An 14 (29 & (1) 13 (28 15 (3D
HEMORRHAGE, CEREBRUM 1 {2 A D) 0 (0 1 (2 0 (D) 0
INFLAM. ACT-CHR., CEREBRIM ¢ D ¢ M {1 (2 ¢ 9 (0 0 1

HEART 4 Ex 30 4% 49 S0 S0 S0
VEGETAT. ENDQCARD,CARD,WALVE I ] 0 D 1 {2 g g W -0 <0
THROMBOSIS, NOS, ATRIUM Y ] ¢ W ) 1 (D 0 M )]
CARDIOMYOPATHY, MYOCARDILM 26 (32) 9 (18 19 (3 13 (28 24 (48 18 (34
INFLAN, ACUTE, MYGCARDIUM 0 0 1 (2 IS 1)) 1 (@ 0 (D
CORON. ART, ,ARTERIOSCLEROSIS . [ ¢ D 0 W | 1)) 0 <0 1 (2
MINERALIZATION, NOS, MYOCARD N 1) 1 @ D (D () 0 0 (D

(Report Continved)
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PATHOLQGY ASSDC]ATES y INC.

WORK ASSIGNMENT EDC
SPRAGUE-DAULEY RATS
HRINIOSH

Prodject Summary Table

F---------

SIMMARY: Incidence of NEDPLASTIC and NON-NEOPLASTIC Hicroscopic‘Findings

PROJECT 10. ND: EDC FATES: ALL

PAGE 17 DAYS: ALL SEX: FEMALE

GROUP: - CONTROL DS ET EDC/DS EDC EDC/ET

NUMBER OF ANIMALS: 50 49 49 50 S0 . X

R LI L I Pk L

THYROID 8 Ex 49 48 48 497 49 47
FOLLICULAR ADENDMA Y 1)) 0 (D 1 (@ b 1 2 4
C-CELL CARCINOMA 1 12 M I (2 1 4D 2 (4 Y )]
C-CELL ADENOMA, NOS 4 (B 0 W 2 (4 2 (4 2 (4 0
CYST, FOLLICULAR 0 (0 3 W S ) i @ 1 (D Y )
£YST, ULTIMOBRANCHIAL ) 1 (2 (1)) 1 (2) 0 (D 0 (D
HYPERPLASIA, C-CELL 20 (41) 10 21y 13 QD 10 D 13 (22 11 Q23

PARATHYROID #Ex 41 33 40 34 33 K&
ADENOHA, NOS 0 @ 2 (& b« 1 (3 0 <0 1 ()
HYPERPLASIA I (D I M {3 2 (& 1 (3 ¢ <0

TRACHEA B Ex SO 49 49 30 30 30

ESOPHAGUS 8 Ex 5D 49 49 a0 50 3
INFLAMHATION, CHRONEC i @ 0 » P W 0 (0 I (2 0 W

SPLEEN £ Ex S0 49 49 a0 50 50
HEMATOPOIETIC CELL PROLIFER. AN $1)) { (2 S (i8) 18 (34) i (3 3 Aam
PIGMENT 20 (400 22 49 13 2y 14 (28 15 (3 11 (22)
INFARCT, NOS 0 g D 1 (2 P D 0 (D) 0 W
ABSCESS, NOS 6 @ 0 M 0 D 1 (2 0 (D (1))
CYST, CAPSULE 0 M 8 (D (1)) P D [ 1 I(2)
FIBROSIS, CAPSULE 0 M 0 (B 0 I (D 1 1 (2
ATROPHY, FOLLICLE P D 0 )] 1Y) 0 ) 1@

(Report Continved)
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PATHOLOGY ASSOCIATES, INC.

WORK ASSTGNMENT .EDC
SPRAGUE-DAMLEY RATS. - °
NRI/NIOSH

SUMMARY :

Project Summary Table

0 (0 ]

(Report Continued)
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Incidence of NEOPLASTIC and NON-NEOPLASTIC Microscopic Findings

PROJECT 1D, NO: EDC FATES: ALL

'PAGE 18 Davs: ALL SEX: FEMALE

GROUP: CONTROL . £ EDC/0S EDC EDC/ET

NUMBER OF ANIMALS: 1 49 9 - 30 - X

a@ 7 P £ ¢ LI 4 L

LIVER . VEx S0 9 4 o 50 5 -
HEPATOCELLULAR CARCINOMA 0 0 D 0 W 1 (@ 1) B ()
NEQPLASTIC NODULE - I ) I ¥ 0 2 (4) o2y 1 @
FATTY METAMORPHOSIS 11 Q2) 2 (4 18 (37 ¢ g & 13 28
FOCAL CELLULAR CHANGE - S22 (44 36 (73 27 (59 38 (24 3 D) 32 (4
INFLAMMATION,  SUBACUTE 0 0 0 O Io@ 00 0 (D
INFLANMATION,  CHRENIC (2 LYY R N ¥} 0. 0 (O 6
DEGENERATION, LIPOID | V) 1 @ 0 (0 ¢ (0 0 (B 0

* DEGENERATION, CYSTIC R b (D 2 @ 0 M 2 (@ 0 (W

" HEMATOPOIETIC CELL PROLIFER, 4 (B 1 D 3 4 13 20 4 (B § (8
NECROSIS, ACUTE o 6 (12) [ {) T I {1} 1 (2) 6 M 2 (&
NECROSIS, CENTRILOBULAR 0 M -0 (D ) IR 'S R 1) 1 (2
PIGMENT - 0 ™ 0 (0 0 W t (@ 6 @ 0 (0
HISTI0CYTOSIS 8 (D 0 (D 0 <O )] 1@ 0«
ABNORMAL CURVATURE, NOS 0 @ 0 W 0 M D@ 0 m 1 ()
HYPERPLASIA, NEUTROPHILIC P w0 (D 0 (0 1 ) 0 (W
ECTASIA, SINUSOID 5 m 8 (& 8 e § 2 & A § (12)

INTRAHEPATIC BILE DUCT AExS0 49 | - | 5 30
CHOLANGIOMA 0 0 0 (| 0 (D 17 (34 0 (D) 0 (W
HYPERPLASIA 22 (44y 28 (57) 2 ) 33 (48 28 (5é) 13 30y
CYsST, NOS 0 ¢ 0 24 W8 0 (D I @




PATHOLOGY ASSOCIATES, INC.

WORK ASSIGNMENT EDC
SPRAGUE-DAWLEY RATS
MRI/NIOSH

Project Summary Table
SUMYARY: Incidence of NEOPLASTIC and NON-NEDPLASTIC Hicroscopic Findings

PROJECT 1D. NO: EDC FATES: ALL

PAGE 19 _ DAYS: ALL SEX: FEMALE

GROUP: CONTROL s ET EDC/DS EDC EDC/ET

NUNBER OF ANIMALS: 50 4 49 30 30 b

¢ i 8 X IS L 4 L I/

LUNG § Ex 50 L} 49 30 30 b
PNEIMONIA, CHR. INTERSTITIAL 7 (14) 14 (3N § (12) 11 (22) 5 (D 6 (12
HYPERPL. ALVEOLAR EPITHELILN 0 W 1 @) b (0 0 M bW P m
HYPERFLASIA, LYWPHOID 0 (D ) bW 1 () 1)) 2 (4
HISTIOCYTOS1S § UD 5 U 3 (&) 7 (4 3 (W 4 (B
FOREIGN B0DY REACTION I 2 2 M (1)) 0 2 1)) ¢ @
INFLAM. , ACUTE, NOS ) 1 () 0 1 €2 0 8 (D
EDEMA, NOS D (D 1)) | 11D 1 (@ 1 (2 )]

PANCREAS §Ex 50 4% 49 49 30 y
ADENOMA, ISLET, NOS 2 (4 t (2 1 (2 6 0 2 4
CARCINOMA, ISLET, NOS 2 (4 0 1 Q) 0 (B 0 () 0 (D
ATROPHY 7 (14) é D) § (D 5 (D g8 (14) 2 (4
F1BROSIS 1 (@ 0 gt W )] 0 (W V)]
INFLAM., GRANULOMATOUS 1)) )] 0 W 0 ) i
HYPERPLASIA, TSLET YA CY ¢ o 1 (D) 8 D (@ 0 b
FOCAL CELLULAR CHANGE 1)) A 1 2 D § (@ 1 (2
PERIARTERITIS, ARTERY 1 ) 2 D ¢ M I (2 1 @) 1 (2)
HYPERPL., INTRALOBULAR OUCT 0 W 0 M@ [N ) 1 (2 8 W 0
HYPERPLASIA 0 @ 1 €2 ¢ o0 ) 0
NETAPLASIA, HEPATOCYTIC 0 @ 0 @ gt 0 D 1@ 0 W

SALIVARY GLAND §Ex 50 49 4 49 30 49
CARCINDSARCOMA . ) 1 (2 )] U] 0 0
ATROPHY [ IR )) 1 (@ I (@) oW 1 (@ [
INFLAY. , ACUTE 0 (W 0 W o 1 D 1 (@ ¢ b
HYPERPLASIA, DUCT b (D [ 1)) 1)) Y 1 (D 0

(Report Continved)

IT1-4
9~21



PATHOLOGY ASSOCIATES, INC,.

WORK ASSIGNMENT EDC
SPRAGUE-DAULEY RATS -
MRI/NIOSH

Project Summary Table
SIMARY: Incidence of NEOPLASTIL and NON-NEOPLASTIC Microscopic Findings

PROJECT ID, NO: EDC FATES: ALL

. PAGE 20 . bAYS: ALL SEX: FEMALE
6ROUP: CONTROL DS ET EDC/DS EDC EDC/ET
WUMBER OF ANIMALS: 5t - 49 49 30 - 30 X

L ) L) i LI t . I 4

NaDIBULAR LYMPH NODE ¥ Ex 48 48 Lh 47 30 48
PLASH CELL TUMOR 0. W g 1)) 0 )]
HYPERPLASIA, LYMPHQID ‘ 1 AD 6 (0 b (o 2 (4 0 W ({1
HYPERPLASIA, PLASMA CELL 11 (23) & 13 § (2 16 (34 12 (24) 7 113
CONGESTIEN 2 ) 2 ) 2 (@ 4§ (D 2 4 K¢ )]
DEGENERATION, CYSTIC . 3 (8) 1 (2 2 (4 2 W I (2 N )]
" FENMORRHAGE 0 0 ¢ ¢ 1 D 0 < 6
HISTIGCYTOSIS 5 I (2 [ Y1) 1 (D 1 D 0 <0
PIGMENT 1 {2) IR 1)) {1} 0«0 8 0 W

THMUS - : fExd44 47 46 41 45 44
THYNOMg, MEDULLA 6 oM - 1 @ 1)) 0 (W 0 @ I 4]
CYST, NOS 1 D 3 () 0 D 1 Q) 1 @ ¢
(@ 1)) 5 U 0 W )

HYPERPLASIA, MEDULLA ¢

(Report Continved
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PATHOL

0GY ASSOCIATES,

WORK ASSIGNMENT EDC
SPRAGUE-DAULEY RATS
MR1/NIDOSH

INC.

Project Summary Table
SIMARY: Incidence of NEOPLASTIC and NON-NEOPLASTIC Microscopic Findings

PROJECT ID. NO: EDC FATES: ALL

PAGE 21 DAYS: ALL SEX: FEMALE

GROUP: CONTROL DS 3 EDC/0S EDC EDC/ET

NUMBER OF ANIMALS: 30 49 49 30 30 3

i X i i LI P L I i i

KI CNEY ¥ Ex 30 49 L 50 b] 30
NEPHROPATHY, CHRONIC 26 (5 8 (18) 28 (7)) 14 (28) 28 (54) 23 (44)
ATROPHY : AERLY B (D L)) b YD D)
CYST; NOS 1 (@ 0 M ¢ 1@ 2 .1 (D
LIPOMATOSIS ¢t IR ) ) [ 1 (D 0 D
INFLAM., ACUTE ()] 9 @ -2 1)) 0 (D g
INFLAN. , ACT-CHR. PELVIS 1D Y] D] 0 0 (D) I D]
INFLAM. , ACUTE, PELVIS I3 dn 2 3 <8 1 (2 2 ({4 g
INFLAM. ,CHR., PELVIS I {2 1) 0 0 0 D 0
INFLAM. ,CHR., PAPILLA 0 M U ) D (D 1 (D) 0
(ALCULUS, PELVIS 27 (34) T4 12 24) 1z (4) 29 (58) 13 (28)
HYDRONEPHRES1S, PELVIS 5 Aam 4 (B 5 N P a4 D & (12)
EPITHELIAL HYPERPL.,PELVIS 16 (32) 3 4 11 Q22 7 {4y 14 Q28 B (ié
PAPILLARY NECROSIS ' i <D 1)) 1 (2) 0 M 0 <D 0
LIPD1D DEGENERATION, TUBULE bW 0 W 1 (2 0 W 0w [ Y
INFARCT, NOS : I () ) i (2) ) 0 (D 1 (2

ADREMAL BLAND ¥Ex S0 7 49 7 30 42
ADENDMA, NOS, CORTEX (4) 1 (2 1 (2 g o 2 (4 2 (3
PHECCHROMOCYTOMA, MEDULLA 1 @ I (@ 2 @) 1 €2) (¢ ) 2 ()
ACCESSORY ADRENAL CORTEX 0 <D 2 (4 ) ). 2 (8 I 41)]
HEMATOPDIETIC CELL PROLIFER. 2 0 (D 1 (@ & (M 0 2 (D
DEVELOPHENTAL MALFORMATION i )] g t M ) 1 (2
ATROPHY - ) ¢ (D 1 (@ 0 D [ ¢ 1)
LIPOID DEGENERATION, CORTEX I @ 3 B 2 (& 3 (@ 3 a0 1 (2
HYPERTROPHY, CORTEX 7 U4) 3 0D 10 (200 12 (26 13 Q8 1D (24)
HYPERPLASIA, CORTEX - 12 24) 2 (D d (1) 4 (9 am 6 {14)
HEMATOCYST, CORTEX 41 (B2) 38 77y 35 (1) 40 (8D 43 (B&) I8 (%)
INFARCT, CORTEX 0 (M i () 1 (2 0 Y )] [
H1STI0CYTOSES 0 M 1 €2) LY LY 0 ¢ @
HYPERPLASIA, MEDULLA 2 (4 YD 3 (4 2 () 4 @ 4 (14
INFLAK. CHROMIC, CAPSULE )] )] bW @ 1) 0

(Report Continued)
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'PATHQLUGY ASSOCIATES, INC.

WORK ASSIGNMENT EDC
SPRAGUE-DVULEY RATS
MRI/NIOSH.

Project Summary Table

SUMMARY:  Incidence of REOPLASTIC and NON-NEOPLASTIC Microscopic Findings

PROJECT 10 NO: EOC

9-24

FATES: ALL
PAGE 22 DAYS: ALL SEX: FEMALE
GROUP: CENTROL DS ET EDC/DS EDC EDC/ET
NUMBER OF ANIMALS: 50 9 49 50 50 5
I I (A I
NAMHARY GLAND ¥ Ex S0 44 45 8 . 50 47
ADENOCARCINOMA 4 @ 2 ¢ -4 R 5 dan 2 (4
ADENOMA, NOS 2 ) 2 W 2 ) 3 i @ 4 (9
F1BROADENOMA 15 (3 5 (1) 12 27 19 @) 2t (42 15 (3
RMATOMR, NOS 0o 0@ 0 (® @ 0 W 0 (D
RETENTION OF CONTENT 24 (48 25 (54 26 (38 19 (4D 29 (58} 23 (49
INFLAN, , CHRONIC i@ 0 W 0 M 6 Km0 <0 0D
FIBROSIS ' ¢ 0 0 @ 0@ 1 @ 0D 2 ()
HYPERPLASIA - 2 @ 2@ 2 W 0 3 (8 142
'ABSCESS, NOS P 0 <0 0 (@ 0 W 0 W 2 (4
URINARY BLADDER . W Ex @ 48 i 9 . 50 50
TRANSITIONAL PAPILLOMA 1 @ 0 M 1 @ 0w 0 W 0 (D
INFLAN. , CHRINIC 0 0 M 0 W 0 W 1D 0 LD
INFLAM., ACUTE 1 0 0 @ 0 D .0 0 D
INFLAN. , SUBACUTE 6 M 0 (M 0 ® 0 M 0 1 (2D
" FORESTOMACH BEXSO - 49 45 49 50 50
INFLAH. , ACUTE 1@ 0 om0 0 m 0 m b D
INFLAM. , CHRONIC , om0 @ 1 (2 (D 1 (2
HYPERPLAS]A, EPITHELIAL 2 @ 0 m 2 W 2 W0t 2
ULCER, NOS L 0 1 @ 0o s 1
GLANDULAR STOMACH R Ex 5D 9 49 .49 50 S0
DEGENERATION B 0 0 @ 8 (0 (D 1@
SMALL INTESTINE # Ex 50 49 49 .49 S0 49
ADENIMATOUS POLYP BN Y1) TN W ) WO /RN €:D IR J €:F IR/ B { ) )]
INFLAN., HEMORRHAGIC 0 M 0 D 1 @ 4 M 0 @ 0 ()
COLN MEx S0 49 49 50 50 50
PARASTT 1M ,NOS 2 4y 2 ) 4 B 6D 2. 2 W
INFLAM., SUBACUTE 0 0 1 D 0 M 0 (0 0 (0
INFLAN, CHRONIC 0 @ 0 (b 0 D B (D 1 (@
I11-7




PATHOLOGY ASSOCIATES, 1INC.

WORK ASSIGNMENT EDC
SPRAGUE-DAMLEY RATS
_ NRI/NIOSH

Project Summary Tabtle
SMARY:  Incidence of NEQPLASTIC and NON-NEOPLASTIC Microscopic Findings

PROJECT 1D. NO: EDC FATES: ALL

I
1
+
1 |
I
i
I
N
i
R
i
|
1
i
|
i
' ‘
i
 Q

PAGE 23 DAYS: ALL SEX: FEMALE

GROUP: CONTROL - DS 3 EDC/DS EDC EDC/ET

NUMBER OF ANIMALS: 50 49 49 50 50 5

i % L I I Y Py P

MESENTERIC LYMPH NODE % Ex 50 49 48 49 50 48 ’
HYPERPLASIA, LYMPHOID S8 3 () 1 (D 2 (4 1 (D 2 (4
CONGESTION 0 W 35 (7D I (@ 30 b I 3] 1 (D
PIGNENT ) 1 (D 0 (D ()} Y )! 0 <
HEMORRHAGE T )] ]! 0 (D 2 W) 0 0 ®
INFLAM., GRANULOMATOUS () 0 (B (It} ! Y 1)) )]
HIST10CYTOS1S 1 (2 1 (2 2 W) (Y )] 2 (4 0 (D
DEGENERATION, CYSTIC 0 (D B (0 0 (D 0 (D 0 (D 1 (2
ADENDCARC INOMA ' 0 (0 I }) 0 (0 0 M ) 1 (2

OVARY 1E&x49 & 49 47 48 4l
SARCOMA, NOS ) 0D 0 (D 1 (D () ()
STROMAL TUMOR ¢« it (D Y I R &3 b (D ¢ (0
GRANULOSA THECA CELL TUMOR 0 (0 ) () (1)) i (@ )]
ABSCESS, NOS D (D I )] ) 2 W 0 (D 0 (D
ATROPHY 1) (I{)] 0 < 1 (D 0 (0 Y )
CYST, NOS 7 U 6 (1 10 20 11 (2 10 2D 3 (D
HYPERPLASIA, STROMAL § (9 § (N 3 ¢ 10 @D 5 10 11 2n

UTERUS i Ex 49 49 4 50 49 St
STROMAL SARCOMA, ENDEMETRIWM 1 (D {1} 0 <0 1 (@ D0 1 (D
ADENOMA, NOS, ENDOMETRIUM 1 (D ()] 0 (D 6 (0 0 (O )
SARCOMA, NOS, CERVIX ¢ W 0 < b (B R ¥)) 0 o 0 (D
LETOMYOMA 0 0 1)) ) )] 0 (0
STROMAL POLYP, ENDOMETRIUN 2 @) 5 (10) 3 (& 5 (10) 3 (& 2 (D
DILATATION 3 (8 0 (0 4 (B 4 (B 3 (8 § (8
INTUSSUSCEPT IO 1 (2 {1} 0 (0 0 (0} ¢ (0 )]
INFLAMAATION, ACT-CHR., Y1) (I 1)) ()} 1 (D ) Y1)
INFLAMMATION, CHRONIC 0 {0 0D 0 {0 (R ¥)) (I )) 0 (D
INFLAM. ACUTE, ENDOMETRIUM 0 D 0 (» 0«0 1 (D 0 (D 0 (M
ABSCESS, NOS )] 0« ! 1 (D (VY1) )
CYST, NOS, ENDOMETRIMM 7 (4 1 (D 6 (12) 148 1 (D t (2
WYPERPL. CYSTIC, ENDOHETRIWM (1)) I} ) ) T 1)} b (D
HYPERPLASIA STROMAL, CERVIX () I {2 D (D b0 ) 0 (D
ADENOCARE INOMA 0 (D 0 (D 0 (D 1 (D 0 (0 DD
INFLAM., CHR., ENDOMETRIWM g W ) {1} 1 (D 0 (D Y)]
HYPERPLASTA, ENDONETRIWM (3] 1)) I {}] 1«2 )] D (D
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PROJECT 10. NO: EOC

FATES: ALL
PAGE 24 DAYS: ALL SEX: FEMALE
GROUP: CONTROL DS B EDC/DS EOC  EDC/ET
NUMBER OF ANIMALS: 50 49 49 50
"R T 2 T A TS TSN T
TESTES REx 0O 0 0 0 0 0
PROSTATE BEx O 8 0 0 0 )
BONE/MARROU § Ex 50 49 § y 50 50
OSTEOGENIC SARCOMA L@ 0 W 0 W 0 M b 0 (0
0STECMALACIA 0 0 M 0 W 0 M 0 W@ 1 D
HYPEROSTOS1S 0 0 W@ 1@ 0 M 1D 0D
EXOSTOS1S 0@ 0 ® 0 M 1 D 0 @ 0
HYPERFLASIA, MARRGW - 5 a0 1 (D 4 @ 0 @D 2 @ 2 (4
ATROPHY , NARROW 0@ 0 M 0 M 0 M 1 @ -0
NASAL CAVITY/MUCOUS MEMBRANE & £x 50 49 9 0 50 50
SQUAMOUS CELL CARCINGMA IR B R I I I ()
SQUANOUS METAPLASIA 00O 0 M 1@ 1@ 1 1
NETAPLASIA, NOS 8 M 0 @ 2 @ 0 @ 0 0 ()
INFLAN. , ACUTE 4@ 4 @ 4 ® 3 & 3 2 (@
INFLAK. , ACT-CHR. 3¢ 0 M 5 A0 -3 (5 U 3 {8
INFLAM., CHRONIC 0 1o 0 8 1D 0y
INFLAN. , SUBACUTE 0 0@ b 1 0 0 W
FOREIGN BODY, NOS L@ 0 0 1@ 0 Wm0
MEDIASTINAL LYNPH NODE fEx 2 2 2 5 3 4
DEGENERATION, CYSTIC DO 0 B 1 G0 @ 13 2 5D
HEHORRHAGE 0@ 0 O 0 W 0 WM 1@E» 0D
CONGESTION B0 24100 1 (S0) 3 &) 1 (3D 2 (S0
P1 GHENT {50 0 () 0 M 1 (2 0 @ 0 (D)
HYPERPLASIA, PLASHA CELL 1650 0 (B 0 () 2 4 0 (0 (D
HYPERPLASIA, LYNPHOID N R IR I e BT
LARTNX # Ex S0 a8 9 9 0 9
INFLAM. , CHRONIC DD 1 @ 1@ 3 & 01 @D
INFLAM. , ACUTE 6 1 D 0 WM 0 M 0 @ 0 €0
INFLAN. , SUBACUTE Do 0 W@ 0 @ D W 0 M (D
III-9
9-26
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SIM¥RY: Incidence of NEOPLASTIC and NON-NEOPLASTIC Microscopic Findings

PROJECT 1D. NO: EDC FATES: ALL

PAGE 25 DAYS: ALL SEX: FEMALE

BROUP: , CONTROL 0§ 3 EDC/DS - Enc EDC/ET

NIMBER OF ANIMALS: 30 47 49 30

o I LI 4 LI 4 L I I 4 i

SKIN ‘ ¥ Ex 49 49 49 49 50 50 .
SOLAMOUS CELL CARCINOMA I €2 i 2 (m 0 b 0 (O
BASAL CELL TIMOR t (2 0 0 (D bW 0 W 0
CYST, EPITHELlAL [ )] o [ )] LN H D) 1 (2
ABSCESS, NOS t @ 0 Mmoo W 0 1 (D
INFLAHMATION, ACUTE 1 (D 0 0 0 0 0
INFLAN, , SUBACUTE [ 0 (B )] T (2 TR D) i 413

SUBCUTIS B Ex &Y 49 49 49 50 30
SARCOMA, NOS 0 (M 0 W 0 (W 1 (@ [ D 0 WM
FIBROMA, NOS 1 (D 0 (W )N ') 5 (1 2 (4 0 W
LI1PIMA 0 0 2 (4 0 A ) 1 (@
ABSCESS5, NOS g (W W 1 (D 1 (@ 0 (D 8 (0
FOREIGN BODY REACTIEN 0 ()] 0 W 0w 0 (M 1 (D
EDEMA, NOS {1} 0 W 0 1 (2 L)) 1))

NASAL ASSOCIATED STRUCTURES @ Ex 18 23 22 22 0 17
ABSCESS, NOS, TOOTH 3 an & (24) é§ (21 3 (23 {1} 2 {n
DEFORMITY, TOOTH SR (30 12 (48) 15 (48 15 (éB) § 90 11 (58)
INFLAM.ACT-CHR. LACRIMAL DUET 4 (22 4 (14) 5 (23) 2 W 1 an 2 Uan
INFLAH.CHR., LACRIMAL DUCT B 4 13 (5D & 2N ? 4D a5 28
INFLAM. ACUTE, LACRIMAL DUCT 1 (& I 1 (5 (3 0 W I (9
SaUmH. METAPL. LACRIMAL DUET Y1) S )] 0 (D) {1 0 )]

SEMINAL VESICLE FE: 0 0 0 0 0 0

EYE PFEx ¢ ! ] | 2 0
HEMANG] 0SARCGMHA P 0 0 b <@y IoGn b
INFLAN., CHR., LACRIMAL GL. 1 an 0 (0} ¢ Y1) 0 (D 0
INFLAN. , ACUTE, CHAMBERS A1\ D I | N ¢ D 0 0 W 1 (500 b
INFLAM. ; ACUTE, SHEATH 0 Y1) 0 ()] I {50y 0
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: . Project Summary Table
SIMWARY: Incidence of NEOPLASTIC and NON-NEOPLASTIC Microscopic Findings

PROJECT 10. NO: EDC | FATES: ‘ALL

" PAGE 26 _ - DAYS: ALL SEX: FENALE

ROP; . CONTROL S S S 191 EOC  EOC/ET
NINEER OF ANIMALS: 50 49 49 50 50 5

B "R R S R T 2N TR AN
CINJINCTIVA PEx 3 Y 22 0
INFLAMATION, ACUTE 0@ 0 M 0 1 G 6 (9
WEER, NOS | 000 0@ 0 1D 0
INFLAMMATION, SUBACUTE R R T (S B O S (S B B

(Report tontfnued)‘“
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Project Summary Table

PROJECT 1D. NO: EOC FATES: ALL
PAGE 27 DeyS: ALL SEX: FEMALE
GROUP: CONTROL . D8 ET EDC/DS EpC EDC/ET
MMBER OF ANIMALS: 30 49 0 50

1 LI L I i LI 4 R X
OTHER TISSUES AND LESIMNS:
MESENTERIC ART., PERIARTERITIS () I )] A1) 1 () 1)) 2 (4)
MESENTERY, FIBROSARCOMA 0 )| 0 V) 0 (D bW
PERITONEWM HYPERPL.MESOTRELIWN )] 0 W 0 W t (W 1 (@
PERITONEDM MESOTHELIOMA [ ) /R )] )] 1 (D 0w
PERITONELM INFLAM.ACT-CHR, P 0 O (| 1D 1 () 0 W 0 (M
FATTY TISSUE, NECROSIS, FAT 0 D 0 W P ¢ (W 1 (@ 0
FREPUT/CLIT GL, ABSCESS,NOS bW 0 @ P ¢ @ L@ 1))
PREPUT/CLIT 6L, RETENT.OF CONT Y1) RN )) P @ 0t o @ 0 <D
VABINA, INFLAM., ACUTE i W 0w 1 @ 0 @ 0 W 1 ()
CECLM, INFLAM., CHRONIC 2 4 T VY ) ¢ b 0 W )]
PANCREATIC L.N., CONBESTION ¢ D) 1 () t M b ¢ 9
FOOT, ULCER, NOS 2 (4 0 (M 0 D ¢ R Y )]
IMBALS GLAND, CARCINDHA, NOS )] b 1) 1 {2 I @ 0 <D
AURICULAR CART., DEGENERATION ) 1 (2 i 0 M 1 @ 1 (b
JOINT, INFLAM., CHRONIC 0 I bW ¢ M ) 1 (2) 8w
HARD PALATE, INFLAM., CHRONIC P W 0 M 0 (D I (2 Y Y 1))
UAGINA, STROMAL POLYP 0 0 {0 [ 1)) 1 () 0 M b
MESENTERY, SARCOMA o 3 M 0 i (2 V) 0

(End of Report)
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Project Summary Table
SRARY: Incidence of NEOPLASTIC and NOW-NEOPLASTIC Microscopic Findings

PROJECT 1D. NO: EDC

FATES:-ALL

PAGE 18 DAYS: ALL SEX: MALE

EROUP: CINTROL 0s ET EDC/DS EDC EDC/ET

NUMBER OF ANIMALS: 36 50 G 50 30 3

' ‘ | I/ i 7 | I 4 A a7

PITUITARY §Ex 48 49 48 48 49 44
CARCINDMA, NOS, DISTAL 1 () A1) 1 (2 1 (2 I (2 1 (2
ADENDMA, NOS, DISTAL 30 (6 B U (6 17 3 A 41y 22 <50
HYPERPLASIA, NOS, DISTAL ? (9 ? U 3 am 8 (N 12 0 7 2D
CYsT, NDS, DISTAL t (2) Y 1)) 2 {4 1@ 2 W@ 3 D
HEMORRHAGE, NOS, DISTAL 0 M g W 0 g W 8 I (@
HEMATOCYST, DISTAL Y M 8 I {2 ()} [ IR AH] (L))
MALFORMATION, NOS, STALK 1 (2 0 @ 0. 0 0, o
DEGENERATION, INTERMEDIA b D IR ) I W YD R 1)) 0 W
INFLAM., ACUTE 1 (@) 0 M 0 0 M g W Y1)

BRAIN 8 Ex 50 30 50 50 50 50
ASTROCYT(MA, CEREBRIM 60 W 6 (0 2 0 INA) I (2
ASTROCYTOMA, BRAIN STEM ) A1} i W ¢t M IR} t (2
EPENDYMIMA 1)) A1) g T {2 R 0 0
COMPRESSIIN INJURY HYPOTHAL. 12 (24) g (184 7 (14) 3 (D § aw ?oum
HYCROCEPHALUS , INTER . CEREERIM y am 7 (4 7 (4 3 (40 8 & 4 (12
MINERAL1ZATION, CEREBRLM . ) 1 (2 DD 1)) ) L IRA1))
GLI0SIS, CEREBRLM 1 (@ g (D L) i (b ) L)
INFLAM. SUBACUTE,CEREB.MENIN 1 (2 | )] 0 <0 (| )] 0 O 8 WD
HEMATOMA, NOS, DURA g ¢ <) 1) 1 {2) L ) 0 (0

HEART # Ex 30 30 30 30 30 30
ADENOCARCINDMA : gt (W ¢ (0 0 (0 g 1 (2 8 (D
THROMBOSIS, NOS, ATRIWM 1)) IR 3 (8 I« 0 () 0 (B
CARDILHYOPATHY , MYOCARDIIM [/ YN 42 33 (48 30 s 41 (8D 33 (44)
INFLAM. ACUTE, EPICARDIN 0 W 1 I | Y I (@ 0 B [ A
INFLAM. ACUTE, MYOCARDILM g 0 I (2 0 M ). 0 <0
PERIARTERITIS,CORON. ARTERY IR Y Y ) L) I (2 bm (L]
SACROMA, NOS ENDOEARDIIM 0D ) 1)) b AD IR 1 {2

(Report Continuved)
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Project Summary Table
SUMMARY: Incidence of NEOPLASTIC and NON-MEOPLASTIC Microscopic Findings
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PROJECT 10. NO: EDC FATES: ALL
PAGE 19 DAYS: ALL SEX: MALE
GROUP: CONTROL 0§ 3 EDC/DS EDC EOC/ET
NUMBER OF ANIMALS: 50 50 50 50 50 50
(¢ I i % 8 I
THYROID # Ex 48 50 50 50 48 47
FOLLICULAR CARCINOMA 0 (0 2 (4 Y I B ¢)) ()] )]
FOLLICULAR ADENOMA 4 (B 1 @ 1 (@ 4 (9 3 (8 1 (2
(-CELL CARCINOMA 0 (0 () i@ 2 (D (Y 2 ()
C-CELL ADENGMA, NOS §& (D 4 (D 3 (18 5 (10) 5 (B 2 (W
£YST, FOLLICULAR I (D 1 (@ 1@ S U -0 (0) 1 (2
HYPERPLASIA, FOLLICULAR CELL 0 B 0 (D 0 1 (2 0 (0 0 (D
HYPERPLASIA, C-CELL 12 (2 13 (29 9 (18 12 (28 1 23 7 a8
INFLAMMATION, CHRONIC 1@ 8 W 0 ) 1 D 0
PERIARTERITIS, ARTERY ] )] 0 (D) )] ()] 1 @ 0
PARATHYROID $Ex 41 g 43 41 34 35
ADENDMA, NOS 2 50 (D 1 12 3 (N 0 (D &)
HYPERPLASIA 3D 1 3 5 42 3 (N 7 (20 2 (8
TRACHEA 8 Ex 50 50 50 50 50 50
ESOPHAGUS B Ex 50 50 50 50 50 4
SPLEEN 1 Ex 50 50 50 50 50 50
HEMATOPOIETIC CELL PROLIFER, 1 (2 6 <@ 4 B 5 (D 2 () 5 (10
PIGHENT : 3 () 3 (& 0 <o) 3 (8 1 (@ 1@
HEMATOCYST 0 (0 0 (O 0 (D 1 D ) 0 (0
INFARET, MOS 0 ) T ) 1 (D 0 (D) Y1)}
CYST, CAPSULE (Y1) 1 (@ 1 (2 TR 0 D 1 (2
FIBROSIS, CAPSULE 2 @ 2 () 1 1 D 2 W 0 D
ATROPHY, FOLLICLE 1)) 8 (D 1 (D 6 W) 2 (@ 1 (2
HYPERPLASIA, FOLLICLE 1 (2 0 (0 0 (0 b (D 0 (D )]

(Report Continued)
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Project Summary Table
SUMMARY:  Incidence of NEOPLASTIC and NON-NEOPLASTIC Microscopic Findings

PROJECT 1D. NO: EDC

FATES! ALL

PAGE 20 DAYS: ALL SEX: MALE
BROUP: , CONTROL 0s 31 EDC/DS EDC  EDC/ET
NUMBER OF ANIMALS: 50 .50 50 * 50 S0

, o I S T 87 i 7 i R
LIVER S BEx S0 50 50 49 50 50
HEPATOCELLULAR CARCINGHA 1@ 0 W0 m D  (D
NEOPLASTIC NODULE ({1} @ 2 @ g un 2 W 4 (8 .
HEMORRHAGE S T € S N B €1) TR S &) N ({13 T NN < D IR B¢ I
SRANULOMA (I R N Y N T € I I (/) R B ¢
- FATTY METAMORPHOSIS 10en- 2 W %A 3 4 10 @2 9 U8
FOCAL CELLULAR CHANGE C17 (3 ¥ G 2 W) 32 (45 25 (5 27 (54
< INFLAMMATION,, ACUTE 1 @ - 0 @ 1 @ 0 Mm 1 @ 0D
INFLAMMATI 0N, - SUBACUTE 0 M 0 o 0 0 D (2 0 (D)
INFLARATION, CHRONIC 1 @ 1 1 0 m 2 W0 KD
- DEGENERATION, CENTRILOBULAR IG5 T NS 5 S AN { 5 I () I () S R ¥
DEGENERATION, LIPOID A ) B A (')A ) B TR {1) D R ¢ B B )
DEGENERATION, LYSTIC 8 (&) 1 @ 1342 8 & 4 UD 14 3V
CYST, NOS : (1D SN €15 N IO {) NS N 7D N BN (1 IO A )
HEMATOPOIETIC CELL PROLIFER. I @ 0 M 3 & 3 @ 1 2 ()
NECROSIS, ACUTE 1 @ 1@ 2 0w 2 W2 W
NECROSIS, CENTRILOBULAR 0 W 0 D @0 W
ABNORMAL CURVATURE, NOS 0 @ 0 ® 0 B 0 M i @ 0
ECTASIA, SINUSDID 1@ 1@ 4 @ 4@ 4 @ 4B
CONGESTION, CHRONIC 1 (D 0 @ 1 @ 1 0 om0
PERIARTERITIS, ARTERY b@ 0.0 0 W 0 M 0 Wm0 (D
INTRAKEPATIC BILE DUCT # Ex 50 50 - - - 50 - 50 50
CHOLANGIONA 0 <0 8 ¢ 0 - % UB & . 0 (D
HYPERPLASIA 3 (62) 3 (48) 24 (48) .43 (Bé) 3 (4 25 (50
CYST, NS . Po@ 0 2@ 122 0 m 0 (D

{Report Continuved) .
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Project Summary Table
SUMMARY: Incidence of NEOPLASTIC and NON-NEOPLASTIC Hi:rdscqpic Findings

PROJECT ID. NO: EDC FATES: ALL

PAGE 21 DAYS: ALL SEX: MALE

EROUP: CONTROL s 13) EDC/DS EDC EDC/ET

NUMBER OF ANIMALS: a0 30 30 30 30 Kl

L4 L A R B 7 I 4 L I 4

LUNG \ § Ex 30 30 3 50 S0 4
ADENDCARCINGMA 0 0 (o 0 (O 1 (@ 0 (D )]
PNEWMINIA, ASPIRATION 0D 1 (D ) U} 1)) 0 ()
PNEWMINIA, CHR. INTERSTITIAL an 17 34 3 ¢10) 13 (28 10 (20) 3 (1m
HYPERPL. ALVEOLAR EPITHEL]UM I 3 Y )] 9 6 (D )] 0 @
HYPERPLASIA, LYNPHOID 1 (2 0 W [ (2 2 (4) 1 <2) 0
HISTIO0EYTOS1S RS 4 B 2 (4) 3 a0 1 (® 3 (48
FOREIGN BODY REACTION I (2 ¢ (D o (0 ) 1 4D )]
INFLAN. , CHR,, NOS ¢ W 1. (D t @D 0 0 (0 ()
INFLAM. , ACUTE, NOS ) 0 ¢ M 0 1 (2 )
INFLAM. , SRANULOMATOUS 1 (D 0 B 0 0 YD 0
PIGMENT 6 D ) 1 (2 Y ¢ .o 1 (2
CALCIFICATION, PULMOM.ARTERY 1 (W 0 (0 0 (D 0 M 1 (2 0 W
HEMORRHAGE ¢ 1 (2 0w 0 (D) 0 1 (@
CONBESTION 1 <2 0 (W I (2 g W 0 W g
ABSEESS, NOS i Y1) 1) 1 (@ b ¢ (M

PANCREAS ¥ Ex 30 o0 49 30 30 49
ADENOMA, ISLET, NOS 3 (& g D 4 (8) g 3 @ 2
CARCINOMa&, ISLET, NOS 0 @ I () 3 (& 1 D 1 (2 0 (0
ATROPHY 7 (14) 7 ? (8 7 (4 7 (4 13 2N
INFLAH. , ACTIVE-CHRONIC 0 (D) I b )] 1)) I (D L)
INFLAN., NECROTIZING Y1) )] ) I D D) 0 <0
HYPERPLASIA, ISLET i@ 4 (B) I @ bW 0 M I @
FOCAL CELLULAR CHANGE 2 {4 I (@) 1 (@ 3 (D 0 M 3 (4
PERIARTERITIS, ARTERY 2 ) I @ 2 (4 I (2 4 B 1 (D
HYPERPL., INTRALOBULAR DUCT b (<0 8«0 1Y I €2 0 < b
HYPERPLASTA 0 LY 1)) ¢ 2 (4 i M t (2
ARTERIOSCLERDSIS ) g (0 0 M Y b 1 () b <l
INFLAMMATION, ACUTE Y1) 1 1D 0 @® Y D] 0 W 0 (D

(Report Continued)
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Project Summary Tabtle

SUMMARY: Incidence of NEOPLASTIC and NOW-NEOPLASTIC Microscopic Findings

PROJECT 1D, NO: EDC FATES: ALL

PAGE 22 DAYS: ALL SEX: MALE

GROUP: CONTROL 0s 3 EDC/DS EDC EDC/ET

NIMBER OF ANIMALS: 50 30 S0 50 50 50

L 4 8 X i . I 4 1 4 ¥ %

SALIVARY GLAND § Ex 49 50 30 30 50 30
NEURQF 1BROSARCOMA 8 1 (D L Y1) 0 O 0 <D )
ATROPHY )] 0 W 0 (D 0 (D 1 (2 (Y 1))
INFLAM. , SUBACUTE | Y1) 1 M 0 (| Y 1 <2 0
SOUAMOUS METAPLASIA 0 0 (0 ¢ 0 (D 1 () ¢}

MANDIBULAR LYMPH NODE # Ex 49 45 48 43 0 LY
HYPERPLASIA, LYMPHOID @ 2 (4D 0 (D [ )] 1 (2) 0
HYPERPLASIA, PLASMA CELL 16 (33 12 @1 15 3D 11 (23 13 246 15 (3D
EONGESTION t (D 2 (D 2 (d) 2 {0 3 (4 i@
DEGENERATION, CYSTIC 2 4 § M 3 &) I (@ 2 P 1 {2
HISTIOCYTOSIS [ 0 1 (2 g (I )] 0
PIGMENT 1) 6 1 0 1 (2 1))

THYMUS §£x 40 40 44 45 40 41
THYMOMA, MEDULLA ¢ 1)) I &) T W b D I 1)) UIR))
CYST, NOS 0 W 1 i @ 0 (D 0 () 0 W
HENORRHAGE U E ) 6 <D 1 { (2 i) )]
HYPERPLASIA, NEDULLA [ A P I 1)) ) 1 (3) 0 @

(Report Continued)
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Project Summary Table
SUMMARY: Incidence of NEOPLASTIC and NOH-MEQPLASTIC Microscopic Findings

PROJECT 1D. NO: £DC FATES: ALL

EDL/ET

PAGE 23 : DAYS: ALL SEX: MALE
BROUP: . CONTROL ps 3] EDC/DS £0C
NLMBER OF ANIMALS! 50 - 50 50 50 50
Rou Py i 4 R
KIDNEY 8 Ex 50 50 50 50 50
LIPOSARCOMA (L) 0 (D) 1 JE ) S (Y ) 1 (2
TRANSITIONAL PAPILLOMA G S R { ) S ()] 0 oW 0 (D
NEPHROPATHY, CHRONIC 0 (800 37 (74) 4 (8D 42 (B 37 (74)
£YST, NOS 2 1 1@ 2 W 3 (6)
INFLAN, , ACUTE L@ 0 2 )t D D (0D
INFLAN. , ACT-CHR. PELVIS 1 (2 2 @ 0w ¢ tn 1 (2
INFLAM., ACUTE, PELVIS 2 W 0 M 3 W 2 W 1 (@
INFLAN. , SUBACUTE 0 0y 0 < 0 M % 0 0 (®
INFLAM., SUBACUTE, PELVIS 0 1 @ 0w 6 » 1 (D
NINERALIZATION, PELVIS 0 @ 0 (6 < 0 (D 1 (@
CALCULUS, PELVIS 5 (10) 1. 0 W 3 (8 ()
HYDRONEPHROSIS, PELVIS 1 @ 1@ 0w 0o 6 ()
EPITHELIAL HYPERPL.,PELVIS 3 (& 1 (2 2 (@ - {2 é (12
PAPILLARY NECROSIS 0 Do 0 (D) ()] I P))
ARTERY, PERIARTERITIS 1 @ 0 W 0 (0 L) S A
ABSCESS, NOS (i) (D T (1) B I} 1@
THROMBOSIS, NOS, RENAL VEIN g oW 0 W 0 W 0 0 (0
ADRENAL GLAND 4 Ex 48 49 4y 50 50
ADENOMA, NOS, CORTEX 3w 1 (2 1 @2 1 1 1 @
PHEOCHROMOCYTOMA, MEDULLA 123 4 (@ 18 (3 % (18 1% (3
ACCESSORY ADREMAL CORTEX 2 () 4 <@ 0 W 8 (18 4 (B
ATROPHY : [ JRT) (G DS T () 1 0 (W
LIPOID DEGENERATION, CORTEX 2 W 2 W (12 % a1 (2
HYPERTROPHY, CORTEX 1@ 9 (18 3 ) 8 (18 3 (&
HYPERPLASTA, CORTEX P UN 3 B 4 B 4 (D 8 (18
HEMATOCYST, CORTEX 2R 4 @ 4 (8 7 5 U
FIBROSIS, CORTEX 0 W 0 @ 0 B 2 W 0 (D
INFARCT, CORTEX 0 M 0 M 0 0 <0 b0
HYPERPLASIA, MEDULLA U 5 Ul 7 e -4 (@ 12D
HYPERTROPHY, MEDULLA ¢ @ 0 (» @ 0 0 W

{Repor? Continued)
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<0

SW4ARY.: Incidence of NEDPLASTIC and NON-NEOPLASTIC Microscopic Findings
PROJECT 10, NO: EDC FATES: ALL
PAGE 24. DAYS: ALL - SEX: MALE
BROUP: - CONTROL DS BT EDO/DS EDC EDC/ET
NUMBER OF ANIMALS: - 50 50 50 S0 30 5
o LI A R ¥ % (RN I
MAMMARY SLAND Ex 44 43" 4 8 4 4
ADENOCARCINGMA A { IS O {1 Y { ) NN N ¢ () I TR
ADENDMA, NOS (N DI T &) N N 1) I (R T (1) S U ¢
FIBROADENGA 0@ 0 0 (0 0 1 (Dt (D
RETENTION OF CONTENT 0 (2 0 @ 8§ AN 1 D 12 B 4 A
INFLAM. , -CHRONIC /IS PR (PR N ¢:) N R { P B () I ¢
ABSCESS, NOS () R ] IR ] D N T € ) SS WL & PR N )
URINARY ELADDER ¥ Ex 50 49 st 50 50 50
TRANSITIONAL PAPILLOMA 1Y IS T/ N (') I (/) I () I ()
INFLAM., CHRONIC 1@ 0 M 0 om0 Wm0 0D
INFLAM, , ACUTE - - I &) S R (') TN N &3 T NN { D N NN ) IS B # 3
INFLAM. , SUBACUTE . 0 e om0 @ 0 W 8 1 (D
INFLAN. , ACT-CHR. 0 0 M0 . 1 @ 0 Dt (D
FORESTGHACH B Ex 48 50 50 8 .50 50 :
INFLAM. , ACT-CHR. @ 1 @ 1@ 0 (b Wm0 (D
INFLAM. , CHRONIC 2°( 0 L @0 (D (D
HYPERPLASIA, EPITHELIAL 34 1 @ 1@ 1@ 2 ) W
EROSION, NOS ;2 @0 M 1 @ 0 0 0D
ULCER, NOS 1@ 0w 0 b 0w 0
GLANDULAR STOMACH ¥ Ex St 50 50 50 50 - 50
EROSIN, NOS g . 1 @ @ 0 Wm0 0 0 (D
DEGENERATION 0. @ 0 -1 @ 0 3 1 (D
AL INTESTINE B Ex 49 50 50 50 . 50 48
ADENOCARCINGMA, TLEWM ' S S ¢ T I { DA ] S (D NN B { ) SO
ADENOCARCINOMA, JEJUNIM 0 B 0 M 0 o 1 2 8 ®m 0 D
HYPERPL., LYMPHOID, ILELM () S (D TR B N { DO { D I
ULCER, JEJUNUN (N DR (I ) RS T &) B (1) I O {
CYST, NOS, ILEUM 0 M 8 M 0 0 W 1D -0 (D
0 D 1 0 @ 0 (0 0 ()



Project Summary Table
SUMARY: Incidence of NEGPLASTIC and NON-NEOPLASTIC Hicroscopic Findings

PROJECT 1D. NO: EDC

|
i
i
|
i
i
i
1
1
1
1
i
i
i
i
1
i
i
A

(Report Continued)
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FATES: ALL
PAGE 25 DAYS: ALL SEX: HALE
GROUP: CONTROL 08 ET EDC/DS EDC EDL/ET
NUMBER OF ANIMALS: a0 ab 30 30 0
4 LI LI 4 B % 8 X L 4
COLIN i Ex 47 50 49 47 - 48 47
PARASITISM,NOS 2 4 3 8 2 {4 ¢ 3 @) 3 (@
HYPERPLAS1A, LYMPHOID 1 (2) YD) 0 MW, 0 M ¢ o
MESENTERIC LYMPH NODE 8 Ex 45 30 47 49 30 49
HEMANGI (A 8§ M I (@ ) g 0 M ¢
HEMANG] 0SAREDMA U ) I (@ |11 IR 0 M W
ATROPHY LIS ) Y 1 (2) YD) ) 0 (b
FIBROSIS g 0 0 @ 1 (2 0 0
HYPERPLASIA, LYMPHOID 3 2. (4 2 (@ 4 (B 2 {4 4 (&
CONGESTION 2 4 32 4D I (@ 24 149 3 () 1 (D
P1GHENT 6 (B 3 (H g W I Q) 0 0
HEMORRHAGE ) 1 (2 1 @ 3 (4 g m I )]
INFLAM. , CHRONIC ) 1 (D ) 0 (B ) ¢
HISTIOCYTOSIS 1 (@ 0 M 1 (2) 3 {& 1)) 0
DEGENERATION, CYSTIC 2 @ 0 M [ )] 1 2 1 W
DVARY 8Ex 0 0 0 ] 0 0
YTERUS WEx 0 0 0 i 0 0
TESTES §Ex 30 30 pll 30 3 W
INTERSTITIAL CELL TULMOR 2 3 (&) 7 4y 11 22) 3 (& I $11))
HESOTHELIGMA g M ¢ 0 M 2 Q) i (b 1)
HYPERPL., INTERSTITIAL CELL 1 (2) o (0 2 4 1«2 0 W €D
ATROPHY ¥ um 3 U 8 d& g8 (18 14 (20 11 2D
ARTERY, PERIARTERITIS P2 0 0 KNS 4§ ® 3 {8
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Project Summary Table
Incidence of MEDPLASTIC and MON-NEOPLASTIC Microscopic Findings

FROJECT 1D. NO: EDC FATES: ALL

PABE 24 DAYS: ALL SEX: MALE

GROUP: CONTROL 0s ET EDC/DS £0C EDC/ET

NIMBER OF ANIMALS: ' @0

¥ X i 2 i i X B X B

PROSTATE §Ex 30 L} 44 50 30 50
HYPERPLASIA 4 (D) tAD 8 an é 12) S 3 )
INFLAN. , ACUTE 3 (¥ $ 3 N § B 1)) 7 (14)
INFLAM., ACT-CHR, 3 & 9 (D I (D 2 ) 9 @ 4 (9
INFLAM, , CHRONIC 1 €2) 2 12y .1 () b D I (2
INFLAN. ; SUBACUTE 1 @ P 0. M L)) 0 1 (D
RETENTION OF CONTENT 2 (4 I (D 0 O 0 0 ! 8 M

BONE/MARROW ¥ Ex 50 30 a a0 30 30
MESENCHYMO4, VERTEBRAE 0 0 (D I (@ 0 W 9 M VI
OSTEOGENIC SARCTMA 1 0 1 {2 | D )] I @
ISTEMALACIA )] ¢ M 2 (4 0 O 4 (B I (@
HYPERDSTOS1S 1 D 1 (D 0 o 1 W 1)) 2 )
EXOSTOSIS 0 (0 8 (W 1 (D 3 {4 0 B I @
QSTECMYELITIS 1 0 W 1 (D 8 W bW -0 <o
HYPERPLASIA, MARROM 3 am 0 W 3 ) 10 Qb 8 & 7 (4
ATROPHY , MARRDM 1 (2 g @ I (2 1 @ 7 W 0 (D

NASAL CAVITY/MUCOUS MEMBRAME & Ex S0 0 50 30 0 50
SQUAMOUS CELL CARCINOMA IR IR L 1)) 1 (2 1 M LS}
ADENOHA, NDS 8 (D B @ 9 @ I D 1@ B
SAUAMOUS METAPLASIA 0 WM 2 (9 |1} 1) 9 0 <D
METAPLASIA, NDS Y ) )] ¢ @ )] D) v
INFLAM., ACUTE § (12 3 7 14 4 (B 3 <0 7 (14
INFLAM. , ACT-CHR. 4§ B 13 Q2o 7 a4 11 @2 & U 3 W)
INFLAM, , CHRONIC. 0 (D 2 (9 2 (8 2 (4 0 P
INFLAM. , HEMDRRHAGIC 0 WM g 0 0 D Y] (2
FOREIGN BODY, NOS 0 (O I D i o V) g (<D I (2
KEHORRHAGE 0 (WM 0 0 W A1) 0 b 1 (D

(Report Continued)
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Project Summary Table

SUMMARY:  Incidence of NEOPLASTIC and NON-NEOPLASTIC Microscopic Findings

PROJECT 1D, NO: EDC FATES: ALL

PABE 27 ‘ DAYS: ALL SEX: MALE

GROUP: CONTROL 0s 31 EDC/DS EDC EOC/ET

NUMBER OF ANIMALS: 50 50 50 50

: ¢ % I SR T | ' Y 8 7 T I

MEDIASTINAL LYMPH NODE 1Ex 3 8 8 ? é 5
DEGENERATION, CYSTIC 2 60 0 M 5 4 22 2 (3 2 4

. HEMORRHASE B oW 2 29 14 2. 8 W 2 4D
CONGESTION 0 (B 5 (4 2 (2 3 WD 3 (50 1 20
P1GHENT 0D 1 (13 D0 0 <O b () 0 (D
HYPERPLASIA, PLASMA CELL 1 3 0 (W L) 1 & ¢ ™ 0 (®

LARYNX B Ex 49 50 50 50 49 48
INFLAN. , ACUTE (/DS T (/D RS W &) B B (1)) 1t 0 (D
INFLAN, , SUBACUTE ()] A ¢ SR TR () S N (1) NS | N {15 B | R {

SKIN _ 1 Ex 50 49 49 50 50 5
SEBACCEQUS ADENDMA b M 0 W 0 B 1 @ 8 M 0 <
KERATOACANTHIMA 1 (@ 3 (& 1 2 2 W 3 (@ 2 <4
SQUAMOUS CELL PAPILLOMA (I I R { ) T S ¢3! B0 0 (0 0 (0
SOUAMOUS CELL CARCINOMA b - 0 (D D (D 1 @ 1 0y
TRICHOFDLLICULOMA 1 @ 6 W 0 W 1 0 M 0 (D
TRICHOEPITHELIOMA 0 W 0 ™t D 1 (@ 1 D 0 (o
CYST, EPITHELIAL () I SO ¢ ) N ¢} 1 (2 3 w8 W
ABSCESS, NOS (B (') B W ) B N { )| 0 W 1@ 6 (o
INFLAN. , NECROTIZING S A (') SO TR T { DI () I (2
FOREIGN BODY REACTION (/DR B ¢2) G5 S| B ) B I € ) 0 (O
INFLAM, , ACT-CHR. )} 1 (D f @ 0 6 W0 (0
ULCER, NOS 0 W .0 (D 1w 0 W 0 W 0 (B
INFLAN, , CHRONIC 0 b0 b D ) B B ')

(Report Continued)
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SMMARY: Incidence of NEOPLASTIC and NON-NEOPLASTIC Microscopic Findings

FATES: ALL

- RETENTION OF CONTENT-

(0)

(Report Continyed)

111-23
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PROJECT 1D, NO: EDC -

PAGE 28 ‘ DAYS: ALL SEX: MALE

GROUP: CONTROL 0s 3] EDC/DS - EBC . EDC/ET

~ NIMBER OF ANTMALS: - 50 50 50 50 50

4 % 8 % I/ I Pz 7

SUBLUTIS 8 Ex 50 50 49 50 50 . 50
GARCOMA, NOS 0D 0 Wm0 W D {1 (D
F1BROMA, NOS 2 W 1D ¢ 10 (2 3 (& 2 ()
HEMANGIOMA ()} 1 @ 0 W 0 0 <0 0 (D
LIPOMA )] IR Y3 S ()] 0 ) I ) N N D!
F1BROSARCOMA 1 (@ IR I S { )] 1 (D 1 (@ (I}
CARCINOSARCOMA (T WY B ) T (R4 1) N B {1 1@ 0 W
NEUROF1BROMA S () 0 0 0 1 (D 0 (0 )}
ABSCESS, NOS 1 @ 0 o 0 W 1 () 3 (4 2 (D)
HEMORRHAGE 6 M 0 B 8 W 0 (D 0 1 (D
NESENCHYMAL TUMOR (I /DI ) ()} 1 @ 0 < -0 (D
HEMANGIOSARCOHMA Y PR R () 1 (@ 0 (D (IS T R {1

MASAL ASSOCIATED STRUCTURES 8 Ex 15 2 15 24 20 23
ODENTOGENIC TUMOR, MAXILLA 9 0 (Y I | J{ )] 2 () 0 - (0 0D
FIBROSARCOMR, MAXILLA M) 0 (D) 1 0 W 0 <0 D (D)
OSTEOGENIC SARCCMA, MAXILLA O C DI T/ T | N ¢/ ) N A { )} 1 (9 0 (D
ABSCESS, NOS, TOOTH 320 9 (38 6 (4D 5 (21 3 (9 8 (35
DEFORMITY, TOOTH 12 (D) 20 (B3) 10 (47 16 (47 12 (1) 19 (8]
INFLAN.ACT-CHR . LACRIMAL OUCT 6 (40 12 (50) 5 (3 7 (2™ 442007 5 2
INFLAM.CHR., LACRIMAL DUCT 1 <D 3 A 1 (M 5 ¢21) 4 (D 5 (22)
INFLAH, ACUTE, LACRIMAL DUCT ) (1)) 4 (27 1@ 2 (o 1 <d)
SOUAM. METAPL. LACRIMAL DUCT 0 (D )} 1M 0 0 . 0 (D
O0STEOMALACIA, MAXILLA 1 D 0 w0 W I (B 0 ) 0 (D

SEMINAL VESICLE $Ex 4 o 4 -9 3. 3
INFLAN. , ACT-CHR, P @ 0 (D 1 (29 0 0 W 0 0
INFLAMMATION, ACUTE' 00 0 (0 0 M 0 (D) 0 W 1 (3
INFLAMHATION, CHRONIC (T D I () |29 IC) S () (I ]}
ATREPHY ‘ () R IR { ) B B /)] 4 (100) 2 6N 1 (39

0 1 (100) 1 (29 (i} () S )



Project Summary Table
SUMARY: Incidence of NEOPLASTIC and NON-NEOPLASTIC Microscopic Findings

PROJECT 1D. NO: EDC FATES: ALL
PAGE 29 : DAYS: ALL SEX: MALE
BROUP: CONTROL s ET EDC/DS EDC EDC/ET
NUMBER OF ANIMALS: W 30 | 0 % %
_ 1 2 L I L I 4 X | I 4 | I )
EYE 1Ex ¢ i 3 ¢ 1 3
INFLAN., ACUTE, CORNEA 1 {29 @ )] | ¢ (@ 1 2w
INFLAN. , ACUTE, IRIS 1 29 8 W 8 (@ ] f® e (B
INFLAN. , CHR., LACRIMAL EL. LI ) 1 (100 L ()] ] ()] G )
TATARACT, NOS, LENS 1 @ 8 I3 ] RS 1 (20
ATROPHY e (B L)) [ () 2 8 (0. 1 Q@
CONJUNCTIVA * 1Bk 2 i ) i 2 2

* A11 tissues examined were normal.
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Project Summary Table

SUMMARY: Incidence of NEOPLASTIC and NON-NEDPLASTIC Microscopic Findings

PROJECT [D. NO: EDC FATES: ALL ,
PAGE 30 DAYS: ALL SEX; MALE
GROUP: CONTROL 0§ ET EbC/DS EDC EDC/ET
NUMEER OF ANIMALS: a0 34 30 30 30

4 L L I 4 I g L I 4
OTHER TISSUES AND LESIONS:
HEMATO. SYST. LEUKEMIA, NOS () Y D I | N ¢ ) 0 M 0 (b I @
HEMATD. SYST.,LYMPHCMA, LYMPH 1 (D 0 (0 1 (D 0@ Y Y 0 <
MESENTERIC ART., PERIARTERITIS [ (D ro@ 0 0 4 (@ I
MESENTERY, SCLEROSIS, FIBROSIS 0 < 0 (» 0 0 M 1 (@ )
PERITONEtM HYPERPL.MESOTHELiUM Y I« § I (@ LA 1D] 0 (0
PERITONELM FIEROMA 0D 0 WD b I (@ 0 @ L)
FATTY TISSUE, LIPOMA RS 8 M 0 b 3 Mm Po@ 0 (0
FATTY TISSUE, NECROSIS, FAT 1 (D) 1 (D 1 (2 S 1) I (2 )
PREPUT/CLIT 6L, ADENOMA, NOS 0 W €D 0 WO 8 M 0 M i (D
PREPUT/CLIT GL, INFLAM.ACT-CHR 1 (@ 1)) 0 W 1 (2 (D] 0
PREPUT/CLIT 6L, S8UAM. CL CA 113 0 W L)) I - I V)
PREPUT/CLIT GL, ABSCESS,NOS 1 (2 IR 1 (2 )] I @ A1)
PREPUT/CLIT GL, RETENT.OF CONT 0 M 0 (O I @ 0 @ L) VR
PREPUT/CLIT 6L, INFLAM,CHRONIC 1 (D g [ 1 ) 0 M I
TONBUE, SQUAMOUS CELL A D M 0 1 (D 0 ¢ M 2
L N TRACH-BRONCH , HYPERPL .LYMPH 1)) 1 (2 0 0 ® g 0 (o
FOOT, ABSCESS P ® Y1) 1 @ bW 1 (@) 0 (o
FoOT, ULCER, NOS 4 (12) () 2 (4 )] 3 (D 3 (&
FOOT, INFLAM., ACT-CHR. | IR )] 8 (D 4 (B 0 W 0 (0 1(2)
{'THBALS GLAND, ADENOMA, NOS 0 0 (@ 6 @ P @ 0 @ i (D
T/MBALS SLAND, SauAM, CELL CA Y} 0 (D 0 < 0 D (@ 0 (0
SKELETAL MUSCLE, DEGENERATION 0 M 1 @ (1) 0 Y] 0 <o
HARD PALATE, ULCER, NOS 0 S 1 2) 3 M 0w 1 @
HARD PALATE, HEMORRMAGE t Q) 0 Y1) 0 W g @ i <
HARD PALATE, INFLAM., ACT-CHR. 0 i@ 1)) 9 Y1) 0 W
JOINT, INFLAM., CHRONIC 0 L)) 1)) 1 (2) 0 ® 3 <
HARD PALATE, INFLAM., CHRONIC W I @ 0 I (@2 b (D 6 (0
CAROTID ARTERY, PERIARTERITIS 0 (D 0 (D 0 (D P2 0 L))
SKEL., MUSCLE, HEMORRHAGE ,ACUTE. 0 W I g W YD) 0 <0 g (O
GINGIVA, SARCIMA, NOS 1 b 0 (W g 0 WO 1 (D
HARDERIAN GL.;S0UAMOUS CELL €A 0 0 0 <o 0 @ 0« b@
HARD PALATE, SOUAMOUS CELL CA Y ) 0 D 0 @ 1 (@ 8 @ 0

(End of Report)
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SPRAGUE-DAWLEY RATS

MRI/NIOSH

INC.

Summary Tumor

Incidence

PROJECT 10: EBC

%3 Percentage value is Total Benign or Ha]ignani Tunors

*

divided by the Total Primary Tumors

Percentage value is Tota] Metastasized Tumors

divided by the Tolal Malignant Tumors

(Eng.of Repnpt)

V-1
9-4s

2 U8

1 D

FATES: ALL

PAGE 1 DAYS: ALL SEX: FEMALE -
BROUP: o CINTROL DS ET EDC/DS ~ EDC EDC/ET

R T AR T S B A T S A
Total Aninals/Group B Y A 50 50 50
Total Primary Tumors o BTN 329 72 (47 105 C210) 87 (174) B0 (14D
Total Aninalé with Tumors 47 (94) 44 (94) 41 (B4) 44 (9D) 47 (94 47 (9)
Total Animals w/ Hulitplp “Tumors 28 (54) 14 (29 20 (41} 33 (48 26 (52) 22 (49
Total Benign #1 70 (B2) 58 .(92) 41 (8® B (78 72 (8 73 (9N
Total Malignant & SIS U8 5 (B 11 (S 23 21 15 U 7 (®
Tnial Malignant with HeiastaSIS 1 2 2. (40 _‘4 an

1 {14y



P&aTHOLQGY ASSOCIATES, INC.

WORK ASSIGNMENT EDC
SPRAGUE-DAWLEY RATS
MRI/NIDSH

Summary Tumor Incidence

PROJECT .10; EDC FATES: ALL
PAGE ] DAYS: ALL SEX: MALE

6ROUP: CONTROL 05 13} EDC/DS EDC EDC/ET

¥ i X t 7 L I g %
Total Animals/Group 50 30 50 30 b ] a0
Total Primary Tumors 89 {138) 53 (104) 88 (!174) 102 (204} 84 (172) 4% (13®)
Tatal Animals with Tumors 42 (B4 32 (44 42 (B4) 45 (90) 43 (F0) 42 (B4}
Total Animals w/ Multiple Tumors 17 3D 19 €30) 25 (S0 29 (58 2% (38) 17 (3
Total Benign ## 44 (93) 45 (8%) 74 (B4 g4 (82) 74 (B4 55 (BD)
Total Nalignant H 5 D B8 (15 14 (& 18 8y 12 (14 14 {20)
‘Total Malignant with Metastasis ¢ 0 1 (3 1 (" 4 (20 0 (O 2 (14)

divided by the Tatal Primary Tumors

1 Percentage value is Total Hetastasized Tumors
divided by the Total Maiignant Tumors

. (End of Report)

I # Percentage value is Total Benign or Malignant Tumors
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