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Associate Chemist
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a s M. Cholakis, Ph.D.
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This report was prepared at Midwest Research Institute, 425 Volker
Boulevard, Kansas City, Missouri 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.

Data coordination, computer operations, and daily scheduling were
supervised by Ms. S. 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 PAl prosectors).

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

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

Approved:

September 30, 1985

The histopathology evaluation performed at Pathology Associates,
Inc., 10075 Tyler Place, Ijamsville, Maryland 21754, is attached to this
report as follows: (a) the pathology narrative (materials and methods, re­
sults and discussion, 'conclusion, and surrunary 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 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. Inhalation 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.

James L. Spigarelli, Director
Chemical and Biological Sciences
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ABSTRACT

A study of the effects of inhaled 1,2-dichloroethane (EDC) at the
current U.S. 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 months 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.

III. 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.

~

Both male and female rat treatment groups rece~v~ng disulfiram in
the diet"(DS andEDC/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 intrah~patic 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 ~ibromas

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.

x
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I. INTRODUCTION

The basis of nomination of 1,2-dichloroethane ~National Cancer
Institute (NCI) No. COOSll] (ethylene dichloride, EDC) for bioassay was
to compare its biological effects to those of other 1,2-dihaloalkanes.

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 (B6C3Fl 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
those of EDB, implying that a similar disulfiram-EDC synergism exists.

The Chemical Abstracts Service (CAS) Ninth Collective Index (1977)
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 glycol
dichloride.

Although 1,2-dichloroethane is the largest volume synthetic or­
ganic chemical manufactured in the United States (Gold, 1980), only about
10 to 1S% 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,I-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 f9r
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. Still 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). .

1



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, Continental Oil 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 kidney, 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 LDso'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 (LCLO ) 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

LO
for the mouse is 2,500 ppm. The low­

est toxic inhalation exposure for humans 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/m 3 } and i peak level of 200 ppm for 5 min
in any3-hr period.

NIOSR 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
elimination of the STEL (ACGIH, 1984).

NIOSH (1978a; 1978b) estimated'that 200,000 workers arecontinu­
ously exposed on the job to EDC; 34,000 for as much as 4 hr or more daily.
Altogether; a total of approximately 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 time
near gasoline storage facilities or filling s~ations.

2
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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 metabolic capabilities. Exposed Drosophila melanogaster exhibit
sex-linked recessive lethal mutations, somatic mutations, and nondisjunc­
tion of X chromosomes. 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 celli
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 tes~s 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 chloroacetaldehyde
(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 recen~ 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).

3
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II . MATERIAL AND METHODS

A. Chemical

1. 1,2-Dichloroethane

a. Procurement and usage: Four lots of EDC were used during
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.

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 s'tored' at 5°C.

The usage of these lots is summarized below.

1

1

Lot No. Used

2403TH

S027EJ

1420TJ

2401HL

Dates of Use

9/27/82 to 3/17/83

3/18/83 to 11/22/83

11/23/83 to 8/17/84

8/18/84 to 9/14/84

b. Identity 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-dichloroethane 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%.

4



2. Disulfiram

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

In all cases, the obtained results were in good agree­
ment with the original analysis. 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) 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.

5

Procurement and usage: Two lots of disulfiram were used
of this study. Both lots (Lot Nos. S062982 and 89C0022)
and 2 kg, respectivelYi were purchased from Sigm~ Chemical
14508, St. Louis, Missouri 63178.

Instrument: Varian 3700 gas chromatograph
Detection: Flame ionization
Column: 80/100 Carbopack C/O.l% SP-I000, 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: 55°C, isothermal
Samples Injected: Solutions of 0.5% (v/v)

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 Institute.

The bioassay 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 bioassay
sample and then normalized to the ratio of the average reference standard
to internal standard peak area. The instrument system used is given below.

a.
during the course
consisting of 1.5
Company, P.O. Box

(d) Lot No. 2401HL: The sample was identified
as 1,2-dichloroethane 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%.
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CUMULATIVE REANALYSIS RESULTS FOR 1,2-DICHLOROETHANE

TABLE 1

Reanalysis Date

9/1/82
Lot No. 2403TH
(Original Analysis)

12/20/82
Lot No. 2403TH

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

4/27/83
Lot No. 5027EJ

8/25/83
Lot No. 5027EJ

1/4/84
Lot No. 5027EJ

10/7/83
Lot No. 1420TJ
(Original Analysis)

5/4/84
Lot No. 1420TJ

8/14/84
Lot No. , 2401HL
(Original Analysis)

Purity Analysis by Gas
Chromatography (% of Reference Sample)

100.5 ± 1.4(s)%

100.7 ± O.l(s)%

100.0 ± O.l(s)%

99.2 ± 0.5(s)%

100.0 ± 0.2(s)%
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The analysis method employed was a determination of
purity by high performance-liquid chromatography. Methodologies for this
analysis are given below.

(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.

(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.

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.

were removed,
and Teflon­
The remainder

Dates of Use

9/14/82 to 12/29/83

12/30/83 to 9/24/8489C0022

8062982

,
b. Identity and purity analysis

The usage of these lots is summarized below.

Lot No. Used

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

(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%.

(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%.
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The bioassay sample and the reference standard were
analyzed for purity by high performance liquid chromatography. The ratios
of the sample peak areas to the internal standard peak areas were obtained
for the bioassay sample and then normalized to the ratio 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 MCR-lO, 300 mm x 4 mm ID
Flow Rate: 2.0 mL/min
Mobile Phase: Water:Methanol, 250:750 vlv

In all, cases, the obtained results were in good agree­
ment with the original 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 Analysis of 1,2-Dichloroethane

1. Generation of test atmospheres: A separate generation system
was maintained for each of the three test chambers. The systems consisted
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 dilution
flask were transferred to the intakes of the test chambers via l/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 generation 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 into 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 l/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.

8

1

1



TABLE 2

CUMULATIVE REANALYSIS RESULTS OF DISULFIRAM
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Reanalysis Date

9/1/82
Lot No. S062982
(Original Analysis)

1/17/83
Lot No. S062982

5/10/83
Lot No. S062982

8/30/83
Lot No.S062982

1/9/84
Lot No. 8062982

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

5/4/84
Lot No. 89C0022

9/19/84
Lot No. 89C0022

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

100.6 ± 0.2(s)%

100.0 ± 0.4(s)%

99.5 ± 0.7(s)%

100.2 ± 0.3(s)%

100.8 ± 0.9(s)%

100.0 ± O.l(s)%
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2. AnalyBes for concentration of chemical in the test atmospheres:
A description of the monitoring system and methods for its standardization
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
ponents of this system are described in detail below.

_, (1) Automatic sampling 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~

gra~s for ,this system are given in Figures 1 and 2.

Each of the lines coming from the chamber room (one
line/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 activated (closed), either
by manual selection 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 initiated, a solenoid-controlled
Teflon valve on "the downstream side of the sampling 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 simultaneously directed
sample from the next chamber to be monitored through the second sampling
loop. Sample continued to flow through this loop until it was equilibrated
and injetted according 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 mID ID; nickel
Carrier Gas: Nitrogen
Carrier Gas Flow Rate: 30 cc/min
Inlet Temperature: 150°C
Detector Temperature: 250°C
Column Oven Temperature: 70 o,C
Data Handling: Varian CDS 111 Integrator

JO
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b. System standardization: Manual injection of accurately
prepared solutions of 1,2-dichloroethane in n-hexanewas 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 ~xposure. 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 s~udy, 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 strip 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 contained in Appendix 5.
The concentrations were tabulated on a daily, weekly, and monthly basis.
In addition, the percent number of outliers 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, EDCjDS, and the EDCjET 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
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Total No.
Outliers
Total

Number of Outliers 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. 0 29/495 5.9
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3. Special studies,

a. Validation of automatic sampling system: This study was
performed to validate the use of the autosampling system used during this
study. Full details of this analysis are contained in Appendix 4.

Using a 1.0-cc gas-tight syringe, 'triplicate grab samples of
EDC chamber atmosphere. were removed from an equilibrated inhalation chamber
and analyzed for EDC concentration. Similarly, t~iplicate 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 determinations 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 automatic.sam­
pIing system for this study.

b. Correction of EDC chamber concentration 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-Ill integrator. Full details of this
analysis are cotitained in Appendix 4;

Pri6r t6 the start of each 7-hr exposure, liquid standards
containing 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, i~ generated by the Varian CDS-Ill 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 million (ppm).

On certain days, Cal Fact values were not used to calculate
the average Cal, Fact value. Since a statistical procedure was not used for
rejection, the standardization data were 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, duririg,the exposure period was then
recalculated using this new value. .

Review of the morning standardization data indicated 76 days
that EDC chamber concentration data needed to be .corrected. All of these
days fell between 12/27/82 and 10/3/83. Since there were 495 exposure days
for each chamber, the overall effect of these corrections on this study mean
was minimal.

14
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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 analysis 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 ~repared in
gas sampling bags by adding accurately measured amounts of aqueous 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 Drager method.

Both the standards prepared with the room airLand the stan­
dards prepared with control c4amber atmosphere yielded 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 control 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. Analysis 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 conditions. 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 that dosed feed blends stored
approximately 1 month under conditions used in this study retained > 97% of
their original disulfiram dose concentration.

15



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% u~ing 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 followed during the feed mix preparation~

a. Three la-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.

G~ 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 c 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.

16
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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-oz 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-gsamples 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-~ fil­
ter and injected in duplicate into the high performance liquid chromatography
system 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

~ Bondapack CI8 cartridge (115 mm x 8 mm ID)
Mobile Phase:. Methanol:water (75:25)
Flow Rate: 3.0 mL/min
Injection Volume: 20 ~L

Data System: Nelson 4400 Data System
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g. The concentration of disulfiram found in each feed sample
(in mg/g) was then calculated using the following equation:

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 injection of the matrix standard. The RRF
was calculated as follows:

e. Detector response was monitored by injecting a matrix
standard, disulfiram dissolved in extract~d undosed feed solution (20 /Jg/mL),
after every third sample. The accuracy of the calibration standard was
verified by chromatographing andthe~~ndependentlyprepared matrix standard."

RRF =Disulfiram Std Conc x Peak Area of Internal Std
Disulfiram

Peak Area of

I
I
I
I
I
,

(

RRF x Peak Area of Disulfiram 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 investigator prior
to the use of the dosed feed. Copies ~f 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 drinkini water: The following
procedures were followed during the preparation of the ethanol/water mix.

a. The 55-gal. drum to be us~d as the mixing container was
disinfected by rinsing with ethanol followed by filtered water.

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

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

d. A 10- to 20-m~ sample was then collected in a glass vial
for"analysis.
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I TABLE 4

I CUMULATIVE RESULTS OF % DISULFIRAM FOUND IN RODENT FEED

(Target Label Concentration = 0.05%)

I
Mixing Lot Disulfiram Percent

I
Date No. Found (%) Of Label

9/21/82 1 0.0512 ± 0.0008(5) 102.5 ± 1.5(5)

I 9/29/82 1 0.0496 ± 0.0001(5) 99.2 ± 0.3(5)
2 0.0492 ± 0.0001(5) 98.6 ± 0.2(5)

. r,',

I 10/6/82 1 0.0508 ± 0.0004(5) 101.5 ± 0.7(5)
2 0.0504 ± 0.0001(5) 100.9 ± 0.1(5)
3 0.0492 ± 0.0006(5) 98.5 ± 1.3(s)

I
4 0.0508 ± 0.0002(s) 101. 7 ± 0.5(s)

10/27/82 1 0.0516 ± 0.0007(s) 103.2 ± 1.4(s)
2 0.0514 ± 0.0005(s) 102.7 ± 1. 0 (s)

I 3 0.0514 ± 0.0004(5) 102.7 ± 1.0(s)
4 0.0522 ± 0.0008(5) 104.3 ± 1. 6 (s)

I 11/18/82, 1 0.0517 ± O.OOO1(s) 103.4 ± 9·3(s)
2 0.0516 ± 0.0011 (5) 103.2 ± 2.3(s)
3 0.0534 ± 0.0009(5) 106.7 ± 1. 8 (s)

I
4 0.0528 ± 0.0015(5) 105.5 ± 3.1(5)

12/16/82 1 0.0506 ± 0.0009(5) 100.1 ± 1. 8 (s)
2 0.0498 ± 0.0008(5) 99.6 ± 1. 7(5)

I 3 0.0494 ± 0.0002(5) 98.9 ± 0.4 (,5)
4 0.0504 ± 0.0001(5) 100.8 ± 0.3(5)

I 1/5/83 1 0.0484 ± 0.0005(s) 96.9 ± 1.0(s)
2 0.0488 ± 0.0001(5) 97.5 ± O.1(s)
3 0.0476 ± O.OOOO(s) 95.2 ± 0.0(5)

I
4 0.0474 ± 0.0006(5) 94.9 ± 1. 3 (s)

2/2/83 1 0.0490 ± 0.0009(5) 97.9 ± 1.8(s)

I
2 0.0477 ± 0.0001(5) 95.4 ± 0.3(5)
3 0.0488 ± 0.0003(5) 97.6 ± 0.6(s)
4 0.0488 ± 0.0002(s) 97.7 ± 0.4(s)

I 2/25/83 1 0.0514 ± 0.0008(5) 102.9 ± 1.6(s)
2 0.0489 ± 0.0007(s) 97.8 ± 1.4(5)
3 0.0490 ± 0.0002(s) 97.9 ± 0.4(5)

I
4 0.0494 ± 0.0001(5) 98.7 ± 0.1(5)
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I
TABLE 4 (continued) I

Mixing Lot Disulfiram Percent IDate No. Found (%) Of Label

3/22/83 1" 0.0497 ± O.OOOl(s) 99.4 ± 0.3(s) I2 0.0465 ± 0.0001(5) 93.0 ± 0.3(s)
3 0.0470 ± 0.0002(5) 93.9 ± 0.4(s)
4 0.0472 ± O.OOOl(s) 94.3 ± O.1(s)

I4/18/83 1 0.0480 ± 0.0006(s) 96.0 ± 1.1(s)
2 0.0472 ± 0.0001(5) 94.4 ± 0.8(s)

1
3 0.0487 ± 0.0003(5) 95.6 ± 0.6(s)
4 0.0501 ± 0.0007(s) 100.0 ± 1.7(s)

5/5/83 1 0.0485 ± O.OOOl(s) 97.0 ± 0.03(s)
I2 0.0476 ± 0.0006(5) 95.3 ± 1.3(s)

3 0.0475 ± O.OOOl(s) 94.9 ± O.1(s)
4 0.0488 ± 0.0006(5) 97.6 ± 1.1(s)

6/2/83 1 0.0478 ± 0.0005(5) 95.7 ± 0.9(s)

6/14/83 1 0.0528 ± O.OOOl(s) 105.6 ± 2.3(s)

6/15/83 2 0.0481 ± 0.0001(5) 96.2 ± 2.0(5)
3 0.0516 ± 0.0004(5) 103.1 ± 0.7(5)
4 0.0520 ± 0.0003(5) 104.0 ± 0.6(5)

6/29/83 1 0.0494 ± 0.0004(5) 98.7 ± 0.4(s)
2 0.0485 ± 0.0004(5) 97.0 ± 0.8(s)
3 0.0494 ± 0.0000(5) ·98.8 ± O.O(s)
4 0.0489 ± 0.0007(5) 97.8 ± 1.4(5)

7/27/83 5 0.0488 ± 0.0004(s) 97.6 ± 0.8(5)
6 0.0484 ± 0.0004(s) 96.9 ± 0.7(5)
7 0.0484 ± 0.0004(s) 96.9 ± 0.7(s)
8 0.0488 ± 0.0002(s) 97.5 ± 0.4(s)

8/17/83 9 0.0491 ± 0.0007(s) 98.2 ± 1.4(s)
10 0.0494 ± 0.0008(s) 98.8 ± 1. 7(5)
11 0.0494 ± 0.0005(s) 98.8 ± 1.0(s)
12 0.0493 ± .0.0004(s) 98.6 ± 0.8(s)

9/7 /83 13 0.0471 ± 0.0005(s) 94.2 ± 1.0(s)
14 0.0474 ± 0.0006(s) 94.8 ± 1. 3(5)
15 0.0484 ± 0.0005(s) 96.8 ± 1.0(5)
16 0.0472 ± 0.0001(5) 94.4 ± 0.3(5)
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I
I TABLE 4 (continued)

I Mixing Lot Disulfiram Percent.
Date No. Found (%) Of Label

I 9/28/83 17 0.0492 ± 0.0004(s) 98.4 ± 0.8(s)
18 0.0498 ± 0.0002(s) 99.5 ± 0.4(s)
19 0.0502 ± O.OOOl(s) 100.4 ± O.1(s)

I
20 0.0498 ± O.OOOl(s) 99.6 ± O.1(s)

10/25/83 21 0.0484 ± 0.0005(5) 96.9 ± 1. a(s)

I
22 0.0486 ± O.OOOl(s) 97.2 ± 0.2(s)
23 0.0495 ± 0.0003(s) 99.0 ± 0.6(s)
24 0.0477 ± 0.0007(s) 95.4 ± 1.4(s)

I 11/17/83 25 0.0476 ± O.ooo1(s) 95.2 ± 0.2(s)
26 0.0482 ± 0.0008(s) 96.4 ± 1.6(s)
27 0.0480 ± 0.0001(5) , 96.0 ± 0.2(s)

I
28 0.0486 ± 0.0002(5) 97.2 ± 0.4(s)

12/8/83 29 0.0494 ± 0.0007(s) 98.8 ± 1. 4(s)

I
30 0.0478 ± 0.0017 Cs) 95.7 ± 3.5(s)
31 0.0489 ± 0.0002(s) 99.6 ± 0.4(s)

12/30/83 32 0.0494 ± 0.0004(s) 98.8 ± 0.8(s)

I 33 0.0494 ± 0.0001(5) 98.8 ± 0.2(s)
34 0.0499 ± 0.0006(5) 99·.8 ± 1.2(s)
35 0.0501 ± O.OOOl(s) 100.2 ± 0.2(s)

I 1/23/84 36 0.0497 ± O.OOOO(s) 99.4 ± O.O(s)
37 0.0500 ± O.OOOO(s) 100.0 ± 0.0(5)

I
38 0.0506 ± 0.0004(s) 101.2 ± 0.8(5)
39 0.0508 ± O.OOO1(s) 101.6 ± 0.2(s)

2/13/84 40 0.0484 ± O.OOOl(s) 96.8 ± 0.3(s)

I 41 0~04~0 ± 0~0007(s) 96.0 ± 1.4(s)
42 0.0491 ± 0.0004(s) 98.2 ± 0.8(5)
43 0.0489 ± 0.0003(s) 97.8 ± 0.6(s)

I 3/8/84 44 0.0496 ± 0.0004(5) 99.2 ± O.7(s)
45 0.0496 ± 0.0006(5) 99.2 ± 1.2(s)

I
46 0.0496 ± 0.0006(s) 99.2 ± 1.2(s)
47 0.0494 ± 0.0006(s) 98.8 ± 1.2(s)

4/5/84 48 0.0488 ± 0.0008(5) 97.6 ± 1.5(s)

I 49 0.0492 ± 0.0006(s) 98.4 ± 1.2(s)
50 0.0485 ± 0.0002(5) 97.0 ± 0.3(s)

·51 0.0490 ± 0.0006(5) 98.0 ± 1. 2 (s)

I
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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 ethanol/water sample were made into the gas
chromatography system descri~ed below.

Instrument: Varian 920 gas chromatograph
Detector: Thermal conductivity
Column: 100/120 mesh Chromosorb 105; 3.0 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 rnA

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

A =H x W1/2

where: A = Area of the peak (in mm2 )
H = Height of the peak (in rom)

W1/2 = 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 injections using the following equation:

EtOIr/o (v/v) = (%/A Std) x (A sample)

where: %/A Std = Mean of %/A Std values obtained in step d above~

A sample = Area of sample peak (in mm 2 )
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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 ~ 5%.

A record of each analysis, including a fully documented strip
chart, along with a copy of the calculations, was maintained as a permanent
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, ~nd-randomizationprocedure, see Table 6.

F. Animal Maintenance

The animals were housed individually in stainless steel cage
modules (Hazelton Systems, Inc., P.O. 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-lOOO 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 autocl'aved after every
use. The wastepans were changed and washed daily. DACB® (Deotized Animal
Cage Board, supplied by Shepherd Speciality Papers, Inc., P.O. Box 804,
Kalamazoo, Michigan 49005), used only during the weekends and holidays, was
changed daily.

Daily room sanitation consisted of rinsing the floor with water
and forcing the water to drains with floor squeegees.

24
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I TABLE 5

I· CUMULATIVE RESULTS OF ETHANOL IN DRINKING WATER

(Target Concentration = 5%)

I Mixing' Date Analytical Results Found/Target (%)

I 9/23/82 5.60 ± 0.28(5)%. 112.0
10/4/82 4.30 ± o. 13 (5)% 86.0
10/11/82 5.49 ± 0.58(s)% 109.8

I 10/13/82 4.90 ± 0.78(s)% 98.0
10/18/82 4.89 ± 0.09(s)~~ 9.7 .8
10/20/82 4.71 ± 0.50(s)% 94.2

I 10/21/82 5.08 ± 0.20(5)% 101.6
11/2/82 4.95 ± 0.26(s)% 99.0
11/2/82 4.88± 0.36(5)% 97.6

I
11/10/82 5.42 ± 0.36(5)% 108.4
11/12/82 4.98 ± 0.07(5)% 99.6
11/23/82 4.65 ± 0.04(s)% 93.0
12/9/82 5.10 ± 0.09(5)/~ 102.0

I 12/27/82 4.68 ± 0.21(5)% 93.6
1/7/83 4.85 ± 0.15(s)% 97.0
1/21/83 4.76 ± 0.07(5)% 95.2

I 2/3/83 5.54 ± 0.48(5)% 110.8
2/22/83 5.44 ± 0.06(5)% 108.8
3/11/83 5.09 ± 0.08(s)% 101.8

I
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

I 5/16/83 5.10 ± 0.22(5)% 102.0
6/1/83 5.10 ± 0.30(s)% 102.0
6/17/83 5.01 ± 0.21(5)% 100.2

I 7/1/83 5.14 ± 0.06(s)% 102.8
7/17/83 5.18 ± 0.b5(5)~~ 103.6
8/1/83 5.08 ± 0.02(5)% 101.6

I
. 8/11/83 5.06 ± 0.06(5)% 101. 2

8/25/83 5.01 ± 0.10(5)% 100.2
9/9/83 4.94 ± 0.21(s)% 98.8
9/27/83 5.11 ± 0.10(s)% 102.2

I 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(5)% 102.4

I 11/21/83 5.08 ± 0.00(5)% 101. 6
12/6/83 ,5.39 ± 0.32(s)% 107.8
12/20/83 5.15 ± 0.04(5)% 103.0

I
1/5/84 4.92 ± 0.14(5)% 98.4
1/24/84 5.06 ± 0.07(5)% 101.2
2/7 /84 5.08 ± 0.07(s)% 101.6
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Mixing Date

2/23/84
3/12/84
3/28/84
4/18/84
5/1/84
5/16/84
6/5/84
6/28/84
7/18/84
7/31/84
8/21/84

TABLE 5 (concluded)

Analytical Results

5.08 ± 0.05(s)%
5.13 ± 0.07(5)%
5.23 ± 0.05(s)%.
5.29 ± 0.24(s)%·
5.12 ± 0.07(s)%
5.49 ± 0,08(s)%
5.44 ± 0.16(s)%
5.06 ± 0.39(s)%
4.9g ± 0.25(5)% .
5.22± 0.58(5)%
4.82 ± 0.22(5)%
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Found/Target (%)

101. 6
102.6
104.6
105.8
102.4
109.8
108.8
101. 1 .
99.8

104.4 .
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:

Duration of Dosing:

Size of Test Groups: 50 males and 50 females

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

Water
Drinking water
Drinking water
5% ethanol
Drinking water
Drinking water
5% ethanol

Parameters
·Diet

Standard d'iet
0.05% disulfiram
Standard diet
0.05% disulfiram
Standard diet
Standard diet

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.

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

EDC
Filtered air
Filteted air
Filtered air
50 ppm
50 ppm
50 ppm

Group No.
(Designation)
1 (Control)
2 (DS)
3 (ET)
4 (EDC/DS)
5 (EDC)
6 (EDC/ET)

Doses:

I

I
I
I
I
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Type and Frequency
of Observation:

Necropsy and
Histopathlogic
Examination:

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

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

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.

All animals (600).
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TABLE 6 (continued)

ANIMALS AND ANIMAL MAINTENANCE:

I

Species:

Animal Source:

Time Held Before
Start of Test:

Age When Placed on .
Study: .

Age When Sacrificed:

Method of Animal
Distribution:

Animal Identification:

Feed:

Maximum Storage Time
for Feed:

Storage Conditions
for Feed:

Bedding:

Sprague-Dawley CD rats.

Charles River Breeding Laboratories, Kingston, NY.

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

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

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).

Animals of each sex randomized into dose groups via a
comput~rized randomization stratification program.

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

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

120 Days post milling.

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

Quarantine and Study Period: DACBt (Deotized Animal
Cage Board) changed each morning throughout the weekend
and/or holidays. Stainless steel drop pans removed and
replaced with clean pans every morning throughout the
week.

t DACB Specifications:

Deotizer Layer Backing
Composition Chipboard 2% W.S. Kraft
Basis Wt/MSF 28 lb 20 lb
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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Water:
(filtered)

Cages:

Chamber Air Filtration:

Animals per Cage:

Chamber Environmental
Conditions:

Animal Weights (g)
When Received
(Mean):

Animal Weights (g)
When Placed on
Test (Mean):

TABLE 6 (continued)

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

Hazelton Systems cage modules (See Figure 3).

HEPA/charcoal-filtered air.

One per compartment (see Figure 3).

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

Males'- 58.1

Females - 57.9

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

29



Animal Health
Examinations:

TABLE 6 (concluded)

Animals subjected to physical examination and certified
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 ~ere certifi~d to be in good health.

1
I

1
* Special study: metabolism, distribution,and DNA binding studies were per­

formed on animals selected from this chronic study (see separate report ­
Part II).
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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 £eed label.) Each shipment of feed was rotated throu~h

the facilities 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., lindane, 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-~m unit, treated through a charcoal bed system
to remove organic materials (Model A2952, 1 cu ft, organic bed carbon ex­
changed every 6 months), and finally filtered at 1 ~m 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 m1n1mum 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 C02, 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 following
tissues:

I
I
I
I
I
I
I
I

Gross lesions
Skin
Mandibular lymph rrode
Mammary gland
Salivary gland
Thigh muscle
Sciatic nerve
Sternebrae, vertebrae or

femur including marrow
Costochrondral junction, rib
ThymuG I

Larynx and pharynx
Trachea
Lungs and bronchi
Heart
Thyroid
Parathyroids
Esophagus
Stomach
Duodenum
Jejunum
Tissue masses or suspect tumors

and regional lymph nodes

33

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



After the gross necropsy, all animals received a complete histo­
pathologic examination as follows:

I
'I

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

Blood smear (as required by
the pathologist)

Mandibular or mesenteric lymph
node

Salivary gland
Sternebrae, femur or vertebrae

in~luding marrow '
Thyroid
Parathyroids
Small,intestine (one section)'
Colon
Liver
Prostate
Testes
Ovaries
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)

Heart
Esophagus
Stomach
Uterus
Brain (three sections, includ­

ing frontal cortex and basal
ganglia, parietal cortex and
thalamus, and cerebellum and
pons) ,

Thymus
Trachea
Pancreas'
Spleen
Kidneys
Adrenals
Urinary bladder
Pituitary
Spinal cord (if neurologic signs

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

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. (PAl), 10075 Tyler
Place, Ijamsville, Maryland 21754). At PAl, tissues were processed (histol­
ogy), embedded in paraffin, sectioned, and stained with hematoxylin and eosin.
Histopathologic~l evaluation (pathology) was performed at PAl.

During the last month of this study (month 24), a special study
was perfo'rmed on animals selected from this chronic study (metabolism, dis­
pos1tion, and DNA binding). The results of this study is submitted as a
separate report (Part II).
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III. RESULTS

A. Clinical Signs of Toxicity

Clinical signs of toxicity are summarized for male and female rats
in Tables 7 and 8, respectively.

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

B. Survival

A final survival summary is presented in Table 9, and mortality
is detailed by individual animal in Tables 12A through12F 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 contro~ group is
not known at this time.

In female rats, 27/50 (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 OS 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% ievel when compared with the
control groups.
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TABLE 7 I

SUMMARY OF CLINICAL SIGNS IN MALE RATS I
Dose Group

1Clinical Sign Control DS ET EDC EDC/DS EDC/ET

6-Month Period

IConjunctivitis 3/49 7/50 5/50 4/50 5/50 5/49
Emaciation 0/49 0/50 0/50 0/50 0/50 0/49
Epistaxis 0/49 0/50 0/50 0/50 0/50 0/49

1Lacrimation 2/49 2/50 0/50 2/50 3/50 1/49
Tissue mass 2/49 0/50 0/50 0/50 0/50 0/49

12-Month Period I
Conjunctivitis 3/48 10/50 5/48 5/49 9/48 4/48

J
Emaciation 0/48 0/50 0/48 0/49 0/48 0/48
Epistaxis 0/48 0/50 0/48 0/49 0/48 0/48
Lacrimation 0/48 0/50 1/48 0/49 0/48 0/48
Tissue mass 0/48 0/50 0/48 0/49 1/48 3/48 I

18-Month Period

Conjunctivitis 3/46 11/48 5/45 6/45 7/45 7/44 IEmaciation 0/46 0/48 2/45 0/45 0/45 0/44
Epistaxis 0/46 2/48 0/45 0/45 0/45 0/44

jLacrimation 4/46 10/48 3/45 5/45 7/45 7/44
Tissue mass 3/46 3/48 4/45 4/45 6/45 7/44

24-Month Period I
Conjunctivitis 4/42 6/36 2/34 2/36 4/28 2/30
Emaciation 1/32 0/36 4/34 4/36 2/28 3/30

IEpistaxis 0/32 0/36 0/34 0/36 0/28 0/30
Lacrimation 4/32 6/36 2/34 2/36 4/28 2/30
Tissue mass 0/32 2/36 4/34 14/36 5/28 5/30

j
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I TABLE 8

I SUMMARY OF CLINICAL SIGNS IN FEMALE RATS

I
Dose Group

Clinical Sign Control DS ET EDC EDC/DS EDC/ET

6-Month Period

I Conjunctivitis 1/49 2/50 3/50 2/50 3/50 0/49
Emaciation 0/49 0/50 0/50 0/50 0/50 0/49

I Epistaxis 0/49 1/50 0/50 0/50 0/50 0/49
Lacrimation 1/49 2/50 3/50 1/50 1/50 0/49
Tissue mass 0/49 0/50 0/50 0/50 0/50 0/49

I 12-Month Period

:1
Conjunctivitis 2/48 2/50 5/48 3/49 3/48 3/48
Emaciation 0/48 0/50 0/48 0/49 0/48 0/48
Epistaxis 0/48 1/50 0/48 0/49 0/48 0/48
Lacrimation 0/48 0/50 1/48 0/49 0/48 0/48

I Tissue mass 0/48 0/50 3/48 0/49 0/48 1/48

18-Month Period

I Conjunctivitis 2/46 2/48 4/45 6/45 3/45 2/44
Emaciation 0/46 0/48 1/45 0/45 1/45 0/44

I
Epistaxis 2/46 0/48 2/45 0/45 0/45 0/44
Lacrimation 2/46 2/48 4/45 5/45 3/45 2/44
Tissue mass 11/46 . 1/48 4/45 8/45 9/45 8/44

I 24-Month Period

Conjunctivitis 0/42 1/36 2/34 2/36 3/28 4/30

I
Emaciation 1/32 0/36 4/34 ·0/36 2/28 2/30
Epistaxis 0/32 0/36 0/34 0/36 0/28 0/30
Lacrimation 0/32 1/36 2/34 2/36 3/28 4/30

I
Tissue mass 15/32 1/36 3/34 17/36 9/28 12/30

I
I
I
I 37



TABLE 9

a Based on 50 animals/sex/group.

.
SUMMARY OF SURVIVAL IN RATS AFTER 24 MONTHS ON TEST

Male Female

I
I
I
I
I
1

1

J

1

I

27 (54%)
33 (66%)
27 (54%)
32 (64%)
22 (44%)
22 (44%)

Number of Surviving
Animals (%)a

26 (52%)
35 (70%)
26 (52%)
26 (52%)
22 (44%)
26 (52%)

Control
DS
ET
EDC
EDC/DS
EDC/ET

Dose Group
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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 1,2-dichloroethane 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 monthly 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 consumption 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 alcohol. The rea­
son for the increased water consumption, if any, in EDC treated animals is
not known at this time.

E. Necropsy Observations/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 Meana
% Average Mean %

Group (g/day) Change (g/day) Change

Control 24.9 18.1
DS 21.2 -14.1 14.2 -19.6
ET 20.7 -16.3 14.5 -19.1
EDC 23.6 -3.8 17.1 ' -3.3
EDC/DS 20.0 -19.1 14.4 -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 Female

Average Meana
% 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 EDCjDS groups when compared to their control groups. This find­
ing is consistent with a increased incidence of liver masses in EDCjDS male
and female tr~atment 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. DISGUSSION - SUMMARY

Sprague-Dawley rats (SO/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 clin­
ical signs of toxicity, weighed to determine growth characteristics, pal­
pated for tissue masses incidence, and food and water consumption determined
as toxicological 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 clinical signs of toxicity, on survival rate, or on 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 lesions 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 pharmacologic
agents (i.e., 1,2-dibromoethane and disulfiram). In previous studies with
1,2-dibromoethane 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 neoplastic
nod~les (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).

58



I
I A summary of pertinent findings for this chronic study is pre­

sented below:
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tj~ = increase/decrease.
NNF = no noteworthy findings
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Parameters

Body weights:
(growth)

Food and water
consumption:

Clinical signs:

Survival:

Organ weights:

Gross lesions:
(necropsy)

Histopathology:

Male Rats

~ weight gains in DS and
EDC/DS groups (entire
study)

NNF

NNF

NNF

t in relative liver
weights in EDC/DS group

t liver masses in EDCjDS
-group

t kidney lesions in EDC/ET
group

t testicular lesions in
all EDC groups

t cholangiomas of intra­
hepatic bile duct in
EDCjDS group

t neoplastic nodules of
liver (hepatocellular
adenoma) in EDC/DS group-

t fibromas of subcutis in
EDCjDS group

t interstitial cell tumors
. of testes in EDCjDS group

Female Rats

~ weight gains in DS and
EDCjDS groups (entire
study)

NNF

NNF

NNF

t in relative liver
weight in EDC/DS group

t liver masses in EDC/DS
group

t cholangiomas of intra­
hepatic bile duct in
EDC/DS group

t adenocarcinomas of
mammary gland in EDC/DS
group

t fibromas of subcutis
in EDC/DS group
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APPENDIX 1

BULK CHEMICAL ANALYSES REPORTS
(1,2-DICHLOROETHANE)

Lot No. 2403TH, 9/1/82
Lot No. 2403TH, 9/1/82 (revised 12/20/82)
Lot No. 2403TH, 12/20/82
Lot No. 5027EJ, 12/20/82
Lot No. 5027EJ, 4/27/83
Lot No. 5027EJ, 8/25/83
Lot No. 1420TJ, 10/7/83
Lot No .. 5027EJ, 1/4/84
Lot No. 1420TJ, 5/4/84
Lot No. 2401HL, 8/14/84

1-1



B. REANALYSIS SANPLE STORAGE

COMPOUND: 1,2-Dichloroethane

The sample was received in a I-liter glass bottle and was mixed by
, manually shaking and in'Yerting the bottle for'" 5 min.

,I
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Spectrum consistent
with structure
and literature
reference.!

Lot No.: 2403TH'

Instrument: Perkin-Elmer 283
Cell : Thin film between silver

chloride plates
Results: See attached spectrum '

(Figure 1)

MIDw~ST RESEARCH INSTITUTE
NIOSH CONTRACT NO. 200-82-2508

MRI Project No. 7452-B
September 1, 1982

C. AJ.'TALYS IS

1. INFRARED SPECTROSCOPY

H H
I I

CI-C-C-CI
I I

H H

amber
Five-miililiter aliquots' were transferred by pipet to 8 x 5-ml'

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.

I. LIMITED BULK CHEMICAL CHARACTERIZATION

A. HOMOGENIZATION'

2. GAS CHROMATOGRAPHY

Instrument: Varian 3700
Detector: Flame ionization
Inlet Temperature: 200°C
Detector Temperature: 250°C

! Sadtler Standard Spectra, Sadtler Research Laboratories, Philadelphia,
Pennsylvania, IR No~ 35.

1
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A. GENERAL PROTOCOL

II. CHEMICAL ANALYSIS PROTOCOL FOR THE BIOASSAYER

2
1-3

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

to maintain
Therefore,
ml for each

100

Area (% of
Major Peak Area)

50°C for 5 min, then 50 to 200°C

1.00

Retention Time
(Relative to Major Peak)

Gas: Nitrogen
Flow Rate: _ 70 cc/min

80/100 Carbopack C(O.l% SP-1000, 1.8 m x4 mm ID,

Carrier
Carrier
Column:

glass
Oven Temperature Program:

at 10°/min
Samples Injected: Neat liquid-(4 ~l); 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 with areas less than 0.1%, two
before and one after the major peak (see Figure 2).

6.2

Retention
Time (min)

3. CONCLUSION

1

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

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%.

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 analysis.

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 tffiI analytical reports. Your analytical results may
differ slightly from those reported by ~ffiI. However, your standard and
sample analyses should be identical to each other and identical to ~ffiI data
within expected variation limits.

Peak No.

PI,

I
I
I
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I
I
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I
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Program: 55°C, isothermal
Tetrahydrofuran (Internal Standard) - 3.2 min
1,2-Dichloroethane - 5.2 min

B. PURITY~~ALYSIS 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 internal
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-dichloroethane 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 ~l) 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 times close to tl,lose
reported by MR.I.

Instrument: Varian 3700 with autoinjector and
CDS-Ill 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/O.l% SP-lOOO, 1.8 m x 4 mm ID,

glass
Oven Temperature
Retention Times:

2. CALCULATIONS

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

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

3
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Chemical Characterization

III. CONTRIBUTORS

.' .. "

_RRF__T_e_s_t_C_o_m....p_o_un_d__ x 100

RRF Reference Material

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

Relative purity (%) =

Woodhouse, Ph.D.
Bioanalytical Chemistry Section

4
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Richard D. Brown
Associate Chemist .

Linda Siemann
Assistant Chemist

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

c. Determine the relative purity of the test material 6y
comparison of RRF values, using the formula:

d. Use chromatograms of the blank solution 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.

Approved:

\

Evelyn M rill, Ph.D.
Senior Advisor for Chemistry

Biology

* 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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~1ImlEST RESEARCH INSTITUTE'
NIOSH CONTRACT NO. 200-82-2508

MRI Project No. 7452-B
December. 20, 1982

Revised Report*

COMPOUND: 1,2-Dichloroethane

H H
, I

CI-C-C-Cl
I I
H H

Lot No.: 2403TH

I. LIMITED BULl( CHE.L'1ICAL CHARACTERIZATION

A. HOMCGE.:.'HZATION

The sample was received in a I-liter glass bottle and was mi:ced by
manually shaking and inverting the bottle for ~ 5 min.

B. REANALYSIS S~WLE STO~~GE

Five-milliliter aliqu6ts were transferred by pipet to 8 x 5-ml
amber septum vials which had been ?urged with nitrogen. A aitrogen he:"id­
space was placed o~'er each sample, and the 1fials we:ce sea.led with TefloQI§­
lined septa and aluminum seals. The samples were stored at -20 oe.·

C. ANALYSIS

1. L~D SPECTROSCOPY

I
I
I
,

t

.~

Instrument: Perkin-Elmer 283
Cell: Thin film between sil7er

chloride plates
Results: See attached spectrum

(Figure 1)

2. GAS CHROMATOGRAPHY

Instrument: varian 3700
Detector: Flame ionization
Ialet Temperature: 200°C
Detector Temperature: 250°C

Spectrum consistent
with structUL'e
and litera~ure

reference. 1

• Sadtler Standard SpectrJ, Sadtler ~esearch L~boratorieS, PhiladelphiJ,
P=~s:lvan~a,IR ~o. 35.

* This is a revision of the report dated 9/1/82.

,
•

1-8



A. GrNERAL PROTOCOL

II. CHEMICAL .~~p~YSIS PROTOCOL FOR THE BIOASSAYEP.

The objective is to determine whecher a given compound as =eceived
and stored is, and remains, identical to that received and analyzed by :·ffiI.

Place each sample in a glass vial, under a nitrogen h~3dspace.

with a Teflon®-lined top, tightly closed and, if possible, sealed. Place
samples in a freezer at -20°C for storage prior to analysis.

to maint.ain
Therefo re,
mi for each

Area (% of
Major Peak Area)

1001.00

Retention Time
(Relative to Major Peak)

Gas: Nitrogen
Flow Rate: 70 cc/min

80/100 Carbopack C/O.l% SP-lOOO, 1.8 m x 4 rom ID,

Carrier
Carrier
Column:

glass
Oven Temperature Program: 50°C for 5 min, then SO to ZOOoC

at 10o/min
Samples Injected: Neat liquid (4 ~l); 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 with areas less than 0.1%, two
before and one after the major peak (see Figure 2).

6.2

Retention
Time (min)

J. CONCLUSION

I

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

The sample was identified as 1,2-dichloroethane by infrared spec­
troscopy. Gas chromatographic analysis det~cted no impurities 0.1% or
greater, relative to the major peak, indicating a purity> 99%.-

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 che~ical

and the standard can be directly compared. Also compare your tesc results
to those given in the MRI analytical reports. Your analy~ic31 results may
differ slightly from those reported by ~ffiI. Howev~r, your scandard and
sample analyses should be identical to each other and identical to :~1 j~ta

within expected variation limits.

Peak No.

'I
I
I
I
I
I
I
I
I
I
I
,I
I
I
I
I
I
I
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B. PURITY AJ.'{ALYSIS BY GAS ClffiOMATOGRAPHIC 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 (TRF); the internal
scandard, 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-dichloroethane 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.. l,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 dilucing to volume with
mechylene chloride.

e. Make at least duplicate injections (~ 3~1) for each solu­
tion. Use sufficient attenuation to produce peaks having at least half-scale
deflection~ Use the following GC syste~ as nearly as practicable, adjusting
the oven temperature if necessary to obtain retention times close to those
reported by ,~!P.I.

I
I
I
I
l
~

Program: 55°C, isothermal
Tet=ahydrofuran(Internal Standard) - 3.2 min
1,Z-Dichloroethane - 5.Z min

Instr~ent: Varian 3700 with autoinjector and
CDS-Ill integr~tor

Detector: Flame ionization
Inlet Temperature: ZOOoC
Detector Temperature: 250°C
Carrier Gas: Nitrogen
Carrier Flow Rate: iO cc/min
Column: 80/100 Carbopack C/O. 1% SP-IOCO, 1. S

glass
Oven Temperature
Retention Times:

rn :~ ~ mIn ID,

Z. CALCULATIONS

a. Determine peak areas of 1,Z-dichlaroethane and the
internal ,standard.

b. Calculate a RRF (relative.resuo~se factor) for e3ch t~st

and reference sample injection as follows:

3
1-10



.'

Chemical Characterization

..

Chemistry

= Peak Area Sample
Peak Area Internal Standard x Weight Sample*P.RF

~---

cI~~ .:.&:.6.....L&.01-.0202--__

Linda Siemann
Assistant Chemist

Relative purity (%) = RRF Test Comoound x-lOa
. ~ Reference Material

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

~~Q4~c-JV'---
Richard D. Brown
Associate Chemist

Woodhouse, Ph.D.
Bioanalytical Chemistry Section

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

Approved:

d. Use chromatograms of the blank solution 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

.. Since the same volume of compound is contained in e3ch sample ~es ted 1 J.-

value of one (1) is 'lsed for "weight sample."

I
I
I
I
I
I
I
-I-~-

I
I
I
I
I
I
I
I
I
I
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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.

II. ANALYSIS BY GAS CHROMATOGRAPHY

A. SYSTEM

Instrument: Varian 3700 gas chromatograph
Detector: Flame ionization
Column: 80/100 Carbopack C/O.l% SP-lOOO; 1.8 m x 4 mm ID; glass
Carrier Gas: Nitrogen
Carrier Gas Flow Rate: 70 cc/min
Detector Temperature: 250°C
Inlet Temperature: ZOO°C
Column Oven Temperature Program: 55°C, isothermal
Samples Injected: Solutions of 0.5% (v/v) ethylene dichloride in

methylene chloride with 'U 0.2% tetrahydrofuran as the internal
standard

Retention Times: Ethylene dichloride - 6.4 min
Tetrahydrofuran - 4.0 min

B. METHOD

The bioassay and reference samples were analyzed on the gas chromato­
graphic syst~m 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 bioassay sample, relative to that of the reference
sample, was found to be 100.5 + 1.4(s)%.

1-14
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III. CONCLUSIONS

Woodhouse, Ph.D.
Bioanalytical Chemistry Section

MIDWEST RESEARCH INSTITUTE

David H. 'Steele
Associate Chemist

Allan T. Chatham
Junior Chemist

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.

I
I

I
'1
I
I
I
I
I
I
I
I

I
I
I
I
I
I

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 No. 7452-B
Internal Analytical Report

December 20; 1982

COMPOUND: 1,2-Dichloroethane

H H

I I
Cl-C-C-Cl

1".1
H H

I
I
I
I
I
I

Lot No.: 5027 EJ

M.W. 187.88

I. LIMITED BULK CHEMICAL CHARACTERIZATION

A. HOMOGENIZATION

The sample was received in a I-liter glass bottle and i.as mixed ";Jv

manually shaking and inverting the bottle for ~" 5 min.

B. REfu~ALYSIS SAMPLE STORAGE

Five-milliliter aliquots were transferred by pipet to 8 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. fu~ALYSIS

1. INFRARED SPECTROSCOPY

Instrument: Perkin-Elmer 283
Cell: Thin film between silver

chloride plates
Results: See attached spectrum

(Figure 1)

Spectrum consistent
with structure
and literatur"e
reference. 1

1 Sadtler Standard .Spectra, Sadtler Research Laboratories, Philadelphia,
Pennsylvania, IR No. 35.

1-16



2. GAS CHROMATOGRAPHY

This analysis was conducted by the BioanalyticalChe~istrySection
at Midwest Research Institute. Dr. Evelyn Murril1'served as technical con­
sultant for this analysis.

.The sample was identified as 1, 2-dichloroethane by i'l.f.rared spectros­
copy. Gas chromatographic analysis detected no impurities O.l;~ or greater ,
relative to the major peak, indicating a purity> 99%.

. Area (I~ of
Major Peak Area)

100

MIDWESTRESE.\RCR ~ffTITUTE

~cO±~
Allan Chatham
junior Chemist

>~¥~-..--?-
Dave Steele
Associate Chemist

1. 00

Retention Time
(Relative to Major Peak)

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

7.3

Retention
Time (min)

3.. CONCLUSION

1

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/O.l% SP-1000~ 1.8 m x 4 mm ID, glass
Oven Temperature Program: 50°C for 5 min, then 50 to 200°C at

laO/min
Samples Injected: Neat liquid (4 ~l); 1.0% and 0.5% solutions

of 1,2-dichloroethane in methylene chloride to quantitate the
major peak and check for detector overloading.

Approved:

1-17

E. Murrill, Ph.D.
Senior Advisor for Chemistry

and Biology

Woodhouse, Ph.D.
Read, Bioanalytical Chemistry Section

Peak No.
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· Internal Analytical Report
MRI Project No. 7452-B

April 27, 1983

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/O.l% SP-lOOO; 1.8 m x 4 mm ID; glass
Car.rier Gas..; NLtr..Qgen
Carrier Gas Flow Rate:. 70 cc/min
Detector Temperature: 250°C
Inlet Temperature: ZOO°C
Column Oyen 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 min
Tetrahydrofuran - 3.8 min

Data Handling System: Rewlitt-Packard 9826 computer

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 {nternal 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 100.7 + O.l(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 consul­
tant for this analysis.

. MIDWEST RESEARCH INSTITUTE

Approved:

'\';oodhouse, Ph.D.
Bioanalytical Chemistry Section

,

Allan T. Chatham
Junior Chemist

David H. Steele
Associate Chemist

E. Murr 1, Ph.D.
Principal Advisor for Chemistry

clOd Biology
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Internal Analytical Report
MRI Project No. 7452-E

August 25, 1983

I
I
I

REANALYSIS OF ETHYLENE DICHLORIDE (LOT NO. 5027EJ) I
I. PURPOSE I

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. I

. II. ANALYSIS BY GAS CHROMATOGRAPHY

A.. SYSTEM

I
I

·B. METHOD

C. RESULTS

The bioassay and !eference samples were analyzed on the gas chro­
matographic system given above •. The ratio of the samp}e peak areas to the
internal,~tandard peak areas was obtained for the bioassay sample and then
normalized to the average sample to internal standard'ratio obtained for the.
reference sample.

I
I

I
I

I
I

I
IEthylene dichloride - 6.0 min

Tetrahydrofuran - 3.8 min
System: Hewlett-Packard 3380 A integratorData Handling

Instrument: Varian 3700 gas chromatograph
Detector: Elame ionization
Column:. 80/100 C~arbopack C/O.l%SP-lOOO; 1.8 m x 4 mm 10; 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 'V 0.2% tetrahydrofuan as the internal
standard

Retention Times:

. The purity of the bioassay sample,. relative to that of the refer­
ence sample, was found to be 100.0 + O.l(~)%.

I
I
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III. CONCLUSIONS

,

Woodhouse, Ph.D.
Bioanalytical Chemistry Section

David H. Steele
Associate Chemist

Allan T. Chatham
Junior Chemist

MIDWEST RESEARCH INSTITUTE

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

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

Approved:

E. Murr 1, Ph.D.
Principal Advisor for Chemistry

and B~ology
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COMPOUND: 1,2-Dichloroethane

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

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 o C.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Spectrum consistent
with structure
and literature
reference.!

Lot No.: 1420 TJ
l

M.W. 187.88

Instrument: Perkin-Elmer 283
Cell: Thin film between silver

chloride plates
Results: See attached spectrum

(Figure 1)

1. INFRARED SPECTROSCOPY

H H
I I

CI-c-C-CI
-I I
H H

A. HOMOGENIZATION

C. ANALYSIS

MIDWEST RESEARCH INSTITUTE
NIOSH CONTRACT NO. 200-82-2508

MRI Project No. 7452-E
Internal Analytical Report

October 7, 1983

B. REANALYSIS SAMPLE STORAGE

SadtIer Standard Spectra, Sadtler Research Laboratories, Philadelphia,
Pennsylvania, IR No. 35.

1

I. LIMITED BULK CHEMICAL CHARACTERIZATION

1
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2. GAS CHROMATOGRAPHY .

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

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.

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/O.l% SP-lOOO, 1.8 m x 4 rom 10, glass
Oven Temperature Program: 50°C for 5 min, then 50 to 200°C at

lao/min .
Samples Injected: Neat liquid (5 IJL)j 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).

100

Area (% of
Major Peak Area)

1.0

Retention Time
(Relative to Major Peak)

9.4

Retention
Time (min)

3. CONCLUSION

1

-,...,"

Peak No.

I
I

I
I
I
I
I
I
I-
I
I
I

MIDWEST RESEARCH INSTITUTE

~~

$~~
Dave H. Ste~
Associate Chemist

Allan Chatham
- Junior Chemist

w~~~ Woodhouse, Ph.D.
Head, Bioanalytical Chemistry

Section

I
I
I
I
I
I
~

Evelyn Mu rill, Ph.D.
Principal Advisor for Chemistry

and Biology

2
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Internal Analytical Report
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: 80j100Carbopack C/O.l% SP-lOOO; 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 Sy~tem: 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 bioassay sample, relative to that of the refer­
ence sample, was found to be 99.2 ± 0.5(s)%.

1
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III. CONCLUSIONS

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

MIDWEST RESEARCH INSTITUTE

Woodhouse, Ph.D.
Bioanalytical Chemistry Section

David H. Steele
Associate Chemist

Allan T. Chatham
Junior Chemist

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

Evelyn Mu rill, Ph.D.
Principal Advisor for Chemistry

and Biology
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Internal Analytical Report
MRI Project NO. 7452-A

May 4, 1984

REANALYSIS OF ETHYLENE DICHLORIDE (LOT NO. 1420 T3)

I. PURPOSE

To confirm the purity of the ethylene dichloride bein·g 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/O. 10k SP-lOOO; 1.8 m x 4 mm In; 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 O~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 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 s"tandard 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).

1
1-30

I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
J



III. CONCLUSIONS

oodhouse, Ph.D.
~~~ioanalytical Chemistry Section

MIDWEST RESEARCH INSTITUTE

Allan T. Chatham
Junior Chemist

David H. Steele
Associate Chemist

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.

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

H H
I I

CI-C-C-CI
I I
H H

Lot No. 2401 HI.

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

I
I
I
I
I
I
I
I
I
I
I

Five-milliliter aliquots were transferred by pipet to 4 x 5-mL
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

Sadtler Standard Spectra, Sadtler Research Laboratories, Philadelphia,
Pennsylvania, IR No. 35.

1

1. INFRARED SPECTROSCOPY

Instrument: Perkin-Elmer. 283
Cell: Thin fil~ between silver

chloride plates
Results: See attached spectrum

(Figure .1)

Spectrum consistent
with structure
and literature
reference. 1

I
I
I
I
I
I
I
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I
2. GAS CHROMATOGRAPHY

2
1-33

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

troscopy. Gas chromatographic analysis 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 'com­
bined area of the impurity peaks totaled 0~32% of the major peak, indicating
a purity> 99%.

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 ~L); 1.0% and 0.5% solutions

of 1,2-dichloroethane in methylene chloride to quantitate
the major peak and check for detector overloading.

0.005
0.01

100
0.01
0.30

Area (% of
Major Peak Area)

0.15
0.21
1. 00
1. 78
2.96

Retention Time
(Relative to Major Peak)

1.01
1.39
6.62

11. 76
19.63

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
Time (min)

3. CONCLUSION

1
2
3
4
5

Peak No.

I
I
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I
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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 analysis~ .

MIDWEST RESEARCH INSrITUTE

~ ~'-"--=
Allan Chatham
Junior Chemist

David H. Steele
Associate Chemist

Woodhouse, Ph.D.
ioanalytical Chemistry Section

,E. Murn 1, Ph.D.
'Senior Advisor for Chemistry

and Biology'!f,
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APPENDIX 2

BULK CHEMICAL ANALYSES REPORTS
(DISULFIRAM)

Lot No. 5062982, 9/1/82
Lot No. 5062982, 1/17/83
Lot No. 5062982, 5/10/83
Lot No. 5062982, 8/30/83
Lot No. 89C0022, 10/7/83
Lot No. 5062982, 1/9/84
Lot No. 89C0022, 5/4/84
Lot No. 89C0022, 9/19/84
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MIDIo.'EST RESEARCH INSTITuTE
NIOSH CONTR~CT NO. 200-82~2508

MRI Project No. 7452-B
September 1,'1982

CO~~OUND: Disulfiram

I
I
I
I
I
I

Lot ~o.: 5062982

I. Ln-HIED BULl( CREi-HeAL CHARACTERIZATION

A. CHEMICAL HANDLING

The compound was received in two plastic containers. The contents
a( the containers were combined in a Ball Mill and milled for ~ 30 min. The
compound was then transferred to 3 x 1-qt .amber glass containers and stored
at 25°C. '

B. REAJ.'l'ALYSIS S~l'1PLE STORA.GE

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

. c. .~\[.".:::YSIS

1. S?ECTR~ DATA

Determined

a. Infrared

Instrument: . Perkin-Elmer 283
Cell: 1% in potassium bromide

pellet
Results: Seeattathed spectrum

(iCigure 1)

Literatu~e Val~es

Spe~trum consistent
(.;'i th structure
and literature
='=ference. 1

I Sadtler Pharmaceutical Svectra, Sadtler Research Laboratories,
Philadelphia, Pennsylvania,,' IR No. R239.

1
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Sheinin, Eric B., et al. J J. Assoc. Off. Anal. Chern., 56(1), 126 (1973).

Assignments: See attached spectrum
(Figure 2)

Determined

Solvent: 95% ethanol

Spectrum consistent
with structure.
No literature
reference found.

Literature Values

Spectrwn consistent
with structure
and nterature
reference. 2

12
8

TheoreticalDetermined

(a) 12.12
(b) 7.88

2
2-3

Instrument: Cary 219

Amax (nm)

283 (shoulder)
250 (shoulder)
215

Integration Ratios:

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

-4e x 10
1.20 ± 0.03(s)
1.33 ± 0.03(s)
2.11 ± 0.06(s)

(a) unresolved m, 0 1.36 ppm
(b) q, 0 4.01 ppm, J b = 7 Hza-
Solvent (CHCl 3 ) - s, 0 7.31 ppm

Instrument: Varian EM-360A
. Solvent: Deuterated chloroform

with tetramethylsilane
internal reference.

b. Ultraviolet/Visible

c. Nuclear Magnetic Resonance

2

I
I
I
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2. ELU£ENTAL ANALYSIS

Element C H N S

Theoretical % (T) 40.50 6.80 9.45 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 (D-T)

Relat~ve agreement 100.3 101. 9 99.63 98.83
(% D/T) ,

3. HIGH PERFORHA.l'J"CE LIQUID CHROHATOGRAPHY

Instrumental System:
Pumps: Waters M6000A
Programmer:· Waters 660
Detector: Waters 440
Injector: Rheodyne 7120

Detection; Ultraviolet, 254 rum
Column: Varian Micro Pak MCH-IO, 300 x 4 mm ID
Solvent System:

A: Water
B: Methanol

Solvent Ratio: 43% A:57% B, isocratic
Flow Rate: 1.0 ml/miu
Samples Injected: .Solution containing 1.25 mg/mldisulfiram

in methanol, filtered into a septum vial
Volume Injected: 20 ~l

Results: Major peak and one impurity which eluted before the
major peak. One additional impurity was observed before
the major peak with an area less than 0.1% (see Figure 3).

Retention Retention Time Area (~~ of
Peal< No. Time (min) (Relative to ~laj or Peak) Major Peak)~':

1 23.4 0.85 0.4
2 27.6 1. 00 100

Developmental HPLC Observations: ~nen a disulfiram solutiQn·
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.

I
I
I
I
I
I
I

I

-}, 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 c values of the compound and its impurities.
Therefore, the areas reported do not necessarily reilect tbe actual
weight percentages of the impurities in the sample.

3
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I
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4. DISCUSSION ~~ 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 BIOASSAYER

A. GENERAL PROTOCOL

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

The most effici~nt 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 a 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 analysis.

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 ~mI 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 ~ffiI data
within expected variation limits.

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

B. PURITY ANALYSIS BY HIGH PERFORNANCE LIQUID CHRmlATOGR..'\PHY

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 2S0-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 volumetric flask. Add 10 ffil of the internal standard solution by

4
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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 duplicate injections, at least, for ,each solution.
Use an attenua!:ion of 1.0 AUFS and an injection volume ('" 20 1-11) 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 am
Column: Varian Micro Pak MeH-IO, 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 the peak heights of disulfiram and the internal standard
peaks. Calculate a RRF (relative response 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.

I
I
I
I

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

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

Relative % Purity = RRF Tes t Compound'

RRF Reference Material
x 100

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

5
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INTERNAL ANALYTICAL REPORT
January 17, 1983

. RE~~ALYSIS OF DISULFI~~I, LOT 50-62982 - PROJECT NO. 7452-8

I. PURPOSE

To confirm the purity of the disulfiram currently being used for
the bioassay entitled "Study on the Carcinogenicity and Toxicity of Inhaled
1,2-Dichloroethane 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 reference standard.

11. ANALYSIS

Accurately weighed portions (~ 47 ± 0.01 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 propiophenone 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 ~l) of each solution were injected in duplicate into the high performance
liquid chromatography system described below.

Pumps: Waters Model 6000
Detector: Waters Model 440, 254 rum, 1.0 AUFS
Injector: Rheodyne, 20 ~l

Column: Varian Micro Pak MCH-IO, 300 mm x 4 mm TD
Flow Rate: 2.0 ml/min
Mobile Phase: Water:methanol, 250:750 v/v
Retention Times: Disulfiram - 2.6 min

Propiophenone (Internal Standard) - 2.0 min

III. 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.

1
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Relative % Purity of Disulfiram

100.5
100.8
100.6

x = 100.6 ± 0.2(s)%

This analysis was conducted in the Bioanalytical Chemistry Sec­
tion of Midwest Research Institute by Jake Hays.

MIDWEST RESEARCH INSTITUTE

/4::L.
/
Gustav Kuhn
Senior Chemist

Approved:

~ ". E. ·J~oo~~?/v
Head, Bioanalytic~ Chemistry

Department
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INTERNAL ANALYTICAL REPORT
May 10, 1983

REANALYSIS OF DISULFIRAM, LOT SO-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

Pu6ps: Waters Model 6000
Detector: Waters Model 440, 254 rum, 2.0 AUFS
Injector: Rheodyne, 20 ~l

Column: Varian Micro Pak MCH-10, 300 mrn x 4 mrn 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 (~ 47 mg) of the bioassay 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 methanol. 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 ~ 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 biossay sample, relative to that of the ref~rence

sample, was found to be 100.0 + 0.4(s)% (N=3).

2-13



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 the Bioanalytical Chemistry Section
of Midwest Research Institute by Dennis Hooton. Dr. Evelyn Murrill served
as technical consultant.

MIDWEST RESEARCH INSTITUTE

£If
Senior Chemist

:;ct're .
~house, Ph.D.
Head, Bioanalytical Chemistry

Section
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INTERNAL ANALYTICAL REPORT
,August 30, 1983

REANALYSIS OF DISULFIRAM, LOT 50-62982 - 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. Analysis by High Performance Liquid Chromatography

A. System

Pumps: Waters Model 6000.~
Detector: Waters Model 440, 254 nm,' 2.0 AUFS
Injector: Rheodyne, 20 pI
Column: Varian Micro Pak MCR-IO, 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 (~ 47 mg) of the bioassay and the ref­
erence samples were transferred to 100 m1 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 methanol. 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 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 bioassay sample~ relative to that of the reference
sample, was found to be 99.5 + 0.7(5)% (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 the Bioanalytical Chemistry Section
of Midwest Research Institute. Dr. Evelyn Murrill served as technical con­
sultant.

MIDWEST RESEARCH INSTITL~

~~
Alran Chatham
Junior Chemist

David H. S't-eele
Associate Chemist

Approved:

Woodhouse, Ph.D.
Head, Bioanalytical Chenistry

Section

&r-.
Ev Murrill, Ph.D.
Pr~ncipal Advisor for Chemistry

and ,Biorogy
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COMPOUND: Disulfiram

I. LIMITED BULK CHEMICAL CHARACTERIZATION

/

Spectrum consistent
with structure
and literature
reference.!

Literature Values

Lot No.: 89C-0022
Batch No.: 02

Determined'

1
2-17

Instrument: Perkin-Elmer 283
Cell: 1% in potassium bromide

pellet
Results: See attached spectrum

(Figure 1)

a. Infrared

1. SPECTRAL DATA

B. REANALYSIS SAMPLE STORAGE

C. ANALYSIS

A. CHEMICAL HANDLING

MIDWEST RESEARCH INSTITUTE
NIOSH CONTRACT NO. 200-82-2508

MRI Project No. 7452-E
October 7, 1983

Sadtler Pharmaceutical Spectra, Sadtler Research Laboratories,'­
Philadelphia, Pennsylvania, IR No. R239.

1

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.

The compound was received in two plastic containers. The contents
of the containers were combined in a Ball Mill and milled fo~ ~ 30 min. The
compound was then transferred to a 2-gal. metal can lined with plastic and
stored at 25°C.
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< ..

(
Determined

b. Ultraviolet/Visible

Instrument: .Cary 219

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

Amax (am) e x 10-4

Literature Values

Spectrum consistent
with structure.
No 1i terature
reference found·.

I
I
t

1

I
.1

-288
251 (shoulder)
217

1.12 ± O.OI(s)
1.27 ± 0.02(s)
1.99 ± 0.02(s)

Solvent: 95% ethanol

c. Nuclear Magnetic Resonance

Instrument: Varian EM-360A
Solvent: Deuterated chloroform

with tetramethylsilane
internal reference.

Spectrum consistent
with structure

'and literature
reference. 2

Assignments: .. See attached spectrum
(Figure 2)

(a) unresolved m, <5 1.40 ppm
(b) q, <5 4.01 ppm, J b = 7 Hza-
Solvent (CHC1 3 ) - s, <5 7.28 ppm

Integration Ratios:

Determined

(a) 11.86
(b) 8.14

Theoretical

12
8

2 Sheinin, Eric B., et al., J. Assoc. Off. Anal. Chem., 56(1), 126 (1973).

2
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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' (O-T)

Relative agreement 99.98 98.16 99.36 97.39
(% O/T)

3. HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

Instrumental System:
Pumps: Varian 5020
Detector: Waters 440
Injector: Rheodyne 7120

Detection: Ultraviole~, 254 nm
Column: Varian Micro Pak MCH-10, 300 x 4 mm ID
So1vent System:

A: Water
B: Methanol

Solvent Ratio: 46% A:54% B, isocratic
Flow Rate: 1.0 mL/min
Samples Injected: Solution containing 1.23 mg/mLdisulfiram

in methanol, filtered into a septum vial
Volume Injected: 20 ~L

Results: Major peak and two impurities which eluted before
the major peak. Two additional impurities were observed
before the major peak having areas less than 0.1% (see
Figure 3).

Retention Retention Time Area (% of
Peak No. , Time (min) (Relative to Major Peak) Maj or Peak)";t-

1 3.30 0.142 0.11
2 19.88 0.853 0.38 ,
3 23.30 1.00 100

Developmental HPLC Observations: vlhen a disulfiram solution u uu' __

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.

* 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 thee maj or peak and do not take
into account the different E values of the compound and its impurities.
Therefore, the areas reported do not necessarily reflect the actual
weight 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.

Cumulativedata·indicate 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.

II. ANALYSIS PROTOCOL FOR THE BIOASSAYER

A. GENERAL PROTOCOL

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

-'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 sampl~in a glass vial with a Teflon®-lined top, tightly
closed and~ if pos~ible, sealed. Place samples in a freezer at -20°C fo~

storage prior to~analysis.

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. resul ts
to those given in the MRIanalytical 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 identicaltoMRI data
within expected variation limits.

Major peak comparison by HPLC, as described in Section, ILB. of
this 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 solution .of propiophenone, the internal standard,
by weighing 500 mg into a 250-mL' volumetric flask and diluting to v.olume wit·h
ACS reagent grade methanol. Shake well to mix.

4
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·2. CALCULATIONS

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

5
2-21

x 100RRF Test Compound

RRF Reference Material

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

RRF

Relative % Purity =

·Pumps: ·WatersM6000A
Programmer: Waters 660
Detector: Waters 440
Injector: Rheodyne 7120

Detection: Ultraviolet, 254 om
Column: Varian Micro Pak MCH-IO, 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

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.

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.

d. Make duplicate injections, at least, for each solution.
Use an attenuation of 1.0 AUFS and an injection vol~e (~ 20 ~L) to produce
peaks having at least half-scale deflecti;n. 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.MR.I.

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

Determine the peak heights of disulfiram and the internal standard
peaks. Calculate a RRF (relative response 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.
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III. CONTRIBUTORS

This analysis was conducted by the Bioanalytical Chemistry Sec­
tion of Midwest Research Institute. Dr. Evelyn Murrill served as technical
consultant for this analysis~

MIDWEST RESEARCH INSTITUTE

~ M ~
Allan Chatham
Junior Chemist

David H. Steele
Associate Chemist

Approved:

Evelyn Murrill,Ph.D.
Principal Advisor for ChemistryoaBi?-_Y~c"t"_
~dhouse, Ph.D.
Head, Bioanalytical Chemistry Section
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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. 254nm, 0.05

Absorbance Units Full Scale
Column: Varian Micro Pak MCH-10i

300 mm x 4 mm I.D.
Solvent System:

A: Water
B: Methanol

Solvent Ratio: 54% B
Flow Rate: 1.0 ml/min
Volume of Solution Injected: 20,u.1.

Major Peak On Scale from Injection
of a 1.25 mg/ml Solution of Disu Ifiram --+-+j
in Methanol
Absorbance Range = 1.0 AUFS

3
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Figure 3 - High Perfornance Liquid Chromarogranh~c Profile of nisulfira~
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INTERNAL ANALYTICAL REPORT
January 9, ~984

REANALYSIS OF DISULFIRAM, LOT SO-62982 - MRI PROJECT NO. 7452-£

I. PUrpose

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

II. Analysis by High Performance Liquid Chromatography

A. System

Pumps: Waters Model 6000
Detector: Waters Model 440, 254 rum, 2.0 AUFS
Injector: Rheodyne, 20 ~L

Column: Varian Micro Pak MCH-IO, 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

Accur~tely 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 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 ~ 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 we~ght, 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 bioassay sample, relative to that of the refer­
ence sample, was found to be 100.2 ± 0.3(s)% (n =3).

1
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III. Conclusions

Chemistry

Woodhouse, Ph.D.
Bioanalytical Chemistry Section

David H. Steele
Associate Chemist

Allan Chatham
Junior Chemist

MIDWEST RESEARCH INSTITUTE

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 the Bioanalytical Chemistry Section
of Midwest Research Institute. Dr. Evelyn Murrill served as technical con­
sultant.

Evelyn Mu
Principal Advisor

and Biology
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Internal Analytical Report
MRIProject'No. 7452-A

Hay 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 Hodel 6000
Detector: Waters Model 440, 254 nm, 1.0 AUFS
Injector: Waters Intelligent Sample Processor, 25 IJL
Column: Varian Micro Pak HCH-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) 1.8 min

B. Method

Acturately weighed aliquots '(~ 47 ,mg) of the bioassay and the
reference samples were transferred to 100mL volumetric flasks. Ten milli­
liters (a~curately delivered) of'internal standard solution (a 2mg/mL so­
lution 'of propiophenone in methan~l) 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 .. Analiquot of
each solution was filtered through a 0.45 IJ 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.

C. Results

The purity of the bioassay sample, relative to that of the refer­
ence sample, was found to be'100.8 ±O.9(s)% (n = 3).

III. Conclusions

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

1
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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
Junior Chemist

David H. Steele
Associate Chemist

E. J. oodhouse, Ph.D.
Hea, ioanalytical Chemistry

Department

Evelyn urrill, Ph.D.
Principal Advisor for Chemistry

and Biology
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Internal Analytical 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 chron~c

inhalation study· by comparison with a reference sample stored at -20°C.

II. ANALYSIS

A. System

Pump: Waters Model 6000
Detector: Waters Model 440, 254 nm, 1.0 AUFS
Injector: Waters Intelligent Sample Processor, 15 ~L

Column: Varian Micro Pak MCR-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: Nelson 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 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~ernal standard solution to 100 mL with methanol. An aliquot of
each solution was filtered through a 0.45 ~ filter, sealed in a septum vial
and analyzed for disulfiram concentration usipg 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 bioassay sample, relative to that of the refer­
ence sample, was found to be 100.0 ± 0.1(5)%.

III.. CONCLUSIONS

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

1
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This analysis was conducted in the Bioanalytical Chemistry Section
of Midwes.t Research Instit;.ute. Dr. ,Evelyn Murrill served as technical con­
sultant for this analysis,'

c;: CLc:\\~
~~~i, Ph.D.
Principal Advisor for Chemistry

and Biology
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I ;?i'e~
I '# . J. Woodhouse, Ph.D.

tJ Head, Bioanalytical Chemistry

I
I

Section

MIDWEST RESEARCH INSTITUTE

~~
Allan Cha tham
Assistant Chemist

David H. Steele
Associate Chemist
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APPENDIX 3

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

DISULFIRAM OR ETHANOL

CHEMICAL/VEHICLE STUDIES OF DISULFIRAM

INTERNAL REPORT ".

MIDWEST RESEARCHINSTITUlE
MRI Project No. 7452-B

October 4, 1982

For

National Institute for Occupational Safety and Health
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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 into feed, and gives results from homogeneity and
stability studies performed on a laboratory-size feed blend prepared at a
dose concentration of 0.05%.

II. MIXING STUDY

A. DOSED FEED PREPARATION

1. PARAMETERS

Batch size: 1,500 g
Concentration: 0.05% (500 ~g/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 portions 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 into the premix, making
the total weight 200 g.

3. BULK MIXING

A 600-g portion of feed was layered evenly in the blenderi 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 onto 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.

1
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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 concentration
as the samples, were extracted with the samples to determine ~ecovery of
disulfiram from feed.

The extracts were clarified by centrifugation, then 10-ml ali­
quots were mixed with 3ml of internal standard solution [butyrophenone,
0.75 mg/ml in methanol:water (75:25)] and diluted to 25 ml with methanol:
water (75:25). A few milliliters of each solution were filtered through a
0.45 1-1 filter prior ,to being inj ected in duplicate into the high performance
liquid chromatography system described below.

Pump: Waters M6000A
Injector: Rheodyne 7125
Detector: Waters 440 Wavelength: 280 om
Attenuation: 0.05 AU full scale
Column: Waters Z-Module radial .compression column with I-IBondapak

CIS 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 (75:25)
Flow Rate: 3.0 m1/min .
Injection Vol~e: 20 1-11
Retention Times: Disulfiram - 3.3 min

Butyrophenone (Internal Standard) - 2.6 min

Detector response was monitored by injecting a matrix standard
. (disulfiram, 20 IJg/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
uated for linearity of response with matrix standard solutions of disulfiram
at concentrations ranging from ~ 10 to 25 IJg/ml. The correlation coeffi­
cient was 0.99997.

The c9ncentration (micrograms per gram) of disulfiram in the
dosed feed samples was calculated using the internal standard method, with
appropriate correction for recovery.

2
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A. TEST PARAMETERS

C. CONCLUSION

III. STABILITY STUDY

3
3-5

Rat Chow No. 5002

5 weeks in the dark in sealed bottles
5 weeks in the dark in sealed bottles

7 and 14 days open to air and light in a

Concentration: 0.05% (500 ~g/g)

Vehicle: Ralston-Purina Certified
Storage Conditions:

-20°C: 2, 4, and
5°C: 2, 4, and

Room Temperature:
rat cage

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

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 ~g/g.

2. RESULTS - HOMOGENEITY EVALUATION

Sampling Disulfiram Found b (%) .Location Found (!.Jg/g)a Theoretical

Right shell 506 101.2
507 101.4
505 101.0- 101.2 ± 0.2(s)x =

Left shell 496 99.2
507 101.4
507 101.4- 100.7 ± 1.3(s)x =

Bottom'port 506 101.2
494 98.8
503 100.6- 100.2 ± 1.2(s)x =

Mean of all assays i =100.7 ± 1.0(s)
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B. SAl1PLEPREPARATION 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 de~cribed in the Dosed Feed Preparation section (p. 1). In addi­
tion, 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 remov~d 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 c.ear the surface ,witho'ut disturbing the remainder of
the feed in the bottles. ' . '

C. ANALYSIS PROCEDURE

The stabil~ty 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

I
I
,

I
I

Storage
Conditions

1 week (rat cage)

2 weeks (SOC)

2 weeks (rat cage)

4 weeks (-20 0 C)

.Disulfiram Found b (%)Found (fJg/g)a Theoretical

414 82,8
410 82.0
417 83.4- 82.7 ± o. 7(s)x =
496 99.2
496 99.2
488 97.6

x=98.7 ± 0.9(5)

483 96.6
480 96.0
470 94.0- 95.5 ± 1.4(s)x =
355 71.0
340 68.0
364 72.8

x=70.6 ± 2.4(s)

493 98.6
492 98.4
470 94.0- 97.0 ± 2.6(s)x,=
471 94.2
475 95.0
451 90.2- 93.1 ± 2.6(5)x =

4
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IV. CONTRIBUTORS

E. CONCLUSION

4f.~
Gustav Kuhn
Senior Chemist

MIDWEST RESEARCH INSTITUTE

~iser
Associate Chemist
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Disulfiram Found b (%)Found (lJgjg)a Theoretical

474 94.8
474 94.8
478 95.6

x =95.1 ± 0.5(s)

468 93.6
466 93.2
464 92.8

x =93.2 ± 0.4(s)

Approved:

Storage
Conditions

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

oodhouse, Ph.D.
He~ I ioanalytical Chemistry

Section

Evelyn Murrill, Ph.D.
Senior Advisor for Chemistry

a Biology

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 5
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 conclude, at
the 95% confidence level, that a sample was unstable.

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 IJgjg.

5 weeks (5°C)

Pooled standard deviation: 1.5%

5 weeks (-20°C)
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'..:c: ... ',ioocihousc
J. Kollheiser

3ept~aber JD, 1932

JiD ~lo1a.ld.s

Gu:J Ku..hn

.·;~:taly~ili of ·D:!.:::ul!urao - Peed S3::lple (9/21/32 mix) Proj~c:t ;'10. 7452-B.

i.nalySGS all the ahove'sample are crn:rpleted and results are 9howu below:

LabQ~ Cone. Diaulfurao Pound Found on
(~g/3) (llS/S) Label

500 314.,6 :n.)
500 513.4 lJ3.i
50U 503.3 :"0,). j

::; lJ2.5 ±-l.j(s)-'0

.'

I
I

--r-'
/ ·.·;,."....P.~~;

-i'
;... l Ui~ ~-
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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 for Disulfiram in Feed Samples. MR.l Proj ec t No. 7452-B.

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

Label Cone. Disulfiram Found* Found
(%)--

Mixing Date (lJg/g) (lJg/g) Label

9/29/82 - /tl 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 - III 500 510 102.0
505 101.0

x 101.5 ± 0.7(s)

10/6/82 - tf2 500 504 100.8
505 101. 0

x100.9+ O.l(s)

10/6/82 - /13 500 488 97.6
497 99.4

x 98.5 ± 1.3(s)

10/6/82 - #4 500 510 102.0
507 101.4

x 101. 7 + 0.5(s)

* Results corrected for 98.8% recovery from feed.

GK/kf
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INTEROFFICE COMMUNICATION

MIDWEST RESEARCH INSTITUTE

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

cc: E•.--Woodhouse
K. Stelting
J. Rollheiser

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Found· (ia)
Label

102.0
103.4

~ 102.7 ± 1.0(5)

102.2
104.2

~ 103~2 ± 1.4(5)

103.2
105.4-- .x 104.3 ± 1.6(5)

102.0
103.4

x 102.7 + 1.0(5)

511
517

510
517

516
527

511
521

3-10

Disulfiram Found*
(Ug/g)

500

500

500 .

500 '.

Label Cone.
(~g/g)

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

November 4, 1982

Gus Kuhn

Jim Cholakis

From:

To:

* Results corrected for 98.0% recovery from feed.

Mixing Date

10/27/82 - fI1

10/27/82 - 1/3

10/27/82 - 112

10/27/82 - 114

. Subject:

I



To:

From:

Jim Cho1akis

Gus Kuhn

INTEROFFICE COMMUNICATION

MIDWEST RESEARCH INSTITUTE
November 24, 1982

cc: E. Woodhouse
K. Ste1ting
J. Ro11heiser

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

Results of analyses for disulfiram in the- dosed feed'samp1es you submitted recently
are shown below.

11/18/82 - 111

Label Cone.
(llg/g)

500

Disulfiram Found*
(}Jg/g)

516
-518

Found (%)
Label

103.2
103.6

x 103.4 + 0.3(5)

11/18/82 - 1!2 500 508
524

11/18/82 - 113 500 540
527

11/18/82 - 1/4 500 517
538

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)

* Results corrected for 96.3 ± 0.5{s)% recovery from feed (n = 3).

GK/gls
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To:

From:

Subject:

cc:

INTEROFFICE COMMUNICATION

MIDWEST RESEARCH INSTITUTE

December 28, 1982

Jim Cho1akis

Gus Kuhn

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

E. Woodhouse
K. Stelting
J. Rollheiser
D. Steele

I
I
I
I
I

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

Mixing Date

12/16/82 - 111

12/16/82 - 112

12/16/82 - il3

12/16/82 - 114

GK/kf

Label Cone.
(flgJg)

500

500

500

500

Disulfiram Found
(flg/g)

499
512

492
504

493
496

505
503

3-12

Found (%)
Label

99.8
102.4

x 101.1 ± 1.8(s)

98.4
100.8--

x 99.6 ± 1. 7(s)

98.6
99.2

x 98.9 + 0.4(5)

101.0
100.6

x 100.8 ± 0.3(s)

. /' I'

/jfiL
/
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INTERNAL ANALYTICAL REPORT
January 17, 1983

Revised February 11, 1983*

ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRIPROJECT 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 '\0 50 g
1/5/83 2 '\0 50 g
1/5/83 3 '\050 g
1/5/83 4 '\0 50 g

III. 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 Cone (%) % Found Label

1 0.05 0.0488 97.6
0.0481 96.2- 96.9 ± 1.0(s)'x =

2 0.05 0.0488 97.6
0.0487 97.4

x =97.5 ± o.1(s)

3 0.05 0.0476 95.2
0.0476 95.2

x =95.2 ± O(s)

4 0.05 0.0479 95.8
0.0470 94.0- 94.9 ± 1.3(s)x =

This reV1S1on 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.

MIDWES~RESEARCH INSTITUTE
-- ~ / !'

. / -:1/ j.-: c?!f:4.,y?t.--,
~ustav Kuhn
Senior Chemist

Approved:

~ /----- .

~ /7) ~j-~{f ',--- .~ /
E. J. ~kouse, ih~~~v
Head, BioanalytidaI>Chemistry

Section !

2
3-14
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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 concentration of disulfiram in four dosed feed
samples submitted by the MRI Toxicology Department.

II. S&~PLE 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 4 '" 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 (%)No. Label Conc (%) % Found Label

1 0.05 0.0483 96.6
0.0496 99.2

x = 97.9 ± 1.8(5)

2 0.05 0.0476 95.2
0.0478 95.6- 95.4 ± 0.3(5)x =

3 0.05 0.0490 98.0
0.0486 97.2

x = 97.6 ± 0.6(s)

4 0.05 0.0487 97.4
0.0490 98.0

x = 97.7 ± 0.4(5)

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

MIDWEST RESEARCH INSTITUTE

.4J~
Gustav Kuhn
Senior Chemist

Woodhouse, Ph.D.
BioanalyticalChemistry Section

2
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ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-B

I. PURPOSE

INTERNAL ANALYTICAL REPORT
March 7, 1983

Found (%)
Label

96.8
98.8

x = 97.8 ~ 1.4(s)

101.8
104.0

x = 102.9 ~ 1.6(s)

98.6
98.8

x = 98.7! O.l(s)

98.2
97.6

x = 97.9 + O.4{s)

0.0491
0.0488

0.0484
0.0494

0.0509
0.0520

0.0493
0.0494

3-17

Disulfiram in Feed

0.05

0~05

0.05

0.05

Label Conc (%) % Found

3

4

2

1

II. SAMPLE IDENTIFICATION

Mixing Date Sample No. Amount Received

2/25/83 1 '~ "" 50 g
2/25/83 2 "" 50 g
2/25/83 3 "" 50 g
2/25/83 4 "" 50 g

III. ANALYSIS

Sample
No.

'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.

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

IV. RESULTS

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

MIDWEST RESEARCR INSTITUTE

Gustav Kuhn
Senior Chemist

~~,vodhouse, Ph.D.
Read, Bioanalytical Chemistry

Sectiori

2
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I. PURPOSE

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

INTERNAL ANALYTICAL REPORT
April 11, 1983

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

'" 50 g
'" 50 g
'" 50 g
'" 50 g

Amount Received

Found (%)
Label

99.6
99.2

x = 99.4 + 0.3(5)

92.8
93.2

x= 93.0 ± 0.3(5)

94.2
93.6

x = 93.9 + 0.4(5)

94.4
94.2

x = 94 . 3 i O.l( 5 )

3-19

0.0472
0.0471

0.0498
0.0496

1
2
3
4

0.0471
0.0468

0.0464
0.0466

Sample No.

0.05

0.05

0.05

0.05

Disulfiram in Feed
Label Cone. (%) % Found

3/22/83
3/22/83
3/22/83
3/22/83

Mixing Date

2

4

3

1

IV. RESULTS

III. ANALYSIS

Sample
No.

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

II. SAMPLE IDENTIFICATION

I
I
I
I
I
I
I
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.
This analysis was conducted in the Bioanalytical Chemistry Section

of Midwest Research Institute by Kathy Edman.

MIDWEST RESEARCH INSTITUTE

~Gustav Kuhn
Senior Chemist

Approved:

~'-L_
. E'~ Woodhouse, Ph.D.

Head, Bioanalytical Chemistry
Section

2
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1. PURPOSE

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

INTERNAL ANALYTICAL REPORT
April 25, 1983

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

"u 50 g
"u 50 g

"u 50 g
"u 50 g

A!:J.ount ~eceived

1
2
3
4

Sample No;

4/18/83
4/18/83
4/18/83
4/18/83

Mixing Date

IV. RESULTS

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

1 0.05 0.0476 95.2
0.0484 96.8

x = 96.0 ± l.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 = 95.6 + 0.6(s)

4 0.05 0.0494 98.8
0.0506 101. 2

::t = 100.0 + 1. 7(s)-
3-21

II. SAMPLE IDENTIFICATION

III. ANALYSIS

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

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

MIDWEST RES£A~CHINSTITUTE

4L
Gus tav Kuhn .
Senior· Chemist

odhouse, Ph.D.
Hea. ioanalytical Chemistry

Section
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k~ALYSIS FOR DISULFIRAM IN FEED SAMPLES - MRI PROJECT NO. 7452-E

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

These samples ~ere analyzed by a high performance liquid chromato­
graphic method described previously in MRI Internal Report "Chemical/Vehicle
Stud:'es of Disulfiram" dated October 4, 1982. Each sample ~as analyzed in
duplicate.

II. SAMPLE IDENTIFICATION

Mixing Date Sample No. Amount Received

5/5/83 ,
tV 50 aJ. 0

5/5/83 2 tV 50 g
5/5/83 3 tV 50 g
5/5/83 4 tV 50 g

Found
(%)

Label

97.2
96.8

x = 97.0 ± 0.3(s)

96.2
94.4

x = 95.3 ± 1.3(s)

95.0
94.8

x = 94.9 .:: 0.1(5)

9-6.8
9..8 I,...

- = 97.6 = LIes}x

Disulfiram in Feed

0.05 0.0486
0.0484

0.05 0.0475
0.0474

0.05 0.0481
0.0472

0.05 0.0484
0.0492

Label Cone (%) % Found

4,

2

3

1

INTERNAL ANALYTICAL REPORT
May 13, 1983

1. PURPOSE

III. ANALYSIS

Sample
No.

IV. RESULTS

I ,-' .

I
I
I
I
I
I
I
I
I
I
I
I
I
I -

I
I
I
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This analysis was conducted in the Bio~nalytical Chemistry Section
of Midwest Research Institute by Cheri Cox.

MIDWEST RESEARCH INSTITUTE

Gustav Kuhn
Senior Chemist

Woodhouse, Ph.D.
Head, Bioanalytical Chemistry Section

3-24
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1. PURPOSE

MIDWEST RESEARCH INSTITUTE

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

Found
Label (i~)

96.4
96.0
94.6

i = 95.7 -'- 0.9(s)~

'V 50 g,

Amount Received.

Gustav Kuhn
Senior Chemist

0.0482
0.0480
0.0473

1

Lot No.

3-25

0.05

Disulfiram in Feed
Label Cone (%) % Found

6/2/83

Mixing Date

RESULTS

1

'INTERNAL ANALYTICAL REPORT

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

II. SAMPLE IDENTIFICATION

Sample
No.

III. ,ANALYSIS

IV.

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

Approved:

~~se, Ph.D.
Head, Bioanalytical Che~isc~~ Section

I This sample was analyzed in triplicate by a high performance liquid chromato-
g~aphic method described previously in MRI Internal Report "Chemical/Vehicle Studies of
Disulfiram" dated October 4, 1982.
~ ,

I
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July 12, 1983
ANALYSIS FOR DISULFI~ IN FEED SAMPLES - MRI PROJECT NO. 7452-E

These samples were 'analyzed in duplica~e by a high performance
liquid chromatographic method described previously in MRI Internal Report.
"Chemical/Vehicle Studies of Disulfiram" dated October 4, 1982.

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 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

r
I

III. ANALYSIS
I

,,
~

I

I
I
I
I
I
I
I
I
I
I
,I

I
I
I
I
I
I
I

, Found (%)
Label'

99.0
98.4

x = 98.7 + 0.4(s)

97.6
96.4

x = 97.0 ± 0.8(s)

98.8
98.8

x = 98 . 8 ± o. 0( s)

96.8
98.8

x 97.8 + 1.4(s)

0.0484
0.0494

0.0494
0.0494

0.0495
0.0492

0.0488
0.0482

% Found

3-26

Disulfiram in Feed

0.05

0 .. 05'

0.05

0~05

Label Cone. (%)

4

2

INTERNAL ANALYTICAL REP<JRT ,

3

1

Lot
No.

IV. RESULTS

I. PURPOSE'

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

MIDWEST RESEARCH INSTITUTE

David H. Steele
Associate Chemist

Approved:

h WOO:hOU5: ~.
Head, Bioanaly cal Chemistry Section
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INTERNAL ANALYTICAL REPORT

July 13, 1983
ANALYSIS FOR DISULFIRAM IN FEED SA}PlES - MRI PROJECT NO. 7u52-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 (~ 86% 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. AJ.'l'ALYSIS

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
October 4, 1982).

IV. RESULTS

Target Original Remixed
Lot Cone. Mi."<ing % 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 ± 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
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This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute by Cheri Cox.

MIDWEST RESEARCH INSTITUTE

David H. Steele
Associate Chemist

Approved:

~~CWIr b·
E. J. wo~~se~~t9. ,
Head, BiOanalytic~ Chemistry Section
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INTERNAL ANALYTICAL REPORT

Au~ust 1, 1983'
ANALYSIS FOR DISULFIRAH IN FEED SAHPLES'''''' HRI 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 Lot No. Amount Received

,
7/27/83 5 '\, 50 g'i

; 7/27/83 6 '\, 50 g,
-7/27/83 7 .'\, 50 g.'

7/27/83 :8 "',,,-50,'g.

III. ANALYSIS

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

IV. RESULTS

Lot Disulfiram in Feed Found (%)--
No. Label Cone. (%) % Found Label

5 0.05 0.0485 97.0
0.0491 98.2

x --+ .= 97.6 _ 0.8(s)

6 0.05 0.0487 97.4
0.0482 96.4

- = 96.9 ~ 0.7(5)x

7 0.05 0.0482 96.4
0.0487 97.4 •- 96.9! 0.7(~)x

8 0.05 0.0489 97.8
0.0486 97.2

- = 97.5 .:: 0.4(s)x
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This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute by Cheri Cox.

MIDWEST RESEARCH INSTITUTE

/dL
/

Gustav. Kuhn
Senior Chemist

Approved:

oodhouse, Ph.• D.
, Bioanalytical Chemistry Section
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INTERNAL ANALYTICAL REPORT

( August 26, 1983

ANALYSIS FOR DISULFIRAM IN FEED SA}IPLES - 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 Lot No. Amount Received

8/17/83 9 '" 50 g
8/17/83 10 '" 50 g
8/17/83 11 '" 50 g

~ 8/17/83 12 '" 50 g
~ --,

III. ANALYSIS

I
I
I
I
,

1

(
These samples were analyzed in duplicate by a high performance

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

IV. RESULTS

Disulfiram in Feed Found
(/~)Lot No. Label. Cone. (%) % Found Label

9 0.05 0.0496
0.0486

x =0.0491 ± 0.0007(s) x =98.2 ± 1.4(s)

10 0.05 0.0500
0.0488

x =0.0494 ± 0.0008(s) x =98.B ± 1.7(s)

11 0.05 0.0497
0.0490

x =0.0494 ± 0.0005(s) x =98.8 ::t 1.0(s)

12 0.05 0.0496
0.0490

x = 0.0493 ± 0.0004(5) x =98.6 ± 0.8(s)

l.'
1
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This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute by Randy Peters and Cheri Cox.

I - -' .
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A~~PJr~.ed~o ~-.,j L_----
E. oodhouse, Ph.D.
Head, Bioanalytical Chemistry Section

2
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Gustav Kuhn
Senior Chemist
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MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT

September 19,. 1983

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

I. PURPOSE

To.determine the concentration of disulfiram in four dosed feed
samples submitted by the MR.I Pharmacology and Toxicology Section of the.
Life Science~ Department

II. SAMPLE IDENTIFICATION

.1

I
I
I
I
I

Mi.."Cing Date

9/7 /83
9/7 /83
9/7/83
9/7 /83

III. ANALYSIS

Lot No.

13
14
15
16

Amount Received

tV 50 g
tV 50 g
tV 50 g
tV 50 g

These samples were analyzed in duplicate by a high perfo~ance

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

IV. RESULTS

Lot No.
Disulfiram in Feed

Label Cone. (%) % Found
Found
-- (aI'Label 10J

13

14'..

0.05

0.05

0.0467
0.0474

x = 0.0471 ± 0;0005(s)

0.0470
0.0479

x = 0.0474 ± 0.0006(5)

3-34

x = 94.2 ± 1.0(s)

x = 94.8 ± 1.3(s)

(continued)



This analysis ~as conducted in the Bioanalytical Chemistry Section
of Mid~est Research Institute by Randy Peters.

Approved:

ru·::P\..'·:. \l rL -r--
E. J. Woodhouse, Ph.D.
Head, Bioanalytical Chemistry Section

MIDWEST RESEARCH INSTITUTE

4l~

Found (ia)
Label

x = 96.8 ± 1.0(s)

x = 94.4 + 0.3(s)

0.0481
0.0488

x = 0.0484 ± 0.0005(s)

O. 0471
0.0473

x = 0.0472 ± O.OOOl(s)

3-35

Gustav Kuhn
Senior Chemist

Disulfiram in Feed

0.05

0.05

Label Cone. (ia) ia Found

15

16

Lot No.

"
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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. PURPOSE

To determine the concentration of disulfiram in four dosed feed
samples submitted by the MRI PharrnacologyToxicology 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

",I <II; /

I III. ANALYSIS,-.~

r

These samples were analyzed in duplicate by 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 Cone (%) a Label (%)%Found

17 0.05 0.0495
0.0489

x = 0.0492 ± 0.0004(5) x =98.4 ± 0.8(s)

18 0.05 0.0499
0.0496,- 0.0498 ± 0.0002(5) 99.5 ± 0.4(s)x = x =

19 0.05 0.0503
0.0502

x =0.0502 ± O.OOO1(s) x =100.4 ± O.l(s)

·20 0.05 0.0497
0.0498- 0.0498 O.OOO1(s) 99.6 ± O.l(s)x = ± x =

a Results corrected for 96. l~~ recovery from feed.
1
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This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute by Randy -Peters.

MIDWEST RESEARCH INSTITUTE

e!{f-
Senior Chemist

E. . Woodhouse, Ph.D.
Head, Bioanalytical 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 determine the concentration of disulfiram in four dosed feed
samples submitted by the MRI Pharmacoloy and Toxicology Section of the Life
Sciences Department.

II. SAMPLE IDENTIFICATION

Mixing Date Sample No. Amount Received

10/25/83 21 '" 50 g
10/25/83 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 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

21 0.05 0.0488
0.0481

x =0.0484 ± 0.0005 (s) x =96.9 ± 1.0 (s) ,

22 0.05 0.0485
0.0487

x =0.0486 ± O.OOOl(s) x =97:2 ± 0.2(s)

23 0.05 0.0497
0,0493

x =0.p495 ± 0.0003(5) x =99.0 ± 0.6(5)

24 0.05 0.0472
0.0482

x =0.0477 ± 0.0007(5) x =95.4 ± 1.4(5)

1
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This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute by Randy Peters.

MIDWEST RESEARCH INSTITUTE

~w-
Gustav Kuhn
Senior Chemist

oodhouse, Ph.D.--""- ioanalytical ChemistrJ Section
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MIDw~ST 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

..
III. ANALYSIS

These samples were analyzed in duplicate on November 22, 1983,
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 Cone (%) %Found Label

25 0.05 0.0476
0.0475

x =0.0476 :t O.OOO1(s) x =95.2 :t 0.2(5)

26 0.05 0.0487
0.0476

x =0.0482 :t 0.0008(5) . X =96.4 ± 1.6(s)

27 0.05 0.0480
0.0479

x = 0.0480 :t 0.0001(5 ) X =96.0 :t 0.2(s)

28 0.05 0.0487
0.0484

x = 0.0486 ± 0.0002(s) x =97.2 :t 0.4(5)

1
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This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute by David Kline.

MIDWEST RESEARCH INSTITUTE

~/;.:L
'Gus tav Kuhn
Senior Chemist

oodhouse, Ph.D.
~~-ioanalyti~al Chemistry Section
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MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL. REPORT

January 4, 1984

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

I. PURPOSE

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

These' samples were analyzed in' duplicate on December 13, 1983,
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

29 0.05 0.0489
0.0499

x =0.0494 ± 0.OO07(s) x =98.8 ± 1.'4(5)

30 0.05 0.0466
0.0491

x =0.0478 ± 0.0017 (5) x =95.7 ± 3.5(5)

31 0.05 0.0499
0.0496- 0.0498 0.0002(5) 99.6 ± 0.4(5)x = ± x =

1 .
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..
This analysis was conducted in the Bioanalytical Chemistry Section

of Midwest Research Institute by Sheri Cox.

MIDWEST RESEARCH INSTITUTE

/~/(L
Gustav Kuhn
Senior Chemist

oodhouse, Ph.D.
Bioanalytical Chemistry Section

o
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MIDw~ST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT

January 5, 1984

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

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
.- --

12/30/83 32 '" 50 g
12/30/83 33 '" 50 g
12/30/83 34 '" 50 g
12/30/83 35 '" 50 g

1- ,

,\

III. ANALYSIS

These samples were analyzed in duplicate on Januarr 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 Cone (%) % Found Label

32 0.05 0.0492
0.0497

0 x = 0.0494 ± 0.0004(s) x = 98.8 ± 0.8(s)

33 0.05 0.0495
0.0494

x = 0.0494 ± o.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- O.OOO1(s) 0.2(5)X = 0.0501 ± x = 100.2 ±

1
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III

This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute by Tom Dux.

MIDWEST RESEARCH INSTITUTE

4L
......Gustav Kuhn

Senior Chemist

Approved:

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

February 9, 1984

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

~. 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

1/23/83 36 '" 50 g
1/23/83 37 '" 50 g
1/23/83 38 '" 50 g
1/23/83 39 '" 50 g

III. ANALYSIS

These samples were analyzed in duplicate on January 25, 1984,
using ~ 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 Cone (%) % Found . Label

36 0.05 0.0497
0.0497

x =0.0497 ~ 0.0000 99.4 ~ 0.0

37 0.05 0.0500
0.0500

x =0.0500 ~ 0.0000 100.0 ± 0.0

38 0.05 0.0504
0.0509

x =0.0506 ± 0.0004 101. 2 ± 0.8

39 0.05 0.0507
0.0509

x =0.0508 ± 0.0001 101. 6 ± 0.2·

1
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This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute by Randy Peters.

MIDw~ST RESEARCH INSTITUTE

#?-
Gustav Kuhn
Senior Chemist

Approved:

~~'v~~
E. J. Woodhouse, Ph.D.
Head, BioanalyticalChemistry Section

2
3-47



"

MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL .REPORT

March 1, 1984

ANALYSIS FOR DISULFIRAM IN FEED SAMPLES - HRI 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

r 2/13/83 40 '" 75 g
" • "I \ 2/13/83 41 '" 75 g

2/13/83 -42 '" 75 g
0/ 2/13/83 43 '" 75 g

III . ANALYSIS

These samples were analyzed in triplicate on February 16, 1984,
using a high performance liquid chromatographic method described previously
in MRI Internal Report "Chemica l./Vehicle Studies of Disulfiram'~ dated
October 4, 1982.

I
I
I
I
j

I

I

1

I

IV. RESULTS

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

40 0.05
0.0483
0.0485

x = 0.0484 ± 0.0001

41 0.05 0.0487
0.0479
0.0473

x = 0.0480 ± 0.0007(5)

42 0.05 0.0492
0.0487
0.0495

x = 0.0491 ± 0.0004(s)

43 0.05 0.0489
0.0486
0.0492

)( = 0.0489 ± 0.0003(5)

3-48

Found (%)
:GW

96.8 ± 0.3(s)

96.0 ± 1.4(s)

98.2 ± 0.8(s)

97.8 ± 0.6(s)



This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute by Cheri Cox.
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oodhouse, Ph.D.
ioanalytical Chemistry Section
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Gustav Kuhn
Sen.ior Chemist
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. MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT

March 20, 1984

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

I. PURPOSE

To determine the concentration o'f 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

3/8/84 44 '" 75 g
3/8/84 45 '" 75 g
3/8/84 46 '" 75 g
3/8/84 47 '" 75 g

III. ANALYSIS

These samples were analyzed in triplicate on March 13, 1984, using
a high performance liquid chromatographic method describe~ previously in MRI
Internal Report "Chemical/Vehicle Studies of Disulfiram" dated October 4, 1982.

IV. RESULTS

Disulfiram in Feed Found
(%)Lot No. Label Cone (%) %Found Label

44 0.05 0.0500
0.0495
0.0493

x = 0.0496 ± 0.0004(s) 99.2 ± 0.7(5)

45 0.05 0.0490
0.0502
0.0495

x = 0.0496 ± 0.0006(s) 99.2 ± 1.2(s)

46 0.05 0.0502
0.0495
0.0490

x =0.0496 ± 0.0006(5) 99.2 ± 1.2(s)

47 0.05 0.0495
0.0488
0.0500

x =0.0494 ± 0.0006(s) 98.8 ± 1.2(5)
1
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This analysis was conducted in the Bioana1ytica1 Chemistry Section
of Midwest Research Institute.

MIDWEST RESEARCH INSTITUTE

Allan Chatham
Junior Chemist

·-v~~
David H. Steele
Associate Chemist

oodhouse, Ph.D.
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 IDENTIFI CATI ON

Mixing Date Sample"No. Amount Received

4/5/84 48 '" 75 g
4/5/84 49 '" 75 g
4/5/84 50 '" 75 g
4/5/84 51 '" 75 g

III . ANALYSIS

These samples were analyzed in triplicate on April 11, 1984, using
a high performance liquid chromatographic method described previously in I1RI
Internal Report "Chemical/Vehicle Studies of Disulfiram" dated October 4, 1982.

IV. RESULTS

Disulfiram in Feed Found (%)Lot No. Label Cone (%) % Found Label

48 0.05 0.0497
0.0485
0.0483

x = 0.0488 ± 0.0008(s) 97.6 ± 1.5(s)

49 0.05 0.0489
0.0499
0.0488

x = 0.0492 ± 0.0006(s) 98.4 ± 1.2(5)

50 b.05 0.0485
0.0486
0.0483

x = 0.0485 ± 0.0002(s) 97.0 ± 0.3(s)

51 0.05 0.0485
0.0488
0.0496·

x = 0.0490 ± 0.0006(5) 98.0 ± 1.2(s)
1
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This analysis was conducted in the Bioanalytical Chemistry Section
of Mid~est Research Institute.

MIDWEST RESEARCH INSTITUTE

Allan Chatham
Junior Chemist

David H. Steele
Associate Chemist

E. Woodhouse, Ph.D.
Head, Bioanalytical Chemistry Section
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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 '" 75 g
5/10/84 55 '" 75 g

III. . ANALYSIS

These samples were analyzed: in triplicate on May 11, 1984, using
a high performance liquid chromatographic method described previously in MRI
Internal Report "Chemieal/VehicleStudies of Disulfiram" dated October 4, 1982.

IV. RESULTS

Disulfiram in Feed Found
(%)Lot No. Label Cone (%) % Found Label

52 0.05 0.0497
·0.0500
0.0502

x = 0.0500 ± 0.0002(s) 100.0 ± 0.4(s)

53 0.05 0.0496
0.0505
0.0503

x =0.0501 ± 0.0005(s) 100.2 ± 1.0(s)

54 0.05 0.0482
0.0483
0.0482

x = 0.0482 ± 0.00006(s) 96.4 ± 0.1(5)

55 0.05 0.0483
0.0485
0.0482

x = 0.0483 ± 0.0002(5) 96.6 ± 0.4(5)

1
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This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute.

MIDWEST RESEARCH INSTITUTE

~~
Allan Chatham
Junior Chemist

David H. Steele
Associate Chemist

Woodhouse, Ph.D.
_~~~ Bioanalytical Chemistry Section
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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.

These samples were analyzed in triplicate on June 14, 1984, using
a high performance liquid chromatographic method described previously in MRI
Internal Rep'ort "Chemical/Vehicle Studies of Disulfiram" da ted October 4, 1982.

II. SAMPLE IDENTIFICATION

Mixing Date Sample No. Amount Received

6/7/84 56 '" 75 g
6/7 /84 57 '" 75 g
6/7 /84 58 '" 75 g
6/7/84 59 '" 75 g

III. ANALYSIS

57 0.05 0.0500
0.0496
0.0504

x =0.0500 ± 0.0004(s) 100.0 ± 0.8(s)

58 0.05 0.0505
0.0494
0.0507

x =0.0502 ± 0.0007(s) 100.4 ± 1.4(5).

59 0.05 0.0506
0.0495
0.0505

x = 0.0502 ± 0.0006(5) 100.4 ± 1,.2 (5)

i .
3-56 I

I
I
I
I
I
I
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Found (%).
Label

100.6 ± 0.8(s)

0.0498
0.0505
0.0505

x =0.0503 ± 0.0004(s)

June 20, 1984'

MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT

Disulfiram in Feed

0.05

_Label Conc (%) %Found

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

56

IV. RESULTS

Lot No.

I. PURPOSE
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I This analysis was conducted in the Bioanalytical Chemistry Section

of Midwest Research Institute.
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,
Woodhouse, Ph.D.

, Bioanalytical Chemistry Section

MIDWEST RESEI\ARC~ !f~TUTE

~,~.

Allan Chatham
Junior Chemist

David H. Steele
Associate Chemist

I.. 2
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MIDWEST RESEARCH INSTITUTE
INTERNAL ANALYTICAL REPORT

July 2'4, 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

7/11/84 60 ' '" 75 g
7/11/84 61 '" 75 g

'-

7/11/84 62 '" 75 g
7/11/84 63 '" 75 g

III. ANALYSIS

These samples were analyzed in triplicate 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 Cone (%) % Found Label

60 0.05 0.0493
0.0482
0.0478

x =0.0484 ± 0.0008(s) 96.8 ± 1.6(s)

61 0.05 0.0479
0.0476
0.0475

x =0.0477 ± 0.0002(s) 95.4 ± 0.4(s)

62 0.05 0.0465
0.0467
0.0468

x = 0.0467 ± 0.00'02(s) 93.4 ± 0.4(s)

63 0.05 0.0482
0.0490
0.0492

x = 0.0488 ± 0.0005(s) 97.6 ± 1.0(s)

1
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This analysis was conducted in the Bioanalytical Chemistry Section
of Midwest Research Institute.

MIDWEST RESEARCH INSTITUTE

~cO~
Allan Chatham
Junior Chemist

David H. Steele
Associate Chemist

Woodhouse, Ph.D.
Bioanalyt~cal 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 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

8/9/84 64 '" 75 g
8/9/84 65 '" 75 g
8/9/84 66 '" 75 g
8/9/84 67 '" 75 g

III. ANALYSIS

These samples were analyzed iIi 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.

1
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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

x =0.0491 ± 0.0012(s) 98.2 ± 2.4(s)

65 0.05 0.0458
0.0494
0.0490

x =0.0481 ± 0.0020(5) 96.2 ± 4.0(s)

66~; 0.05 0.0419
0.0433
0.0428

x =0.0427 ± 0.0007(s) 85.4 ± 1.7(s)

67 0.05 0.0482
0: 0510
0.0504

x =0.0499 ± 0.0015(s) 99.8 ± 3.0(s)

* 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 Bioanalytical Chemistry Section
of Midwest Research Institute.

M~RES~

Allan Chatham
Junior Chemist

David H. Steele
Associate Chemist

oodhouse, Ph.D.
ioanalytical Chemistry Section

2
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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 toxicology
study currently being conducted at Deramus Field Station.

II. SAMPLE IDENTIFICATION

Mixing Date Sample No. Amount Received

: 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 m~thod described previously
in MRI Internal Report "Chemical/Vehicle Studies of Disulfiram" dated
October 4, 1982.

IV. RESULTS

,
I
I
1

Lot No.
Disulfiram in Feed

Label Conc (%) % Found
Found (%)
Label

69

0.05

0.05

0.0561
·0.0539

0.0543
x = 0.0548 ± 0.0012(s)

0.0490
0.0479
0.0459

x = 0.0476 ± 0.0016(s)

109.6 ± 2.2(s)

95.2 ± 3.4(5)

,~ This lot of disulfiram/feed mix was originally analyzed as Lot No. 66
(see MRI Internal Report "Analysis of DisulfirZlm in Feed Samples"
dated August 21, 1984). Because the concentration of disulfiram from
this original lot was found to b~ 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. 6~) are described above. Although Lhis 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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III

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

MIDWEST RESEARCH INSTITUTE

aLcR;i&~
Allan Chatham
Assistant Chemist

David H. Steele
Associate Chemist

Approved:

~~-
O~ Head, Bioanalytical Chemistry Section
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APPENDIX 4

SPECIAL 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 Drager 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 Outliers
- Analysis of Disulfiram Feed Sample
- Validation of the Atitosampling System

. - Chamber Distribution Study

4-1



INTERNAL ANALYTICAL REPORT
April 29, 1983

ETHYLENE DICHLORIDE QUALITY CONTROL SAMPLE ANALYSIS

MRI Project No. 7452-E

1. 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 un~,own to
the field station staff, ,is analyzed and the results reported to the chem­
ist. The purpose of these samples is to check the accuracy of the instru­
ment operators 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 Theory Determined Difference From
Sample No. Date (ppm) (T) (ppm) (D) Theoretical (D-I) % 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 72.70 +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

Average = 98.2 + 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 RESE&:;LUTE

~ -

Allan Chatham
Junior Chemist

Dave Steele
Associate Chemist

Approved:

Evelyn Murrill, Ph.D.
Principal Advisor for Chemistry

and Biology

E odhouse, Ph.D.
He oanalytical Chemistry

Section
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INTERNAL ANALYTICAL REPORT

January 3, 1984

ETHYLENE DICHLORIDE QUALITY CONTROL SAMPLE ANALYSIS

tlRI Project No. 7452-E

I. PUrpose

Beginning with the start of the chronic phase of the ethylene
dichloride inhalation study (September 27, 1982), one quality control sample
has been supplied to the field station staff each month. The quality control
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 ~hese samples is to check the accuracy of the instrument
operators 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.

I
I
1

1

I
I

~ III. 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) (0) Theoretical CD-T) %niT

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 72.70 +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 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)%

1
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IV. Conclusions

The values 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

.::3),-~~~ ~~
Allan Chatham
Junior Chemist

Dave H. Steele
Associate Chemist

Approved:

Po,C.~
~~ill, Ph.D.

Principal Advisor for Chemistry
an iology

E. J. odhouse, Ph.D.
Hea, oanalytical Chemistry

Section

2
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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. RESli'LTS

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) %O/T

2 10/28/82 71.44 67.17 -4.27 94.0
3 12/2182 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 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
15 12/15/83 57.16 56.70 -0.46 99.2
16 1/10/84 57.16 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 99.6"
19 5/2/84 57.16 56.06 -1. 10 98.1
20 6/13/84 42.87 42.52 ,.0.35 99.2
21 8/8/84 57.16 62.04 +4.88 108.5
22 9/5/84 42.87 43.54 +0.67 101. 6

Average = 99.0 ± 4.0(5)%. 4-6
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IV. CONCLUSIONS

The values obtained were found to be in good agreemenc with theo­
retical values. The average for the 21 samples was found to be 99.0 ± 4.0(s)%.

MIDWEST RESEARCH INSTITUTE

~ rfbt!:_
Allan Chatham
Assistant Chemist

David H. Steele
Associate Chemist

Approved:

Evel Murrill, Ph.D.
Principal Advisor for Chemistry

and Biology

~dZ~1.f
Head, Bioanalytical themistrySection
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INTERNAL ANALYTICAL REPORT

Project No. 7801-E

December 22, 1983

VALIDATION OF THE DRAGER METHOD FOR AMMONIA Sk~LING

I. Purpose

The purpose of this work is. to demonstrate the accuracy of the
Drager method 1 for measuring ammonia levels in inhalation test atmospheres.

II. Analysis

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 atmosphere.
After allowing sufficient time to ensure total evaporation of the ammonium
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 control chamber
atmosphere yielded linear relationships with correlation coefficients of
0.9994 and 0.9951, respectively. In addition, the lines obtained were paral­
lel, with the difference in the y-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, they fall within the range
cited for the method (± 15%).

1. Room Air Standard Curve

I
I
I

Theoretical
Concentration (ppm)

o
4.4

17.6
35.2
44.0

Y =1.18X - 0.032

Measured
Concentration (ppm)

o
4

15
29
38

corr: 0.9994

1 Leichnitz, K. (Ed.), "Air Investigations and Technical Gas Analysis with
Drager Tubes," 4th Edition, August 1979, Dragerwerk Ag Lubeck, p. 25.

1
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III. Conclusions

< 2~':

4
8

18
31

Measured
Concentration (ppm)

corr: 0.9951

o
4.4
8.8

17.6
35.2

y = 1.1~~ - 0.67

Theoretical
Concentration (ppm)

2
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David H. Seele
Associate Chemist

Allan Chatham
'Junior Chemist

~Oo ~-

2. Control Chamber Atmosphere Standard Curve

Woodhouse, Ph.D.
Bioanalytical Chemistry Section

* This reading was below the calibrated range for
the method and was not used for calculation.

MIDWEST RESEARCH INSTITUTE

Analysis for ammonia in inhalation test atmospheres using the
Drager 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.

Evelyn Mu rill, Ph.D.
Principal Advisor for Chemistry

and Biology
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INTERNAL ANALYTICAL REPORT
. MRI Project No. 7452-E

January 9, 1984

DETERMINATION OF THE STABILITY OFETHANOLIC DRINKING WATER
IN THE CHAMBER WATER DELIVERY SYSTEM

I. PUrpose

The analysis was conducted to determine if the ethanol concentra­
tion was altered by the delivery system.

II.· Discussion

In this study, an automated system was used to deliver ethanolic
drinking 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.

III. 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 control chamber on November 21, 1983. The sample was then,
analyzed for ethanol concentration using the same gas chromatographic method
employed fo'r the original 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 Chromoso rb 105 i 3.0 In :<2 rnm ID, nickel·
Carrier Gas: Helium
Carrier Gas:F~ow 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 rnA
Samples Injected: 1 ~L injections of the ethanolic drinking

water and of aqueous ethanol itandards (5.7 and 3.8% v/v)

1
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C. Results

MIDWEST RESEARCH INSTITUTE

n = 5
n = 3

Concentration (%)

5.00 ± 0.063(s)
5.12 ± 0.23(s)

11/7/83
11/21/83

Analysis Date

%of original analysis: 102.45%

oodhouse, Ph.D.
, Bioanalytical Chemistry Section

David H. Steele
Associate Chemist

2.
4-11

Using this method, the ethanol concentration of a sample which
had been in the delivery system for a period of 2 weeks was not found to be
significantly different, within experimental error, from the concentration
of the freshly prepared material. The data obtained are presented in tabu­
lar form below.

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

IV. Conclusion

Evelyn urrill, Ph.D.
Principal Advisor for Chemistry

and Biology
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MIDWEST RESEARCH INSTITUTE
Internal Report

MRI Project No. 7452-A
October 4, 1984

EVALUATION OF EDC STANDARDIZATION DATA
TO DETERMINE STATISTICAL OUTLIERS

I. 'PURPOSE

To correct the EDC chamber concentration data for differences in
the average calibration factor used for the Varian CDS-Ill integrator.

II. 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-Ill 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 concentratiotis.

On certain days, some of the Cal Fact values were not used to cal­
culate the average Cal Fact value. Since a statistical procedure was not
used for rejecting these data points, it was necessary to review the entire
standardization data to determine statistically which Cal Fact values were
outliers.

The standardization data was evaluated using the Tietjen-Moore
equation l 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.

I
I
I

1 Tietjen, G. L., and R. H. ~oore, Some Grubbs-T)~e Statistics for the
Detection of Several Outliers, Technometrics, TCNTA, Vol .. 14, No.3,
August 1972, pp. 583-597.

1
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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 value (E ) was
calculated and compared to a critical value table to determine if t~e sus­
pected outlier could be rejected. All of the standardization data were eval­
uated at the 90% confidence level.

where ¥< = Tietjen-Moore statistic
= mean of full sample

n = number of observations
t = number of suspected outliers
Z. = individual observation
~ n-k

ZK = l: Z./(n-k)
i=l

J.

I
I
I
I
I
I

[

n-k
E = l: (Z. -
~ i= 1 J.

n
- 2ZK) / l: (Z.

i=l J.
- Z)2 J

I
I
I
I
I
I
I
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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 days 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 versi~ns
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(5)%, +3.80 ± 6.2(5)%, 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 {n the average Cal Fact values used
by the Varian CDS-Ill integrator to calculate the EDC concentrations.

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(5)% for the EDC/DS, EDC,
and EDC/ET chambers respectively.

2
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Since there were 495 exposure days for each chamber, the overall
effect of these corrections on the study mean is minimal.

MIDWEST RESEARCH INSTITUTE

Allan Chatham
Assistant Chemist

David H. Steele
Associat~ Chemist

Approved:

Evelyn rrill, Ph.D.
Principal Advisor for

Che . try/Biology

E. Ph.D.
Head, oanalytical Chemistry

Section
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( EDC/DS I\

Daily Mean
Date Exposure Day Uncorrected Corrected %Difference I12/28/82 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

I12/30/82 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 5~.9 ± 1.02 49.3 ± 0.94 -6.8 I1/7 /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 7I 50.8 ± 1.87 59.7 ± 2.21 +17.5

I
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

I1/18/83 76 50.2 ± 1.95 51.9 ± 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

I1/21/83 79 50.1 ± 1.03 53.7 ± 1. 10 +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 49.1 ± 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 III 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. 33 +2.5
4/26/83 145 51.4 ± 1. 92 49.7 ± 1. 86 -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 ± 0.94 -2.6
5/5/83 152 51.5 ± 2.65 53.7 ± 2.76 +4.3
5/11/83 156 48.8 ± 1. 19 51.1 ± 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 -O.S
6/20/83 182 50.0 ± 2.54 50.5 ± 2.58 +1.0
6/21/83 183 50.5 ± 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 +~.5

7/7/83 194 50.4 ± 1. 54 51.4 ± 1. 59 +2.0

5
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I,
I EDC/DS (concluded)

I( Daily Mean
Date Exposure Day Uncorrected Corrected % Difference

I 7/12/83 197 50.3 ± 1.17 54.6 ± 1. 28 +8.5
7/13/83 198 49.1 ± 1.04 49.0 ± 1. 04 -0.2
7/15/83 200 48.5 ± 1.64 54.4 ± 1. 84 +12.2
7/29/83 210 49.7 ± i.40 51.0 ± 1. 44 +2.6

I 8/1/83 211 51.1 ± 2.05 48.6 ± 1. 94 -4.9
8/4/83 214 50.8 ± 0.99 54.0 ± 1. 06 +6.3
8/8/83 216 50.5 ± 1.30 63.6 ± 1. 64 +25.9

I 8/9/83 217 49.3 ± 1. 69 59.2 ± 2.03 +20.1
8/10/83 218 50.9 ± 1.39 58.0 ± 1.60 +13.9
8/11/83 219 48.8 ± 1.41 56.2 ± 1. 60 +15.2

I
8/12/83 220 49.7 ± 1.02 59.6 ± 1.23 +19.9
8/16/83 222 49.3 ± 1.35 50.0 ± 1.38 . +1.4
8/17/83 ·223 49.4 ± 1.66 47.8 ± 1.60 -3.2
8/19/83 . 225 50.4 ± 1.66 53.8 ± 1. 78 +6.7

I 8/22/83 226 50.9 ± 1.54 53.5 ± 1.62 +5.1
8/23/83 227 50.0 ± 1.53 56.1 ± 1. 73 +12.2
8/24/83 228 50.0 ± 1. 41 52.2 ± 1.47 +4.4

I
8/26/83 230 49.8 ± 0.83 47.6 ± 0.79 -4.4.
8/29/83 231 48.6 ± 1. 27 51.7 ± 1. 36 +6.4
8/30/83 232 49.4 ± 2.03 53.0 ± 2.18 +7.3
9/1/83 234 51.5 ± 3.23 55.3 ± 3.45 +7.4

l 9/6/83 236 48.7 ± 3.12 47.5 ± 3.04 -2.5
9/7 /83 237 50.2 ± 0.47 57.4 ± 0.53 +14.3
9/8/83 238 50.9 ± 1.72 53.2 ± 1. 81 +4.5

I
9/13/83 241 51."5 ± 1. 78 50.9 ± 1. 78 -1. 2
9/19/83 245 51.9 ± 0.69 57.9 ± 0.78 +11. 6
9/20/83 246 50.3 ± 0.88 52.6 ± 0.93 +4.6
9/22/83 248 50.0 ± 0.87 51. 2 ± 0.90 +2.4

I 9/26/83 250 51.9 ± 1.31 53.8 ± 1. 36 +3.7
9/29/83 253 50.1 ± 0.92 51. 1 ± 0.94 +2.0
10/3/83 255 50.6 ± 1.27 51.8 ± 1. 31 +2.4

I
3.91 ± 6.10(s)~~

I
I
I
I
I 6
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Daily Mean
Date Exposure Day, Uncorrected Corrected % Difference

I12/28/82 62 49.2 ± 1.56 50.,5 ± 1.59 +2.6
12/29/82 63 51.4,± 0.90 55.1 ± 0.93 +7.2
12/30/82 64' 50.7 ± 1.14 51.4±1.17 +1.4 I1/3/83 . 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 I1/7/83 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 +17.6

J
1/12/83 72 50.9 ± 1.81 55.3 ± 1. 97 +8.6
1/13/83 73 50.9 ± 2.99 53.5 ± 3.13 +5.1
1/14/83 :- 74 51.9±4.18 52.2 ± 4.19 +0.6
1/17/83 75 49.9 ± 2.49 48.4 ± 2:39 -3:0 I1/18/83 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 +1.3

I1/21/83 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

'II" 1/28/83 84 49.8 ± 1. 57 51.5± 1.59 +3.4l___ 1/31/83 85 51.0 ± 1.27 52.1 ± 1. 30 +2.2
2/2/83 87 49.4 ± 0.99 48.7 ± 0.99 -1. 4

I2/8/83 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 +2.0
3/9/83 111 49.6 ± 1. 95 48.3 ± 1. 90 -2.6

·1. 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

I4/11/83 134 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 ± 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 47.41:4.97 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 1: 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 48.9 ± 1.74 . 46.7 1: 1. 66 -4.5
6/22/83 184 49.2 ± 2.25 51.6 1: 2.35 +4.9
7/l/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 50.7 ... 2.06 +2.0

7
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I
I EDe (concluded)

,,1\ Daily Mean
Date Exposure Day Uncorrected Corrected % Difference

I
7/12/83 197 50.1 ± 1. 65 54.4 ± 1. 78 +8.6
7/13/83 198 49.8 ± 1.92 49.7 ± 1.92 -0.2
7/15/83 200 50.9 ± 1.41 57.0 ± 1.58 +12.0
7/29/83 210 51.1 ± 1.40 52.5 ± 1.43 +2.7

I 8/1/83 211 51,1 ± 1. 87 48.6 ± 1. 78 -4.9
8/4/83 214 50.9 ± 1.51 54.3 ± 1.35 +6.7
8/8/83 216 48.4 ± 0.57 61.0 ± 0.7l +26.0

I 8/9/83 217 50.5 ± 0.88 60.6 ± 1.06 +20.0
8/10/83 213 51.3 ± 1.32 58.6 ± 1.50 +14.2
8/11/83 219 49.2 ± 2.17 56.7 ± 2.48 +15.2

I
8/12/83 220 50.1 ± 1. 64 60.0 ± 1.96 +19.8
8/16/83 222 50.0 ± 1.42 50.7 ± 1.43 +1.4
8/17/83 -223 49.0 ± 0.97 47.4 ± 0.94 -3.3
8/19/83 225 49.6 ± 2.71 52.9 ± 2.89 +6.6

I 8/22/83 226 49.4 ± 0.97 51. 9 ± 1. 02 +5.1
8/23/83 227 49.9 ± 2.09 56.0 ± 2.35 +12.2
8/24/83 228 50.1 ± 1. 17 52.3 ± 1.24 +4.4

I
8/26/83 230 49.7 ± 1.43 47.5 ± 1. 37 -4.4
8/29/83 231 49.8 ± 1.27 53.0 ± 1.34 +6.4
8/30/83 232 48.5 ± 0.84 52.0 ± 0.91 +7.2
9/1/83 234 51.2 ± 1. 98 55.0 ± 2.12 +7.4

I:~
9/6/83 236 49.1 ± 1. 69 48.0 ± 1. 60 -2.2
9/7 /83 237 50.0 ± 1. 37 57.3 ± 1.57 +14.6
9/8/83 238 50.3 ± 2.67 52.5 ± 2.80 +4.4

I
9/13/83 241 49.6 ± 2.60 49.0 ± 2.58 -1.2
9/19/83 245 50.1 ± 1. 69 55.8 ± 1. 88 +11.4
9/20/83 246 48.9 ± 1.20 51.1 ± 1. 26 +4.5
9/22/83 248 50.8 ± 0.52 52.0 ± 0.52 +2.4

I 9/26/83 250 51.2 ± 1.22 53.0 ± 1. 28 +3.5
9/29/83 253 49.5 ± 1. 96 50.5 ± 1. 99 +2.0
10/3/83 255 50.7 ± 1.22 51.9 ± 1.26 +2.4

I
3.30 ± 6.17(s)~~

I
I
I
I
I 8
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I
t

r EDC/ET

I"-
Daily Nean

Date Exposure Dav Uncorrected Corrected %Difference.

I12/28/82 62 49~0 ± 1. 60 50.3 ± 1.64 +2.6
12/29/82 63 51.0 ± 1.16 54.7 ± 1.24 +7.2
12/30/82 64 50.1 ± 1.08 50.8 ± 1.04 +1.4

I1/3/83 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 I1/10/83 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 56.1 ± 3.68 +8.5

I1/13/83 73 51.6 ± 2.38 54.2 ± 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

I1/18/83 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

I1/24/83 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
I 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 ± 2.23 +2.0
3/9/83 111 50.4 ± 0.52 49.1 ± 0.49 -2.6
3/10/83 112 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 59.9 ± 12.7 +4.2
5/11/33 156 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 ± 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 -4.5
6/22/83 184 49.3 ± 1. 93 51.3 ± 2.03 +5.1
7/1/83 Ell 50.4 ± 1. 70 52.2 ± 1.77 +3.6
7/5/83 192 47.5 ± 1. 0 1 48.7 ± 1. 04 +2.5
7/7/83 194 49.3 ± 1. 79 50.2 ± 1. 33 +1.8

9
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I
I

EDC/ET (concluded)
r

I l
- Daily Mean

Date Exposure Day Uncorrected Corrected %Difference

I 7/12/83 197 51.4 ± 1. 70 55.8 ± 1. 85 +8.6
7/13/83 198 50.1 ± 1. 01 50.0 ± 1. 01 -0.2
7/15/83 200 48.6 ± 1.36 54.5 ± 1.53 +12.1

I
7/29/83 210 50.0 ± 0.44 51.4 ± 0.46 +2.8
8/1/83 211 50.0 ± 0.91 47.5 ± 0.89 -5.0
8/4/83 214 49.8 ± 1.22 53.0 ± 1. 31 +6.4
8/8/83 216 50.0 ± 1. 77 63.0 ± 2.20 +26.0

I 8/9/83 217 50.2 ± 0.76 60.2 ± 0.90 +19.9
8/10/83 218 50.9 ± 1. 10 58.1 + 1.26 +14.1
8/11/83 219 50.4 ± 1.26 58.1 ± 1.45 +15.3

I
8/12/83 220 50.2 ± 1.64 60.2 ± 1. 96 +19.9
8/16/83 222 49.2 ± 1.54 49.9 ± 1.56 +1.4
8/17/83 -223 48.6 ± 0.96 47.0 ± 0.94 +3.3
8/19/83 225 49.9 ± 1.25 53.2 ± 1.34 +6.6

I 8/22/83 226 48.9 ± 1.21 51.3 ± 1.32 +4.9
8/23/83 227 49.8 ± 0.75 55.9 ± 0.86 +12.2
8/24/83 228 50.4 ± l.09 52.6 ± 1.14 +4.4

I
8/26/83 230 49.7 ± 1.06· 47.5 ± 1.00 -4.4
8/29/83 231 50.0 ± 1. 70 53.2 ± 1. 80 +6.4
8/30/83 232 49.0 ± 0.67 52.5 ± 0.75 +7.1
9/1/83· 234 50.7 ± 1.05 54.6 ± 1.11 +7.7

Ie 9/6/83 236 49.3 ± 1.88 48.2 ± 1. 87 -2.2
9/7 /83 237 50.4 ± 1.91 57.7 ± 2.19 +14·.5
9/8/83 238 50.4 ± 1.36 52.6 ± 1. 42 +4.4

I
9/13/83 241 51.2 ± 2.22 50.6 ± 2.19 -1.2
9/19/83 245 50.6 ± 1.51 56.4 .± 1. 68 +11.5
9/20/83 246 49.7 ± 0.72 52.0 ± 0.75 +4.6
9/22/83 248 50.5 ± 1.04 51.7 ± 1. 04 +2.4

I 9/26/83 250 51.6 ± 1. 71 53.4 ± 1.77 +3.5
9/29/83 253· 49.5 ± 2.28 50.5 ± 2.33 +2.0
10/3/83 255 50.9 ± 1.23 52.0 ± 1. 25 +2.2

I
+3.99 ± 6.05(s)~~

I
I
I
I
I

-..
10
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INTEROFFICE COMMUNICATION

To:

From:

Subject:

MIDWEST RESEARCH INSTITUT~c:
November 21, 1983

Gene Podrebarac

Gus KUh~

Analysis of Disulfiram Feed Sample - Project No. 7452-E

I
I

J. Cholakis
E. Woo.dhouse IE. Murrill
D. Steele

I
J

On Octob~r 26, 1983, a dosed feed sample identified as Disulfiram F~ed, 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 separately (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 c9mparison, the results
below present both the original analysis data on Lot 20 and data from the current
analysis.

Disulfiram Found in Feed Samples From Lot 20

Found
Analysis Date

9/29/83

10/27/83

% Found

0.0497
0.0498
0.0498 + 0.0001(5)

. 0.0490
0.0487
0.0488 + 0.0002(s)

(%). La,bel Conc.

99.6 + 0.1(5)

97.62:. 0 . 2 (5)

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
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I~TERNAL 2~ALYTIC~l REPORT
April 13, 1983

Projec~ ~o. 7452-B

Validation of the Autosamnling Svste~

I. Pur'!Jose

To validate the autosanpli~g system being used In ehe chronic
inhalation study.

II. Hethod

This analysis was conducted by comparison of injections of l-cc
aliquots of EDC ch~ber atmosphere using the automatic sampling system
with manual l-cc injections removed from the same atmosphere using a gas­
tight syringe.

III. AnalYsis

1. SaIl'lPling orocedure.: Using 2. l-cc gas-tighe syringe, erip2-i­
cate. grab samples of mc char.'.:'er aC7':l.osphere. ~"7e.re :-e.moved f:-om an equ:'li­
brated inhalation cha:.-nber and analyzed Eor illC concencrat:on. Smilarl:7,
triplicate samples of EnC ch~~Der ac~osphere ~ere obt2i~ed fr~m che sa~e

inhalation chamber using the automatic sampling svscem 2nd ~nal'7zed in
the same ::tI2nner.

2. Gas cnromatcgr2.ohic S"12tem: Th::.s system is the syscen used
for daily concentration monitoring.

Inscrument: Varian 2~OO gas chrc~atogr2?h

Detector: Flame ionizat:on
Column: 10% Carbo~.;a.x ZOH-TP..I.. on 80/100 ChrOlr.asor:;' HA\-1);

1.8 m x 2 mm IV; nickel
Carrier Gas~ Nitrogen
C2rrier Gas Flow Rate: 30 cc/oin
Inlet Temperatu:-e: 15()o,:

Detector ~emperature.: 250°C
Colu."':ln Oven Temper3.ture: 70°C
Daca Handling: Varian CDS 11: integra cor

4-23



( 3. Results: The concen~cat~ons of £DC (in ppm) obtained :~em

this e:xperi.nen~ are ~resentec. belm":

I
I
I

Autosa.1TIpler
(uncoT:-ected)

Autosar.:rpler
(corrected to 2S~C)a :~anu21 (at 25'C) I

45.8 52.7
45.L.. 52.2
44.3 51. 0

Avg 45.2 -'- 0.8 (s) ppm ,Avg 52.0 -'- 0.9(s) ppm- -

53.6
SLt..O
52.3

Avg = 53.3 - 0.9(5) ppm

I

(
"-

a Uncorrecr:ed autosampler injec'Cions 'Nere corrected:o 25°e by diViding
the concentration of EDt by

This t~~perature correction is taken because ~he ~u'Cosampler sanples
the atmosphere at 7Doe (3L..3°~) while the manual samples were ~2ken ~:

25°C (298°K).

The autosampler injec:ions ~.;ere found to be 97.6 - 2.!+(s):; o~ :::lle
manual injections.

IV. Conclusion

The results obtained using the 2utas2mpling syste~ ~iere feund :::0

be 97.6 = 2.4(s)~; of these obt2inec. f:-om r.lanual i.njec':ions of cha!c_be::::.c­
mosphere. These results v2~idate the use of t~e 2utosampling syscem for
this study.

ADDroved:

~.~,~~~~<­
~E1-:\f~\\~.:.'~ Ph Dve_:rn ,.ur~:.1.l., , ..
?rincipal Advisor for Chemis:ry
a~ Biolog:,-

~
":(' i ,

L./' \j"~ . "
E' •. , j. ~;oodhou5e, ?~.J.

tie::;-Cl~~o"na'1··-'iC3.' r''''''m"s-~''_:::l, .:.5 ...... l..-.. _.' --...... .... -.JL"'= ..J.. l.._ /

Section
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Allan Ch2 ch<L.TTI
Junior Chemist
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Dave Sceele.
Associ3Cc Che~ia~



CHAMBER DISTRIBUTION STUDY FORM

DFSJ 1982

.10
!:=::::::::::::::::l

.11
(················1..................

56.2
53.5
49.9
50.1
48.6
48.1

.12
E:::::::::::::::::~

.8
1::::::::::::::::::1

• 9
1::::::::::::::::::1

Port
No.

7 Left Upper:
8 Left Middle:
9 Le ft Lower:

10 Right Upper:
11 Right Middle:
12 Right Lower:

Left. . Right

REAR

Temp: 69°p
Humidi~y: 65%

C.V. = S.D.
x 100X

C.V.
2.83

100 5.5%= x =51.16

. .

50 units 200 cc/min
H20 (11 air changes/hr)

4-25

Chamber K4 - EDC!DS Group

5.
1:::::::::::::::::1

6.
(:::::::::::::::::1

• 1
f:::::::::::::::::1

.2
1:::::::::::::::::3

.3
1:::::::::::::::::1

!..eft Risht

FRONT

Port
No.

1 Lef~ Upper: 55.7·
2 Left Middle: 49.7
3 Left Lower: 48.9
4 Right Upper: 53.7
5 Righ~ Middle: 49.8
6 Right Lower: 49. 7

Chemical: EDC
Chamber Target

Concentration: 50 ppm
Date: 9/4/82
Observer: J. M. Cholakis

28-30 lpm dilution air
turbulator in-line
flowmeter (n602) for EDC
orifice reading: 0.05 in.

I
I
I
I
I
I
I
I'
I
I
I
I
I
I
I
I
I
I

II.



CHAMBER DISTRIBUTION STUDY FORM

I
1

t

l
.10 '

!:::::::::::::::::j

.11
j::::::::::::::::::1

• 12
k:::::::::::::::~

,.8
[::::::::::;:::::::1

'.9'
f:;:::::::::::::::1

Chamber K5 ~ EDC Group

5.
1;::::::::::::::::1

6.
1:::::::::::::::::1

.2
/:::::::::::::::::j

-I
[:::::::::::::::::1

.3
!::::;::::::::::::I

'..eFt Right

FRONT

. . Left, . Right

, REAR

Port Port
No'. No.

1 leFt Upper: 48.8 7 Left Upper: 52.1
2 left Middle: 46.0 8 Left Middle: 48.3

3 Left Lower: 46.9 9 Left Lower: 47.2
4 Right Upper: 52.5 10 Right Upper: 51. 4

5 Right Middle: 48.0 I I Right Middle: 47.6

6 Right Lower: 47.3 12 Right Lower: 4,6.4

Chemical: EDC
Chamber Target

Concentration: 50 ppm

Dote: 9/4/82
Observer: J. M. Cho1akis

Temp: 70°F
Humidity: 65/~

c.v. = S.D.
x 100X

C.v. 2.23 lOa = 4.6%=--x
48.5

28-30 1pm dilution air
Turbu1ator in-line
EDC ,flowmeter (11602) = 50 units = 200 cc /min
Orifice reading: 0.05 in. H20 (11 air changes/hr)
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CHAMBER DISTRIBUTION STUDY FORM

DFSJ 1982

4.9%

~1O

f··················j. .. .

.11
i::::::::::::::::::1

.12
f:::::::::::::::::3

.8
1::::::::::::::::::1

.9
E:::::::::::::::::I

Left. ' Right

REAR

Port
No.

7 left Upper: 57.2
8 left Middle: 52.6
9 Left lower: 51. 2

10 Right Upper: 56.2
11 Right Middle: 52.0
12 Right lower: 51. 7

Temp: 70~F

Humidity: 62%

c.v. = S. D.
x 100X-

C.V. = 2,68 100 =x
54.4

. .

Chamber K6 - EDC/ET Group

5.
f:::::::::::::;:::j

6.
[ ,

e ••••••••

.. 1
f" '1

•• eo ••• '.

.2
I:::::::::::::::::j

.3
l:::::::::::::::::1

!..eft Right

FRONT

Port
No.

I Le ft Upper: 58.9
2 Left Middle: 55.7
3 Le f t Lower: 52 . 7
4 Right Upper: 58.0
5 Right Middle: 53.3
6 Right Lower: 52.8

---

4-27

28-30 lpm dilution air
Turbulator in-line
EDe flowmeter = 200 cc/min
Orifice reading: 0.05 in. H20

Chemi ca I: EDC
Chamber Target

Concentration: 50 ppm

Date: 9/5/82
Observer: J. M. Cholakis

I
I
I
I
I
I
I
I
I
I
I
I
I
,I

I
I
I
I
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APPENDIX 5

DAILY EDe CHAMBER CONCENTRATIONS

- EDC Chamber
- EDC/DS Chamber
- EDC/ET Chamber
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EDC CHAMBER CONCENTRATIONS (K5)
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I:: HPft' i!::: l':F' L:C,t)[:[:I\iTr";':AT I Di)::;:: EDC
/':V~i::':B: EHI',LEI')E 0:1: CIIU~:I;: TDE: ~~jO F'F'!!

('-JEE:f::: 1 THHU ::':i

I
1

1:-: >< F'Ci SUI:';.: f:
D;::iTF . iJJEEf:

EXP(JSUF:E

i\)/Ol/:3~:: ::.::; 47.7' +/-- 1.f:J9(1::;) 44.4 ~:5U,,::;
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t'/IEAN + / -- :=::. D .' I Ii .'
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~~~~-~~~~~~~-----------------~~_:_~~~~--------~_:_--~-------~~~~---.---~~~~--t
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(:)4/(:!5/8~~ 28 13t~) 49ab .~/-- 1~75(12) ~~8n3 54~~3

,).::j. / 0,".:.,":':'<:32:3 1. ~s 1 47. 0 +- / -- 1 " 7''7 ( 1 :2)~"~:'. 7' ::.:2. U
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~~~~_~~~~~~~ ~~_:_~:~~ =_: ~ ~_2~~~ ~~~~ __1
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I) 4/ 1. ~.; " :33=:'1' 1 38 54. 7 + / -- 2 • 5 1 i l2) =.; ~,:: • \) (S 0 0 8

~~~~-~~~~~~~-~---------------~~_:_~~~~--~-----~_:_--~-------~~~~-------~~~~--I
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04/21/83 30 142 51.9 +/- 1.68(11) 50.1 56.6
04/22/8:3 _ 30 143 49.6 +./-' :3.22(12) 47.0 ~59.5

~~~~-~~~~~~~---------------~-~~_:_~~~~--------~_:~--~-------~~~~-----~-~:~~--I

'. ' , '

• '-or • J

:::: ~t

65'''t
6 0. '3~ .

S5.Of - - -- -- ._. - - - - - ",... - .- - - - -
'.. .... .

~~ ~f·······,·,~,·,·,··,··~,·",,·~··m, ..~w .. '.l~.'•. - • - m ~ ~ m ~ ~ m
. ..

. 4 S_ ~ 0=t- - -- -- - ~ -' - - -- - - - ,- - - - -
-L

-4 C1 • oj.· ..

35.0$ " ... __., .,,__ ,,,.~
27 2::: :~Ir~

F'
E
F:

r'1
I
L
L
T
Cl
H

04/25/83 31 144 49.8 +/- 3.07(10) 44.9 54.6
04- / :2 '~'./ ~=:;::; ~ 1 145 48. (; + ./ -- 2. 1 4 I 1 1 ) ~f ~f. " 5 1, 5 I
04/27/83 ~1 146 48.9 +/- 1.49CI2) 45.7 50.6
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01.:· /' .:::: 7/ :3·:;:: :Yi.· 14 (3 4 '7' • 4 + ./ - 3. 0:'::: I 11)) 4 4 • 2 5 4 • ::. J
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43.62. :31 (13)
n::: 4

Ii :::

+/--
4 ,--, c:"

7 1l·...J

49.8

4 ,.-. <.7
"';l.:o \_1

~J I _
.. \I -

19040
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~~~~~~~~------~~-------~~~~-------~~~~--~~~---~~I~~~~~------~~~~--:----~~~~--1
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06/23/83 3q 185 49.9 +/- 3.06(13) 43.2 53;8- I
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~~;;;;~;--7---;;--------~~;-------;;~~--:~=---~~;;~~;~~-----~~~;-------;;~;--1
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~)(ja'1 -{-/- 2115':?(. .l~5)

N .- OTHER

5-77.

50.6 +/-
5()11 2 +/­

5(J .. 6 +/­
AI."; - 5(i ll 5

Al,...I = 50.3

4; .--, S(> 8 + ; - 1 24 ( 1 ) .:+9 4 is::: 0::;-

. ,="..::. · / - · · '-
46.3 5() +/_. .--, 78 ( 1 4 ) 4'-' '~

!.:.":" t= ( 1· ..:' ..::. · ..:.. ___I ~_I ·
AI,,' =: 50 6 n - 42 C) o=,:"L::'" ( ).;.:.:, · ",..;\,..1 ·

A~,:,J := 5() II 2

HCiL I DA'(
445 50.3 +/-

446 49.6 +!-

447 51.1 +!-
448 49.9 +/-
449 49.8 +/-
450 49.5 +/-

451 50.0 +/-
~)Iy' =: 50 1

45:2
453
454
455
4::'j6

443
444

CHAi"1F:EF Ccr!C::~~~,ll'F::1~1T I CJ!\!;::: ... - E:ec:: / ['1--
;' 4::::;2;::: ETHYL.E:NE D [CI·iL.ur:;: I DE ~:;u r~'~'r'1

Wf~Ef::: 93 THF:;U '7'7
E: >< F'U5Llr·',E

_Dl~;'y

r'1.,..
.J..
L.
L..
T
Cl
H

F'
t=1
F' t, S . o=f

60. >Jt
55. Of -----------------
51;:1 D ~21-~' -& ~+~.&I.I.I'" .III"IH'IH 'III' m,EP.IIl,tII, 1I1.!!"lI(',n· il'l.III'~ ,m ti .. ,

-j-
__ _' -I-'

-4 !-, ~"I-t-- - - - - - - -- - - - - - -' - - - --'- ..-l- '

4(1.0:t
+"

35.0+
_. -'I_+-I--+,-+I_'>--+-'+1_'---<I-+-.......... I I , J I I .-j--f--j--.......-r--'I--i--+-.~1--

93 94 95 96 97

97

,.-7
-, .I

95
r-,~

7·.J

95
'7'5
c;'5

73

E \. FCiSljF\:E-=
~.IEEf:::D;'~T[

() "7' ./ 2 :~; ,/ 84 9' Ll C' ._, 50 0::- + /' ..- 1::-7
l. 1 4 ) 49 r:,' c:.' 1 '7

. 0 . __} l · ~, ·,_I j · ..J "') · i

(i-/ /24- /84 96 45.8 49 8 -+ ! - 1 14 ( 1. 5) 4';;- 9 :::jO 5· · '-' · ·
07//:2:.5/ 8A 'i6 459 50 2 +/ -- 1 4(.t ( 1 4 ) 46 0 C' < 9· · '-' .i. "
07/26 ,/84 <:;-6 460 4'7' 8 +/ - .-, 14 ( J 4 ) 44- ( ) t= 1 ---,

· ..::. · · .... /

C<?/ 27 /:' :34 '7'6 46 1 50 \.:::. + ./ .- 1 1 E: ( 1 C' ) 4'-;- '7 E::;' "--, ( )· ,-' . ." ~_I.r:::.

~J.)EEf:: SUI-1111'1RV A\.-' =: 5t) .--,
II =: i::j '14 ( )

;:;:.-,-', (I· ..::' · ._-... ...:.:.

J;:EF'[IRT ~31.:J1'1i·IAF~ y

07,;30/!J4

()7o'1b/:34

07/17/84
0//1:3/84
07,/19/84­
07/:;;::0/~34

~"E:E i< E: I..J r"1 r"-I (~ F: Y

')7/' 02 /' :34
0"7/0:3/84
U'/./ 04 /. 84

07/09/84 94
07/10/84 94
07/11/84 94
07/12;84 94
0] / 1. .~ /84 '74
~JECf::: ~3iJI·11"IPIF'Y

I
I
I
I
I·
I
·1:

I
I

.- '.", ",'.1

·""1';. . ~

' ..

'1
···.-1··'. '.

,'- -, ~.;

"··"1

I
". ,":

"1"·''. .
", ;
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.- _c
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....

I,
'I::,

.,.,
~ ·1

Ii
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I
1~:Hr:::d'!E:Efi: C !Ji\IC:::EI'~ T I::;.: A r I CJ II ::::.- _. E:::1i-:,' I:::: T

) 4 ~.~! ~-2B : :::: T l--j \, L ~c~j\j E: (l I Ci-,L DF: :r. D !::: ~.31-J F' F' i"1
~~..IEE-r::: 9'/ -r'}"!F;~U i{i 1

I

...• .::::'" "

-1'7' .. ~ .•

;1,-', ,.
"'1' '::.' 11 ,~,

L1-:3" ,~,

4:3" c.,,

'I '::/" :[
4':;;. ,j

""I

.. I~~~ ( l 5)

n4.:j(14)

111:39(1~=S)

2. 1. ::;..; 1'1-,
.. :;::: 't ( :L :",;)

.::':'!-(14)

1 • ,SO ( J. 5 )

n =

+- / ._-

49.E: +/--

!-jE:r:;1) +/-- S,D. (n.i

~.S(j II 5 +- /'--
4'7' II ,~. -+ ,/--

~51:l0 +/--

51.1 +/-
i-l C? 11 ~7 .,- / ._-

'1-,,_,1"
4Cf:-3
·46'7J
·470

·,+c.,4
46~::!

4bc:,

'-::"_J
.' '-'

c,·;:j
.' '..'

,-,"',
7 /

,-,,_.,
7":;0

E:;< r::'u2,IJr;:E
D (:1 TE: L'.JE E-=t=':

O:~;:./Ul/84

(li':::/ 1 U/:3-'I­
i'iFEf:: ~::;UJi!li!~IR·/

n ==

~~~;;~~~------~;--_._-----;;;-------;~~;--:~=---~~~~~;;~------;~~:--- -----:.~.:.;.·,-_~.-:~,~~·;_~.:;,--i
08/14/84 99 473 50.5 +/- 1.09(14) 48.~ .
'A:: / j ~5 i E3·:]. '=.;' '=;' 4 I" 4 't S'. E: + / ..-!. • =.;:::;:: ( J ':; )
O~.:::./1(::,./~~~:4 'i(.::' 4'7~,) ~5() .. 1:'; .+./- ,,7~.:.;(.L4) ..:l:~3 .. ,:S ~.51of~"5 1
()8/:1.7/84, 99 4'7f~ 5(:)~7 +/- la62(:li~) 47a4 54~5

~k. :;

.::j.)' • '!:'
47 .. j

~~7i:.,(15)

1 a It:.'~ 1/~~)

n ==At../ :=: .(,f·'7'" 8

480 50.0 -/-/-
481 49.7 +/-

1),=: i 22; / E::ij. 100
C::::) / ~:::'l./ E: 4 1 ,)0
~-'JEE f< :31..1 !'1 t'l i; F: \(

--._.. --. -- -_. -- ,.- -- --. -~, ~.-_ .. --. -- ._-_. -.__.. --_---., -- --_.,-~---' -_.--~ _------------,.--_.-._--~- ---- -~ _. ---..,- -- ~ _-,_..--'" ,- -" --'~-'1

() ;'] ,f .~:~ l) :/ ;:34 1. () l) ·4 ':;.:' 7 :-} () = :4, .-!- ./ -- 1 ~ :2 ~;:: ( 1 4 ) 48:1 '.~" .~::~.! ~,~ _., ~.-;~
I)U/2 J / E: ':'I. 1() 0 ~~ 7 :;::: 4 '::;- • :~ -/- / -- " 7 (; ( 1 '=; ) 4 l " j '+

()Q;:22/84 1(:)(=~ 479 49g8 .~-/- a68(lS) 4{3~5 51~l~)

5()" 9 I
'::-1", '7
.~J .,::,,, ,/

.:::',', ,"',
•••• 1 -.~' :: ,~::,101

... -- - -... -- -- ._-----.- --- -- -_._.- - -- _..-- ------.- - .-.- - --. -'- --- _.- -- - -- -- -- - -. -' - .. ---- ..-- - - - - - - -- - ----- --- -- --._- .-. - -- ... :.... ._--.- - <.-_.:-.,.~,.--:-,'-.-.'-' - -"I
(::)8!'27/8L~ 1 (:) j. 4~~~2 5(l.'7 +/- la ,l5C'lS) 48 .. :2 . '

1 (I J+E-3::' 4 c/. b +-/ _. .. !3 C? ( 1. 4) 4:~::. L :::'),) .7

484 'S(:)a8 ~./-- 2.95(:L~,) ~·8~(::)

(J8;3()!'~34 1.(·:l:L 485 5(J g 2 +/- 1~4,6(15) 45u2 ~S.L~6

(~)8!'~;:l/8·(~ 101 486 49aB +!- 1;~;~,(15j 47=6 5::~,r2

I.:J F.:: ~:.: !< ~:::; LH-'11 C") I~:! ~~ \.... A 1,,/ == ::.; () 11 :~ I .._~; 4~.5 of 2 ~.5 ':~;' ~ ;::::

~~;;~~-~~~~~~~----------------~~-:-;~~;--------~-:--;;-------;;~~-~-----;~~;--1

1

--·,---
r~
p

._ . i.

. ,'. '

-j.-

t::::- '~i·t--" ..' ,. '-::r
;::,;3. 0-·(

.:t-~
s ,;. C1::!=- - -.-.- - - - - - - -- - --- -- - --_.

-'--SCi .. IJ+' ..... ~-

.- _. +
4!::. " ~::Ij:=- -- -- ..._- - -'- - ~- -- - - -- - -- -- _. _.. --

,.i

."t l7j ("tI, ... - •._. I

r-,--
:~~: S . 0+

---------,--L--l-~_j-_+_._f_E_+_-~...,.f--..,_i_-+--r-----+--.i_I--+--I--I----I--I_..f-f-_+-.,.I_.--

97 98 99 180 101

E >:: F' CI :::; U F: E: !,J E E f:::

.. -.... i Reproduced from
, best available copy.
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CHAMBER CONCENTRATIONS -- EDC/ET
7452B; ETI-flLENE DIC:HUJRIDE, -~50 F'F'J"1

WEEK 102 THRU 103
EXF'I]SUF:E

DA-Y MEAN +/- S.D. ( rl>
MI 1'1 I I'IU(!
F,:EAD I Nl3

t1A_~ I t'1LI~'1

F,EAD I Nf3

F'
A
F.:
:r.=-

F'
E
F"

1'1
I
L
L.
I
I]
r-~

HOLIDAY
487 5()11 4 +/ - j-IO ( 1 4 )· 7 ~_I ~

488- 50. 1 + / - ·67 ( i- S)
489 5() • <=" +/ -- 79 ( :L <:"'

~I · ~I )

490 50 . 1 + ;' - ·51 f 15)

~iV = 5()11 --' n = 4

48 II:::
48.3
49 . ::;~

49.4

47.9

52.0

5 t ;r f3

d:'- -r r.=
.._1 ....: ,._,

52. 1

H - HOLIDAY ~~ - OTHEF.'
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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 lK
Jan 7 83 lA
Jan 21 83 1A
May 5 83 2M
May 5 83 2N
Jul 14 83 IE
Oct 13 83 2D
Dec 29 83 2A
Jan 20 84 2B
May 3 84 1A

- Basic Residues Analyses

6-1
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.'1"- , :~""I Kafston t-'unna
.I~'.] J Company
'I~ ~

Analytical Services

Checkerboard Square
St. Louis, Missouri 63188

TO RICHMOND, III CC RIC H~1O ND , I ND •

D.C.SHELTON, 3RS
J.R.S~IYDER. 2RS

I
I

LAB NO 162~03 ENTERED 07/23/82 REPORTED 08/04/82 RHI

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JUL 20 82 2F

5002

I
I

ASSAY

PROTEIN IN X 6.25)

FAT IAC.ID HYDRO.)

FIBER (CRUDE)

ARSENIC

M~ALYSIS

21.4

7.40

5.06

O. 310

UHITS

PPM

LOW-LIMIT

20.0

4.50

HI GH-LIi'-1IT

5.50

1 .00

I
CADMIUM

CALCIUM

0.0946 PPM

0.931

0.500

I
LEAD

MERCURY

0.227 PPM 1 .50

I PHOSPHORUS

L ESST HAII O. 05 P P ~1

0.782

I
SEL EN I Ur'l

AFLATOXIN

0.321 PPM

I
I
I
I
I

TOTAL:LESS THAN 10 PPB

ORGANOPHOSPHATE PEST
(PPM)

THIMET ..••.•..•.... LESS THAN 0.02
DISULFOTOH .•....... LESS THAN 0.02
MALATHION 0.16
THIODAN LESS THAN 0.02
TRITHION ..•........ LESS THAN 0.02

PESTICIDE &, PCB
(PPM)

ALDRIN •••.•••..•••. LESS THAN 0.02
ENDR IN. " . " •••.•.• LESS THAN 0.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02

(P PM)
DIAZINON .....•.•••. LESS THAN 0.02
METHYL PARATHION .•• LESS THAN 0.02
PARATHION ...••..•.• LESS THAN 0.02
ETHION LESS THAN 0.02

( PPM)
DIELDRIN .••.••••••. LESS THAN 0.02
HEPTACHLOR •••••.•. , LESS THAN 0.02
LINDANE ..•...•••... LESS THAN 0.02

I
6-3

The term "Lau. Than" or tn~ :..J~:e :d ~~e ~"",,:bo;' :, '.Jle.::J 10 ~ ••;ni~·1 ''''e lowlI'r IIn'llt of Quo'''''torio" ~~ f~e pro,rrdure ',..l=-":Jer The c-andilior'\5- ~mp;o.)ye:~ r~e '.;\e or I~~ le!m

"leu Thon" Ot K J doeoi nOI :.."ply 1~,Qt 'ro~~, Of onC;~I~ -e"~ "rt'\lt'l"'I' Samples subm'''ed to AI'\-olytlcol SerVl('" for ~ol,ltine on:-Iy\.is Willi be re,oin-ed for 0 mIP'''''':.H." cf
,lo" ••• , ' '_." ~.. ._--: ... '!"!"", '''~_I''''''~._'- .,. _.... ~ ''''. ..,~ •• - ' ..... ~ •• ~ ••• ~- -" ,:, .. _1 • • .... r c:, ..... :c: •., ::"' •. ,.. •.• ..,- _•• ~" .... _._1.

ReprOduced from I,
I
, best available copy. 1
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!~ ......1. '~~~lISi Ralston Purina
.~ im!' Company

Analytical Services

Checkerboard Square"
St. Louis, Missouri 63188

-..I2T LAB NUMBER 162403

CERTI FIE D R:J DEIn CH0 H MEA L
LOT HUMBER JUL 20 32 2F

. '" .:
"-'"" ,"c',",","""CC~.C-"'L'~"c,~,",.""~,"",,"C, '" _"', "C. "~"c. ,.:, ,:,"•.~.:._:~: .._~_-..~.,,; "~ ,',.: .>,,,",_ , ,,':::,", -.'.'

PAGE 2

1
I
I
I

PESTICIDE & PCB (CONTINUED)
DDT ' . . . . . . . . . . . . . .. LESST HAN O. 0 2

CHLORDANE ; LESS THAN 0.02
DDE LESS THAN 0.02

PCB LESS THAN 0.15 I
FOR ADDITIONAL INFORMATION. PLEASE CONTACT:
(1) FOR ASSAY METHODOLOGY - CHARLIE SCHROEDER 314-932-23&3
(2) FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-982-3513
(3) ALL OTHER QUESTIONS-RICHMOND, IN., MANUFACTURING PLANT 317-962-9561

SIGNED

--~\

I
I

,.. --.
'-,.:;('"
~ ... "

BY AND FOR ANALYTICAL SERVICES

I
I
I
I
I
I
I
I
I
I
I
I
I

.~~e fer", ",:II!'U ,r~Qn" cr t!1e _u~.e 0' ,rne ,.,.."T':Co! -, ; 1~ ~~ed ro ilgn;ft the lo......er limr; 0' =1~nrTto'ion of rhe p'...oc~d'lJre u~e~ 'the COf\di:io~emp~oy~:·The '.,ne ~~ Hle rerm .•
LeU Thon or ':.... ) doei r"I:or rmply tnor rrOC~1 cf onoryte were ptesen-r, -SompJM .t!Jbmlttl'd '0 Ana~,.,cof >e'W'ICe\ ~Of' ro-u"rte'ana~,~ ..,,1I"be re-tolned ,ot" 0 rrHn;I!IUm 04

.... '-. ~...." oJ,,;.' =, ~ ~ .. ~; ~.. " .. j :-.I.:"1-!"'~ ,',Ar''':,_ ~ ~ ,; •• ....., ~ ~'.',. ~. ~.'";""":' ..,.&~ ~' - -,. ~ ~! ..I.:- ; t; "~, :.,",:-"'~ :"~ •• '0.,. ',_. _'
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I

Ralston Purina
Company
Analy1ical Services

Checkerboard Square
Sl. Louis, Missouri 63188

LAB tlO 152405 EtlTERED 07/23/32 REPORTED 03/04/2.2 RHI

I
I

TO RrCH~10:iD, It I C C RIC Hi'l 0 /.: D, I II D .

D . C . SHE L T 0 tl, 3 RS

J.R.StIYDER,2RS

5002

I CEon I ;: lED ROD;:) iT 'c H0 ~.! ~1 E AL

LOT NU~1:: Ef' J UL 2 a 32 2 A

0.785 ~~

LESS THAll 0.05 PP~1.

I
I
I
I
I
I

ASSAY

PRO TEl 11 (N X 6. 2 5 )

FAT (ACID HYDRO.)

FIBER (CRUDE)

ARSENIC

CADf1 I ur·,

CALCI U~i

LEAD

MERCURY

PHOSPHORUS

AIP,LYSIS

21.8

6.79

4.77

0.345

0.122

0.931

0.227

UI,: T S

P P11

P P i'l

PPM

L O~- L HI IT

2 O. a

4.50

HIGH-LIi-HT

5.50

1 . aa

0.50C

1.50

I SELEllIUi'1 a. 1 5 ~

I
I
I
I
I

TOTAL:LESS THAN 10 PP8

ORGANOPHOSPHATE PEST
(PPM)

THIMET LESS THAN 0.02
DISULFOTON LESS THAN 0.02
I'IALATHION 0.14

THIODAH LESS THAN 0.02
TRITHION LESS THAN 0.02

PESTICIDE &. PCB
(PPM)

ALDRIN ••..•........ LESS THAN 0.02

ENDRIN ..........••. LESS THAN 0.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02

(PPM)
DIAZINON LESS THAN 0.02
METHYL PARATHION LESS THAN 0.02
PARATHION LESS THAN 0.02
ETHION ..•.......... LESS THAN 0.02

(PPM)
DIELDRIN ..•••..•.•• LESS THAN 0.02
HEPTACHLOR LESS THAN 0.02
LINDANE ........•..• LESS THAN 0.02

-;~.; ..' r"'".J,' I·::: .... ~ ~,! :::r-.:;. eo _.:,., ~'r.

I ~\o,eo ,~~m .. ~':,~ ~~:;:;r' :::., .... '!:

. • -!!t.) T.'-,.-;-.-, ?r ~< ..~.-;e ... r'of

'" '.~ r ;~' '=' . "i-' C' .... ,' -'
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.tllB~ Ralston Purina
1m &1 Company

, Analytical Services

Checkerboard Square
St. Louis, Missouri 63188

gT LAB NUMBER 162405

CERTIFIi::D RODEIH CHO~J ,'1EAL
LOT NUMBER JUL 20 32 2A

PESTIC!DE & PCB (CONTINUED)
DDT . . . • . . . . . . . . . . ., LESST HAt{ 0. °2
CHLORDANE _ LESS THAN O.O~

PAGE 2

DOE LESS THAN 0.02
PCB LESS TH.o'N 0.15

I
I
I
I
I

BY AND FOR ANALYTICAL SERVICES

FOR ADDITIONAL INFORMATION, PLEASE CONTACT:
(1) FOR ASSAY METHODOLOGY - CHARLIE SCHROi::DER 314-932-2333
(2) FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-982-3513
(3) ALL OTHER QUESTIONS-RICHMOND, IN., MANUFACTURING PLANT 317-962-9561

,/7
SIGNErf-.--

'-:1/
{. " -) ... _.~ ~ .. ,{) _~,..~.i'

,. :..-'7..... ,;;..,,~.. '. DATE ,08/04/82

I
I
I
I
I
I
I
I
I
I
I
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-. -1'\.-1 Ralston Purina
•• Company

. ~ A'nalyticaJ Se,.....ices

Checkerboard Square
51. Louis, Missouri 63188

TO RICHMOND, IN CC RICHMOND, IND.
D.C.SHELTON, 3RS
J.R.SNYDEIl, 2RS

LAB NO 195825 ENTERED 01/12/83 REPORTED 01/19/83 RHI

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JAN 07 83 1D

I
I
I
I
I
I

ASSAY

PROTEIN (N X 6.25)

FAT (ACID HYDRO.)

FIBER (CRUDE)

ARSENIC

CADMIUM

CALCIUM

LEAD

ANALYSIS

20.5

6.15

0.233

0.211

0.748

0.639

UNITS

%

%

PPM

PPM

%

PPM

LOW-LIMI T

20.0

4.50

5002

HIGH-LIHIT

5.50

1. DO

0.500

1.50

I MERCURY
LESS THAN O.OS PPM

I
PHOSPHORUS

SELENIUM

0.757

0.219

%

PPM

I AFLATOXIN
TOTAL:LESS THAN 10 PPB

T'lo!.e ~'!,."" 'l~u ~;'\'~n·· Or '~e V!ie ot '!'-e "'Y,...,bo:":: '\ ool~ed 'c '11;"'_.' 'he Ie-e' ~,~:. ~f Q .... O'~~l~ctIC .. j' 'tole prOCl!!d\lre 'Jnder 'I"le :o"d;tIC"!!i employsd" ThQ u,~ oJ the :.r:"n

'Leu f""'':Jf'.'· ", < ~ j~ .." 1"'10' ;"",pl., tho' '''OC~~ :If O~Qlf'P -e'~ p'~;el"· 50-p:e\ ~<oJ~""I"'~d .~ ~:-:e! (flcol SI!'f""w·::e\ ~:;r f"",·:ne .:'\:""ol·fiIS ... ,l! be ~e!Q;"'ed ~c' Q ""n,mvrf'l t:1f
,,", -... '''\Ii ~I"l.; ~~ ... ,. .L., .. ,~ ~. _. __ •• 1. A

I
ORGANOPHOSPHATE PEST

(PPM)
THIMET •••.•.••..••• LESS THAN 0.02
DISULFOTON •..••.••. LESS THAN 0.02
MALATHION ..•.••.••. 0.21
THIODAN ••••••••.••• LESS THAN 0.02
TRITHION .••.•.••.•. LESS THAN 0.02

PESTICIDE & PCB
(PP/,\)

ALDRIN .•..•.••••••. LESS THAN 0.02
ENDRIH .••.•••••.••• LESS THAN 0.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02

(PP/,\)
DIAZINOH ••.•....... LESS THAN 0.02
/,\ETHYL PARATHION .•• LESS THAN 0.02
PARATHION ..•..•.... LESS THAN 0.02
ET~!OH...........•. LESS THAN 0.02

(P P/'\)

DIELDRIN •....••..•• LESS THAN 0.02
HEPTACHLOR .•..••..• LESS THAN 0.02
LINDANE ....•..••..• LESS THAN 0.02

6-7



-1:-:1 ~~~~i~-
~ Analytical Services

Checkerboard Square
St, Louis, Missouri 63188 .

.RT LAB NUMBER 195825

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JAN 07 83 lD

PESTICIDE &' P'CB (CONTINUED>
DDT ..••••...•....•• LESS THAN 0.02
CHLORDANE LESS THAN 0.02

PAGE 2

DOE •....••..••.•••• LESS THAN 0.02
PCB .......•........ LESS THAN 0.15

I
I
I
I
I

.,
.;

·FOR ADDITIONAL INFORMATI.ON, PLEASE CONTACT:
(1) FOR ASSAY METHODOLOGY ~ JIM LANGE 314-982-3598
(2) FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-982-3513
(3) ALL OTHER QUESTIONS-RICHMOND, IN., MANUFACTURING PLANT 317-962-9561

~:::-,.-.~<J /? .-~ /: .,,'
SIGH?/~ - ... ). V) ....;--r.. -·_-- DATE 01/19/83

. !Ii ;;-~~~-;~;-~~~~;~;;~~~;~;;ES

6-8.

I
I
I
I
I
I
I
I
I
I
I
1
1;-

L
Thl' ~~r"" . i.e\j, ':''''0'''-'' or '''''.eo .. ,e-:)' !1"'e- ,,'""'!~~; .... .' '\ .'\ed "0 ~.;..,.J." IP'\e la_e" ·.",",I:of ~ ...c""·Q'IQ" of fhe proced ... re '.;ndel" 'he co"dj,ia~1 employed. T~e lJ,e of 1"'. Ie,",
-leH r"cr": ~r:< .:l.:.e-", nco _~I,p ,,,:~. "o-:;:e, .,f-~"':'~·e -!'''! ~,.~,e."r So~t):e''' h"b""'''ed ~o :'"01)'11(01 Se,"vrc::e, for ',;)utj"e ClnOJy", WII! be refg:ned for a 'T1; .... m"u'l'l ~f [

,t.;f"'!", 30: d;)'! ..;i-r~,. · ... e ~ecc."',Jf ~"Ol~"i,\'" \j_'~-d f.T~l"Idf'd ~'':~.:J;e' ·eQ .. r,~me"'l'" .... 101'. be b'o,-,;hr.o ."e, Qf"enrion 0' A.natyticol s.,... i.ce\ prto, to Q, 0' 'he 'i"". of ~

'O~;:!~ ~v:-""'~-, ~--
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I
I
I

~lIIIIliIl !3.a1ston Purina
iii II. '-..ompany
~

'" ·Analytical Services

Checkerboard Square
St. Louis, Missouri 63188

TO RICHMOND, IN CC RICHMOND, lND.
D.C.SHELTON, 3RS
J.R.SNYDER, 2RS

LAB NO 195425 ENTERED 01/11/83 REPORTED 01/19/83 RHI

CERTIFIED RODEHT CHOW MEAL
LOT NUMBER JAN 07 83 1K

I
I ASSAY ANALYSIS UNITS LOW-LIMIT

5002

HIGH-LIMIT

I
I
I
I

PROTEIN (N X 6.25)

FAT (ACID HYDRO.)

FIBER (CRUDE)

ARSENIC

CADMIUM

CALCIUM

LEAD

20.7

6.32

5.05

0.221

0.225

0.883

0.410

PPM

PPM

PPM

20.0

4.50

5.50

1. DO

0.500

1.50

I
MERCURY

LESS THAN 0.05 PPM

I
PHOSPHORUS

SELENIUM

0.763

0.238 PPM

I
AFLATOXIN

TOTAL:LESS THAN 10 PPB

I
I
I
I
I

ORGANOPHOSPHATE PEST
(PPM)

THIMET •.•••..••..•• LESS THAN 0.02
DISULFOTON •.•••••.• LESS THAN 0.02
MALATHION .••..•.... 0.20
THIODAN ••.••..••••• LESS THAN 0.02
TRITHION LESS THAN 0.02

PESTICIDE & PCB
(PPM)

ALDRIN •••••.••••••• LESS THAN 0.02
ENDRIN •••••.••••••• LESS THAN 0.02
HEPTACHLOR E~OXIDE. LESS THAN 0.02

6-9

(PPM)
DIAZINON •.•... , ..•• LESS THAN 0.02
METHYL PARATHION ... LESS THAN 0.02
PARATHION •.••....•• LESS THAN 0.02
ETHION .••••••....•. LESS THAN 0.02

(PPM)
DIELDRIN ••••••••••• LESS ThAN 0.02
HEPTACHLOR •••.••••• LESS THAN 0.02
LINDANE •.••••...••• LESS THAN 0.02

The term "len Than" or The Vie of the ,ymbol K) is. u~ed '0 "gn;fy the lo_er Ilmil 0' q",ontlfo,ion of f~~ procedure under the condi'ions em~oyed. The !"Ise of ,ne .rerm
"leu ThanH or K) does not imply thor 'rocet cf onolyte -ere prele.". Samples. SUbt'l"llrvsd ~o Anolyt;tal Ser"'Vic&1 for roufi"'e ona~j, "",II be retained 'or 0 minll'1"urn of
t,""r't\,I 110'1 on"~ ,.,'t .. ~ ''' ..... ,..,"' ........ 1 ....... 1._,.,( "'f'''.-J I:" ...... ...I~ .... I_~_,....,'" .~. _~_ ... I. _ .• _~ ._~ __ ... '''' .L.,~ _.A ... ~.' f ", __ 1 .• ' __ : c:. ... , _A ... -.... • _,. _J:



~.1lI1 Ralston Purina
•• Company
~ 'Analytical Services

Checkerboard Square
St. louis, Missouri 63188

RT LAB NUMBER 195425

CERTIF!ED RODENT CHOW MEAL
LOT NUMBER JAN 07 83 lK

. . ,

-~.':-'.- --- -- - .:.: -,'~'." ". '.~ ---' ". - ----- .:_--.:....:----.'::: .,,:::"'::"::"_::," "-.:--':

PAGE 2

~,,-,---,--,,;..;..:.'-,,'..:..'--,-,,-~c.c:-"'-'" .--.----

I
I
I
I

FOR ADDITIONAL INFORMATION, PLEASE CONTACT:
(1) FOR ASSAY METHODOLOGY - JIM LANGE 314-982-3598
(2) FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-982-3513
(3) ALL OTHER QUESTIONS-RICHMOND. IN .• MANUFACTURING PLANT 317-962-9561

PESTICIDE & PCB (CONTINUED)
DDT ..•••..••.....• : LESS THAN 0.02
CHLORDANE ....•..••. LESS THAN 0.02

S I G()ED a:?-,..-,." !p --/ DA TE
---~---tL-)---77;' ;0_

BY AND FOR AN~LY~ES

;--

DOE .•.........••... LESS THAN 0.02
PCB ......•....•.•.. LESS THAN 0.15

01/19183

I
1

.t

6-10
fh.e; '&rm "Len Than" or the l.I~e or Ihe ~yrnbol I.< I) u~e:j 10 \,;r·ufy '!"Ie lo... er IlInl' 0'. quon11rof1on of :ne procedure under the co"di1ion, emproyed. T~tt u~e of ,he term
'-less Than" or i<) doe50 nor il'T\ply tho1' ,rOO:'!i of ~r\;,:JiVf'!' ...... e-r~ p~@'sent. 5ompJe, \ubmil1ed to Analytical Service, for routine anofy1i1 wilt be reto;ne-d for 0 minimum 01
..... __... I~.n ·i ..... ·,... ... ~; .... ~ ,I-, ... ·""'r.~~ -. ,"_~'_., ,1.-. -; ••.••. ~ .. ,J , ..... _,.., ... ' ..... "r .......... ' .-,' •• ~. ~ .. ..,,, ....... , .... ~ ......... ,..., .... " ... , J",.."""I"""'I""",I'c:...,,,,,:,.., .... ",.,,.,.., r- ..... • 10,.' _ ....1
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I
I
I

r ~iij Ralston Purina
',.. 8] Company

~ Analytical Services

Checkerboard Square
St. Louis, Missouri 63188

TO RICHr-10ND, IN CC RIC HMO rIO, I ND.
D.C.SHELTON, 3RS
J.ILSNYDER, 2RS

LAB NO 195826 ENTERED 01/12/33 REPORTED 01/20/83 RHI

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JAN 07 83 lA

I
I ASSAY ANALYSIS UN ITS LOW-LIMIT

5002

HIGH-LIMIT

I
I
I
I

PROTEIN (N X 6.25)

FAT (ACID HYDRO.)

FIBER (CRUDE)

ARSENIC

CADMIUM

CALCIUM

LEAD

21. 1

6.18

5.10

0.211

0.211

0.947

0.552

7.

PPM

PPM

7.

PPM

20.0

4.50

5.50

1. 00

0.500

1. 5 0

I
MERCURY

. LESS THAN 0.05 PPM

I
PHOSPHORUS

SELErIIur-1

0.818

0.234 PPM

I
AFLATOXIN

TOTAL~LESS THAN 10 PPB

I
I
I
I

ORGANOPHOSPHATE PEST
(P PM)

THUIET ....•........ LESS THAN 0.02
DISULFOTOH ....•..•. LESS THAN 0.02
MALATHION .....••.•• 0.20
THIODAN ....••.•.••• LESS THAN 0.02
TRITHION ..•......•. LESS THAN 0.02

PESTICIDE & PCB
(P PM)

ALDRIN .•••••..••.•• LESS THAN 0.02
ENDRIN .•••..•.••.•• LESS THAN 0.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02

(PPM)
DIAZINON ...•....... LESS THAN 0.02
METHYL PARATHION ... LESS THAN 0.02
PARATHION •.••...... LESS THAN 0.02
ETHION ..•••••.••... LESS THAN 0.02

(PPM)
DIELDRIN •..•••....• LESS THAN 0.02
HEPTACHLOR •..•..... LESS THAN 0.02
LINDANE .....•.•.... LESS THAN 0.02

I
Il

6-11
':"""eo '!'~-- ~~,: ":"~~~ O' !~'!' ... 'eo :f ~I"\eo \,-ec;" \ _"... : ,., ,.g'o •• ,. '!"\e 'c-~- ~.~, ~1"t~-'.iCr'o,.· ::::+ !~l!' p':':~ 1 ... ·e _'"de' "'he ce:"ld;';c"'" ernplor~.j ~~e ... \e ::,' ,""'!' ~e'~,

Le,s " • ..;~" ~oe. '""=' ,-,.g'" ... J' 'r':l-:::Ii!'\ :::~ :J'"':": .'~ ... ,,"-~ ;l'~''!''''' So --!:':'!'\ .I"tC"",F"'!::;J '0 ~~"JI;f?·CC. S"!' ,·ce\ '¢" I'~U'lniE" :::J"'oly";' ",,111 be ""0 ",,!!oj I.,. C· "'nlo"'l,m ... rr'I o~

.~ .-4 :; -: ~ .~:. ~- :. _~": " .. ~ '~"':'" :::':"~ : •• -" : ~ '~""'::-'\ _ •••• .:'~ -:-- • .;-' '-, .;".-' :~. -:. ~",:=';" C':I' )'!'·":oe .. ::. C' ':' :' ~. ~ '!' • ...,~ -:-'
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i=-:·jRolston Purinq
,. Company. '

8 Analytical Services

Checkerboard Square
St. louis, Missouri 63188

~T LAB HUMBER 195826

CERTIFIED RODENT CHO~ HEAL
LOT HUMBER JAN 07 83 lA

·....:.'-

PAGE 2

I
I
I
I

PESTICIDE & PCB (CONTINUED)
DOT •............... LESS THAN 0.02
CHLORDANE ........•. LESS THAN 0.02

DOE LESS THAN 0.02

PCB ......••........ LESS THAN 0.15 I

I
I

I

01/20183

ADDITIONAL INFORMATION, PLEASE CONTACT:
FOR ASSAY METHODOLOGY - JIM LANGE 314-982-3598
FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-982-3513
ALL OTHER QUESTIONS-RICHHOND, IN., HANUFACTURING P~ANT 317-962-9561

/1
_,. /;JJ

SIGNE9/ .~ ... ,~.-..-·o ~"), C/:~~~DATE

t/~;-~~~-;~;-~~~~;~;~~~-~;~;~ES

FOR
(1)

(2 )

(3)

I
I
I
I
I
I
I
I
I

6-12 I
fh. '.r,,,," "len T'-'on or t~e ""ill! of U".II! ",,,"oel -<.' , .... ,eod tl'; '~'Q.,.I) 'he ;C'_~I'-:'f""Il~ :~ ~ ... O ... I .0 11:-1"': ~~ ~l-leo procedvr. under '''''e CQnd;"c"s employed TIot.e l.t\e 01 .he fer,,"
"Lett Than" ')r ',<' dcI!" "0. ;t"'l;:):, t~~. frOCe, 0; c";:::;p -e''! ~"'!,e"· 50-:je·•• -.. ':''- I"l'4!''; '::: .:. ... "],,""'cc l S~'" ::e' Io,)r :':: ... I.~e' ., .... ol.,.,i. _.11 be r,!loi,.,~d "01":1' ",in,rnvll'P\' ~f
.... -... .-:.~ "'_," _l .... .... _ ..... , ~ __ ' • 1":., •. __ .~ ,~. "' __ '.. _ .. '" ro ••

I

.-----~.--------------
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I
I

1--.111Ralston Purina
,. II Company

~ A:"'OIyticaI Services

Checkerboard Square
St. Louis, Missouri 63188

TO RICHMOND. IN CC RICHMOND. IND.
D.C.SHELTON. 3RS
J.R.SNYDER. 2RS

LAB NO 198070 ENTERED 01/25/83 REPORTED 02/02/83 RHI

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JAN 21 83 lA

I
I ASSAY ANALYSIS UNITS LOW-LIMIT

5002

HIGH-LH1IT

I
I
I
I

PROTEIN (N X 6.25)

FAT (ACID HYDRO.)

FIBER (CRUDE)

ARSENIC

CADMIUM

CALCHJM

.• EAD

20.4

5.98

5.19

0.207

0.174

0.849

0.352

PPM

PPM

PPM

20.0

4.50

5.50

1. 00

0.500

1. 5 0

I
MERCURY

LESS THAN 0.05 PPM

I
PHOSPHORUS

SELENIUM

0.744

0.197 PPM

I
AFLATOXIN

TOTAL:LESS THAN 10 PPB

I
I
I
I

ORGANOPHOSPHATE PEST
(PPM)

THIMET .•........... LESS THAN 0.02
DISULFOTON ......•.. LESS THAN 0.02
MALATHION ..•...••.• 0.25
THIODAN ..••••..••.. LESS THAN 0.02
TRITHIOH ....•...... LESS THAN 0.02

PESTICIDE 8. PCB
(PPM)

ALDRIN •......••.... LESS THAN 0.02
·ENDRIN •••••..•....• LESS THAN 0.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02

(PPM)
DIAZINON •......•... LESS THAN 0.02
METHYL PARATHION ••• LESS THAN 0.02
PARATHION •..•.•..•• LESS THAN 0.02
ETHION ..••••.•••••• LESS THAN 0.02

(PPM)
DIELDRIN •.•...••... LESS THAN 0.02
HEPTACHLOR ••• ~ ••••• LESS THAN 0.02
LINDANE ••.••••••••• LESS THAN 0.02

I 6-13
Th. term "Len T~an" or ,ne u~e of the iymbol :<.l ,,, uioed 10 \,Ignl'y rhe lower I'mll of qvonritahon of 'he procedure I,mder the condition. employed. The Uie of rh. term

"len Than" or «l doe. nol imply rho. 'race. of anall"" -"'8 p••••n'. ScJmple\ .ubmi"ed 10 Analytical Setyic... fo. rcutine analysis ...ill be .e'ained fo. 0 mi",,,,,,,,, of
l~jrTy (30i days oher the re:)or1 oi o r"'I':::,., I \ .! '''weo ~ .. h:,..dl!'d ~1C'rooe 'e':JUI'~r'9"'~r'!~O; ~'J" be brouo"" '0 ,h~ O"'!"~;on,,' "nal"",;c~' Serv;Ct" orior '0 0' ~. ' ..... '1.,.. .. 0'
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i.~1 Ralston Purina
•• Company

-; Al;tolytical Services

Checkerboard Square
St. louis, Missouri 63188

RT LAB NUMBER 198070

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JAN 21 83 lA

PESTICIDE & PCB (CONTINUED)
DDT •.•••••...••.... LESS THAN 0.02
CHLORDANE LESS THAN 0.02

PAGE 2

DOE LESS THAN 0.02
PCB LESS THAN 0.15

I
I
I
I
I

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
(3) ALL OTHER QUESTIONS-RICHMOND. IN .• MANUFACTURING PLANT 317~96Z-9561

SIGNE" feh.--..k> If:~~_-:. DATE 02/02/83

~-;-~~~-;~;~~~~YTIC~~-~~;~ES

6-14

Th.. 'erm ~l..ss Than" 0' the us.. of the symbol K) i. used '0 .'gnily th" 10"'" lim;. 01 quontita.,on of ,he p,o<edu,e und". the condi""n, employed. The use of the ....m
~lell Than" 0. f<) does no' imply that t.ac... 01 anolY''' ..... , .. p' ..... n'.· Samples ,ubmi"..d 10 Analytical Servic"s 10' ,outine analysiS will b.....oined fa, a millimum 01
.hirf'y (3Dl do'V"i ofrll!r ,/-Ie- 'eOl")r1 0 1 "=''''01 ... \;, J\ jq;..,~-j E,'~,..,d~d 1'OtOI')- ~~"\"Ilrll!'mer:h ~u~t be brt:l\.H~"r'o the offe"tlon"f An:llV1icol Ser.. ice\ orior ~o Or ot the lime of

I
I
I
I
I
I

I
I
I
I
I
I
I

. r' '-"" ..
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.~.I!II Ralston Purina
• II Company .

• • Analytical Services

Cneckerboard 'Square
St. louis. Missouri 63188

TO RICHMOND. IN CC RICHMOND. IND.
D.C.SHELTON. 3RS
J.R.SNYDER. 2RS

LAB NO 218062 ENTERED 05/10/33

CERTIFIED RODENT CHOW MEAL
LOT NUMBER MAY 05 832M

I
I ASSAY ANALYSIS

REPORTED 05/18/33

UNITS

RHI 5002

LOW-LIMIT HIGH-LIMIT

I PROTEIN (N X &.25)

FAT (ACID HYDRO.)

21.0

&.15

20.0

4.50

I FIBER (CRUDE) 4.21 5.50

I
ARSENIC

CADMIUM

0.334

. 0.221

PPM

PPM

1. 00

0.500

0.243 PPM

0.675 y.

1. 50--,
",-;'-.

PPM

0.835

0.420

LESS THAN .05 PPM

LEAD

CALCIUM

SELENIUM

PHOSPHORUS

I

I
I

I
I
I

ORGANOPHOSPHATE PEST
(PPM)

THIMET LESS THAN 0.02
DISULFOTON LESS THAN 0.02
MALATHION 0.21
THIODAN ; LESS THAN 0.02
TRITHION LESS THAN 0.02

PESTICIDE & PCB

(PPM)
DIAZINON LESS THAN 0.02
METHYL PARATHION LESS THAN 0.02
PARATHION LESS THAN 0.02
ETHION LESS THAN 0.02

I·
I

(PPM)
ALDRIN ~ LESS THAN 0.02
ENDRIN LESS THAN 0.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02
DDT LESS THAN 0.02
CHLORDANE LESS THAN 0.02

(PPM)
DIELDRIN LESS THAN 0.02
HEPTACHLOR LESS THAN 0.02
LINDANE LESS THAN 0.02
DOE LESS THAN 0.02
PCB LESS THAN 0.15

I
6-15

T!-,e r,,:r~ "les:Ii ft'lar," .:.. 'ne V~~ ... , tt'le ~·... ."boj '\', j<. ""led '0 \,gr;liy 'he l('l ..... e .. 11J"",II' -:r :;;JUOf"lllTotior, n~ r~ ... C\':"J(~';'" 'I:; _ "C'-:::' .:,~ cond'l:C"'~ r:~·.t:.:("I'''l!:'': 7',",1!' .... ~~ ,,~ t~~ ~~f:":"',

''It:!~ 7~or'" o· '<, ':JOf-' r:OI ,r-:,.';", ?h-ot ~~(J-:e!o or cr~: .... te _~". ~:'':~el~~ Sr''""":;::''':'~ s·.Jb~."'ed ~r' ;'r1:""::' ...··:"=I· ~-.~.:-",((••. "::' .- ,',-,,- -:: ... ~!\.\ ~ ...... ,,:;~ -r-~::,.-~.(": ~""'r;:: ... :t~;ro1Vf":1 G'



'~ilElI Ralston Purina
• I!I Company

• . 0; Analytical Services

Checkerboard Square
St. louis, Missouri 63188

RT LAB NUMBER 218062

CERTIFIED RODENT CHOW MEAL
LOT NUMBER MAY 05 832M

AFLATOXIN

PAGE 2

.- :....:... '" ." ...-~.'--

I
I

l ' .

I
I

TOTAL:LESS THAN 10 PPB

FOR ADDITIONAL INFORMATION. PLEASE CONTACT:
(1) FOR ASSAY METHODOLOGY - ~IM LANGE 314-9S2~359S

(2) FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-982-3513
(3) ALL OTHER QUESTIONS-RICHMOND, IN .• MANUFACTURING PLANT 317-962-9561

I
I

SIGNEDtJ=;'~~_~_~~ATE
AND FOR ANALYTICAL SERVICES

-' ,. . ..-

05/18/83 I
I
I
I
I
I
I
I
I
I
I

j~e term ··i.C1S T~cn" G~ 'n!!' v!oe or tne symbol '-'.:" i~ u~ed '0 !Oignify the lo'...,er l:rnit ,of cucntiiOTrOn CT ;",e pr~':::e':; .... '!· IJr,::::er ~he conddiol"1s employed The use of ''''e 'errn
··~c·". 't-c"'· cr ~<. :i~t'" 1"'10' ;-'0~·. '-'':';1 ~~:c~.r::. _: ..... r-.: .... e ...... t.'·!' p;e:{·~+ ....: .., ... :~":" ::.;r' ....· ""' .... ,f·c :.. ,~a! ... ~':r'), .c:.~n,;.~. ~-~. ~:::r:..~.r,f:' .j",oh.·~,,~ ....'rl] be re·cl!'!.ed for c ~,ini~~·:'!'l 0;

I
I



I
I
I
I

1:-11
1Ralston Purina

• Company
r Analytical Services

Checkerboard Square
St. Lovis. Missouri 63188

TO RICHMOND. IN CC RICHMOND. IND.
D.C.SHELTON. 3RS
J.R.SNYDER. 2RS

I
LAB NO 218066 ENTERED 05/10/83 REPORTED 05/18/83 RHI

CERTIFIED RODENT CHOW MEAL
LOT NUMBER MAY 05 83" 2N

5002

LESS THAN 0.2 PPM

I
I
I
I
I

ASSAY

PROTEIN (N X 6.25)

FAT (ACID HYDRO.)

FIBER (CRUDE)

ARSENIC

CADMIUM

CAI"CIUM

LEAD

ANALYSIS

20.5

6.36

4.70

0.207

0.828

0.444

UNITS

PPM

PPM

LOW-LIMIT

20.0

4.50

HIGH-LIMIT

5.50

0.500

1. 50

I MERCURY
LESS THAN .05 PPM

I
I
I
I
I
I
I

PHOSPHORUS

SELENIUM

0.702

0.238 PPM

6-17
The ter~ "'Leu H',en" or Ihf' k,se of the ~rl'T'\bol "- ", u\E"~: ,~ :;l~J: .• r~ ·~\e :':;'" ~r ;,,.-., • ..:' o"Cl"',t:10tICrJ ,:-' '''t"' prc.re']:.;r" L -i"~ ~r,~ C"o'H::il;Ct"\ €'1''llp1nved. Tke ""~~ 0:: T~C !err->
'LeH Tl-,~H"':' o· '.~ '.~cl·j nc~ ,,-::11 ..· ''"''r 0 '·r;r""· .... ; ~."'3 ",.~ '-~"'r:: ::'I'""V:,,"',' S"';'L, :"', S~,'~;"7""-j:c1 ':-; f..rr- ' ,·· ':":' c:; ...... ,~f'" ',:, -,.,' ,'" .~,~ ,: ... ' :''! ,ph::JI~~C' k .. r;-:, ~1"'·m~Ir-, "J~



FOR ADDITIONAL INFORMATION. PLEASE CONTACT:
(1) FOR ASSAY METHODOLOGY, - ~IM LANGE 314-982-3598
(2) FOR NUTRITIONAL INTERPRETATION-DR.D.C.sHELTON 314-982-3513
C:3)--ALL OTHER QUESTIONS-RICHMOND. IN .• MANUFACTURING PLANT 317-962-9561

.. ,.... .

I
I

I

I
I

I
_._._-,".-\-, ..,~._- .

PAGE 2

. .,
'. - ". 1.
.. .-.. - ~_. ~.. _- -- ""--"'- - - . --'--'-'-" -"-'---

TOTAL:LESS THAN 10 PPB
AFLATOXIN

-CERTIFIED RODENT CHOW HEAL
LOT NUMBER HAY 05 83 2N

Jr--, Rolston Purina
• II Company

f. Analytical Services

Checkerboard Square
St. louis, Missouri 63188

RT LAB NUMBER 218066

;;GNED~__e_~~DATE
~-~~. FOR ANALYTICAL ~RVICEs

05/18/83 I
I
I
I
I
I
I
I
I
I
I

6-18 I
rt-.e ,erm "LfOr;;j, T~a"" or ~"'p, u'e of the ~'r"T':bc! (,' l, v~"d 'c., ~.g"df rr-.e Ic .... er limit cf qur.::/"ltitO!l(l,., 0+ lhe' procedure l..'''fje~ ,he "onc;~;~Jn! e~~p!oy~,,; 7~e us,= ":'1 ... {, ;~'T"'" I
. Leu, Thc~' c' :<', ,~c~~ ··e~ :1"'O'l,,1 ..· thoOT t!C(l.!!. d 'cr,...,>:{" ..... t..:.~ .Dr~H~"'1 SOrr'ple!i !ubl"'","'~d tC' Ar'T':Ih.. ,..(cl Sc"",i::e'lo lor r,"·u'Ir"',e cr":I')r~:~ ·...·iil bo~ 'e'c,n~C' f".'r :'l ~"-'''''''.

",', >



LAB NO 231329 ENTERED 07/19/83 REPORTED 07/25/83 RHI

I
I
I
I
I

-/-111-' Ralston PurinaII II Company
'0 Centro I Reseorch Services

Checkerboord ~quore

St. louis, Missouri 63164

TO RICHMOND. IN

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JUL 14 83 1E

CC RICHMOND. IND.
D.C.SHELTON, 3RS
J.R.SNYDER. 2RS

5002

I
I
I
I
I
I
I

ASSAY ANALYSIS UNITS
--------

PROTEIN (N X 6.25) 20~8 Yo

FAT (ACID HYDRO.) 5.88 Yo

FIBER (CRUDE) 5.49 Yo

ARSENIC 0.324 PPM

CADMIUM 0.104 PPM

CALCIUM 0.812 Yo

LEAD 0.141 PPM

MERCURY
LESS THAN 0.05 PPM

PHOSPHORUS 0.705 Yo

SELENIUM 0.148 PPM

LOW-LIMIT

20.0

4.50

HIGH-LIMIT

5.50

1. 00

0.500'

1. 50

I
I
I
I
I
I

ORGANOPHOSPHATE PEST
(PPM)

THIMET ....•........ LESS THAN 0.02
DISULFOTON LESS THAN 0.02
MALATHION .....•.... 0.19
THIODAN •...•..•.•.• L~SS THAN 0.02
TRITHION .•••....... LESS THAN 0.02

PESTICIDE 8r PCB
(PPM)

ALDRIN ......••....• LESS THAN 0.02
ENDRIN .....••••.... LESS THAN 0.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02
DDT .•......•.•. " ... LESS THAN 0.02
CHLORDANE ....•....• LESS THAN 0.02

(PPM)
DIAZINON...•....... LESS THAN 0.02
METHYL PARATHION ... LESS THAN 0.02
PARATHION ..•....... LESS THAN 0.02
ETHION ...••••.•...• LESS THAN 0.02

(PPM)
DIELDRIN .•..•...... LESS THAN 0.02
HEPTACHLOR LESS THAN 0.02
LlNDANE LESS THAN 0.02
DOE .....•....•..... LESS THAN 0.02
PCB•.•.•.•......... LESS THAN 0.15

6-19

41'''­i "1 1;;'83

The term "Leon Thon" is uloed to tiignify the lo..... er limit of quontitation of Ihe procedure under ,he conditions. employed. The 'J\e 0; The term "Leu Tnon" does no, imply
thai t,oceo 01 onol)'1e "'ere p'e.ent. Sample. 'I/bmined to Cent,ol Re,eorch Service. tor rOl/line onoly." ..,ill be re.oined lor 0 min,mum of tl"rty (301 day. oller 'he
rl!oorf of o:':Inoly'..ili i1 iHueod ~:rt~r'1d~d H..,rage reouirf"!rnen'5 mu~' be brougr" '0 t~e o"ent;on of C:~,,'rol ~e~ec~c~ S""rv;C'["" (HII')' ',:; ,'ir ~, t""'CO TIm'" (">1 ~1JrT'ole wbrni'lit;;oF"\



FOR ADDITIONAL INFORMATION, PLEASE CONTACT:
(1) FOR ASSAY METHODOLOGY - JIM LANGE 314-932-3598
(2) FOR NUTRITIONALINTERPRETATION-DR.D.C.SHELTON 314-982-3513
(3) ALL OTHER QUESTIONS-RICH~OND, IN., MANUFACTURING PLANT 317-962-9561

S'GNE Oc:,"-.,~ /? v"fy~<-.::.-- DATE 07/25."3

~~~-~~~-;~~-~~~~~~;~~~~~~;~ES

.~

IliI!Iirilllli Ralston Purina .
II It Company

. Central Research Services

Checkerboard Square

'H LAB ~M~~s. '2'~i~~~63164

CERTIFIED RODENT CHOW MEAL
. LOT NUMBER JUL 14 83 IE

AFLATOXIN
TOTAL:LESS THAN 10 PPB'

6-20

PAGE 2

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

The term "Len Thon'" is uied 10 signify tMe lowoer liml' 0 f quanr,'o'ion of ,he procedu1e under the conditions employed. The u'Je ot the term "len Thon" does no1 imply I
thof traces of onolyte were- pre!.enr. Sample!li !liubmiHed to Central Research Service, for routine onotysi5 will be r~oined for 0 minimum of thirty (30) days ahet' the
report of cno!)o j~ is is~ucd e>d""..,de:1 ~t,,·,.]cc ·'!?'a:';·,~"'~nl~ r"'lUSI be brol,ch, ,,., t~~ Ol'Ten,il"'!" of C~nt.~i ,~f""f"'·H~h ~iD"J:""'~ n':;"I' , ,~. ,,_ 1 1_ •..k_;•. ;__



LAB NO 249108 ENTERED 10/18/83 REPORTED 10/31/83

CERTIFIED RODENT CHOW MEAL
LOT NUMBER OCT 13 83 20

UNITS

PPM

PPM

PPM

CC RICHMOND. IND.
D.~.SHELTON. 2AP
J.R.SNYDER. lAP

5.47

5.44

0.275

0.315

0.932

0.236

20.6

ANALYSIS

LESS THAN 0.05 PPM

ASSAY

ARSENIC

FIBER (CRUDE)

FAT (ACID HYDRO.)

LEAD

CADMIUM

PROTEIN (N X 6.25)

MERCURY

CALCIUM

TO RICHMOND. IN

-",11""1 Rolston Purina
II II Company

': 'Central Research Services

Checkerboard Square
St. Louis, Missouri 63164

I

I

I

I

I

I

I
I

I

I
I

I
PHOSPHORUS

SELENIUM

0.774

0.315 PPM

I
I
I
I
I

ORGANOPHOSPHATE PEST
(PPM)

THIMET LESS THAN 0.02
DISULFOTON ...•..... LESS THAN 0.02
MALATHION 0.40
THIODAN LESS THAN 0.02
TRITHION LESS THAN 0.02

PESTICIDE 8. PCB
( PPt1)

ALDRIN LESS THAN 0.02
ENDRIN LESS THAN 0.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02
ODT~ LESS THAN 0.02
CHLORDANE LESS THAN 0.02

DIAZINON .
METHYL PARATHION .
PARATHION .
ETHION .

( ppm

DIELDRIN LESS THAN 0.02
HEPTACHLOR LESS THAN 0.02
LINDANE LESS THAN 0.02
DOE LESS THAN 0.02
PCB LESS THAN 0.15

I 6-21
The lerm "less ihor:"~:. :"'::'l!:'d 10 s.lg~!fy rr,e lowo:r !;ml' ci c;wo":t;v.-io:-; of rt-:e- ;:"-:"C~.;'I,,'(·" ~:':~r ::'.~: -:':.:)d~~iO~'~ ~~,;::~ .... -:d_ :h~ U:,:::~ '!l': :.:.~. ·i'('·~'. ':':"~~ ;-C' .;.",~.!:.

~hot f"cces cf .... T":::!~'e .... ("re :""i.'!--e''''''il. SomOle! ~lJb~'7r>?d 10 C~""'r()i Re~~orc~ S';!',...::·:~ ".,":: ".=. i'-'~ (~H~:'I·.I·, ,,,,,iii t~:· r:?·,::'''r>~ Ie, ~ '~' ,".','.' ~~ .~- .. - , ......

i ' Reproduced from
I best available copy.
'L-~__



l~

III·.I.C;;;~~Y· ...~
~ Central Research Services

Checkerboard Squar~

RT LAB ~gWs. ~'Jy~ri 6316A

CERTIFIED RODENT CHOW MEAL
LOT NUMBER OCT 13 83 2D

AFLATOXIN
TOTAL:LES5 THAN 10 PPB

PAGE 2

FOR ADDITIONAL INFORMATION, PLEASE CONTACT:
(1) FOR ASSAY METHODOLOGY - JIM LANGE 314-982-3598
(2) FOR NUTRITIONAL INTERPRETATION-DR. D.C. SHELTON 314-982-3513
(3) ALL OTHER QUESTIONS-RICHMOND, IN .• MANUFACTURING PLANT 317-962-9561

0,< 1:' •

SIGNED.1 ...•. :)." .• - . - ,-•. ;.::..-- DATE 10/31/83
/.. '/, _/ -{

I ,~-----------------~---~----
I)'BY' AND FOR ANALYTICAL SERVICES

6-22

I
I

The"erm "le5~ Tnan" is us.ed '0 5igf"'lify the lewer li!",~ :..~ q:,,;cntircTion (If I~e procedure under 'he condi1ions employed. '!he l..I~e o~ :he ~errr. " e~1 7han" ~(:~ .. not imp')'
tha' traces of anoly1e were presenl. Somp!e .. 5ubmi-:ed Ie CenTrol Re~earcn Services for routine analysis .... ill be retained for c mlnl r'7i'.' rr. 0 Tr,ln~' ',3{,.) day~ c~;er :h-e

re,:rerf.Or,C~oIY5iS ,is...,~sued_ :;ltend~d ~1~rOge requir~ments r:'HJst be broL/gnt '0 the ~t1entior'l of Central Res.eorch Services prior to Of' ~r the' me ci !tomp!e subm;UiO""1

,_ :-'. T,;" -'. ;<11711.830:'
,"~ .



I
,I
I
I

1:-1::1 Ralston Purina
Ii· Company

• ~ Central Research Services

Checkerboard Square
St. Louis, Missouri 63164

TO RICHMOND. IND. CC D.C.SHELTON. 2AP
.J.R.SNYDER. lAP

RICHMOND, IN

I

I
I

I

LAB NO 264066 ENTERED 01/04/84 REPORTED 01/17/84 RHI

CERTIFIED RODENT CHOW MEAL
LOT NUi~ER DEC 29 33 2A

ASSAY ANALYSIS UNITS
--------

PROTEIN (N X 6.25) 21.2 Yo

FAT (ACID HYDRO.) 5.62 Yo

FIBER (CRUDE) 4.64 Yo

ARSENIC 0.260 PPM

CADMIUM 0.179 PPM

CALCIUM 0.880 Yo

LEAD 0.592 PPM

MERCURY
LESS THAN 0.05 PPM

\

PHOSPHORUS 0.752 Yo

SELENIUM 0.259 PPM

ORGANOPHOSPHATE PEST

LOW-LIMIT

20.0

4.50

5002

HIGH-LIMIT

5.50

1. 00

0.500

1. SO

6-23

I

I
I
I

(PPM)
DIAZINON..•....•... LESS THAN 0.02
DISULFOTON ....••... LESS THAN 0.02
ETHION .•....•...••. LESS THAN 0.02
MALATHION ........•• 0.34
METHYL PARATHION .•• LESS THAN 0.02

PESTICIDE 2.: PCB
(PPM)

ALDRIN •••.•••••.••• LESS THAN 0.02
ALPHA-BHC .•••.•.••• LESS THAN 0.02
BETA-BHC •••..•••••. LESS THAN 0.02
DELTA-BHC ••••••.••• LESS THAN 0.02
CHLORDANE ••• ~ .••.•• LESS THAN 0.02
DDE •.•.•.•.•.••.•.• LESS THAN 0.02

(PPM)
PARATHION ..•....... LESS THAN 0.02
THIMET ••.....•....• LESS THAN 0.02
THIODAN........••.• LESS THAN 0.02
TRITHION ..•.••.•••• "LESS THAN 0.02

(PPM)
ENDRIN •...•.••••••. LESS THAN 0.02
HCB •.••..••••••••.• LESS THAN 0.02
HEPTACHLOR.••.•••.. LESS THAN 0.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02
LINDANE .•.•••.••.•• LESS THAN 0.02
METHOXYCHLOR.~.•.•. LESS THAN 0.02

The term "Less Than" is used to signify the lower limit of quantitation of the procedure uncier the conditions employed. The use of the term "Less Tha~" does not impl:­
that traces of analyte were present. Semples submilled to Centrel Research Service. for routine anelysis will be rete!ned f~r a mjnimu~ of thirty (30) deys after th.
reporl of analysis is issued. E.x1ended storage reauirements must be brought '0 the attention of Ce"tral Researcn ServlC:es prIor to or at tne tH~e of sample s;."bmIUlOn.



11f.1:!, Ralston Purina
• ,!!. Company

• I!) Central Research Services

Checkerboard Square

RT LAB JjM~%WS, ~~s~~'trJ 63164

CERTIFIED RODENT CHOW MEAL
LOT NUMBER DEC 29 83 2A

PESTICIDE & PCB CCONTINUED)
DDTCTOTAL) .......•. LESS THAN 0.02
DIELDRIN LESS THAN 0.02

AFL,e..TOXIN
TOTAL:LESS THAN 10 PPB

PAGE 2

MIREX ...•....•...•• LESS THAN 0.02
PCB .•....••....•.•. LESS THAN 0.15

I
I
I

I
FOR ADDITIONAL INFORMATION, PLEASE CONTACT:
(1) FOR ASSAY METHODOLOGY - JIM LANGE 314-932-35S3
(2) FOR NUTRITIONAL INTERPRETATION-DR. D.C. SHELTON 314-982-3513
(3) ALL OTHER QUESTIONS-RICHMOND, IN., MANUFACTU~ING PLANT 317-962-9561a " . ..
SIGNED A~_~__!f.~:_q~E 01/17/8.

~AND FOR ANALYTICAL SERVICES

6-24·

The 'erm "Leu Than" is used to signify the lower limrt of quantitation of the procedure under the condit,ons employed. The use of the term "Leu Than" does not imply
thcrt traces of onolyte were areseni. Samples .ubmitted to Centrol Re,eoreh Service. for routine anolY'i. will be retained for 0 minimum of thirty (30) day. after the
'eport of anoly.i. is issued. htended .torage requirements mu.t be brought to the attention of Central Re,eorch Se",ice. prior '0 or at .he time of .omple .ubm.uion.

,)

:1

I

I

I
I

I
I
I
I



I
I
I

.jli.' RalstonPurina
J. II Company

, I! Central Resea.rch 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

(PPM)
PARATHION ...•..••.. LESS THAN 0.02
THIMET .•...••.••••. LESS THAN 0.02
THIODAN •...•.•.•••• LESS THAN 0.02
TRITHION ...••....•. LESS THAN 0.02

(PPM)
ENDRIN .•.•.••.••.•• LESS THAN 0.02
HCB •••••••••••••••• LESS THAN 0.02
HEPTACHLOR•••••••.• LESS THAN 0.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02
LINDANE •••••••••••• LESS THAN 0.02
METHOXyCHLOR.•••••• LESS THAN 0.02
MIREX •.•••••••••••• LESS THAN 0.02
PCB •••••.•••.•••.•• LESS THAN 0.15

,I

I
I
I
I
I
I

I,

I
I

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JAN 20 84 2B

ASSAY ANALYSIS UNITS
--------

PROTEIN (N X 6.25) 20.4 Yo

FAT (ACID HYDRO.) 5.72 Yo

FISER (CRUDE) 4.97 Yo

ARSENIC 0.414 PPM

CADMIUM 0.201 PPM

LEAD 0.246 PPM

MERCURY
LESS THAN 0.05 PPM

PHOSPHORUS 0.772 Yo

SELENIUM 0.343 PPM

ORGANOPHOSPHATE PEST
(PPM)

DIAZINON ....••••.•. LESS THAN 0.02
DISULFOTON ...••..•. LESS THAN 0.02
ETHION .•....••..•.. LESS THAN 0.02
MALATHION ...••••••. 0.25
METHYL PARATHION •.. LESS THAN 0.02

PESTICIDE & PCS
(PPM)

ALDRI N••••.•••••••. LESS THAN 0.02
ALPHA-SHC ••.••••.•. LESS THAN 0.02
BETA-BHC ••.•••••••• LESS THAN 0.02
DELTA-BHC •••••••••• LESS THAN 0.02
CHLORDANE •••••••••• LESS THAN 0.02
DDE ••••••••••.••••• LESS THAN 0.02
DDT(TOTAL) ••••••••• LESS THAN 0.02
DIELDRIN••.•..•••.. LESS THAN 0.02

LOW-LIMIT

20.0

4.50

HIGH-LIMIT

5.50

1. 00

0.500

1. 50

I
6-25

The term "Less Tnon" is used to signify the lower limit of quontitation of the proceoure under the conditions emcloyed. The use of the term "Less Tnon" does nol imply
tnot traces of onalyte were present. Samples submitted to CenTrol Researcn Services for routine analysis will be retained for Q minimum of tnlrty (30) days atter tne
report of analysis is issued. E:-:tended storoge requirements must be brough' to tne oHennon of Central Research Services. prior to or at tne time of sample submission.



~Ii.r;;l Ralston Purina
f. _, Company

I!> Central Resea,rdl Services

Checkerboard Square

RT L.AB ~rIl8~ ~W~ Q)3164

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JAN 20 84 2B

AFLATOXIN
TOTAL:LESS THAN 10 PPB

,-.. , .:...._~- ,"-

PAGE 2

I
I
I
I

FOR ADDITIONAL INFORMATION, PLEASE CONTACT:
(1) FOR ASSAY METHODOLOGY - JIM LANGE 314-982-3598
(2) FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-982-3513
(3) ALL OTHER QUESTIONS-RICHMOND. IN., MANUFACTURING PLANT 317-962-9561

n /? -~ r-~
li'..-o.,,~ :~.:::: ') ,.-" W'.~---"~

SIGNE~::~~~;~;_:~:~~;-~~~_;~;~E:ATE 02/071"

6-26
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I
'I

I

,I
I
I
I

I
I
I

The lerm "Less Than" is u.ed la .ignify Ihe lower limil of quonlilalion of Ihe procedure under Ihe condilion, employed. The use of Ihe lerm "Les, Thon" doe, not imply I
thollraces of onalyte were presenl. Samples submitted to Cenlrol Research Ser.;ce, for rC'uline analysi, will be retoined for 0 minimum of Ihirty (30) days after the
report of analysis 'i, issued. Extended Sloroge requirements musl be brought to Ihe otten,ion of Central Research Services prior to or ollhe time of sample submission
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I
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.rlll-.! Ralston Purina
E EI Company

~ Central Resea.rch Services

Checkerboard Square
·St. Louis, Missouri 63164

TO RICHMOND. IND. C CC RICHMOND. IND. C
RICHMOND. IND. C
RI CHMOND • I ND.

J.R. SNYDER 1A~

D.C. SHELTON 2AP

LAB NO 269695 ENTERED 01/31/84 REPORTED 02/04/34 RHI

CERTIFIED RODENT CHOW MEAL
LOT NUMBER JAN 20 84 2S

I
I
I

ASSAY

CALC.IUM

ANALYSIS

0.877

UNITS LOW-LIMIT

o

HIGH-LIMIT

I

I
I

I
I
I
I
I

FOR ADDITIONAL INFORMATION. ~LEASE CONTACT:
(1) FOR ASSAY METHODOLOGY - JIM LANGE 314-9S2-3598
(2) FOR NUTRITIONAL INTERPRETATION-DR.D.C.SHELTON 314-982-3513
(3) ALL OTHER QUESTIONS-RICHMOND. IN .• MANUFACTURING PLANT 317-962-9561

(~ ....-, _C

SIGNED///>- _.-..:.~ " //, C) ';:;;;7~':'---DATE 02104/84

"1----------------------------
! /SY AND FOR ANALYTICAL SERVICES.....

6-27

The term \\less. Tnan" is used to sig"ify the lower limit of quontirction of the procedure uncier the conditions employed. The use of the term "Leu Tncn" does not imply
that treces of onoiyTe were present. Sorr.~les submit1ed to Central Researen Services. ror ,routine onofysis will be retained for a minimum of thirty (30) days att&r the
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LAB NO 291~61 ENTERED 05/07/84 REPORTED 05/17/84 RHI

CERTIFIED RODENT CHOW MEAL
LOT NUMBER MAY 03 84 lA

5002

ASSAY

PROTEIN (N X 6.25)

FAT (ACID HYDRO.)

FIBER (CRUDE)

ANALYSIS

20.8

5.69

4.57

UNITS LOW-LIMIT

20.0

4.50

HIGH-LIMIT

5.50

I
I
I
I

ARSENIC

CADMIUM

CALCIUM

LESS THAN 0.2 PPM

0.153 PPM

0.809' %

0.500 '
I

LEAD

MERCURY

0.240 PPM 1. 50

I
PHOSPHORUS

- LESS THAN 0.05 PPM

0.687 I
SELENIUM

ORGANOPHOSPHATE PEST

0.376 PPM

I
(PPM)

DIAZINON ....•...••• LESS THAN 0.02
DISULFOTON •.....••• LESS THAN 0.02
ETHI ON. . . . . . . . . . . .• LESS THAN 0.02
MALATHION•......... 0.38
METHYL PARATHION ... LESS THAN 0.02

PESTICIDE & PCB
(PPM)

ALDRIN ••••••..•.••. LESS THAN 0.02
ALPHA-SHC .•••.•.••. LESS THAN 0.02
BETA-SHC •.•••••••.• LESS THAN 0.02
DELTA-SHC .•••• ~ •••• LESS THAN 0.02
CHLORDANE .•.•••.••• LESS THAN 0.02

(PPM)
PARATHION.; .•.•••.. LESS THAN 0.02
THIMET ..•• ~ •....••. LESS THAN 0.02
THIODAN ..•••....... LESS THAN 0~02

TRITHION ••.••..••.. LESS THAN 0.02

(PPM)
ENDRIN •••.••••••... LESS THAN 0.02
HCB .••••••.••••••.• LESS THAN 0.02
HEPTACHLOR.••••••.. LESS THAN 0.02
HEPTACHLOR EPOXIDE. LESS THAN 0.02
LINDANE •.••.•••...•• LESS THAN 0.02

I

I
I
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METHOXYCHL.OR •.•••.. 0.17
MIREX ••...•••••.•.. L.ESS THAN 0.02
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FOOD AND WATER CONSUMPTION DATA

8-1



0
0 I N

TA
BL

E
8-

1

M
ID
l
~
E
S
r

r
~
E
S
E
(
\
f
W
H

IN
S

T
lT

L
J
T

E
E

F
F

E
C

T
'S

O
F

IN
H

A
L

E
n

1
.

2
-I

H
C

H
L

rm
D

F
::

T
lI

A
N

E
IN

R
A

T
S

n
~
E
A
T
E
D

W
IT

H
IH

S
U

L
F

IR
I1

M
O

R
E

T
H

A
N

D
L

F
E

E
n

C
O

N
S

IJ
f"

IF
'l

I
O

N
(
n

)
t1

A
L

E
R

A
T

S

N
tH

[O
NT

RO
L

05
1

[I
I

E
l'

·
1
[
[
D

C
1

C
[O

C'
O

S
1

C
[O

[,
E

l
1

C

~-
~;

:;
-:

~~
--

~:
~~

;~
i-

--
--

-
~;
:~
-~
~~
--
;:
~~
;~
~-
--
~;
;:
;

~;
:;
-~
~~
--
;:
;~
;~
~-
--
-~
~:
;

;~
:~

-~
~~

--
;:

;~
~~

~-
--

--
;:

~
~;
:;
-:
~~
--
;:
;~
~~
~-
--
~;
;:
;

1
0

.0
"
-

1.
81

50
1

2.
b

2
1

7
.'

.,
-

2.
41

50
)

16
.3

.,
-

3.
11

50
)

-8
.'

15
.5

.,
-

1.
71

50
1

-I
J.

4
18

.6
./
~

2.
11

50
1

3.
9

14
.1

./
-

2.
51

50
1

-1
1

.'
15

.6
./

-
1.

81
50

)
-1

2
.8

"
3

23
.7

_/
-

7.
21

50
1

"
.7

.,
-

4.
01

50
)

-1
6.

9
1

8
.'

.,
-

2.
21

50
1

-1
0.

3
n

.3
.,

-
b.

l1
50

1
-5

.9
lb

.'
.,

-
3.

91
50

1
-2

8.
7

17
.1

.,
-

2.
11

50
1

-2
5.

3
4

20
.5

.,
-

3.
91

50
1

20
.0

.,
-

4.
b1

50
1

-2
.4

18
.J

.,
-

2.
11

50
1

-1
0.

7
22

.4
.,

-
3.

01
50

1
9.

3
1

5
.'

.,
-

4.
2(

50
)

-2
2.

4
18

.3
.,

-
J.

01
50

)
-1

0.
7

5
1

\.
8

./
-

3.
81

50
1

10
.2

.,
-

3.
11

50
1

-7
.3

10
.3

"
-,

3.
41

50
1

-b
.'

23
.3

.,
-

4.
11

50
1

6.
9

11
.9

.,
-

2.
61

50
)

-1
7

.'
\8

.3
.,

-
2

.m
"

-l
b.

1
6

20
.1

./
-

7.
61

49
1

18
.2

./
-

5
.4

1
5

0
)-

9
.5

16
.5

./
-

5.
11

50
1

-1
7.

9
20

.0
./

-
5.

01
50

)
-.

5
17

.0
./

-
4.

0(
50

)
-1

5.
4

17
.5

.,
:

3,
2(

49
1

-1
2.

9
7

22
.9

.,
-

1.
bI

49
)

19
.1

.,
-

3.
01

50
1

-1
6.

6
18

.0
./

-
1.

11
50

1
-1

7.
9

15
.5

.,
-

9.
41

50
1

11
.4

10
.7

.,
-

3.
41

50
)

-1
0.

3
10

.2
.,

-
4.

41
49

1
-1

1.
0

o
21

.0
f/

-
4.

21
49

1
11

.9
./

-
3.

4l
50

1
-1

7.
9

16
.4

.,
-

3.
91

50
1

-2
4.

0
19

.0
.,

-
7.

3(
50

)
-1

2.
0

16
.0

.,
-

3.
51

50
1

"-
1

6
.6

14
.4

.,
-

5.
21

49
1

-3
3.

9
9

23
.2

f/
-

2.
'1

49
1

18
.2

.,
-

3.
61

50
1

-2
1.

b
19

.0
.,

-
3.

21
50

)
-1

8.
1

20
.6

.,
-

5.
01

50
)

-1
1.

2
17

.1
./

-
40

31
50

1
-2

6.
3

14
.1

+
/-

4.
51

49
1

-3
6.

6
10

19
.1

.,
-

4.
'1

49
1

18
.5

.,
-

3.
41

50
1

-3
.\

10
.0

.,
-

2.
3(

50
)

-1
.6

21
.0

.,
-

3.
B

15
01

14
.1

IB
.2

./
~

'.6
15

01
-4

.7
10

.1
.,

-
2.

01
49

1
-5

.2
II

21
.3

./
-

3.
81

49
1

19
.4

.,
-

2.
61

50
1

-8
.'

10
.6

.,
-

3.
21

50
1

-1
2.

7
24

.7
.,

-
0.

31
50

1
16

.0
10

.7
.,

-
4.

41
50

1
-1

2.
2

20
.B

.,
-

5.
11

49
1

-2
.3

\1
2

0
.7

.i
-

..
,1

49
1

20
.4

.,
-

2.
71

50
1

-1
.4

"
10

.9
1

/-
3.

61
50

1
1.

0
22

.7
.,

-
3.

91
50

1
9.

7
19

.0
"
-

2.
91

50
1

-8
.2

1B
.1

-,
-

3.
91

49
1

-1
2.

6
14

23
.2

.,
-

7
.9

1
4

"
21

.7
.,

-
6.

71
50

1
-6

.5
17

.1
"
-
.

4
.m

O
I

-2
b.

3
22

.8
.,

-
15

.9
(5

0)
-1

.7
11

.3
.,

-
11

.6
15

01
-0

.1
9.

3
.,

-
6.

71
49

)
-6

4.
2

16
25

.4
.,

-
6.

51
49

1
20

.6
.,

-
3.

21
50

1
-1

8.
9

10
.2

.,
-

J.
81

50
1

-2
0.

3
25

.9
./

-
10

.9
15

01
2.

0
19

.1
.,

-
2.

71
50

)
-2

4.
0

1
3

.5
1

'-
10

.9
14

91
-7

.5
10

23
.5

f/
-

5.
51

41
1

1
9

.9
"
-

U
t5

0
1

-1
5.

J
17

.9
.,

-
2.

31
50

1
-2

4.
3

2l
.7

.,
-

6.
01

50
)

-7
.1

'
IB

.7
.,

-
5.

71
50

1
-2

0
.'

21
.J

f/
-

1
1

.7
1

4
9

1
-9

.4
20

2B
.3

.,
-

15
.8

14
91

20
.7

.,
-

3.
21

50
)

-2
6

.'
19

.6
.,

-
5.

01
50

1
-3

0.
7

2
2

.6
'/

-
4.

41
50

1
-2

0.
1

19
.9

.,
-

4.
31

50
1

-2
9.

7
1

8
.'

.,
-

3.
31

49
1

-3
3.

2
21

2
6

.'
.,

-
11

.0
(4

9)
19

.5
+'-

3.
51

50
l

-i
7

.5
21

.9
1

'-
11

.9
(5

0)
-1

0.
6

22
.7

.,
-

9.
31

50
1

-1
5.

b
19

.2
.,

-
U

(5
0

1
-2

0.
6

'2
2

.5
f/

-
11

.5
14

91
-l

b
.4

24
27

.0
.,

-
13

.7
14

'1
20

.5
1

/-
3

.5
1

5
0

)'
-2

4.
1

19
.J

.,
-

2.
61

50
1

-2
8.

5
22

.2
./

-
7.

01
50

1
-1

1.
B

2
1

.\
"
-

7.
11

50
1

-1
1.

9
20

.9
.,

'
1.

11
49

1
-2

2.
6

20
24

.9
.,

-
13

.6
14

9)
20

.2
'1

-
5.

11
50

)
-1

0
.'

19
.5

.,
-

1.
51

50
l

-2
1.

7
2

5
.7

1
'-

12
.9

14
91

3.
2

1'
-4

.,
-

6.
71

50
1

-2
1.

1
20

.4
.,

-
11

.2
14

9)
dO

.1
32

n
.1

+
/-

1
B

.5
1

4
9

1
3

6
.3

1
'-

15
.2

15
0\

-1
5.

8
33

.1
"-

.1
0.

61
50

1
-1

3.
0

16
.9

.,
-

11
.6

14
91

-3
7.

b
30

.9
.,

-
9.

11
50

l
-2

8.
3

29
.2

./
-

1
0

.4
1

4
9

1
-3

2
.3

36
23

.7
f/

-
5.

21
42

1
20

.5
.,

-
3.

61
43

1
-1

3.
5

20
.9

1
/-

3.
21

47
1

-I
I.

B
22

.3
.,

-
J.

4I
43

I
-5

.9
20

.3
./

-
3.

61
50

)
-1

4.
3

19
.6

.,
-

3:
81

42
1

-1
7.

3
.0

21
.5

.,
-

3
.b

m
l

21
.1

./
-

'.7
14

11
-b

.2
20

.1
.,

-
4.

11
45

)
-1

0.
7

2
1

.1
'/

'
3

.B
IW

-6
.1

"
.b

.,
-

3.
21

46
l

-1
2.

9
'1

9.
0

.,
-

2.
91

30
1

-1
5.

6
44

24
.6

.,
-

4.
11

40
)

2J
.1

./
-

3.
51

42
1

-6
.1

22
.4

.,
-

b.
91

44
1

-0
.9

2
1

.0
"
-

4.
81

42
1

-1
1.

4
1

1
.\

.,
-

3.
11

45
1

-1
4.

2
10

.5
.,

-
5.

41
43

1
-1

6.
7

4B
22

.b
.,

-
3

.2
1

m
n.

o
.,-

3.
61

42
1

1.
8

18
.4

.,
-

5.
11

44
1

-1
8.

6
21

.0
+

/-
J.

71
40

)
-7

.1
'2

0.
7

'/
-.

3.
71

46
1

-8
.4

17
.9

.,
-

3
.'(

4
0

)
-2

0.
0

52
24

.0
.,

-
5.

bl
4l

1
21

.4
.,

-
3.

51
42

1
-9

.1
13

.3
.,

-
4.

01
45

1
-6

.0
23

.1
.,

-
••

21
39

1
-b

.5
,

21
.3

.,
-

2.
91

44
1

-1
4

.l
21

'.4
.,

-
8.

01
38

1
-1

7.
7

56
23

.7
.,

-
3.

'1
39

1
n

.4
.,

-
J.

4(
42

)
-1

.3
21

.0
.,

-
40

61
42

1
-1

1.
4

23
.5

-,
-

6.
71

41
1

-.
8

2
1

.'
./

-
3.

41
42

1
-1

1.
0

1
8

.'
-,

-
4.

11
38

)
-2

0.
3

b\
26

.2
i/

-
4.

71
40

)
n

.7
.,

-
3.

41
12

l
-9

.5
"

25
.2

.,
-

6.
11

42
)

-3
.0

26
.2

.,
-

10
.1

14
31

0.
0

21
.9

.,
-

3.
61

43
1

-1
6.

4
21

.5
.,

-
5.

41
36

1
-1

1
.'

64
32

.3
./

-
9.

61
43

)
2

1
.6

""
-

4
.7

1
m

-3
0.

0
27

.5
./

-
7.

31
46

1
-1

4.
9

25
.8

./
-

4
.W

B
I

-2
0.

1
27

.4
.,

-
6.

3l
4J

I
-\

5
.2

13
.8

.,
-

5.
H

36
1

-2
6.

3
6B

2
7

.'
./

-
7.

41
42

1
21

.9
.,

-
4.

51
42

1
-1

6.
4

17
.3

.,
-

5.
01

W
l

-3
b.

9
29

.0
.~

-
13

.6
14

01
5.

B
23

.6
.,

-
4.

41
45

1
-1

3.
9

2
6

.0
1

'-
4.

7(
34

)
~5

'.
1

72
26

.3
./

-
9.

91
39

1
22

.6
.,

-
5.

61
41

1
-1

4
.\

21
.0

.,
-

1.
11

37
1

-1
3.

3
25

.6
.,

-
B

.m
6

)
-2

.7
2

1
.4

',
-

5.
51

4'
1

-1
4.

8
20

.5
"
-

7
.3

1
m

,
-2

2.
1

76
25

.9
.,

-
7
~
1
1
3
6
1

23
.5

.,
-

6.
41

42
1

-9
.J

23
.1

.,
-

7.
11

35
1

-1
0.

8
24

.1
./

-
0.

21
35

1
-b

.9
1

'.
9

'/
-

7.
21

42
1

-2
3.

6
20

.0
.,

-
4.

41
38

1
-2

2.
8

0
0

'
lb

.9
i/

-
7.

91
Jl

1
21

.1
.,

-
4.

51
'2

1
-1

7.
5

23
.5

.,
-

8
.2

m
l

-1
2.

6
26

.3
./

-
7.

31
36

1
-1

.2
2

U
./

-
6.

31
41

1
-1

3.
4

20
.4

.,
-

5.
61

36
)

-2
4.

2
8\

n
.9

t/
-

10
.8

13
B

I
21

.6
.,

-
6.

31
40

1
-9

.6
21

.1
./

-
6.

51
31

1
-1

.5
2b

.3
1

'-
10

.9
13

0)
10

.0
21

.9
.,

-
4.

11
11

1
-0

.'
19

.6
./

-
5.

2n
11

-1
0.

0
B8

2B
.7

.,
-

1
7

.'
n

Jl
21

.5
./

-
5.

61
35

1
-2

5.
1

20
.8

.,
-

8.
91

30
1,

-2
7.

5
23

.8
./

-
8.

31
29

1
-1

7.
1

1'
-4

.,
-

6
.0

1
m

-3
2.

4
16

.5
./

-
8

.m
6

l
e4

1.
5

92
2

8
.l

f/
-

15
.2

12
9l

"
.4

i/
-

7.
91

33
1

-3
1.

4
22

.0
.,

-
B

.3
1

m
-2

2.
J

14
.4

i/
-

6.
11

19
1

-1
3.

8
22

.0
.,

-
7

.m
ll

-2
2.

3
20

.3
.,

-
b.

41
2b

l
-2

B
.3

9b
lb

.5
f/

-
7.

1(
24

)
31

.5
f'-

'.1
13

01
10

.9
22

.8
.,

-
7.

51
2B

I
-1

4.
0

20
.0

./
-

1J
.4

12
91

5.
7

21
.0

.,
-

7.
11

27
1

-2
0.

0
19

.~
1'-

8.
61

26
)

-2
5.

3
10

0
n

.7
.,

-
16

.5
11

11
19

.3
.,

-
5

.W
2

)
-'2

.7
25

.2
.,

-
12

.4
(2

5)
-2

5.
2

30
.2

.,
-

14
.1

12
71

-1
0

.'
21

.1
"-

0
.0

1
2

2
1

-3
7.

4
20

.B
1

/-
0.

01
21

1
-3

0
.J

~
[
A
N

2
4

.'

a
\

C
ha

ng
e

fr
om

c
o

n
tr

o
l.

b
H

ea
n

±
S

.D
.

(
~
)
.

21
.2

-1
4.

1
10

.1
-1

6.
3

n
.6

-3
.8

10
.0

-1
'.

1
1

'.
6

-2
0.

6

-,
-

-,



~
- -

--
-.

- -
--

- -
--

- -
-,

-.
.

TA
BL

E
8

-2

I
'
I
I
L
H
~
E
S
T

f<
E

S
E

A
n

C
H

I
N

:3
T

Il
li

T
E

E
F

F
E

C
T

!i
m

:
IN

II
I\

L
.F

D
I

•
:,

--
I)

I
C

I-
IL

.f
Ir

,n
E

T
lI

I\
11

E
H

.I
n

A
T

S
H

lE
A

T
E

D
I
~
I
T
I
I

D
IS

U
L

F
IR

A
M

O
H

E
T

H
A

N
O

l.
rE

T
D

C
U

H
S

L
lI

'I
F

'l]
O

N
'u

)
H

M
A

l
E

ra
H

B

lim
CO

Nl
RO

L
05

1
CO

ET
1

C
ED

C
xc

EO
C/

DS
1

C
ED

C/
ET

xc
--

-
--

--
--

--
--

--
- -

--
--

--
--

--
-

__
__

__
__

__
__

_.
W

_._
4_

_.
__

_
--

--
--

--
--

--
--

--
--

--
--

--
-

--
--

--
---

---
---

---
---

--
.-

--
--

--
--

--
--

--
--

--
--

--
--

-
--

---
---

---
--

-.
--

--
--

--
--

I
11

.8
./

-
5.

11
50

1
b

-'
1

1
.7

./
-

4.
21

50
1

-1
1.

2
14

.5
i/

-
1.

51
50

1
-2

.0
15

.2
./

-
1
.
~
(
5
0
1

2.
7

11
.0

.,
-

2,
,6

15
01

-2
5.

7
15

.0
./

-
1.

51
50

1
1.

4
2

12
.2

./
-

5.
21

50
1

12
.4

./
-

2.
11

50
1

I.
b

10
.4

./
-

1.
51

50
1

-1
4.

8
12

.6
./

-
1.

81
50

1
U

I
I
.
~

./
-

2.
21

50
1

-2
.5

10
.7

.,
-

1.
51

50
1

-1
2.

3
3

17
.5

.,
-

11
.9

15
0)

11
.2

.,
-

5.
01

50
1

-2
4.

6
13

.5
.,

-
2.

61
50

1
-2

2.
9

14
.5

.,
-

5.
61

50
1

-1
7.

1
12

.1
.,

-
2.

llS
O

l
-2

7.
4

12
.6

.,
-

2.
31

50
/

-2
8.

0
4

11
.2

.,
-

3.
01

50
1

11
.8

.,
-

4.
21

50
1

-1
6.

9
12

.5
.,

-
3.

11
50

1
-1

2.
0

14
.9

.,
-

2.
41

50
)

4
.
~

8.
6

.,
-

4.
61

50
1

-3
9.

4
13

.0
.,

-
3.

31
50

1
-8

.5
5

16
.8

.,
-

3.
51

50
)

11
.8

.,
-

6.
01

50
1

6.
0

13
.4

.,
-

I.
81

50
1

-2
0.

2
16

.6
.,

-
6.

01
50

1
-1

.2
13

.1
.,

-
2.

11
50

1
-2

2.
0

13
.4

.,
-

1.
21

49
/

-1
0.

1
6

13
.2

./
-

6.
61

50
1

11
.2

./
-

4.
51

50
1

-1
5.

2
12

.1
.,

-
6.

41
50

1
-3

.8
.

13
.1

.,
-

6.
11

50
1

3.
8

12
.0

.,
-

3.
51

50
/

-9
.1

13
.5

.,
-

4.
21

49
1

2.
3

1
11

.9
.,

-
2.

61
50

1
14

.2
.,

-
8.

11
50

1
-4

.7
12

.6
.,

-
2.

11
50

1
-1

5.
4

19
.6

.,
-

1.
81

50
1

31
.5

11
.6

.,
-

2.
71

50
1

-1
5.

4
12

.3
.,

-
1
.
1
1
4
~
)

-1
7.

4
8

13
.1

.j
-

3.
61

50
1

10
.1

./
-

3.
51

50
1

-2
1.

9
9.

7
.,

-
3.

41
50

)
-2

6.
0

13
.1

.,
-

~
.
4
t
5
0
1

0.
0

10
.8

./
-

3.
71

50
1

-1
/.

6
8.

1
./

-
4.

61
49

1
-n

.6
9

15
.3

1/
-

2.
51

50
1

12
.1

./
-

2.
81

50
1

-2
0.

9
n

.o
./

-
3.

11
50

1
-1

5.
0

16
.3

1/
-

5.
21

50
1

6.
5

11
.5

.,
-

4.
21

50
1

-2
4.

8
10

.9
./

-
4.

21
49

1
-2

8.
8

10
11

.5
./

-
4.

21
50

1
11

.1
./

-
2.

01
50

1
-1

9.
3

11
.7

./
-

2.
71

50
/

'
-1

9.
3

15
.2

./
-

4.
11

50
1

4.
8

15
.2

./
-

9.
6(

50
)

4.
8

13
.0

./
-

2.
01

49
1

-1
0.

1
II

13
.1

./
-

2.
81

50
1

13
.3

.,
-

3.
61

50
1

1.
5

11
.9

.,
-

2.
5(

50
)

-9
.2

1
~
.
2

./
-

10
.6

15
01

46
.6

13
.2

.,
-

2.
91

50
1

0.
8

14
.7

./
-

3.
41

49
1

12
.2

,
12

15
.5

./
-

2.
11

50
1

13
.6

./
-

3.
21

50
1

-1
2.

3
13

.2
.,

-
l.

m
O

I
-1

4.
8

16
.8

1
/-

8.
61

50
1

8.
4

13
.3

.,
-

2.
41

50
1

-1
4.

2
13

.5
"
-

2.
71

49
1

-1
2.

9

I'
15

.4
./

-
3.

61
50

1
14

.9
./

-
8.

21
50

1
-3

.2
12

.8
.,

-
3.

11
50

1
-1

6.
9

9.
0

.,
-

7.
91

50
1

-4
1.

6
9.

6
./

-
11

.7
15

01
-3

1.
1

8.
9

.,
-

4.
9(

49
)

-4
2.

2
16

11
.9

./
-

5.
41

50
1

12
.7

1
/-

1.
51

50
1

-
2
~
.
1

11
.1

.,
-

2.
51

50
1

-3
8.

0
18

.6
.,

-
8.

61
50

)
3
.
~

15
.8

.,
-

4.
01

50
1

-1
1.

1
14

.8
.,

-
/.0

14
91

-
IU

18
11

.6
.,

-
5.

91
50

1
12

.9
.,

-
5.

31
50

1
-2

6.
1

12
.0

"
-

3.
61

50
1

-3
1.

8
17

.4
./

-
7.

/1
50

1
-1

.1
12

.5
.,

-
5.

01
50

1
-2

9.
0

n
.7

.,
-

2.
/1

49
1

-"
l2
.~

20
16

.3
1

'-
2.

91
50

1
14

.2
.,

-
'.9

15
01

-1
2.

9
13

.5
.,

-
4.

11
50

1
-1

1.
2

14
.8

t/
-

3.
51

50
1

-9
.2

14
.0

.,
-

3.
21

50
1

-1
4.

1
14

.6
1

/-
10

.9
1l

91
-1

0.
4

(X
l

22
16

.1
1

'-
2.

21
50

1
IJ

.4
.,

-
2.

61
50

1
-1

6.
8

14
.0

"
-

4.
01

50
1

-n
.o

16
.5

t/
-

6.
41

50
1

2.
5

12
.5

.,
-

1.
91

50
1

-"1
2•

•
12

.9
./

-
3.

31
49

1
-1

9.
9

I
24

14
.9

./
-

2.
31

50
)

13
.1

.,
-

1.
!l

SO
t

-1
2.

1
13

.2
.,

-
3.

31
50

1
-1

1.
4

16
.3

./
-

4.
11

50
1

9.
4

13
.3

.,
-

2.
m

O
l

-1
0.

7
14

.1
.,

-
6.

11
49

1
-5

.4
w

28
15

.6
.,

-
3.

51
50

)
12

.4
./

-
2.

21
50

1
-2

0.
5

13
.8

.,
-

4.
21

50
1

-1
1.

5
1

5
.7

1
/-

5
.m

O
I

0.
6

12
.5

.,
-

2.
11

50
1

-1
9.

9
13

.5
.,

-
3.

61
49

1
-1

3.
5

J2
3

U
.,

-
14

.2
15

01
20

.3
.,

-
6.

01
50

1
-3

6.
4

30
.0

.,
-

11
.8

15
01

-6
.0

15
.5

.,
-

10
.4

15
01

-2
0.

1
23

.3
.,

-
8.

01
50

1
-2

7.
0

26
.2

,,
-

15
.0

14
91

-1
7.

9
36

17
.8

.,
-

3.
11

47
1

14
.1

.,
-

2.
51

50
1

-2
0.

8
14

.5
1

'-
3.

(1
15

01
-1

8.
5

11
.2

.,
-

4.
/1

48
1

-3
.4

14
.8

.,
-

2.
51

41
1

-1
6.

9
13

.4
./

-
1.

91
17

1
-2

4.
7

40
16

.9
.,

-
3
.
~
1
4
9
1

12
.5

.,
-

3.
01

49
)

-2
6.

0
14

.4
.,

-
2.

81
49

1
-1

l.8
14

.9
.,

-
4.

71
50

1
-1

1.
8

14
.9

.,
-

4.
81

50
1

-1
1.

8
12

.6
.,

-
2.

51
48

1
-2

5.
4

44
18

.4
.,

-
3.

41
50

1
14

.4
.,

-
3.

31
49

1
-2

1.
7

15
.0

.,
-

3.
51

49
1

-1
8.

5
16

.2
.,

-
2.

71
50

1
-1

2.
0

"
.9

./
-

3.
11

50
1

-1
9.

0
13

.4
.,

-
2.

01
16

1
-2

7.
2

48
17

.3
.,

-
3.

81
41

1
15

.1
.,

-
1.

31
48

1
-1

2.
1

12
.4

.,
-

4.
41

50
1

-2
8.

3
15

.1
,,

-
3.

11
46

1
-1

.2
14

.6
+'-

2.
41

50
1

-1
5.

6
11

.8
.1

-
2.

91
47

1
-3

1.
8

52
19

05
"
-

4.
51

50
1

15
.1

./
-

4.
41

50
1

-1
9.

5
15

.6
.,

-
3.

/1
49

1
-2

0.
0

11
.6

.,
-

4.
11

46
1

-9
.1

15
.7

.,
-

2
.
~
1
4
9
I

-1
9.

5
15

.1
.,

-
5.

61
46

1
-
1
~
.
5

5
~

11
.8

.,
-

3.
51

49
1

15
.3

./
-

3.
11

50
1

-1
4.

0
n

.8
.,

-
5.

11
44

1
-2

2.
5

Ib
.O

.,
-

3.
21

43
1

-1
0.

1
".

1
.,

-
2.

21
47

1
-2

0.
8

12
.9

.,
..

3
.0

1
'"

-2
1.

5
bI

21
.2

"
-

1.
31

48
1

16
.4

11
-

3.
61

49
1

-2
2.

6
18

.0
.,

-
5.

81
45

1
-1

5.
1

17
.4

1
'-

3.
11

46
1

-1
7.

9
14

.6
.,

-
2.

51
49

/
-3

1.
1

14
.8

.,
-

5.
0I

4J
)

-J
O

.2
64

26
.1

.,
-

7.
31

45
1

n
.9

"
-

3.
51

4b
l

-4
7.

~
21

.3
.,

-
5.

9(
45

)
-2

0.
2

2
0

.7
1

'-
4.

11
43

1
-2

2.
5

19
.0

.,
-

5.
31

41
1

-2
8.

8
11

.5
.,

-
J.

J(
m

-3
4.

5
69

16
.8

1
'-

4.
91

45
1

14
.6

./
-

3.
/1

40
1

-1
3.

1
14

.0
.,

-
3.

71
44

/
-1

6.
7

23
.1

.,
-

10
.6

14
41

31
.5

16
.3

.,
-

3.
31

45
1

-3
.0

18
.9

./
-

5.
21

42
1

12
.5

72
19

.2
.,

-
6.

21
42

1
14

.0
,/

-
2.

/1
45

1
-2

/.
1

14
.8

.,
-

4.
51

39
1

-2
2.

9
18

.4
./

-
9.

91
44

1
-4

.2
15

.1
./

-
3.

41
4b

l
-2

1.
4

14
.6

.,
-

3.
8(

41
1

-2
4.

0
7b

1
9

.5
1

/-
6.

Il
J8

l
15

.2
1/

-
4

.9
m

l
-2

2.
1

1
5

.1
1

/-
5.

11
35

1
-2

2.
b

18
.9

"
-

8.
31

40
1

-3
.1

16
.2

1
'-

5.
51

38
1

-1
6.

~
15

.2
.,

-
4.

41
45

1
-2

2.
'

80
20

.7
.,

-
b.

11
37

1
15

.3
.,

-
4.

21
44

1
-2

6.
1

"
.0

.,
-

4.
2(

35
)

-3
2

••
19

.1
.,

-
5.

71
37

1
-1

.1
16

.7
1

'-
3

.1
m

l
-1

9.
3

n
'~

"
-

3.
71

10
)

-3
2.

9
84

.
23

.0
.,

-
8.

71
37

)
IJ

.7
./

-
3.

6t
J9

1
-4

0
••

18
.8

.,
-

11
.3

1m
-1

8.
3

19
.1

.,
-

9
.8

n
JI

-1
1.

0
15

.0
./

-
3

.4
m

l
-3

4.
8

11
.4

"
-

8.
6I

J8
)

-2
4.

3
08

22
.3

"
-

I4
.J

IJ
2)

16
.0

.,
-

J.
4I

39
1

-2
8.

3
11

.0
./

-
9.

01
32

)
-2

3.
8

19
.3

.,
-

9.
6l

3J
1

-n
.5

16
.1

.,
-

3.
91

33
1

-2
7.

8
11

.4
.,

-
6

.l
Im

-4
8.

9
n

22
.2

.,
-

12
.6

13
51

15
.3

./
-

4.
91

36
)

-3
1.

1
15

.2
.,

-
4.

11
26

1
-3

1.
5

17
.9

.,
-

b.
2t

30
1

-1
9

.•
15

.5
.,

-
4.

51
30

1
-3

0.
2

16
.1

.,
-

5.
/1

31
1

-2
7.

5
9b

23
.1

.,
-

1.
51

28
1

21
.8

./
-

10
.2

13
41

-I
.3

18
.0

.,
-

6.
81

25
1

-2
2.

1
20

.6
.,

-
6.

/1
28

1
-1

0.
8

20
.9

"
-

8.
21

21
1

-9
.5

19
.6

.,
-

8.
21

26
1

-1
5.

2
10

0
26

.3
"
-

10
.8

12
61

13
.2

"
-

5.
11

3:
;)

-4
9.

8
16

.3
.,

-
5.

01
14

1
-3

8.
0

19
.8

.,
-

10
.0

12
11

-2
4.

7
IU

.,
-

4.
31

24
1

-3
3.

5
32

.4
.,

-
20

.5
1W

2J
.2

-
-
-
-
~
.
_
~
-

~
E
A
N

18
.1

14
.2

-1
9.

6
14

.5
-1

9.
1

,
17

.1
-3

.3
14

.4
-1

9.
6

"
.6

-1
8.

5

III
~

C
ha

ng
e

fr
om

c
o
n
t
~
o
l
.

b
H

ea
n

:t
S

.D
.

(n
).



R
e

p
ro

d
u

c
e

d
fr

o
m

b
e

s
t

a
v
a

il
a

b
le

c
o

p
y
.

)
H

lm
..

.
"

-
-
-
-
-
-
-
-
-
-
,-

-
-

TA
BL

E
8

-3

I-
II

Jl
~'

J1
.:

5
I

m
'S

L
Ii

F
,C

H
I

W
i'

[
I

IU
T

F
:

E
F

T
r:

t'
f::

:
tH

'
JI

',I
H

I1
U

",
\.

l
1

":
>

D
IC

lI
I.

,m
m

E
T

II
I\

tl
F

:
J
tl

H
IH

n
T

R
E

'A
T

E
D

W
I

II
I

lH
:3

U
L

F
IR

I'
lM

D
R

F
:H

ln
N

D
L

('I
A

'T
f

R
C
[
)
N
~
J
l
l
t
1
1
"
T

Il
lN

(
0

)
11

nl
.E

R
il

lS

ME
EK

[O
nl

R
O

l
OS

1
[
a

EI
1

[
EO

[
l
[

EO
CI

OS
1

[
EO

CI
El

1
[

--
--

--
-
~
-
-
-
-
-
-
-
-

p-
---

--
--

--
--

--
--

--
--

--
--

--
--

--
--

-
--

--
--

--
--

--
--

--
--

--
--

--
-

--
--

--
--

--
--

--
--

-.
--

--
--

-
---

---
---

---
--_

.--
---

---
-

--
---

---
---

---
---

---
---

--
I

~9
.2

II
'

18
.4

f5
0I

b
29

.1
'I

-
7
.
0
1
5
~
1

'2
5.

8
39

.4
'1

-
12

.7
15

01
0.

5
37

.1
'1

-
6.

51
50

1
-5

.4
34

.4
11

-
1
8
.
9
1
5
~
1

-1
2.

2
38

.1
,/

-
10

.0
15

01
-2

.8

2
30

.0
./

-
5.

61
50

1
21

.1
'/

-
7
.
8
1
5
~
1

-1
.0

30
.1

'1
-

5
.
2
1
~
0
1

0.
3

l4
.1

'1
-

4.
11

50
1

'I
U

34
.6

1/
-

U
15

0"
15

.3
31

.9
'/

-
3.

31
50

1
6.

3

3
4

0
.7

1
/-

6.
71

50
1

42
.3

,/
-

1
5
.
9
1
5
~
1

3.
9

3b
.6

./
-

9.
21

50
)

-1
0.

1
46

.1
'/

-
11

.(1
50

)
1J

.3
40

.9
.1

-
17

.7
15

01
0.

5
42

.4
./

-
7.

71
50

)
4.

2

4
,4

8.
0

tf
-

18
.0

15
01

45
.8

,/
-

12
.9

15
01

-4
.6

48
.9

1/
-

Il.
21

50
1

1.
9

46
.3

1
/-

20
.7

1
5
~
)

-3
.5

55
.6

./
-

1b
.6

(5
0)

15
.8

49
.2

f/
-

l4
.m

o
)

2.
5

5
4l

.4
11

-
9.

31
49

)
46

.0
f/

-
1J

.0
15

01
6.

0
43

.2
11

-
7.

31
50

1
-.

5
46

.1
./

.
1.

81
50

1
6.

2
56

.3
fl

-
15

.8
1S

01
29

.7
38

.8
fI

-
13

.5
14

91
-1

0.
6

6
41

.6
f/

-
10

.1
l4

?1
H

.9
./

.
1
1
.
7
I
S
~
1

3.
0

45
.4

'1
-

10
.2

15
01

4.
1

48
.1

'1
-

18
.7

1S
01

10
.3

S6
.7

1/
-

20
.2

IS
0)

30
.0

47
.8

f/
-

1.
21

49
1

9.
6

7
46

.6
i/

.
9.

11
4?

1
40

.0
'1

-
19

.9
15

01
3.

0
45

.2
./

-
8.

61
S0

1
-3

.0
50

.2
fl

-
15

.2
15

01
7.

7
51

.1
'1

-
17

.8
15

01
26

.8
53

.1
./

-
13

.2
14

1)
13

.9
8

49
.4

./
-

13
.7

11
91

50
.7

./
-

15
.1

15
0)

2.
6

41
.8

./
-

9
.
5
1
5
~
)

-3
.2

46
.2

./
-

1
2
.
9
1
5
~
1

-6
.5

61
.0

'1
-

22
.9

15
01

35
.6

56
.4

./
-

12
.4

14
91

14
.2

9
49

.4
fI

-
14

.1
14

91
4B

.B
./

-
11

.8
15

01
-1

.2
4a

.4
,/

.
9.

81
50

)
-2

.0
50

.4
./

-
11

.2
15

01
2.

0
62

.1
fi

·
18

.2
15

01
21

.3
54

.8
./

.
10

.0
14

91
10

.9

I~
46

.8
./

-
13

.8
14

91
13

.1
./

-
16

.(1
50

)
-6

.6
42

.9
'/"

10
.1

15
01

-8
.3

51
.3

'1
-

15
.6

15
01

9.
6

51
.0

f/
-

21
.,1

50
1

21
.8

~
6
.
1

./
-

16
.1

1
m

19
.9

II
43

.6
.,

-
12

.8
14

91
45

.7
-'

1'
19

.8
15

01
4.

8
46

.8
i/

-
9.

61
50

1
7.

3
4b

.2
.,

-
10

.V
15

0)
6.

0
65

.3
.,

-
24

.2
(5

0)
41

.9
51

.2
'1

-
12

.7
(4

9)
11

.4

12
47

.1
t/

-
13

.1
14

91
41

.V
'/

-
14

.1
15

01
1.

7
54

.9
tf

-
12

.4
(5

0)
16

.6
49

.2
f/

-
12

.0
15

01
4.

5
63

.9
t/

-
21

.1
15

01
35

.1
55

.9
fI

-
10

.m
91

18
.7

14
43

.4
./

-
9.

41
49

)
15

.1
./

-
12

.2
15

0)
3.

9
52

.5
fI

-
12

.1
15

0)
21

.0
49

.0
./

-
14

.1
15

01
12

.9
62

.0
'1

-
21

.1
15

01
42

.9
56

.6
./

.
1
~
.
6
f
4
9
)

30
.4

16
46

.5
./

-
10

.7
14

1)
49

.5
./

-
1
~
.
4
I
5
0
)

6.
5

49
.4

./
-

11
.1

15
01

6.
2

46
.9

t/
-

1
5
.
0
1
5
~
)

~.
9

66
.1

t/
-

21
.5

15
01

42
.2

52
.8

./
-

1
I
.
~
(
4
9
)

13
.5

18
43

.9
./

-
1.

91
49

)
45

.0
fl

-
12

.9
15

01
2.

5
52

.0
./

-
n.

2(
50

)
18

.5
n

.7
./

-
8.

1I
50

1
-.

5
64

.6
1/

-
23

.1
15

01
47

.2
50

.4
./

-
1.

51
49

1
14

.8

(X
l

20
50

.0
./

-
17

.6
14

91
41

.1
'1

-
12

.4
15

01
-4

,2
53

.2
./

-
n.

01
50

)
6.

4
47

.2
./

-
9.

31
50

1
'5

.6
59

.0
./

-
lb

.7
1
5
~
1

18
.0

53
.6

fl
-

16
.7

14
91

1.
~

I
n

44
.6

./
-

16
.4

(4
1)

46
.6

i/
.

11
.2

15
01

4.
5

50
.6

.,
.

15
.4

15
01

13
.5

45
.J

,/
-

8.
71

50
1

1.
6

56
.9

f/
-

18
.4

15
0)

21
.6

56
.1

./
.

13
.2

14
V

)
25

.8
.j:

>
.

24
4

1
.7

'/
-

V
.7

1m
49

.,1
f/

-
13

.0
15

01
11

.7
49

.0
,/

-
15

.3
15

01
11

.5
57

.6
./

-
20

.1
15

01
38

.1
63

.3
./

-
18

.0
(5

0)
51

.8
54

.4
./

-
11

.3
14

91
3
~
.
5

28
43

.4
_/

-2
2.

91
49

1
48

.1
./

-
,1

4.
41

50
)

.
,1

2.
1

51
.0

./
.

18
.4

15
01

31
.3

41
.3

./
-

10
.8

14
91

9.
0

60
.5

./
-

21
.6

15
01

39
.4

.5
1.

8
'/-

17
.7

14
9)

31
.8

32
38

.5
./

-
11

.5
14

91
48

.1
-/

-
14

.0
(5

0)
24

.9
45

.7
./

-
14

.6
15

01
18

.7
45

.8
fl

-
1
I
.
~
1
4
9
1

19
.0

57
.0

.,
-

10
.1

15
0)

48
.1

49
.7

t/
-

17
.1

14
9)

.
29

.1

36
31

.3
fI

-
8.

0(
49

)
41

.5
f/

-
11

.3
15

01
27

.3
48

.1
.,

.
12

.2
14

91
2V

.0
45

.9
t/

-
1.

51
49

1'
23

.1
55

.2
./

-
15

.4
15

01
48

.0
52

.8
i/

-
12

.8
14

9)
41

.6

40
34

.9
fI

-
14

.1
I4

91
40

.7
./

-
12

.8
IS

0)
16

.6
50

.3
fl

-
16

.1
14

81
44

.1
42

.9
tl

-
9.

71
49

1
22

.9
54

.4
fI

-
n.

5(
48

)
55

.9
51

.7
./

-
19

.3
t4

91
65

.3

.4
38

.5
.,

-
8.

11
48

1
49

.9
-/

.
11

.7
14

8)
29

.6
48

.7
'1

-
12

.0
l4

61
26

.5
48

.6
f/

-
V

.9
14

81
26

.2
55

.5
1/

-
12

.9
14

41
44

.2
53

.6
./

-
12

.2
14

61
39

.2

48
3b

.7
t'

-
9.

91
48

1
43

.5
f/

-
10

.l1
50

1
18

.5
41

.5
f/

-
10

.5
14

6)
34

.9
"
.9

-,
-

10
.6

14
91

22
.3

51
.1

1
/-

13
.5

(4
0)

39
.2

54
.1

f'
-

11
.3

14
5)

47
.4

52
38

.8
.1

-
lI

.m
8

1
41

.1
./

-
10

.5
15

01
21

.4
47

.8
./

-
11

.5
14

81
23

.2
48

.8
t/

-
12

.1
I4

81
25

.8
56

,,5
t/

.
17

.6
14

61
45

.6
55

.2
f/

-
12

.6
14

11
42

.3

56
42

.5
.1

-
9.

41
48

1
48

.1
.,

-
10

.5
(4

9)
14

.6
4b

.7
t/

-
9.

61
45

1
9.

9
50

.4
fI

-
10

.1
14

bl
18

.6
54

.3
.,

-
1

2
.m

ll
27

.8
51

.5
i/

o
10

.8
14

61
21

.2

61
49

.8
f/

-
14

.0
14

8)
41

.8
fI

-
11

.2
14

91
-4

.0
5
~
.
1

.,
-

11
.1

14
51

6.
6

59
.7

f'
-

11
.1

(4
3)

19
.9

55
.4

i/
-

14
.5

14
01

11
.2

63
.3

i/
-

12
.6

(4
5)

27
.1

b4
42

.V
t/

-
10

.3
14

8)
56

.0
./

-
12

.1
14

B
I

30
.5

51
.8

./
-

11
.4

14
81

20
.7

52
.7

tl
-

12
.0

1m
12

.8
6
0
.
~

.,
-

11
.6

(3
8)

39
.1

55
.6

-/
-

1
0
.
~
1
4
1
1

21
.6

68
43

.3
fI

-
10

.1
14

11
50

.0
'/

-
13

.2
14

81
15

.5
50

.9
f/

-
11

.7
14

71
17

.6
41

.2
fl

·
13

.3
(4

6)
9.

0
54

.9
-/

-
13

.2
14

11
26

.8
50

.9
i/

-
12

.9
14

11
11

.6

72
40

.4
.,

-
14

.2
14

61
49

.7
./

.
7.

11
45

1
23

.0
48

.4
f/

-
14

.5
14

41
19

.8
55

.1
'1

-
12

.2
14

21
36

.4
53

.4
fl

-
12

.6
14

21
~
2
.

2
50

.9
./

-
D

.(
14

2)
26

.0

16
39

.6
./

-
1
4
.
~
1
4
6
1

15
.6

'1
-

10
.3

14
11

15
.2

41
.9

,/
-

10
.9

(4
0)

21
.0

5
~
.
0

f/
-

9.
W

81
26

.3
49

.3
t/

-
IU

ll
7

l
24

.5
53

.0
'I

c
10

.1
13

9)
n

.8

80
42

.4
./

-
12

.2
14

Jl
46

.6
fl

·
9.

31
44

1
9.

9
48

.1
i/

-
1

0
.9

m
l

13
.4

50
.3

.,
-

11
.7

13
11

18
.6

51
.2

./
-

10
.0

(3
6)

20
.8

51
.4

./
.

9.
91

l1
l

21
.2

84
45

.5
tf

-
13

.1
14

21
45

.5
'1

-
12

.5
14

11
0.

0
57

.3
1

/-
14

.3
1m

25
.9

54
.6

f/
-

8.
81

32
1

20
.0

51
.9

f/
-

12
.4

13
51

14
.1

63
.1

./
.

1
7

.l
m

l
38

.7

89
34

.9
./

-
11

.0
13

3)
Il

.l
./

-
9.

21
40

1
25

.2
43

.3
./

-
1

3
.7

m
)

24
.1

41
.4

fI
-

11
.9

13
61

35
.8

48
.4

./
-

14
.2

13
01

38
.7

48
.5

./
-

9.
bI

32
}

39
.0

92
41

.0
t/

-
15

.~
1
3
0
1

4b
.2

./
.

IO
.6

13
bl

12
.1

51
.3

./
-

10
.5

12
7}

25
.1

53
.3

tf
·

11
.1

11
11

30
.0

45
.3

./
-

14
.6

12
5)

1
~
.
5

47
.2

./
.

11
.7

12
6)

15
.1

96
38

.7
./

-
13

.0
12

11
45

.1
./

.
1
~
.
0
1
J
4
1

18
.1

50
.3

f/
-

13
.4

1;
'8

1
30

.0
5;

'.5
./

-
IJ

.3
f2

51
35

.7
44

.1
./

.
15

.6
12

21
15

.5
51

.4
.,

-
12

.0
12

51
32

.8

10
0

39
.7

'1
-

12
.9

(2
8)

40
.1

'1
-

1
3

.2
m

l
1.

0
5
~
.

4
./

.
10

.7
12

61
21

.0
51

.4
i/

-
14

.2
(2

4)
21

.5
45

.8
./

.
10

.5
12

01
15

.4
41

.1
./

-
14

.0
12

ll
18

.6
--

--
--

--
--

--
--

--
-

IIE
AN

42
.J

45
.9

8.
9

40
.2

14
.5

48
.4

15
.0

54
.9

29
.8

51
.8

23
.0

8
,

C
ha

ng
e

fr
om

c
o

n
tr

o
l.

b
H

ea
n

±
S

.D
.

(n
).

-
-

-
-

-
--

.....
.

--
-

-
-

--
-

---
-

-
--

.
-

-



,..
- -

--
-.

. -
--

- -
--

- -
--

-
TA

BL
E

8-
4

M
Jm

JJ
:.

E
ll

I,
E

S
E

A
F

\C
11

H
l:

3
1

I
lU

T
E

E
F

F
E

C
T

S
P

r
J

tI
l

IP
iL

E
D

1
.

:~
.

J)
I

C
II

I
.1.

11
'\1

1 1
:'1

II
I\

N
F

IN
f\

I\
T

S
T

F
lE

IH
F

D
W

I
H

I
D

IS
U

L
F

JH
A

rl
O

R
E
T
H
(
~
N
O
L

I'
W

IT
E

R
C

l.
lN

E
>

ll
rI

P
T

Il
JN

(
0

)
F

E
t'I

I)
L

E
R

A
rs

11
m

CO
IIT

RO
l

05
1

cB
E

l
1

C
ED

C
1

C
ED

C/
DS

1
C

ED
C/

EI
1

C
--

-
--

--
---

---
---

--
--

--
--

--
--

._
--

--
--

--
--

--
--

--
--

--
--

-
.-

---
--

--
--

--
--

--
--

--
--

--
--

--
-_.

---
--

-.
--

--
--

.-
--

-
---

--
---

---
--

--
-.

--
--

--
--

---
--

--
--

--
--

--
--

--
--

--
--

I
~~

.4
.,

-
18

.~
15

0I
b

31
.0

./
-

9.
11

50
1

-1
.2

~
1
.
6

.,
-

7
.
4
1
~
0
)

-5
.4

40
.6

./
-

20
.4

15
01

21
.6

~
u

./
-

9.
41

50
1

-5
.1

39
.6

./
-

15
.0

15
01

15
.6

2
2

5
.5

1
/-

8.
71

50
1

32
.6

>
'-

1
5
.
~
1
5
(
1
1

27
.8

26
.6

>
'-

10
.0

15
0)

4
.
~

~
7
.
9

./
-

42
.5

15
01

49
.6

JI
.2

.,
-

8.
11

50
1

22
.4

26
.5

./
-

4.
41

50
1

~.
9

~
34

.6
./

-
12

.2
15

01
~
1
.
9

>
'-

14
.0

(5
0)

0.
9

34
.6

.,
-

10
.8

15
01

0.
0

~
6
.
1

./
-

7.
71

50
)

4.
3

~
8
.
4

./
-

13
.9

15
01

11
.0

39
.4

./
-

18
.0

15
0)

11
.0

4
39

.4
./

-
12

.6
15

01
31

.5
./

-
2
0
.
0
1
~
0
1

-1
0.

2
41

.4
./

-
11

.9
15

0)
1.

9
39

.1
./

-
9.

21
50

1
-.

8
40

.5
t/

-
11

.0
15

01
5.

5
4
2
.
~

./
-

1
9
.
~
1
5
0
)

10
.2

5
Jl

.l
./

-
13

.5
15

01
12

.2
.,

-
23

.9
15

01
II

.'
~
1
.
0

+/
-

1
0
.
9
1
~
0
1

-1
.9

43
.9

>
/-

15
.1

15
01

16
.4

40
.4

./
-

11
.3

(5
01

1.
2

~
u

./
-

16
.1

(4
9)

-.
5

6
36

.4
./

-
1
1
.
~
1
5
0
1

39
.1

./
-

11
.2

15
01

4.
7

~
1
.
6

1/
-

10
.6

15
01

~.
3

3
9
.
~

./
-

9.
11

50
1

5.
2

41
.3

+1
-

14
.9

15
01

13
.5

42
.7

+
'-

14
.9

14
91

11
.~

1
40

.0
1

/-
12

.0
(5

0)
39

.2
./

-
15

.0
(5

0)
-2

.0
4
~
.
6

./
-

16
.7

15
01

9.
0

45
.9

./
-

19
.3

15
01

14
.9

45
.1

./
-

2
5
.
0
l
~
0
1

12
.9

~
5
.
6

./
-

14
.4

14
91

-1
1.

0
9

44
.3

./
-

15
.4

15
01

13
.1

+
'-

19
.0

15
01

-1
.4

45
.2

.,
-

1
5
.
2
1
~
0
1

2.
0

45
.1

./
-

11
.5

15
01

~
.
2

U
.5

+/
-
2
~
.
9
1
5
0
1

-1
.9

19
.1

>
'-

17
.3

14
71

9.
6

9
13

.1
1

'-
11

.9
15

01
13

.1
./

-
11

.1
15

01
1.

4
13

.9
+/

-
13

.4
15

01
1.

6
4
4
.
~

./
-

16
.2

15
01

2.
9

49
.4

1
/-

14
.9

15
01

1
2
.
~

45
.4

tI
-

14
.8

14
91

5
.
~

10
36

.2
./

-
10

.9
15

01
44

.5
1

'-
23

.9
15

01
n

,7
41

.9
.,

-
16

.4
15

01
15

.1
41

.5
./

-
14

.9
15

01
~
1
.
2

40
.0

./
-

16
.6

(5
0)

10
.5

41
.2

.,
-

14
.9

14
91

~
0
.
4

II
~
9
.

5
-,

-
14

.~
15

01
39

.9
.,

-
21

.0
15

01
3.

4
~
9
.
9

1
/-

15
.1

15
01

~
.
6

n
.5

.,
-

1
4
.
9
1
5
~
1

13
.0

49
.6

+/
-

19
.6

15
01

28
.9

43
.5

1
/-

12
.9

14
91

U
.O

12
42

.4
1

/-
15

.1
15

0)
41

.1
>

'-
12

.2
1S

01
-p

45
.5

.,
-

IU
I5

0
1

1.
3

14
.9

./
-

Ib
.9

15
01

5.
7

.
49

.4
+/

-
13

.3
(5

0)
IU

4:
>.

8
.,

-
15

.1
14

91
9.

0
J4

39
.4

>
/-

11
.6

15
01

43
.4

.,
-

15
.4

15
01

n.
o

42
.7

1
'-

~
.
5
1
~
P
)

11
.1

42
.1

.,
-

22
.5

15
01

9.
6

43
.7

./
-

1
5
.
1
1
~
0
1

1
~
.
9

~
J
.
2

1
'-

14
.0

14
91

12
.5

16
31

.5
.,

-
9.

61
50

1
4
2
.
~

.,
-

1
2
.
7
1
~
0
1

12
.9

41
.5

.,
-

12
.6

15
01

10
.7

43
.2

1
'-

12
.5

15
01

15
.2

41
.9

.,
-

11
.4

15
01

27
.5

13
.1

.,
-

14
.0

(4
71

Ib
.5

19
31

.6
t'-

11
.1

15
01

3
~
.
9

.,
-

2
2
.
2
1
~
0
)

5.
7

42
.1

.,
-

10
.5

15
0)

12
.0

4
2

.4
1

/-
11

.7
15

01
12

.9
45

.5
.,

-
1
~
.
1
I
5
0
1

21
.0

41
.9

./
-

14
.0

14
71

n
.1

20
40

.9
1

'-
13

.2
15

01
40

.1
.,

-
12

.0
15

01
-1

.1
49

.5
t/

-
14

.5
15

01
19

.7
16

.3
.,

-
11

.m
O

I
13

.5
46

.9
.,

-
19

.5
15

01
14

.1
11

.1
t/

-
l4

.b
ll

Y
l

1
6
.
~

co
22

~
9
.
5

.,
-

12
.5

15
01

~
7
.
6

.,
-

13
.7

15
01

2.
7

41
.5

.,
-

12
.1

15
01

1.
9

42
.2

1/
-

17
.9

\5
01

9.
6

42
,3

1
/-

14
.1

15
01

9.
7

4B
.9

.,
-

16
.1

14
91

n.
o

I lJ
l

24
36

.5
1

'-
11

.3
15

01
40

.3
1

'-
1
4
.
~
1
5
0
1

10
.4

4
5

.8
."

-
11

.5
15

01
25

.5
42

.5
1/

-
13

.9
15

01
16

.4
42

.5
1

'-
11

.5
15

01
16

.4
47

.4
.,

-
14

.3
11

91
35

.3
29

40
.5

.,
-

14
.0

15
01

16
.5

./
-

21
.5

15
01

14
.9

50
.0

./
-

14
.5

15
01

23
.5

5
0

.'
1

'-
22

.8
15

01
25

.1
50

.3
+

'-
2
"
~
1
4
9
I

~'
.2

51
.4

.,
-

14
.1

14
91

26
.7

~
2

~
1
.
4

1
'-

10
.6

15
01

~
9
.
2

1
'-

13
.1

15
01

4.
9

n
.2

1
'-

14
.6

15
01

15
.5

48
.b

.,
-

22
.9

15
01

29
.9

43
.9

.,
-

13
.1

15
01

11
.4

50
.0

.,
-

16
.6

14
91

33
.1

36
~
9
.
9

.,
-

12
.1

15
01

39
.9

1
'-

1
2
.
6
1
~
0
1

0.
0

51
.4

.,
-

18
.2

15
01

29
.9

46
.9

.,
-

17
.0

15
01

11
.3

41
.9

./
-

12
.4

15
01

19
.9

58
.0

1/
-

19
.7

14
91

45
.4

40
35

.7
./

-
19

.4
15

01
35

.0
'!

-
11

.3
(5

01
-2

.0
45

.1
.,

-
19

.5
(5

0)
29

.0
-4

5:
3

./
-

11
.9

14
71

26
.9

1
3

.'
.,

-
15

.2
15

01
23

.0
50

.6
.,

-
16

.7
14

91
41

.1
44

39
.4

./
-

10
.3

14
'1

I
I
.
~

.,
-

1
2
.
4
1
~
O
I

4.
9

55
.1

1/
-

13
.9

15
01

39
.9

45
.9

./
-

11
.0

14
71

16
.2

49
.0

1/
-

12
.1

14
91

24
.4

53
.6

>
'-

11
.0

14
51

3b
.0

49
40

.1
i/

-
10

.6
14

91
40

.2
.,

-
1
2
.
2
1
4
~
1

0.
2

50
.9

+
'-

12
.5

14
91

26
.1

45
.1

.,
-

14
.4

14
11

14
.0

41
.6

+
'-

1
~
.
1
l
4
6
1

19
.1

53
.4

.,
-

13
.2

11
61

3
~
.
2

~
2

45
.9

-/
-

11
.4

15
01

41
.1

>
/-

16
.2

14
91

2.
9

51
.0

./
-

13
.6

14
91

11
.4

50
.5

.,
-

14
.9

14
91

10
.3

41
.2

+/
-

14
.2

14
91

~.
I

53
.6

1
'-

14
.0

14
81

11
.0

56
43

.4
.,

-
11

.2
14

91
46

.0
.,

-
IU

14
91

6.
0

4
1

.9
1

'-
16

.6
14

11
10

.4
51

.0
.,

-
13

.1
14

71
11

.5
50

.J
./

-
13

.5
14

11
15

.9
52

.1
+

'-
12

.1
14

11
21

.4
61

51
.9

.,
-

13
.1

14
11

4
J.

l
1

'-
13

.9
14

11
-1

5.
9

52
.5

.,
-

I~
.

01
\5

)
1.

2
5b

.b
1

/-
12

.5
14

21
9.

1
51

.1
.,

-
13

.b
14

91
-1

.5
b

l.
l

1
/-

15
.6

(4
6)

17
.1

b4
44

.4
+

'-
14

.3
14

91
52

.0
+

'-
11

.1
14

51
11

.1
49

.2
+

'-
1

2
.6

m
l

10
.9

54
.2

./
-

11
.3

(4
5)

22
.1

56
.2

t/
-

12
.2

14
11

26
.6

5b
.2

.,
-

12
.4

14
11

26
.6

69
44

.1
1

'-
10

.9
14

61
46

.1
.,

-
Ib

.1
14

51
4.

5
5

\.
6

1
/-

14
.4

14
41

17
.0

11
.6

./
-

12
.4

I4
b!

1.
7

50
.3

.,
-

12
.6

14
41

14
.1

51
.7

./
-

12
.4

14
51

11
.1

12
41

.5
>

'-
14

.2
14

41
4b
.~

"
-

13
.4

14
91

-2
.5

17
.9

.,
-

14
.6

13
91

5.
1

41
.1

./
-

12
.5

14
31

-.
9

52
.0

-/
-

13
.0

14
11

9.
5

53
.0

.,
-

13
.2

14
51

lI
.b

16
n

.3
1

'-
9.

61
42

1'
40

.1
.,

-
10

.7
14

b1
-6

.0
49

.6
1

'-
11

.6
13

51
12

.2
49

.b
>

/-
10

.6
(3

9)
12

.2
46

.1
1/

-
10

.2
13

51
1.

~
5(

1.
0

./
-

11
.2

14
01

15
.5

90
41

.2
>

'-
12

.3
14

01
3

9
.5

1
'-

1\
.0

14
01

-·1
.1

43
.0

.,
-

11
.4

13
51

4.
4

50
.4

.,
-

10
.2

13
6)

n
.
~

49
.4

>
'-

9.
51

32
1

19
.7

41
.9

1
'-

12
.5

13
11

16
.0

84
46

.9
.,

-
1I

.1
tJ

61
40

.0
>

'-
1
~
.
1
1
3
8
1

-1
4.

1
53

.0
-/

-
15

.2
13

11
13

.0
49

.b
./

-
10

.2
13

2)
5.

9
4b

.9
1

'-
12

.1
l3

31
0.

0
5

9
.6

1
'-

11
.:'

14
11

n
.1

99
41

.7
./

-
13

.1
13

71
J8

.3
.,

-
10

.4
13

91
-9

.6
49

.5
+

'-
11

.5
13

21
\5

.9
43

.6
.,

-
13

.1
lH

I
4.

1
41

.9
./

-
9.

91
29

1
14

.3
41

.9
.,

-
11

.4
1J

11
14

.3
92

37
.1

./
-

12
.2

13
51

3'
/.1

1
'-

1
2
.
9
1
~
5
)

-1
.5

48
.7

./
-

11
.0

12
31

n
,1

44
.1

1
/-

11
.0

13
11

12
.6

46
.0

./
-

9.
21

26
1

15
.9

51
.6

./
-

9
.b

ln
l

30
.0

~
6

4
3

.1
>

'-
14

03
12

81
38

.8
./

-
13

.1
13

21
-I

I.
2

45
.b

.,
-

12
.9

12
61

40
3

46
.0

.,
-

13
.5

12
61

5.
3

49
.9

.,
-

10
.2

12
51

14
.2

4b
.~

.,
-

13
.1

12
11

5.
9

10
0

45
.9

1
'-

1J
.9

f2
b1

39
.0

.,
-

12
.0

11
21

-1
5.

3
49

.5
'l

e
1
0
.
~
1
2
6
1

5.
9

46
.5

./
-

11
.5

12
11

1.
5

4
U

1/
-

10
.9

12
31

1.
b

52
.6

.,
-

11
.4

12
31

14
.9

--
--

--
--

-

I'fA
M

40
.3

10
.9

l.
8

45
.0

11
.6

45
.5

13
.6

45
.1

IJ
.9

41
.9

18
.9

8
1

C
ha

ng
e

fr
om

c
o

n
tr

o
l.

b
H

ea
n

±
S

.D
.

(n
).



I
I
I
I
I

·1
I
I
I
I
I
I
I

. I
. I

I
I
I
I



.1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
L.

APPENDIX 9

HISTOPATHOLOGY NARRATIVE AND SUMMARY REPORT
(PATHOLOGY ASSOCIATES, INC.)

9-1



I
PAmCB.MY RDCIT

I
I
I
I
I

PATHOLOGY ASSOCIATES, INC.

WORK ASSIGNMENT EDC I
SPRAGUE-DAWLEY RATS

IMRI/NIOSH

I
I
I
I
I
I
I
I
I

, I
9-2

\
I



.1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
~

TABLE OF CONTENTS

I. QUAL ITY ASSURANCE STATEMENT

II. PATHOLOGY NARRATIVE

III. PROJECT SUMMARY TABLE

IV. SUMMARY TUI"K>R INCIDENCE

V. TABULATED ANIMAL DATA

9-3



I. aUAllTYASSURANCE STATEMENT

9-4 .

I
I
I
1

I
1

1

I
J

I
I
I
I
I
I



QUALITV ASSURANCE STATEMENT

This histopathology project has been conducted in compliance with Good
Laboratory Practices regulations promUlgated by the U.S. Food and Drug
Administration. Pathology Associates, Incorporated has a functioning and
responsiv,e qual ity assurance unit which has conducted appropriate
inspections and reported all findings to management. The following is a
record of those inspections and reports:

Date

November 15, 1984
November 15, 1984
December 8, 1984
December 8, 1984
December 8, 1984
December 8, 1984

February 4, 1985
March 22, 1985
March 27, 1985

Date Findings Reported To
Management and Study Director

Trimming
Cutting
Processing
Embedding
Staining
Coversl ipping and

label ing
Qual ity .Control
Data
Final Report

Phase InspectedDate of Inspection

I-I
9-5

EDC Chronic Study in Rats

November 13, 1984
November 13, 1984
December 5, 1984
December 5, 1984
December 5, 1984
December 5, 1984

February 4, 1985
March 20, 1985
March 27, 1985
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Carcinogenicity and Toxicity of Inhaled
1,2-Dichloroethane in Rats Treated with Disulfiram

or Ethanol: Report of Histopathological Findings

INTRODUCT ION

This study was initiated to determine the potential carcinogenicity of
1,2-dichloroethane (EDC) in Sprague-Dawley rats alone and in combination
with disulfiram (OS) or ethanol (En. 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 e~aminations.

MATERIALS AND METHODS

Groups of SO 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 animals
were housed in chambers and received filtered air. The EDC inhalation groups,
with or without concomitant exposure to either 5.0% ethanol in the drinking
water or 0.05% disulfiram in feed, were as follows:

Group No.
(Designation) EDC Diet Water

1 (CONTROL) Fi ltered air Standard diet Drinking water
2 (OS) Filtered air 0.05% disulfiram Drinking water
3 (ET) Filtered air Standard diet 5% ethanol

. 4 (EDC/DS) 50 ppm 0.05% disulfiram Drinking water
5 (EDC) SO ppm Standard diet Drinking water
6 (EDC/ET)· 50 ppm Standard diet 5% ethanol

All animals that died, killed when moribund or survived to 105 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 gland, sal ivary gland, 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,·
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tleum, 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 regional lymph nodes and all
other gross lesions.

. The following organs and tissues were trimmed, processed through
paraffin, sectioned at 5-6 microns, stained with hematoxylin and eosin, and
examined microscopically: ' .

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, teste~,

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. terminology for certain lesions unique 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 diagnosis or abbreviate others to permit
acceptance by the LABCAT system.

- It was the intent to examine each protocol required organ, however,
certain organs were lost 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 animals on test.

Where possible, degenerative and inflammatory lesions were graded 1­
minimal, 2- mi Id, 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 lesions were designated as being multifocal for acceptance
". by' the program.
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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 gland, pancreas, pituitary gland and uterus. Of
these, neoplasms of the pituitary, pars distal is (74~) and mammary gland
(42.1~) were the most prevalent. Seventeen (17) of the rats were tumor
bearing for one or more mammary neoplasms.

Several common non-neoplastic lesions were encountered. Frequently
diagnosed non-neoplastic 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 hyperplasia of bone
marrow hematopoietic cells.

Common degenerative lesions included cardiomyopathy of the
ventricular myocardium, phagocytized pigment in the spleen, 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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Another common finding was tooth deformities. This' probably
represents a developmental malformation. Tooth abscessation was frequently
associated.

(oS) - There were fewer mammary neoplasms in rats treated, with
disulfiram compared with controls. Atlhough of uncertain mechanism,
congestion of the mesenteric lymph node was exceedingly prevalent (71 %) in
the OS 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-neoplastic lesions were similar to those
encountered in the control group.

ET - This group had neoplastic and non-neoplastic lesions similar to
those seen in controls.

EDC/OS - There was a high incidence of cholangiomas (0% control vs
34% treated) of the intrahepatic bile ducts. These were unusual lesions that
consisted of a poorly circumscribed proliferation of bile ducts lined by a
flattened or low cuboidal epithelium. Biliary epithelial cells rested on a
moderately fine connective tissue stroma. These lesions did not appear to be
locally invasive and there were no meta$tases. In addition, bile duct cysts
were extremely common (48%) in the 1ivers of this group. The inctdence 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 neoplasms. 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, I ike that
seen with disulfiram treatment alone, was noted in this combination group.

The histopathological observations in the liver were reflected by an
increased re lat ive 1iver weight.

EOC - There was an 8 percent incidence of basophilic foci in the
exocrine pancreas. This lesion was uncommon in female rats. It may be EDC
related as a few foci were also seen in the EOC/OS (4%) and EDC/ET (2%)
groups. This lesion was not observed in controls. However, the numbers of
such lesions are too low to attribute si,gnificance.
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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 distal is (63 ~), were the
most prevalent.

Several common non-neoplastic lesions were encountered.' Frequently
diagnosed non-neoplastic proliferative lesions included: focal or multifocal
hyperplasia of the pituitary pars distal is, C-cell hyperplasia of the thyroid,
focal cellular change of the liver, hyperplasia of the intrahepatic bile duct,
plasma cell hyperplasia of the mandibular lymph node, focal or multifocal
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
we~e 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-S ­

9-11



os - 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 EOC/OS group, indicating a probable OS-related
effect. Athough of uncertain mechanism, congestion of the mesenteric lymph
node was exceedingly prevelant (64~)in this group. It appears to be OS
related as congestion of the mesenteric lymph node was also,:seen in the
EDC/OS 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 significant. A ,similar increase in focal
hypertrophy of 'the adrenal cortex was noted. However, hyperplasia of the
adrenal cortex, a related lesion, was decreased. Again the result is
considered not biologically significant. ..

ET - This group had neoplastic and, non-neoplastic lesions similar to
those seen in contro Is.

. .

EOC/OS - There was a high incidence of cholangiomas' of the
intrahepatic duct (18~) compared to none in the controls.,' These benign
lesions were morphologically I ike those seEm and described for females. In
addition, bile duct cysts were also common (24~). A 12 percent incidence of
neoplastic nodul~s (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~), I ike that seen with OS treatment alone, was noted in this combination
group. As noted in the OS group. retention of content in the mammary glands
was of low ilncidence (3~) compared with controls (23%).

Interstitial cell 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. '

Fibroma of the subcutis 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
9-12 .'

I
I
"I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
L.

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 hepatocellular 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 hepatocellular 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 simi lar cholangiomas of the intrahepatic bi Ie
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 (hepatocellular 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 EDC is the potentiator of hepatocellular neoplasms
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found to be significant' in the EOC/OS group. Other lesions were found in .
simi lar incidence to that seen in their respective controls.

CONCLUSION

The EOC/OS 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.

Robert M. Kovach, O. V.M.
Diplomate, AC.V.P.
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I
PATHOLOGY ASSOCIATES, INC.

I I,.JORK A~;:=; I GNt"1Er··.jT EDC
SPRAGUE-DAWLEY RATS

I
MRI/NIOSH

f--------------
Reports Code Table

If--------------

I
I

N

A

u

Autolysis pr~cluding adequate evaluation

Tissues unavai lable/unsui table for evaluation

I
S Tissues not appl icable to animal

Tissues not examined/not required by protocol

11----------:--------

I
I

2

3

mi n imal

mi I d

I
4 :·evere

)

I ;. mu It i foca I (multiple, bilateral)

B Neoplasm, Benign
I
I

P

t1

Pr'esent

Neoplasm, Mal jgnant wi thout Metastasis

I
c

t'le t as tat i c Sit e (+)

I
I
I

III Reproduced from
I best available copy.
I
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ABBREVIATIONS

THE FOLLOWING ABBREVIATIONS WERE USED WHEN SPACE WAS LIMITED:

ACT-CHR. - Active-chronic
ART. - Artery
CA ...; Carcinoma
CARD. - Card iac
CART.- Cartilage
CEREB. - CerebraI
CHR. :.. Chron ic
CL.- Cell
CLlT.,,:Clitoral
COMPRESS. -Compression
CONT.-Content
CaRON. -Coronary
ENDOCARD.-Endocarditis
GL.-Gland
HEMATO. -Hematopo iet ic
HEMORR. -Hemor.rhag ic
HYPERPL.-Hyperplasia
HYPOTHAL. -Hypotha lamus
INFLAM.-Inflammation
INTER.-I nternaI
L.N. -Lymph Node
MENIN. -Meninges
METAPL. -Metap Ias ia
MYOCARD.-Myocardium
NOS-Not Otherwise Specified
PEDUN. - PeduncIe
PREPUT: - Preput ia1
PROL IF.- Pro Iiferat ion
·PULMON, -Pulmonary
RETENT. -Retent ion
SKEL. -SkeletaI
SQUAM. -Squamous
SYST. ":System
TRACH-BRONCH-Trachea-bronchial
VEGETAT.-Vegetative

. - .
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I PATHOLOGY ASSOCIATES, INC.

I WORK ASSIGNMENT EDC
SPRAGUE-DAULEY RATS

I1RIINIOSH

I
Project Summary Table

I
Sl.tWlRY : Incidtnct of NEOPLASTIC and N~j-NEOPLASTIC Microscopic Findings

PROJECT 10. NO: EDC FATES: ALL

I PAGE 21 DAYS: ALL SEX: F~LE

GflOUP: COOROL OS ET EDClDS EDC EDCJET

I
NII1BER OF ffil~LS: SO 49 49 SO SO SO

II I. I I. II I. II I. II I. II I.

I KlONE'!' II Ex SO 49 49 50 50 50
NEPHROPATHY, CHRONIC 26 (52) 8 (16) 28 (57) 14 (28) 28 (56) 23 (46)

ATROPHY 2 (4) 0 (0) 0 (D) 0 (D) 0 (0) 0 (0)

I
CYST, NOS 1 (2) 0 (0) 0 (0) 1 (2) 2 (4) 1 (2)
LI PttVlTDSI S 0 (0) 0 (D) 0 (0) 0 (0) 1 (2) 0 (0)
INFLJtt., ACUTE 0 (0) 0 (0) 2 (4) 0 (0) 0 (0) 0 (0)

I
INFLAt1., ACT-CHR. PELVIS 1 (2) 1 (2) 0 (0) 0 (0) 0 (0) 0 (0)
INFLAH., AClITE, PELVIS 5 (10) 2 (4) .3 (6) 1 (2) 2 (4) 0 (0)
INFLAt1. ,CHR., PELVIS 1 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
INFLAH.,CHR., PAPILLA 0 (0) 0 (0) 0 (0) 0 (0) 1 (2) 0 (0)

I CALCULUS, PELVIS 27 (54) 7 (14) 12 (24) 12 (24) 29 (58) 13 (26)
HYDR(}lEPHROSIS, PELVIS 5 (10) 4 (8) 5 (10) 9 (18) 6 (12) 6 (12)
EPITHELIAL KYPERPL.,PELVIS 16 (32) 3 (6) 11 (22) 7 (14) 14 (28) B (16)

I
PAPILLARY NECROSIS 0 (0) 0 (0) 1 (2) 0 (0) 0 (0) 0 (0)
LIPOID DEGENERATJ~, TUBULE 0 (0) 0 (0) 1 (2) 0 (0) 0 (0) 0 (0)
INFARCT, NOS 1 (2) 0 (0) 1 (2) 0 (0) 0 (0) 1 (2)

I NlRWlL 6L1tlD II Ex 50 47 49 47 50 42
ADENCWl, NOS, CORTEX 2 (4) 1 (2) 1 (2) 0 (0) 2 (4) 2 (5)

I
PHEOCHRlJ10CYTlJ'A I MEDULLA 1 (2) 1 (2) 2 (4) 1 (2) 0 (0) 2 (5)

ACCESSORY ADRENAL CORTEX 0 (0) 2 (4) 0 (0) 0 (0) 2 (4) 0 (0)
HEMATOPOIETIC CELL PROLIFER. 2 (4) 0 (D) 1 (2) 4 (9) 0 (0) 2 (5)
DEVELOPMENTAL MALFORMATION 0 (0) 0 (0) 0 (0) n (0) 0 (0) 1 (2)

I ATROPHY 0 (0) 0 (0) 1 (2) 0 (0) 0 (0) 0 (0)
LIPOIO OEGENERATI~, CORTEX 1 (2) 3 (6)- 2 (4) 3 (6) 5 (10) 1 (2)
HYPERTROPHY, CORTEX 7 (14) 5 (11) 10 (20) 12 (26) 13 (26) 10 (24)

I
HYPERPLASIA, CORTEX 12 (24) 2 (4) 6 (12) 4 (9) 9 (18) 6 (14)
I£NATOCYST I CORTEX 41 (82) 36 (77) 35 (71) 40 (85) 43 (86) 38 (90)
INFARCT, CORTEX 0 (0) 1 (2) 1 (2) 0 (0) 0 (0) 0 (0)
HI 51 IOCYTOSI S 0 (D) 1 (2) 0 (0) 0 (0) 0 (0) 0 (0)

I HYPERPLASIA, MEDULLA 2 (4) 0 (0) 3 (6) 2 (4) 4 (8) 6 (14)

INFLAtI. CHR~lIC, CAPSULE 0 (0) G (0) 0 (0) 1 (2) 0 (0) 0 (0)

I
I

(Rtpor t Con t inut d)
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I
PATHOLOGY ASSOCIATES, INC.

I WORK ASSISNHENT EDC
SPPAGUE -o.oJJLEY RATS

I1RIINIOSH

-I
Project Summary Table

uJ SlWARY: Incidence of NEOPLASTIC and N~'-NEOPLASTIC l1icroscopic Findings

I
PROJECT 10. NO: EOC FATES: ALL
PAGE 23 DAYS: ALL SEX: FEWILE

GROUP: CCtfTROL . OS El EOc/OS EOC EOC/El

J NIJ1BER OF ANI~LS: 50 49 49 50 50 50

I
I 'l. I 'l. I 'l. II 'l. II 'l. II 'l.

t-ESEN1ERIC LYMPH NODE I Ex 50 49 48 49 50 48
HYPERPLASIA, LYMPHOIO 3 (6) 3 (6) 1 (2) 2 (4) 1 (2) 2 ( 41
CCtlGESTl ctf 0 (0) 35 (71) I (21 30 (61) 1 (2) 1 (2)

I PIlJ1EN1 I (2) 1 (2) 0 (0) 0 (0) 0 (01 0 (01
HEI'IORRPAGE 0 (0) 0 (0) 0 (D) 2 (4) 0 (0) 0 (0)
INFlAH., GRANULOMATOUS 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) I (2)

I
HI ST 1OCY10SI S 1 (2) I (2) 2 (4) 0 (0) 2 (4) 0 (0)
OEGENERATICN, CYSTIC 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 ( 2)
ADENOrARCINOMA 0 (0) 0 (0) 0 (0) 0 CO) 0 CO) 1 (2)

I OVARY I Ex 4B 47 49 47 48 41
~RCOMA, NOS 0 (0) 0 (0) 0 (0) I (2) 0 (0) 0 (0)

I STRlWlL TlI10R 0 (0) 1 (2) 0 (0) I (2) 0 {OJ 0 (0)
GRII4ULOSA THECA CELL Tlt10R 0 (0) 0 (D) 0 (0) 0 (0) 1 (2) 0 (0)
ABSCESS, NOS 0 (0) 0 (0) 0 (0) 2 ( 4) 0 (0) 0 (0)

I
ATROPHY 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 0 (0)
CYST I NOS 7 (15) 6 (3) 10 (20) 11 (23) 10 (21) 3 (7)
II'I'PERPLASIA I STRlJ'AL 4 (8) 4 (9) 3 (6) 10 (21) 5 (10) 11 (27)

I UTERUS I Ex 49 49 49 SO 49 50
Sf~L SARCOHA I ENDct1ElRIltl I m 0 (0) 0 (0) 1 (2) 0 (0) I (2)

I
ADENlWI, NOS, ENDlJ1ETR1lt1 1 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
~RCtwl, NOS, CERVIX 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 0 (01
LEIlJ1YlWl 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 0 (0)
STR~L POLYP I ENDtJ1E1RIlI1 2 (4) 5 (to) 3 (6) 5 (0) 3 (6) 2 (4)

I, DILATAll~~ 3 (6) 0 (0) 4 (8) 4 (8) 3 (6) 4 (8)
INlUSSUSCEPT I~ 1 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
INFLfttlATl (J;, ACT-CHR. 0 (0) 0 (0) 0 (0) I (2) 0 (0) 0 (01

I
INFLAHMA1I~~, CHRONIC 0 (0) 0 (0) 0 (0) I (2) 0 (0) 0 (01
INFlAH. ACUTE I ENDlJ1ElRIIJ1 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 0 (0)
ABSCESS, NOS 0 (0) 0 (01 0 (0) 1 (2) 0 (D) 0 (0)
CYST, NOS I ENDttlETRI LtI 7 (14) I (2) 6 021 3 .(6) 1 (2) 1 (2)

I If(PERPL. CYSTIC, ENDlJ1E1RILtI 0 (0) 0 (0) I (2) I (2) 0 (D) 0 (D)
HYPERPLASIA STRlWlL, CERVIX 0 (0) I (2) 0 (0) 0 (01 0 (D) 0 (0)
ADENOrARC INOHA 0 (0) 0 (0) 0 (D) 1 (2) 0 (D) 0 (0)

I
INFItI1., CHR., ENOlJ1ETRIIJ1 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 0 (0)
If(PERPlASIA, ENDttlETRI LtI 0 (0) 0 (0) 0 (D) I (2) 0 (D) 0 (0)
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WORK ASSIGNMENI EDC
SPRAGUE-~LEY RA1S

HRIINIOSH

Project Summary Tabl e
~RY: Incidence of NEOPLASTIC and NON-NEOPLAS1IC Micro~copic Findin9~

PROJECI ID. NO: EDC FAlES: ALL
PAGE 26 DAYS: ALL SEX: F~LE

GROUP: CON1ROL DS E'T EDClDS EDC EDClE'T
NUMBER"OF ANIMALS: 50 49 49 50 50 50

~ I. • I. M I. ~ I. ." I. • I.
ClNJLNC1IVA • Ex 3 1 4 2 2 0

INF1JtWl1J ON I ACUTE 0 "( 0) 0 (0) 0 (0) 1 (50) o. (0) 0
ILeER, NOS 0 (0) 0 (0) 0 (0) 0 (0) 1 (SO) 0
INF~IION, SUBACUTE 0 (0) 0 (0) 1 (25) 0 (0) 0 (0 ) B

(Report Continued) "
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Project Summar y Tab 1 ,e ISl.t'MRY : Incidence of NEOPLASTIC and NON-NEOPLASTIC Hicroscopic, Findings

PROJECT ID. NO: EDC FATES: ALL IPAGE 20 DAYS: ALL 5El<: HALE

GROUP: CINTROL DS E1 EDC/DS EDC EDC/Er INII1BER OF ~IHALS: 50 50 50 ' 50 SO SO

I i- I i. I i. I i. I i. I i. ILIVER I Ex SO 50 SO 49 SO 50
HEPATOCELLULAR CARCINOMA 1 (2) 0 (0) 0 (0) , 0 (0) , 1 (2) 0 (0)
NEOPlASTIC NODULE 0 (0) I (2) 2 (4) 6 (12) 2 (4) 4 (8)

1HEHORRAAGE 0 (0) 0 (0) I (2) 0 (0) 0 (0) , I (2)

~UL~ 0 (Q) 0 (0) 0 (0) 0 (0) 0 (0) I (2)

, FATTY METAMORPHOSIS 10 (20) , 2 (4) 9 (18) 3 (6) 10 (20) 9 (I B)

IFOCAL,CELLUlAR CAANGE 17 (34) 34 (68) , 21 (42) 32 (65) 25 (SO) 27 (54)
'lNFIJtMTION, ACUTE I (2) 0 (0) 1 (2) 0 (0) I (2) 0 (0)

INFI.Al'MTJON, ' SUBACUTE 0 (0) 0 (0) 0 " <D> 0 (0) 1 (2) 0 (0)
INFlJIt'ATI~; CHRCt-UC 1 (2) 'I (2) I (2) 0 (0) 2 (4) 0 (0)

1,DEGENERATION, CENTRIlOBULAR 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (2)

DEGENERATION, LIPOID 1 (2) 0 (0) 1 (2) 0 <D) '. 0 (0) 0 ( 0)
DE GENERAl I~, CYS1I C 8 (16) I (2) 13 (26) 8 (16) 6 (12) 16 (32)

1CYST I NOS 0 (0) 0 (0) 0 (0) 2 (4) 0 (0) 0 (Ol
HEMA10POIETIC CELL PROLIFER. 1 (2) 0 (0) 3 (6) 3 (6). I (2) 2 (4)

NECROSI SI ACUTE 1 (2) 1 (2) 1 (2) 0 (0) 2 (4) 2 ( 4)

NECROSIS, CENTRILOBULAR 0 (0) 0 (0) 1 (2) I (2) 0 (0) 0 (0) IABNORHAL CURVATURE; NOS 0 (0) 0 (0) 0 <D> 0 (0) 1 (2) 0 (0)
ECTASIA, SINUSOID 1 (2) 1 (2) 4 (8) 4 (8) 4 (8) 4 (8)
CONGESTIltf, CHRONIC I (2) 0 (0) I (2) 1 (2) 0 (0) , 0 (0)

IPERIARTERI1JS, ARTERY 1 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

INTRAHEPATIC BILE OUCT I Ex SO SO SO 50 50 SO
CH~I~ 0 (0) 0 (0) 0 ' (0) 9 (18) 0 (0) , 0 (0)
HYPERPLASIA 31 (62) 34 (68) 24 (48) 43 (B6) 31 (62) 25 (50)
CYST, NOS, I (2) , 0 (0) 2' (4) 12 (24), 0 (0) 0 (0)

(Report Continued>
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I ~RY: Incid~nc~ o~ NEOPLASTIC and NON-NEOPLASTIC Hicroscopic Findings

I
PROJECl .I O. NO: EDC FATES: ALL
PAGE 21 DAYS: ALL SEX: ~LE

GROUP: ClNTROL DS ET EDC/DS EDC EDClET

I NIJ1BER OF ~1l"ALS: 50 50 50 50 50 50

I
I ~ I ~ . I ~ I I. I I. II I.

L~6 I Ex 50 50 50 50 50 49
ADENOCARCINtM 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 0 (0)
I'iEII1IJUA, ASPIRATI~ .. 0 (0) 1 (2) 0 (0) 0 (0) 0 (0) 0 (0)

I PNElJ1lNIA, CHR. INTERSTITIAL 5 (10) 17 (34) 5 (10) 13 (26) 10 (20) 5 (10)
HYPERPL. ALVEOLAR EPITHELllJ1 1 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
HYPERPLASIA, LYHPHOID l' (2) 0 (0) 1 (2) 2 (4) 1 (2) 0 (0)

I
HIST IOCYTOSI S 9 (8) 4 (8) 2 (4) 5 (10) 4 (8) 3 (6)

FOREI~ BODY REAClI~ I (2) 0 (0) 0 (0) 0 (0) 1 (2) 0 (0)
INFlHt" CHR" NOS 0 (0) 1 . (2) 1 (2) 0 (0) 0 (0) 0 (0)
INFlHt ., ACIITE, NOS 0 (0) 0 (0) 0 (0) 0 (0) 1 (2) 0 (0)

I INFlHt" GRANULtMTOUS 1 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
PIlJ1ENT 0 (0) 0 (0) 1 (2) 0 (0) 0 . (0) 1 (2)
rALCI FI CATI CN, PULHCN .ARTERY 0 (0) 0 (0) 0 (0) 0 (0) 1 (2) 0 (0)

I
HEHORR~6E 0 (0) 1 (2) 0 (0) 0 (0) 0 (0) 1 (2)
COOESTI~ 1 (2) 0 (0) 1 (2) 0 (0) 0 (0) 0 (0)
ABSCESS, NOS 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 0 (0)

I PANCREAS I Ex 50 50 49 50 50 49
ADENCM, ISLET I NOS 3 (6) 0 (0) 4 (8) 0 (0) 3 (6) 2 (4)

I rARCINIl'A, ISLET, NOS 0 (0) 1 (2) 3 (6) 1 (2) 1 (2) 0 (0)
ATROPHY 7 (14) 9 (18) 9 (18) 7 (14) 7 (14) 13 (27)
INFlHt., AClIVE-CHRttUC 0 (0) 0 (0) 0 (0) 0 (0) 1 (2) 0 (0)

I
INFLAH., NECROTIZING 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 0 (0)
HYPERPLASIA, ISLET 1 (2) 4 (B) I (2) 0 (0) . 0 (0) 1 (2)
FOCAL CELLULAR CHANGE 2 (4) 1 (2) 1 (2) 5 (10) 0 (0) 3 (6)
PERIARTERITI S, ARTERY 2 (4) 1 (2) 2 (4) 1 (2) 4 (8) 0 (0)

I HYPERPL., INTRALOBULAR DUCl 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 0 (0)
HYPERPLASIA 0 (0) 0 (0) 0 (0) 2 (4) 0 (0) 1 (2)

ARTERIOSCLEROSIS 0 (0) 0 (0) 0 (0) 0 (0) 1 (2) 0 (0)

I
INFlIIt'/ITI tN, ACIITE 0 (0) 1 (2) 0 (0) 0 (0) 0 (0) 0 (0)

I (R~port Continu~d)
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Project Summary Table

Sl.t'MRY: Incidence of NEOPLASTIC and NON-NEOPLASTIC Microscopic Findings I
PROJECT 10. NO: EOC FATES: ALL

IPAGE 26 DAYS: ALL SEX: l1ALE

GROUP: CONTROL OS ET EOCIOS EDC EOC/ET
NltIBER OF It'II~LS: 50 50 50 50 50 50 I

II Yo II Yo II Yo II Yo II Yo M I. IPROSTATE I Ex 50 49 46 50 50 50
HYPERPLASIA 4 (8) 1 (2) 8 (17) 6 (12) 5 (10) 3 ( 6)

INFIM., ACUTE 3 (6) 5 (10) 3 (]) 4 (8) 0 (0) 7 (14)

IINFIJtt., ACT-CHR. 3 (6) 4 (B) 1 (2) 2 (4) 4 (8) 4 ( B)
INFIM., CHRONic 1 (2) 2 (4) 1 (2) 1 (2) 0 (D) I (2)

INFIJtt., SUBACUTE 1 (2) 0 (0) 0 (0) 0 (0) 0 (0) 1 (2)

RElENT Irn OF CONTENT 2 (4) 1 (2) 0 (0) 0 (0) 0 (0) 0 (0) I
BIJi~RRW I Ex 50 50 50 50 50 50

II1ESENCH'r11CM, VERTEBRAE 0 (0) 0 (0) 1 (2) 0 (0) 0 (0) 0 (0)

OSTEOGENIC SARCOMA 0 (0) 0 (0) 1 (2) 0 (D) 0 (0) 1 (2)
OSTEcmLACIA 0 (0) 0 (0) 2 (4) 0 (0) 4 (8) 1 (2)

HYPEROSTOSIS 1 (2) 0 (0) 0 (0) 0 (0) 0 (0) 2 (4) IEXOSTOSIS 0 (0) 0 (0) 1 (2) 3 (6) 0 (0) 1 (2)

OSTEIJ1YELlTIS 0 (0) 0 (0) .1 (2) 0 (0) 0 (0) 0 (0)
HYPERPLASIA, NARRW 5 (10) 0 (0) 3 (6) 10 (20) B (16) 7 (14)

IATROPHY I NARRtu 1 (2) 0 (0) 1 (2) 1 (2) 0 (0) 0 (0)

~SAL ~ITYJI1UCOUS MENBR#lE I Ex 50 50 50 50 50 50 ISQUAMOUS CELL CARCINOMA 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 0 (0)
ADENCM, NOS 0 (0) 0 (0) 0 (0) 0 (0) 1 (2) 0 (0)
SQUAMOUS METAPLASIA 0 (0) 2 (4) 0 (0) 0 (0) 0 (0) 0 (0)

II1ETAPLASIA, NOS 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (2)

INFIJtt·., ACUTE 6 (12) 3 (6) 7 (14) 4 . (B) 5 (10) 7 (14)
INFIM. I ACT -CHR. 4 (8) 13 (26) 7 (14) 11 (22) 6 (12) 3 (6)

INFIJtt., CHRONIC. 0 (0) 2 (4) 2 (4) 2 (4) 0 (0) 1 (2) IINFIM" HB1DRRI¥lGIC 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (2)

FOREIGN BODY, NOS 0 (D) 1 (2) 0 (0) 0 (0) 0 (0) 1 (2)
I£MORRHAGE 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (2)

I
(Report Continued) I
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I X I X I X I X I X I X
EYE I Ell 4 J 3 0 I 5

Itt=lA1., ACUTE I mMA I (25) 8 (0) 0 (I) • 0 (D) J (20)
~FLm., ACUTE, IRJS J (25) 8 (I) e (8) e • (0) • (e)
INFLPI1. p CHIt, LACRIHAL El. • (D) 1 (100) 8 (0) 0 0 (0) 8 (I)

CA1ARACT, fI)S, LENS • (8) 8 (0) J (33) e I (80) J (20)

ATROPHY I (I) I (0) 0 (0) • 0 (0) . 1 (20)

aHJltfCTJIM * lEx 2 I 2 2

Project Summary Tabl.
SlIWIRYI JncidtnCf c» MtOPLASTJC and NtIf-NEOPLASTIC Microscopic Findings
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* All tissues examined were normal.
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IV. SUMMARY TUMOR INCIDENCE

9-43



I I. • I. • I. • I. • I. • I.
Total Ani~al~Group 50 49 • 49 50 - 50 50
Total PriBary Tumors 85 (170) 63 (129) 72 (147) 105. _(210) 87 (174) 80 (160)
Total Aniraals with TUllors. 47 (94) 46 (94) 41 (84~ 46 (92) 47 (94) 47 (94)
Total Anillals ~I Multiple Tumors 28 (56) 14 (29) 20 (41.)- 33 (66) 26 (52) 22 (44)
Tota18en ignu 70 (82) 58 (92) 61 (85) 82 (78) 72 (83) 73 (91)
Total Malignant ft 15 (18) 5 (8) 11 (15) 23 (22) _15 <17l 7 (9)
Total Mal ignanl with Metastasis-I 2 <l3) 2 (40) . 2 (18) 4 (17) I (7) I (14)

Summary Tumor Inciden~e

II Percentage yalue is Tota~ Benign or Malignant TUBors
diyided by the Tota~ Priraary Turaors

t Percentage yalue is Total Metastasized ·TuBors
di~ided by the Total Mal ignant Turaors

I
I
I
I
I
I
I
I
I
1
I
I

·1
I
I
I
I
1

EDClETEDCEDClDSETos

SEX: FEl"ALE .
FATES: ALL

DAYS: ALL

CCNTROl
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I ~ I il I il I ~ I ~ I I.
Total Animals/Group 50 50 50 50 50 SO
Total Primary Tunors 69 (138) S3 (106) 88 (176) 102 (204) 86 (172) 69 (138)
Total Animals ~ith Tumors 42 (84) 32 (64) 42 (B4) 4S (90) 4S (90) 42 (B4)
Total Animals ~ Multiple Tumors 17 (34) 15 (30) 25 (50) 29 (58) 29 (58) 17 (34)

Total Benign If 64 (93) 45 (B5) 74 (B4) 84 (82) 74 (86) 55 (BO)
Total Malignant II 5 (7) 8 (IS) 14 (16) 18 <lB) 12 (14) 14 (20)
"Total Mal ignant ~ith Metastasis I 0 (0) 1 (13) 1 (7) 4 (22) 0 (0) 2 (14)

If Percentage value is Total Benign or Halignant Tumors
divided by the Total Primary Tumors

EDC EDC/El

INC.

EDClDSETDS

IV-2
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