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PREFACE

This report was prepared at Midwest Research Institute, 425 Volker
Boulevard, Kansas City, Missourl 64110, under Contract No. NOl-ES=2-2084
(Continuation of NIH~NIEHS-72-2084) with the Natiomal Institutes of Health,
Department of Bealth, Education and Welfare, MRI Project No. 3612-B, 'Research
Capability for Envirommental Health Sciences, Research Triangle Park, North
Carolima 27709. Dr. James S. Woods 1is the Project Officer.

This work was conducted in the Blological Sciences Division, under
the direction of Dr. William B. House, between July 1975 and Jume 1977.
Dr. Cheng-Chun Lee, Assistant Director, Biological Sciences for Pharmacology
and Toxicology, was the Principal Investigator, assisted by Dr. Joseph M,
Winston, Associate Toxicologist. Dr. William B, House supervised the inhala-
tion chamber operation, assisted by Dr., Paul J. Peters, Associlate Blologlst.
Necrovsy, gross and microscopic examination of tissues were performed by
Dr. Jagdish €. Bhandari, Senior Pathologist, with the technical assistance of
Mr. Ernesto Castillo and Miss Judith Shifrin. Dr. John R, Hodgson, Head,
Biochemical and Development Pharmacology, supervised the cytogenetic analysis
and collagen assays with the technical assistance of Mrs. Mary A. Kowalskdi
and Mr. Don Van Goethem. Dr. Robert D. Short, Jr., Seanior Toxicologist, per-
formed the l“c—chymidine incorporation studies and heme synthesis studies
with the technical assistance of Miss Mary D, Sawyer. Mr. Jack H. Hagensen
and Mrs. Karen J. Smith performed the analytical monitoring of chamber con-
centrations. Mr. Thomas W. Reddig, M.T. CASCP certified) and Miss Judith D.
Girvin, M.T. (ASCP certified) supervised the hematology and clinical labor-
atory tests with the techmical assistance of Miss Ilonma S, Elwood, Mr. Duane
R. Smith and Mrs. Bhanu S. Gosalia. Mrs. Ellen R, Ellis, Histologist, super-
vised the histology preparation with the technical assistance of Mrs. Janet

L. Kliethermes.

Approved for:
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AN —
wW. B, use, Director
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EVALUATION QF THE ENVIRONMENTAL TOXICANTS
VINYL CHLORIDE (VC) AND VINYLIDENE CHLORIDE (VDC)

Final Report

ABSTRACT

This report summarizes the results of up to 12 months exosure to
various levels of vinyl chloride (VC) and ome level of vinylideme chlaride
(VDC), 6 hr/day, 5 days/week, in rats and mice. Exposure of rats of both
sexes to 50, 250 or 1,000 ppm VC was without advarse effects through the first
7 months of exposure. Beginning with the 8th month, a number of rats died
or were terminated before schedule. Hemangiosarcomas occurred in the liver
and lung. BHepatic hemangiosarcomas were found in two males and 10 females
exposed to 250 ppm VC and in six males and 15 females exposed to 1,000 ppm
VC. Most of the rats with hemangiosarcomas in the liver also had hemangio-
sarcomas in the lumg. Hemangiosarcomas of the lung were found in three fe-
males exposed to 250 ppm VC and four males and nine females exposued to 1,000
ppm VC. The occurreance of hemangiosarcomas in the liver and lung was both
dose and time related. Additional hemangiosarcomas were found in other tis=-
sues including skin, omentum, mesentery, and mesenteric lymph nodes.

Exposure of rats to 55 ppm VDC produced few adverse effects. The
weight gain of both male and female rats was less than controls during the
final 3 months of exposure. Hemangiosarcomas occurred In the mesenteric
lymph nodes of one male and in the skin of another male. In addition, lesions
including fatty changes and nodular or disseminated vacuoclization in the
liver were found in VDC-expased rats.

Exposure of mice of both sexes to 50, 25Q or 1,000 ppm VC resulted
in a large number of deaths and unscheduled terminations beginning with the
6th month of exposurs. At the end of 12 menths, only a few mice exposed to
50 ppm VC survived. Bronchiolo-alveolar adenomas, first appeared during the
second month, occurred in eight males and four females exposed to 250 ppm, and
22 males and 26 females exposed to 1,000 ppm. Hepatic-hemanglosarcomas first
appeared during the 6th mouth, occurred in three males exposed to 30 ppu,
geven males and 16 females exposed to 250 ppm, and 13 males and 18 females
exposed to 1,000 ppm. Hemangiosarcomas also occurred in other tissues in-
cluding mammary gland, heart, skeletal muscle, gastrointestinal tract, kidney,
pancreas, mesenteric lymph nodes, epididywmus, testes, and mesentery. The
occurrence of the hemangiosarcomas was dose and time related. Mammary gland
tumors consisting of ductular aden¢carcinoma, squamous and/or anaplastic cell
carcinoma with metastasis to the lung, also first appeared during the 6th
month, occurred in female mice exposed to all levels of VC. The incidence
of these tumors was greatest in the mice exposed to the highest level and
for the longest period of time. Malignant lymphomas involving various organs
were found in a few mice exposed to all levels of VC.

vii
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A few tumors including bronchiolo-alevolar adenmomas, hepatic heman—
giosarcomas and hepatomas were found in mice exposed to VDC. Hepatic-heman-
giosarcomas occurred in two males and one female. The relationship of the
bronchiolo-aleveolar adenomas and hepatomas to the VDC exposure is question-
able. 1In addition, there were a number of lesions, including aicrofoci of
mononuclear cells, focal degeneration and necrosis, intranuclear inclusions
and/or large, basophilic nuclei, in the liver.

Exposure of mice to 1,000 ppm VC or 55 ppm VDC also caused some

acute deaths between the 3rd and 13th days. There was toxic hepatitis and
marked tubular necrosis of the renal cortex.
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I. INTRODUCTION

Under Contract No. NQL-ES~-2-2084 (NIH-NIEHS=-72-2084) on '"Regearch
Capability for Environmental Toxicants," we have performed various studies
on the toxic effects of the two commercially available dithiocarbamates,
ferbam and thiram.i/ Following completion of these studies, the inhalation
toxicity of various levels of vinyl chloride (VC) was chosen for study. In
addition, one level of vinylidene chloride (VDC) was also included.

Vinyl chloride was first prepared more than a century ago and its
fire and explosion hazard are well known. Acute toxicity of VC was first
reportad in guinea pigs.gj As a possible anesthetic agent in dogs, VC was
found to cause incoordinated muscular activity of the extremities, cardiac
arrhythmiasé/ and sensitizarion of the myocardium.ﬁ/ Relatively high con-~
centrations of VC (20-40% in air) for 30 min produced narcosis and/or death
in mice, rats, and guinea pigs.é/ The guinea pigs were found to be more
resistant. The main lesions were congestion of the lung, with pulmonary
edema and hemorrhages, in some animals, and congestion of the liver and
kidneys. Blood coagulation was also impaired. Various laboratory animals
were expogsed to 50, 100, 200 or 500 ppm of VC, 7 hr/day and 5 days/week,
for up to 6 months.®/ A threshold limit value of 100 ppm, below whick no
detectable changes occurred, was suggested. A recent study indicated that
rats (Ar/IRE) exposed to high concentration of VC (3% V/V in air, equal to
30,000 ppm), &4 hr/day, 5 days/week for 12 months, developed tumors of the
skin, lungs, and.bones.z. Furthermore, zymbal gland carcinomas, nephro-
blastoma, hepatic and extrahepatic angiosarcomas ware observed in rats,
and pulmonary tumors, mammary carcinomas and liver angiosarcomas were
observed in mice exposed to as low as 250 ppm of VC, 4 hr/day and 5 daysé
week for 12 months ., 8/ The growing suspicion that exposure to VC has caused
a number of deaths of workers from a rare form of liver cancer, angiosarcoma,
has alarmed the OSHA to set an emergency rule on April 5, 1974, that lowered
the permissible worker exposure level to 50 ppm from the previous level of
300 ppm.

This report summarizes the final results of up to 12 months ex-
posure to VC or VDC.




II. MATERIAL AND METHODS

A. Methods of Exposure

1. Chamber design: Five stainless steel cubical type exposure
chambers of 3.5 m- (123 ft3) volume were used (Figure 1). Contaminant
entered the alr stream and was then mixed in a plenum at the top of each
chamber. Each chamber contained a diffusion plate and two small squirrel-
cage fans (100 cfm, 2.85 m 3 /min) mounted on opposite sides of the top
cone above the diffusion plate to ensure complete mixture of the gas with
air.

2. Chamber air suoplv and flow rates: The air supply to the
chambers was drawn from a stack on the roof of the building. Chamber air
passed through a coarse filter and then over coils for heating, cooling,
and dehumidifying. The air then passed through an absolute filter (99.97-
99.997 retention of 0.3 p particles) into the plenum of the chamber.

Initially, air flow rates were measured at the inlet side of the
chamber with a pitot tube connected to a magnahelix gauge. Subsequently,
critical orifice plates were installed om the chamber cutlet exhaust syst: -
Air flow rates were then measured with an air flow transducer (Autotronics
100-88X). The readings obtained with the critical orifice plates were
greater than those obtained with the pitot tube. The correct air flow rate
is 26.4 ft /min (0.75 w3/min) or approximately 13 air changes per hour.

3. Generation of VC and VDC vapor: Vinyl chloride at a puritcy
of 99.8% was obtained from Matheson Products. It is a gas at room tempera-
ture and was metered with rotameters into the chamber air supply. VDC with
a purity of 99% was obtained from the Aldrich Company. Its boiling point
is 32°C (89.6°F) and was heated to 37°C (98.6°F) to gemerate the gas. All
gas lines and the rotameter were heated to 40°C (104°F) to prevent conden-
sation.

4, Chamber atmosphere monitoring: Chamber comcentrations were
monitored using a gas chromatograph (Varian-2700) with a flame ionization
detector. A 6 ft x 1/8 in. stainless steel column packed with 0.4Z Carbowax
1500 on Carbopak A was used with a nitrogen carrier flow rate of 80 ml/min.
The injection, columm, and detector temperatures were 135°C, 65°C and 170°C,
Tegpectively.

5. Standards: VC standards at dilutions of 10, 50 and 100 ppm
were obtained in lecture bottles from Supelco, Inc., Bellefonte, Pennsylvania.
VC standard gas at a concentration of 1,000 ppm was obtained from Matheson
Gas Products, Joliet, Illinois.




VDC standards were prepared by a serial dilution (weight/volume)
of VDC in carbon tetrachloride. The desired final concentrations in a
4 ul injection were determined by the following procedure:

og/f (ug/ml) = ppm x mw
24,450

With a molecular weight for VDC of 96.94, the final concentrations
of 10, 50 and 100 ppm, the amount of VDC in a l-ml sample from the chamber
would be 0.04, 0.20 or 0.40 ug, respectively. For 1 ul of standard, these
same amounts would be obtained from solutions of 40, 200 and 400 mg/liter;
but since 4 ul of standard were injected, the final dilutioms of VDC in
carbon tetrachloride were 10, 50 and 100 mg/liter.

‘All liquids were injected at a volume of 4 4l and all gases at
1l ml. Standards at each poiat on the calibration curve were injectad in
triplicate.

6. Chamber sampling: Each chamber was fitted with 10 sampling
ports on two sides of the chamber. During preliminary studies, a series
of distribution studies were made to determine the uniformity of the test
material in the chamber. These tests were made with three sampling lines
of polyethylene capillary tubing, of varying lemgths, passed through each
sampling port. It was determined that a valid measure of chamber contami-
nant distribution could be obtained by sampling periodically through three
positions and occasionally through nine positions (Figure 2). Samples were
withdrawn from the chamber with the same syringe used to introduce the sample
to the gas chromatograph. Tests indicated that a valid sample could be with=
drawn by pumping the syringe three times omn the short sampling lines, and
five times on the longest line.

All sampling was dome in triplicate. During the first 3 months,
distribution studies were compared with a reference point in the center of
the chamber. The results showed that average chamber concentrations were
+ 37 of the desired concentration; the reference point averages were 98.4%
to 100.4% of these chamber averages.

At a later point in the study, the manual sampling system was
replaced by an automatic sampling system. The sampling system comnsisted
of 1/4 in., teflon lines that were placed at the reference point in the
chambers (see Figure 2). The teflom lines, which were purged with chamber
atmosphere continuously, then ran through a series of sampling valves.
Samples were injected through twin l-ml sampling loops which were allowed
to reach equilibrium before the sample was injected. The sampling sequence
was controlled by a Varian cps-111® chromatography data system. The con-
centrations were determined by integration of peak areas by the cps-111%.
The cDS-111® was calibrated each morning with VC and VDC standards.
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The average weekly concentrations and the range of all samples
for VC are shown in Figure 3. The weekly variations for the average chamber
concentration of VC did not vary =more than * 57 from the desired values.
With a few exceptions, the range of individual samples did not vary amore
than £ 10% from the desired concentration.

At the beginning of testing with VDC, it was plamned that the
exposure lavel would be 50 ppm. Due to technical problems with the standards.
the objective of 50 ppm was not achieved. These problems were associated
with the use of chloroform as the solvent during the first 4 weeks, which
was subsequently changed to carbon tetrachloride, and a nonlinear calibra-
tion curve during the 5th through the 10th week. By the 1llth week, these
problems had been solved and the slightly higher exposure level of 55 ppm
was obtained.

The average weekly concentrations of VDC are shown in Figure 4,
as well as the range of individual samples. Due to the problems discussed
above, the analytical concentration during the first 10 weeks is not pre-—
cisely known., Since air flow rates have been constant throughout, we can
¢alculate the nominal concentration using the amount of VDC used each day.
This has been done (Figure 4) for the 4th through the 10th week. However,
the material balance was not recorded during the first 3 weeks. Therefore,
we have estimated the average concentration during the first 3 weeks by
replicating all magnahelic and rotameter settings, which were known, and
neasuring the chamber concentration. By this method, we estimate the
average concentration during the first 3 weeks to be 30, 80 and 95 ppm.
The average chamber concentrations from the 1lth week on were generally
within % 5% of the desired 55 ppm VDC. Exceptions to this were weeks 27,
28, 44 and 45. The range of individual samples was within = 157 of the
desired 55 ppm VDC.

B. Safety

All chambers were operated with a slight negative pressure (0.l-
0.2 in. water) to prevent escape of contaminant through leaks into the room.
Before opening, chambers were flushed with clean air for a minimum of 30 min,
Sampling from the chambers and from the doorway upon opening always showed
less than 1 ppm of contaminant. In addition, after operating for 30 min
without contaminant, on ome occasion, the air supply and exhaust were shut
off to the 1,000 ppm chamber for 10 min. Thug, the animals sat in a static
environment and any off-gassing would be allowed to accumulate. Samples
taken from the chamber after the l0-min period showed less than 1 ppm of VC
in the air. '
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Additional samples from doorways and numerous other places in

the area were collected on charcoal tubes and by grab sampling with a syringe.
All samples showed less than 1 ppm of VC. Room monitoring for VC and VDC

was performed on a routine basis by grab samples with a syringe and analysis
with the gas chromatograph used for chamber monitoring.

During all initial work, personnel wore impervious coveralls,
gloves, and a demand type face mask when the chambers were opened for trans-
fer of animals to holding racks. This practice was discentinued only after
extensive sampling had shown that exposure to more than 1 ppm did not oeccur.

All air from the chambers travels under negative pressure to an
incinerator outside the building. Integrated bag samples of stack gas were
collected on January 12 and 13, 1976. These samples were collected accord-
ing to Method 106, "Determipation of Vinyl Chloride from Statiomary Sources,"
Federal Register, Vol. 40, No. 243, December 24, 1975. This method involves
pulling a sample of stack gas into a leak proof Tedlar bag with a vacuum pump
set at a flow rate of 500 ce/min for a l-hr period. The sample site was de-
termined by cutting a hole in the stack wall at two duct diameters dowustream

from the flame.

Two tests were conducted on January 12, while three chambers operated
at a combined level of 1,300 ppm of VC; and one chamber was operated at 55
ppm of VDC. An additional three chambers operated with only clean air. Test
one, analyzed at the inhalation facility, showed 39 to 40 ppm of VC. Test
two showed 38.5 to 39 ppm of V€. To check these values, a sample was drawm
by syringe directly from the stack. This sample contained 29 ppm of VC. VDC
was never detected.

On January 13, a third test was conducted and showed 38 ppm of VC.
Samples from the third test were taken %o the Environmental Measurements
Section at MRI. After setting overnight, the average of 6 peaks equalled
29 ppm of VC. This lower value could be due to loss of VC through absorp-
tion in the Tedlar bag, or due to loss through the used septum.

During all three tests, the burmer of the incinerator operated at
1700 to 1800°F. Subsequent tests at higher or lower temperatures did not
lower the VC.

C. Animals

1. Species and number: Albino CD® rats and albino Swiss mice
(Charles River Breeding Laboratory), about 2 months old at the start, were
used in these studies. They were acclimated in our holding quarters for 1
week before the experiment began. For each species, a total of 360 animals
were divided into five groups, each consisting of 36 males and 36 females.
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2. Animal housing: All animals lived in the same stainless

steal cages during exposure and outside of the chambers. Rats were housed -
two per cage and mice six to eight per cage. Powdered or block laboratory
chow (Wayne Manufacturing Company) was provided at all times except during
the 6-hr period of exposure each day. Water was available ad libitum.

The tamperature in the chamber and in the room averaged 24 x 1.3°C
(75 £ 5°F). The relative humidity in the chambers ranged from 25 to 60%;
in the room it also ranged from 25 to 60%, but was regulated at 45 £ 5%
after the 6th month. A 12-hr light cycle was maintained at all times.

When out of the chambers, the animals were placed in holding
racks gimilar to those in Figure 1. A continuous supply of room air was
drawn over the cages while in the holding racks. Provisions were made for
covering the front of each compartment in the holding rack in the event
of significant off-gassing from the animals. This was found not to be
necessary with VC or VDC.

3. Animal hygiene: All cages and feeders were washed and sani-
tized each week., The floors of the room, the holding racks, and the in-
terior of the chambers were frequently washed with disinfectant. Animal
caretakers wore gloves and surgical masks when handling animals.

It was found that when the cages were loaded into the chambers
without drop-pans (so not to impair air flow) the animals on the bottom
shelves were frequently drenched with urine and water. In order to allev-
iate this problem, the cages were loaded into the chambers with clean drop
pans in place. Sampling studies showed that the vapor distribution was
actually improved slightly. Thus, from the 6th month on, drop pans were
washed daily and a clean drop pan without bedding was inserted into each
cage before loading inte the chamber.

D. Experimental Protocol

1. Experimental design: A total of five chambers were used.
Each chamber held one group of 72 rats and one group of 72 mice. Animals
in the chambers were exposed at 6 hr/day and 5 days/week to the following:

Chamber 1: Uncontaminated air
Chamber 2: 50 ppm of VC
Chamber 3: 250 ppm of VC
Chamber 4: 1,000 ppm of VC
Chamber 5: 55 ppm of VDC

6
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Four animals of each species, sex and exposure level, were termi=-
nated for various studies, necropsy, and histopathology at the end of 1, 2,
3, 6 and 9 months. At the conclusion of 12 months exposure, all remaining
animals were terminmated. Moribund animals were terminated as required. All
terminated animals were replaced in the respective chambers at periodic in-
- rervals. The replacement animals are exposed for 1, 3 and 6 months for mnice
and 1, 3, 6 and 10 months for rats. At the conclusion of the exposure periods,
the animals are removed from the chambers and held for 1 year for observation.
At the end of 1 year, all animals will be terminated for necropsy and histo-
pathology.

2. Observations and studies:

a. General observations and weight gain: All animals were
observed throughout the study for behavioral changes and any unusual or
toxic signs. Food consumption was recorded weekly and body weights biweekly
at a uniform time of the day. Any unusual changes in weight were invesci-
gated. An attempt was made to determine the cause when any unscheduled
death occurred.

b. Hematology and clinical blood chemistry: Aortic bloed
from males and females of each group of each species was collected under
anesthesia (sodium pentobarbital for rats and ether for mice) at each
termination period. Hematology (various blood counts, hematocrit, hemo-
globin, methemoglobin and Heinz bodies) and clinical blood chemistry
(fasting blood glucose, SGOT, SGPT, alkaline phosphatase, BUN, creatinine
and/or LDH) were performed on all samples. The procedures for these tests
and the normal values for rats are givemn in Appendiz I. In addition, the
following tests were also performed for rats.

(1) Prothrombin time: The prothrombin time was measured
by the one-step method of QuickZ’ ysing the Fibro System (BBL) with activated
thromboplastin (Dade). Standardized Normal Plasma (Dade) was used as the
control for each assay.

(2) Bilirubin: Total and direct bilirubin was measured
using the Billi~Strate Kit (General Diagmostics) which is based on a modified
Jendrassik-Grof method.lgj Moni-Trol I, Versatol (Genmeral Diagnostics), and
Calibrate I (General Diagnostics) was used as the reference for each assay.

c. Serum immmoglobins: Serum impunoglobins were measured
in four male and four female rats from the comtrol, 1,000 ppm of VC, or 55
ppm of VDC groups. The radial immunodiffusiom technique of Mancini et al.,ii/
was used to assay immunoglobin groups IgA, IgG, subgroups & and B, and IgM.
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A replicate serum sample from each rat was placed in wells
in an immunodiffusion chamber along with a standard, and held until the
precipitin ring reached equilibrium. The square root of the diameter of
the precipitan ring is directly proportional to the concentration of anti-
body.

d. Serum protein:

(1) Total protein: Total protein was measured by the
biuret method of Kingsley.éz7' Standard Human Protein (Dade) was used as
the standard for each assay.

(2) Albumin: Albumin was measured by the Albu-Strate
Rit (General Diagnostics) which is based on the bromeresol green method of
Doumas at al.,li Lab-Trol (Dade) and Calibrate I was used as the refarence
for each assay.

(3) Globulin: Globulin was calculated by the difference
of total protein and albumin.

e. Pulmonary macrophages: Four males and four females of
each species from the contzol, 1,000 ppm of VC, or 55 ppm of VDC groups were
used for the pulmonary macrophage count.

At the time of necropsy, the left lung was removed at the
bifurcation of the trachea; a small needle was inserted into the bronchus;
and 5 ml of the sterile saline was gently flushed into the lungs of rats
and 0.5 ml in the lungs of mice. The fluid was withdrawn and flushed again
several times. This fluild was then transferred from the syringe to a glass
tube and stained. The number of cells in the preparation was counted under
a microscope with a differentiarion made betwean macrophages and leukocytes.
If changes were observed in lungs from animals exposed to 1,000 ppm of VC,
then animals from the groups exposed to 250 or 50 ppm were also examined.

f. Cytogenetic analysis: Bone marrow samples were collected
from four males and four females of each species from the control, 1,000 ppm
of VC, or 55 ppm of VDC groupa. Short-term bone marrow cultures were made
according to the methods of Tjio and Wang.li/ After allowing approximately
5 hr for sufficient members of cells to be arrestad in metaphase, the cells
were collected, swollen in hypotonic saline, and processed for spreading on
glass slides according to the method of Moorhead and Norwell.l3/ Slides
were then stained with giesma and scanned under low power optics. Those
slides showing a minimum scattering of cells in metaphase were selected
for chromosomal analysis using oil immersion optics. Estimation of cell
polyploidy was obtained by rough chromosomal estimates of at least 200 cells.
Exact chromosomal counts and chromosomal aberration estimates were determined
for at least 50 metaphase spreads. Special attention was given to chromosomal
damage such as breaks, gaps, and translocationms.

8
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g. Examination of bomes: At the time of scheduled necrop-
sies, the hind limbs from both species were excised and fixed in formalin.
After fixation, the limbs were wrapped in plastic and frozem for storage.
Following the 12 months terminations, limbs were examined for evidence of
osteolysis or other changes.

The limbs were examined using a senograph X-ray machine set
at 10 mA, 0.4 sec and 22 KVP with a large mammographic come and focal film
distance of 37 c¢m. The specimens were radiographed with Kodak MIN-R film.
The radiographs were then viewed as unknowns and evaluated for any radio-
graphically discernmable differences between groups. They were examined for
the presence of any bone tumors, any changes in bone density, cortical thick-
ness or striations within the bone cortex, amy loss of bone cortex in terms
of total width and/or subperiosteal or endosteal erosiom, or any unusually
widened, narrowed or distorted trabecular pattern of the bone.

h. Necroosy and histopathology: When moribund or at the
end of each termination period, males and females from all groups were
euthanized for necropsy after the collection of blood. Gross examination
of all tissues, especially for any appearance of abnormal growth or other
lesions, were carefully performed. The brain, liver, kidney, spleen and
gonads were removed and weighed. Portions of these and other tissues were
fixed, processed, sectioned and stained for microscopic examination. The
procedures are given in Appendix I.

3. Statistical analysis: The results of the various parameters
were compared with the control groups at the respective time intervals,
whenever applicable, according to the Dunnett's Multiple Comparison Pro-
cedures.,—

4, Special studies:

a. Thymidine incorporatiom into DNA: Male mice were ex-
posed to 50 ppm VC for 43 to 45 weeks as previcusly described. Om the
day following the last exposure, mice were injected with 100 uCi/kg of
thymidine [?‘14€] from New England Nuclear (Bostom, Massachusetts). One
hour following the injection of 1 C-thymidine, mice were sacrificed by
cervical dislocation and the liver was removed and weighed. A portiom
of the liver (2-300 mg) was saved for histopathological examination while
the remaining portion (»1.3 g) was homogenized im 3 ml of cold water.
Macro-molecules were precipitated by the addition of 5 ml of 1 N perchloric
acid (PCA). The resulting precipitate was washed with successive 5 ml por-
tions of 0.2 N PCA, 0.2 ¥ PCA, 95% ethanol saturated with sodium acetate,
ethanol:ether (3:1). The precipitate was dissolved in 4 ml of 0.3 N sodium
hydroxide and heated for 1 hr at 37°C. The mixture was acidified by the
addition of 1.8 ml of 507 trichloroacetic acid (TCA). The precipitate was
washed twice with 5 ml of 5% TCA and heated at 90°C for 20 min in 5 ml of
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5% TCA. The supernatant was saved and the precipitate was heated again in
5% TCA. This supernatant was saved and combined with the previous super-
natant. Aliquots of the hot acid extract were used for liquid scintillation
counting and DNA determination.l?/ The results were expressed as DPM/mg DNA
and mg DNA/g liver.

b. §=Aminolevulinic acid svmthetase (ALAS) and urinary
amipnolevulinic acid (ALA) assays: Rats were exposed to various concentrations
of VC for 6 hr a day, 5 days a week for 12 months. The ALAS assay described
by Woodsi— was used in this study. Basically the method involves the preparz-
tion of a witochondrial fraction from homogenates of rat liver and the incuba-
tion of 0.5 ml of this fraction with 50 mM Tris-HC1l buffer (pH-8.5), 10 mM
MgCl,y, 100 mM glycine, 10 mM sodium succinate, 0.2 mM pyridoxzal phosphate, 1 mM
f-mercaptoethanol, 250 mM sodium chloride, 0.1 mM GTP, 5 mM EDTA, 60uM
coenzyme A, 3 mM ATP and 0.2 units of suceinyl thiokinase (ome unit converts
1 mole of succinate to succinyl-Co A per minute at pH 7.4 at 30°C) for a
final volume of 2.5 ml. All reactions were conducted at 37°C for 1 hr in
room air. Reactions were terminated with 0.5 @l of 107 TCA, ALA was con-
vertad to the pyrole derivative and quantified with modified Ehrlich's
Reagent usin§ a molar extinction coefficient of 5.3 x 104 as previously
described.==/ Proteins in the mitochondrial fraction were quantified by
the method of Lowry et al.l9/

The Bio=-Rad Urinary ALA Test Units (3io~Rad Laboratories,
Richmond, Californmia) were used in this study. The assay is based on the
method described by Davis.gg/ Basically, the method involves separating
ALA from porphobilinogen on ion-exchange columms, eluting the ALA from the
¢column, and producing a pyrole derivative of ALA which is detected with
Ehrlich's Reagent. Urine was collected overnight from rats housed in
metabolism cages with free access to feed and water.

¢. Alpha-fetoprotein assay: Serum samples from selected
rats and mice were retained for assay of alpha-fatoprotein levels. 21/ The
assays of alpha-fetoprotein were performed by Dr. Stewart Sell, Department
of Pathology, School of Medicine, University of California at San Diego,
LaJolla, Californmia.

d. Dominant lethal study: Groups of male rats that were
in the 1llth and 12th week of exposure to V¢ or VDC were used 1n this study.
In the evenings following exposure, each male was housed overnight with
two nonexposed virgin female c0® rats. This procedure was followed for
seven successive evenings or until a male mated with two females. All
females were examined inm the morning for evidence of mating. On gesta-
tional day 13, females were sacrificed and the pumper of corpora lutea and
implants (viable and dead) determined.
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III1. RESULTS

1. General observations and weizht gain: Rats were exposed to
VC or VDC, 6 hr/day, 5 days/week, for periods of 1, 2, 3, 6, 9 or 12 months.
During these periods, these rats were exposed for a total of 22, 41, 61,
131, 196 or 259 days, respectively. All groups of rats gained weight and
appeared to be in goed health until the final 1 ro 2 months of exposure.
The body weights of the control rats and rats exposed to 1,000 ppm VC or
55 ppmt VDC are shown in Figure 5. During most of the exposure, the body
weights of the control rats and rats exposed to VC or VDC were comparable.
However, the body weights of the males and females exposed to 1,000 ppm
VC decreased as compared to controls after 43 weeks of exposure in the
females and after 49 weeks of exposure in the males. The body weights of
the males and females exposed to 55 ppm VDC were less than those of controls
during the final 3 months of exposure. Although not showm in Figure 5, the
body weights of the male and female rats exposed to 50 or 250 ppm VC were
comparable to controls. The fipal 1 o 2 months of exposure to VC was
marked by a substantial number of terminations, due to 1ill health and deaths.
These terminations and deaths occurred primarily in the 250 and 1,000 ppm VC
exposed groups.

2. Laboratory data: The results of hematology, clinical blood
chemistry, serum irmunoglobins, serum proteins, and macrophage counts in
the lungs of male and female rats after exposure to VC or VDC for 1, 2,
3, 6, 9 or 12 months are summarized in Tables 1 through 12. At each of tHe
periods of observation, the peripheral blood elements and climical chemistry
values were within normal ranges for rats observed im cur laboratory as shown
in Appendix I. When compared with control rats, there were a number of oc-
casional differences at each observation period. BHowéver, these differences
do not appear to be related to the VC or VDC exposures.

At the end of 1 month, in the male rats (Table 1) the SGOT level
was lower and the alkaline phosphatase level was higher in the group ex-~
posed to 50 ppm VC, and the direct bilirubin concentration was higher in
the group exposed to 250 ppm VC or 55 ppm VDC. In the female rats (Table
2), the leukocyte counts, creatinine concentratiom and total protein were
higher in the group exposed to 55 ppm VDC.

At the end of 2 months, in the male rats (Table 3), the leukocyte
count was higher in the group exposed to 50 ppm VC, the B factor of immmuno-
globin G was lower in the group exposed to 1,000 ppm VC, and the reticulo-
cyte count was higher and the hematocerit was lower in the group exposed to
55 ppm VDC. SGOT levels were lower inm all groups exposed to VC as well as
VDC. SGPT levels were lower in the groups exposed to 250 ppm VC or 55 prm
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VDC. The lactic dehydrogenase (LDH) and alpha—hydroxybutyraté dehydro- “
genase (alpha-HBDH) levels were lower im all groups exposed to VC. In

the female rats (Table 4), the percentage of reticulocytes was higher in
the group exposed to 250 ppm VC.

At the end of 3 months, the prothrombin time in male rats exposed
to 1,000 ppm VC and immunoglobin A and the A factor of immunoglobin G in
males exposed to 55 ppm VDC were lower than controls (Table 5). 1In the
female rats (Table 6), the pulmonary macrophage counts of the group exposed
to 1,000 ppm VC or 55 ppm VDC, the hemoglobin, mean corpuscular volume (MCV)
and mean corpuscular hemoglobin (MCHb) indices, and the immunoglobin A of
the group exposed to 55 ppm VDC were lower than the respective controls.

At the end of 6 months, the prothrombin time of the male rats
exposed to 250 ppm VC and the serum immnoglobin M level of the males ex-~
posed to 35 ppm VDC were lower, and the creatinine level of the males exposed
to 1,000 ppm VC was higher thaun controls (Table 7)., In the female rats
(Table 8), the MCHDBC index and the serum albumin level was higher in the
group exposed to 50 ppm VC; the MCHb index was higher in the group exposed
to 1,000 ppm VC, the hemoglobin and the immmoglobin M levels were lower
and the immunoglobin A level was higher in the group exposed to 55 ppm VDC
than the respective controls.

At the end of 9 months, the LDH and a-HBDH levels of male rats
exposed to all levels of VC were lower than controls (Table 9). In addi-
tion, the percentage of monocytes were lower and the SGOT level was higher
in males exposed to 50 ppm VC or 55 ppm VDC; the erythrocyte count and
serum immunoglobin M level were lower, and the MCV and MCHb indices were
higher in males exposed to 55 ppm VDC than in controls. There were no
significant changes in female rats exposed to VC or VDC for 9 wmonths
(Table 10).

At the end of 12 months, the LDH and/or o¢-HBDH levels was lower
in male rats exposed to 50 or 250 ppm VC (Table 11). The serum immunoglobin
A and/or M was lower in males exposad to 1,000 ppm VC or 55 ppm VDC. In
the female rats (Table 12), increases in percentage of reticulocytes, leuko-
cyte count, SGOT, SGPT, alkaline phosphatase levels and pulmonary macrophage
count occurred in the group exposed to 1,000 ppm VC. However, the measure-
ments were performed in only two females and the increases were due to the
extremely high values found in one of these rats (No. 275).

3. Cytogenetic analysis: Bone marrow cultures were prepared
from both sexes of control rats and rats exposed to 1,000 ppm VC or 55 ppm
VDC at each termination period. The results of these studies are presented
in Tables 13 and 14, The bome marrow preparatioms from rats exposed to
1,000 ppm VC or 55 ppm VDC, for each of the exposure periods studied, showed
no changes in chromoscme frequency, distribution or number of tetraploids, -
or any changes in the frequency of chromatid breaks, gaps or translocations.
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. 4. Examination of bomes: X~ray examination of the hind limbs
of rats terminated after 12 months exposure to VC or VDC showad no evidence
.- of osteolysis or other abnormalities. The bones from rats terminated at
earlier pericds were removed, fixed and/or frozen and stored, but not examined.

- S. Collagen content in liver and lung: The collagen content in
the liver and lungs of control rats and rats exposed to 1,000 ppm VC or 53
ppm VDC for 6, 9 or 12 months is summarized in Tables 15 to 17. No signifi-

- cant changes in collagen content were found in the livers or lungs of rats
exposed to 1,000 ppm VC or 55 ppm VDC for 6, 9 or 12 momths.

6. Organ weights: The organ weights of male and female rats
exposed to VC or VDC for 1, 2, 3, 6, 9 or 12 months are summarized in Tables
18 to 29, At 2 months, the absolute brain weight of female rats exposed to
55 ppm VDC was statistically smaller than that of the controls although this
difference was small (Table 21). At 6 months, the absolute spleen weights
of male rats exposed to 1,000 ppm VC or 55 ppm VDC were smaller than con-
trols (Table 24). Based on brain weight, however, the difference was not
significant. The absolute brain weight of females exposed to 55 ppm VDC
for 6 months was smaller than control values (Table 25). At 12 months,
the absolute liver weight and liver weight relative to brain weight were
both significantly higher in female rats exposed to 1,000 ppm VC (Table 29).
However, there were only two rats in this group and the increase was due to
one of the rats (No. 275) which had a hepatic hemangiosarcoma. With the
exception of the changes just noted, there were no other differences in
organ weights at any of the observation times.

7. Gross and microscopic examination of tissues:

a. Gross changes: Gross examinatlion of rats exposed to
VC or VDC for 1, 2, 3 or 6 months revealed no remarkable lesions or tumors.
Beginning about the end of the 8th month, a oumber of rats died or were
terminated before scheduled because of ill health. The number of deaths
and early terminations increased sharply during the final 3 months of ex-
posure. Gross examination of rats exposed to VC terminated after 9 or 12
months or terminated before scheduled showed a number of lesions. The
livers from these rats appeared mottled, with spots ranging from pin-head
size to several millimeters in diameter or had small white, tam or red
nodules in the liver. Lungs obtained from numerous rats also had a red -
mottled appearance. In addition, some subcutaneous tumors ranging in size
from 2 to 5.5 em and greyish white to dark in color were noted.

SL 083828
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b. Tumors in rats exposed to VC or VDC: Microscopic exami-
nation of tissues showed a number of tumecrs. The tumor oecurrence in rats
exposed 7. to 9 months and 10 to 12 months are summarized in Tables 30 to 32,
The cumulative incideace of all tumors is summarized in Table 33. The only
tumor found in control rats was a ductular adenocarcinoma in the mammary
gland in one female control.

The most prevalent tumors found in rats exposed to VC were
hepatic and pulmonary hemangiosarcoma. Hepatic hemangiosarcoma occurred
in two females exposed to 250 ppm VC and four femzles exposed to 1,000 ppm
VC during the 35th through 39th weeks (Table 30). An additional two males
and eight females exposed to 250 ppm and six males and 11 females exposed
to 1,000 ppm developed hemangiosarcoma during the 40th through 52nd weeks
(Tables 31 and 32). Most ¢ these rats also developed hemangiosarcoma in
the lung. Pulmonary heman: ‘arcoma occurred in one female exposed to 250
ppo and one female exposed : 1,000 ppm during the 39th week (Table 20).
An additiomal two females e: sed to 250 ppm and four males and eight females
exposed to 1,000 ppm develor-i pulmonary hemangiosarcoma during the 43rd
through 52nd weeks (Tables .. and 32). No hemangiosarcoma was found in the
liver or lung of rats exposc<: to 50 ppm VC or 55 ppm VDC. Hemangiosarcoma
occurred occasionally in other tissues also (Tables 30~32). These included
one rat (subcutaneous) exposed to 50 ppm VC, two rats (omentum or mesentery)
exposed to 250 ppm, five rats (omentum or mesentery) exposed te 1,000 ppm,
and two rats (subcutaneous or mesenteric lymph nodes) exposed to 55 ppm VDC,

Malignant lymphoma occurred in one female exposed to 250
ppm VC for 52 weeks, one male exposed to 1,000 ppm VC for 52 weeks and in
two females exposed to 1,000 ppm VC for 47 to 49 weeks. The malignant
lymphoma in the male (No. 242, Table 32) exposed to 1,000 ppm VC was
widely disseminated being found in adrenal, heart, lung, liver, mesenteric
lymph nodes, spleen, kidney, intestine, prostate and pancreas. The malig-
nant lymphomas found in the other rats appeared to be confined to the
spleen. Other tumors which occurred in one or several rats were bronchio-
lar adenoma and squamous cell carcinoma of the lung; reticuloendothelial
cell carcinoma and hepatoma in the liver; ductular adenmocarcinoma and
fibroadenoma in the mammary gland; renal adenoma; hemangioma of the adrenal
gland; squamous cell carcinoma, keratocanthoma or fibroma in the skin; adeno-
carcinoma in the sebaceous gland; and chromophobe cell adenoma in the pitui-
tary (Table 33). These occasional tumors were not related to VC or VDC.

¢. Other lesions: There were a number of spontanecus or
incidental lesions in various tissues of control rats and rats exposed to
VC or VDC for varicus lengths of time (Tables 34~39). These lesions were
not related to VC or VDC., However, there were a few lesions in the livers
of rats exposed to 55 ppm VDC. These lesions included fatty changes in the
liver after exposure for 6 and 9 months (Tables 37 and 38) and nodular or
disseminated vacuolization after exposure for 12 months (Table 39). Generally,
these lesions were more severe and the incidence was greater than in control
rats.,
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The myeloid/erythroid (M/E) ratios of the rib bone marrow
smears of control rats and rats exposed to VC or VDC were within normal
limits at all time periods examined (Tables 34-39),

B. Mice

1. General observations and weight gain: The mice were exposed
to VC or VDC, 6 hr/day, 5 days/week, for periods of 1, 2, 3, 6, 9 or 12
months. During these periods, these mice were exposed for a total of 19,
39, 59, 128, 193 or 256 days, respectively. There were five early deaths,
apparently due to the acute effect of the test compounds. Two male and
one female mice expesed to the highest level of VC were found dead betwaen
the 3rd and 9th days of exposure; two males exposed to VDC died on the
13th day. They were replaced with healthy mice from the same shipment for
the remainder of the experiment, Thereafter, all mice appeared in good
health.

During the 6th month of exposure, the health of a few mice ex~-
posed to various levels of VC deteriorated. The clinical signs included
tough hair coat, lethargy, anorexia and rapid weight loss. They died or
were terminated before their imminent death. During the 7th through the
9th months, the general health of the mice worsened. Additional clinical
signs were abdominal distentiom and/or the appearance of external tumor
masses, especially mammary tumors in the females. There were a large
number of deaths or unscheduled terminations, proportiemal to exposure VC
levels, By the end of the 9th month, all males and females in the group
exposed to 1,000 ppm and all females exposed to 250 ppm died or were termi-
nated. By the end of 12 months, only the controls and a few mice exposed
to 50 ppm VC had survived. In contrast, only a few deaths or early termi-
nations occurred in the VDC exposed group. The number of deaths and early
terminations during the final 6§ months of exposure is shown in Table 40.

The average weight gains of the mice exposed to 1,000 ppm VC or
55 prm VDC are shown in Figure 6. The weight gains of these mice were com-
parable to controls through the 35th week of exposure. The weight gain of
the male mice exposed to 1,000 ppm VC began to decline at week 36 and re-
mained less than controls through week 39. The body weights of the females
exposed to 1,000 ppm VC followed this same pattern although the weight loss
during weeks 37 and 38 was exaggerated since only ome or two animals remained
in the group. The body weights of the mice exposed to 55 ppm VDC remained
similar to those of controls although during the period of weeks 46 through
51 the weights were less than the controls. The body weights of the mice
exposed to 50 and 250 ppm VC, although not shown in Figure 6, were similar
to that of the controls throughout the exposure period.
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2. Laboratory data: The results of hematology, clinical blood

chemistry, and pulmonary macrophage counts in male and female mice exposed
to VC or VDC for 1, 2, 3, 6, 9 or 12 months are summarized in Tables 41 to
52. At each of the observation periods, the peripheral blood elements and
clinical blood chemistry values were within normal ranges. When compared
wirh control mice, there were some occasional differences at the respective
observation period. However, these differences were small and not seen
consistently.

At the end of 1 month, the MCV index of male mice exposed to 50
ppm VC, the MCHb index of male mice exposed to 250 ppm VC, and the SGPT
level of male mice exposed to 55 ppm VDC were higher than controls (Table
41). At the end of 2 months, the percentage of eosinophils of male mice
exposed to 50 ppm VC, the reticulocyte count and BUN levels of female mice
exposed to 55 ~»m VDC were higher, and the BUN levels of male mice at all
levels of VC ware lower than controls (Tables 43 and 44). At the end of
3 months, statistical difference was not found between any values of the
control and the exposed mice (Tables 45 and 46). At the end of 6 months,
the male mice exposed to 1,000 ppm VC had lower hematocrit and hemoglobin
concentration; the percentage of neutrophils of these mice was higher with
a corresponding lower percentage of lymphocytes (Table 47). At the end of
6 months, the pulmonary macrophage counts of male and female mice exposed
to 1,000 ppm VC, were higher than controls (Tables 47 and 48). At the end
of 9 months, the pulmonary macrophage count of male mice exposed to 1,00C
ppm VC was higher than controls (Table 49). In female mice exposed to 2
or 1,000 ppm VC (Table 50), there were several differences as compared tc
the controls. However, only one animal was examined in each group and no
statistical comparison was made. At the end of 12 months, the SGPT and BUN
levels of male mice exposed to 55 ppm VDC were higher than controls (Table
51). In female mice exposed to 55 ppm VDC (Table 52), the percentage of
reticulocytes and BUN level were higher than controls and the percentag
of monocytes was lower than comtrols.

3. Cytogenmetic analvsis: Bone marrow cultures were prepared
from both sexes of control mice and mice exposed to 1,000 ppm VC or 55
ppm VDC at each termination periocd. The results of these studies are
summarized in Tables 53 and S4. The bone marrow preparations from mice
exposed to 1,000 ppm VC or 55 ppm VDC showed no changes in chromosome
frequency, distribution or number of tetraploids, or amy changes in the
frequency of chromatid breaks, gaps or translocations.

4. Examination of bones: X-ray examination of the hind limbs
from mice exposed to VC or VDC for 12 months or from those terminated
before schedule showed no evidence of osteolysis or other abmormalities.
The hind limbs of mice exposed to VC or VDC for 9 months or less were re-
noved, fixed and/or frozen and stored, but not examined.
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N 5. Organ weights: The organ weights of mice exposed to VC or
' vDC for 1, 2, 3, 6, 9 or 12 months are summarized in Tables 55 to 66. At
. 1 month,. the absolute brain weight in male mice exposed to all lavels of

VC and VDC and the absolute spleen weight in male mice exposed to 55 ppm
VDC were significantly lower than controls (Table 55). The relative spleen
to brain weight in female mice exposed to 250 ppm VC for 2 momths (Table 58)
and the relative spleen and testes weight in male mice exposed to 50 ppm VC
for 3 months (Table 59) were statistically larger than controls. At 9 months,

- ) the brain weights of male mice exposed to 50 ppm VC or 55 ppm VDC and the
tegtes weights of male mice exposed to 50 or 1,000 ppm VC were smaller than
the respective controls (Table 63). No significant changes in organ weights
were seen in female mice at 9 months. However, the one female survivor at
9 months exposed to 250 ppm VC had a greatly enlarged liver and spleen (Table
64). Histopathologic examination showed that this mouse had a hepatic hemangio~
sarcoma and lymphoid hyperplasia of the spleen. At 12 months, the absolute
kidney weight and the kidney weight relative to brain weight in male mice
exposed to 35 ppm VDC were significantly smaller than controls (Table 63).
In female mice exposed to 55 ppm VDC for 12 months, the absolute liver
weight and liver and spleen weights relative to brain weight were signifi-
cantly larger than the respective controls (Table 66). No significant change
was seen in any mice exposed to 50 ppm VC and no mice exposed to 250 or
1,000 ppm VC survived for 12 months.

6. Gross and microscopic examination of tissues:

a. Early deaths: Microscopic examination revealed a number
of lesions in the five unscheduled deaths (two males and one female exposed
to 1,000 VC for 3 to 9 days, and two males exposed to 55 ppm VDC for 13 days).
These lesions included acute toxic hepatitis, characterized by focal to
marked congestion, and marked diffuse coagulation type necrosis of hepato-
cytes beginning in the centrilobular region of the liver. Marked tubular
necrosis characterized by pyknosis and eosinophilic granulation of the
¢ytoplasm in the renal cortex was also observed. One mouse had R-E cells
and lymphoild hyperplasia and a number of megakaryocytes in the spleen.

b. Gross changes in later deaths and unscheduled terminatioms:
Mice that died or were terminated before schedule were generally in poor
nutritional condition with little or no fat deposits., A number of lesions
were noted in these mice as well as those terminated as scheduled. These
lesions included small, raised tan to grey nodules varying from pinhead size
to 0.5 cm in diameter, and small dark hemorrhagic spots from petechiae to 1
¢m in diameter in the lung. Small, dark nodular masses in the liver as well
as internal hemorrhage into the abdominal cavity were observed in some of the
mice, Most of the livers were moderately to severely mottled in appearance.
The mammary tumors found were of varying size and were greyish white to dark
red in color.
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¢. Tum rs in mice exposed to VC: Microscopic ezamination

of the mice that died or were terminated, both scheduled and unscheduled, -
revealed a variety of tumors. The tumor occurrence during 1 to 3 months,

4 to 6 montha, 7 to 9 months, and 10 to 12 months are summarized in Tables

67 to 72. The cumulative incidence of all tumors is summarized in Table 73.

Bronchiolo=alveolar adenowmas in mice first occurred during
the 2nd month of exposure (Table 67). At this time, one male and two fe~-
males exposed to 1,000 ppm and one male exposed to 250 ppm were found to
have bronchiolo-alveolar adenomas. After 3 months exposure, one male at
50 ppm, one male at 250 ppm, and two males and ome female at 1,000 ppm
were found to have bronchiolo=-alveolar adenomas. Between 4 and 6 months,
two males at 50 ppm, one male and four females at 250 ppm, and six males and
four females at 1,000 ppm had bronchioleo-alveolar adenomas (Table 68). Be-
tween 7 and 9 months, two males and four females at 50 ppm, five males aund
eight females at 250 ppm, and 13 males and 19 females at 1,000 ppm developed
this tumor (Tables 69-71). During the final 3 months of exposure, three
males at 50 ppm and two males at 250 ppom were found to have bronchiolo-
alveolar adenomas (Table 72). The bronchiolo~alveolar adenmoma was charac-
terized by papillary proliferation of alveolar epithelium forming small
and well-demarcated, but not encapsulated, round nodules. The severity of
this tumor was in direct proportiom to the level of VC and length of expo-
sure. In the more severe lesions, there was an increase in number and size
of the nodules by expansion and coalescing to cause consolidation of the
affected lobes of some animals. These bronchiolo-alveolar adenomas occurred
in a total of eight males and four females exposed to 30 ppm, 10 males and
12 females exposed to 250 ppm, and 22 males and 26 females exposed to 1,000
ppm (Table 73). Only one control male mouse was found to have a bromchiolo-
alveolar adenoma during the 9th wmonth.

Hemangiosarcoma of the liver was first seen in mice during
exposure for 4 to 6 months. Two females exposed to 250 ppm and two males
and three females exposed to 1,000 ppm had hemangiosarcomas of the liver
during this period (Table 68). Between 7 and 9 months, one male at 50
ppm, five males and 14 females at 250 ppm, and 1l males and 15 females at
1,000 ppm were found to have hepatic hemangiosarcomas (Tables 69~71). Be-
tween 10 and 12 months, additional hemangiosarcomas of the liver were found
in two males at 50 ppm and two males at 250 ppm (Table 72). These hewangio-
sarcomas were characterized by mild to severe proliferation of endothelial
cells lining the sinusoids, dilation of the sinusoids, focal hemorrhage
forming small to large cavernous blood spaces, invasion of the hepatic
parenchyma with neoplastic tissue and mild to severe necrosis. Hepatic
hemangiosarcomas occurred in a total of three males exposed to 50 ppm, seven
males and 16 females exposed to 250 ppm, and 13 males and 18 females exposed
to 1,000 ppm (Table 73). This tumor was not found in any control mice. A
few hemangiosarcomas were also found in tissues other than liver. These
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tissues included the mammary gland, heart, skeletal muscle, gastrointestinal
tract, kidney, pancreas, mesenteric lymph nodes, epididymus, testes, and
mesentery (Table 73). The severity of hemangiosarcoma in the liver and the
overall incidence in other tissues were related to the level of VC and the
length of exposure.

The third major type of tumors was found in the mammary gland
of the female mice exposed to VC. These tumors were composed of ductular
adenocarcinoma, squamous cell carcinoma, and/or anaplastic carcinoma. Between
4 and 6 months, one and three females exposed to 250 or 1,000 ppm, respectively,
had mammary gland tumors (Table 68). Between 7 and 9 months, seven, two and
10 females exposed to 50, 250 or 1,000 ppm, respectively, developed these
tumors (Tables 69, 70 and 71). Between 10 and 12 months, mammary gland tumors
occurred in two females exposed to 50 ppm (Table 72). No females exposed to
250 or 1,000 ppm survived during this period. The adenocarcinoma was charac-
terized by proliferation of ductular epithelium with marked anaplastic and
gquamous cell metaplasia; the squamous cell carcinoma was characterized by
marked proliferation of stratified squamous epithelium, marked keratinizationm,
marked purulent inflammation and necrosis; and anaplastic carcinoma was char-
acterized by marked proliferation of undifferentiated cells in large sheets,
irregular cords and packets. These mammary gland tumors occurred in nine,
three and 13 female mice exposed to 50, 250 or 1,000 ppm, respectively. Most
of these mice had more than one of these different tumors in the nammary
gland. These tumors were more savere in the mice exposed to higher levels
of VC and in the mice that died or were terminated at a later date. In
addition, the squamous and/or amaplastic cell carcinomas metastasized to
the lung of a number of mice. This type of tumor was not seen in control
female mice (Table 73).

Malignant lymphoma was seen in one female mouse exposed to
50 ppm during the 6th month and was characterized by marked disseminated or
diffused infiltration of lympho-reticular cells in the epicardium and myo-
cardium, perivascular and interstitial areas of the lung, liver, spleen and
kidney. There was loss of splemic architecture. In addition, one male ex-
posed to 1,000 ppm had a malignant lymphoma characterized by a large mass
of lympho-reticular cells and necrotic debris, infiltrating the cervical
tissue surrounding the trachea, blood vessels and esophagus. During the
9th month, two females exposed to 250 ppm and one male and three females
exposed to 1,000 ppm had malignant lymphomas involving spleem, liver, lung,
heart, subcutaneous tissue in the cervical area, and/or mammary gland.
Malignant lymphoma was not found in any control mice or mice exposed to
55 ppm of VDC at any time. There was hemangioma, remal adenoma or skin kera-
tocanthoma in one mouse each exposed to VC (Table 73).
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d. Tumors in mice exposed to VDC: In mice exposed to 55
ppm VDC, a few small nodules of bronchiolo-alveolar adenoma occurred in ome
male during the éth month, two males during the 9th moath, and thrae males
during the 12th month. Hemangiosarcoma occurred in the liver of one male
during the 9th month, and one male and one female during the 12th month.
(ne male had a hepatoma when terminated during the 9th month, one female
developed a hepatoma during the 12th month. The hepatomas were characterized
by a marked proliferatiom of hepatocytes with a loss of the lobular pattern
in the liver, except for the male terminated during the 12th month. This
mouse had only a tiny focus of the neoplastic cells. Hepatoma was not
found in any control mice or mice exposed to anmy level of VC. Hepatic cell
carcinoma or remal adenoma occurred in ome male each exposed to VDC during
the 12th month. Mammary gland tumors were mot found in any mice exposed

to VDC. The cumulative incidence of tumors in mice exposed to VDC is sum~
marized in Table 73. :

v

e. Other lesions: As seen in rats, there were a number of
spoutaneous or incidental lesions in various tissues of the control mice
and mice exposed to V€ or VDC for various lengths of time (Tables 74-=79).
These lesions were not relatad to VC or VDC. However, there were a few
lesions in the liver of mice that appeared to be related to VDC., The livers
of mice axposed to 55 ppm VDC for 9 or 12 months had micrefoci of momonuclear
cells, focal degeneration and necrosis, intranuclear inclusioms and/or large
basophilic nuclei (Tables 78 and 79). While these lesions also appeared in
some controls, the incidence and/or severity was greater in the mice exposed
to VDC. In addition, there was an increased incidence of amyloidosis in
the kidney of mice exposed to VDC (Table 79).

The myeloid/erythroid (M/E) ratios of the bone marrow smears
of control mica and mice exposed to VC or VDC were within normal limits at
all time periods examined (Tables 74-79).

C. Special Studies

L. lac-Thymidine incorporation into DNA in mige: Histopathologic
examination had revealed a wmoderate number of mitotic figures in the livers
of some mice exposed to VC during the 9th month. The DNA synthesis was
undertaken to determine if this observation could be confirmed at the bio-
chemical level. DNA synthesis, as measured by lac-:hymidine incorporation
into DNA, was significantly increased in the livers of male mice exposed to
30 ppm VC for 11 months (Table 80). However, the DNA concentracion, expressed
as mg DNA/g of liver, was not significantly affected. Histopathologice
examination of these livers used in this study did not reveal an increase
in the number of mitotic figures or any evidence of neo- or premeoplastic
lesioms.
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2. Heme svnthesis in rats: A number of chemicals are known to
produce porphyria in both man and animals by disrupting porphyrin metabolism.gl/
To determine whether VC affects porphyrin metabolism some aspects of the
heme biosyuthetic pathway were studied in rats exposed to VC for 12 months.
Hepatic levels of ALAS were determined since it is the rate limiting step
in heme biosynthesis and the activity of ALAS is increased in drug-induced
porphyria. Urinary levels of ALA were also determined because epoxides
of VC may combine with essential sulhydryl groups on ALA dehydrogenase in a
manner similar to lead. Inactivating this enzyme may result in an increased
excretion of AlLA. In additiom, urinary ALA excretion, which is used to de-
tect lead poisoning, might also be used as a monitoring system for detection
of VC intoxication if heme synthesis was affected by VC.

The studies of ALAS activity in liver of rats exposed to 50 or
250 ppm VC for 12 months showed no significant effect of VC (Table 81).
The ALAS activity observed in this study was about 507 of the activity
previously reported by Woods. 28

Although there was some contamination of urine samples with
drinking water, the general pattern of results suggest that VC exposure
does not alter the urinary excretion of ALA. The results of this study
were expressed on an arbitrary scale since the low level of ALA prevented
an accurate determination of ALA concentration (Table 82). After the addi-
tion of Ehrlich's Reagent, all samples produced a faint yellow to pink color
while none of the samples had a distinct red color.

3. Dominant, lethal studies in rats: The purpose of this study
was to determine if repeated exposures to VC or VDC, for nearly 3 months,
produced germinal mutations, of the dominant lethal type, in male rats.
VC exposure did not significantly reduce the ratio of fertile to tested
males. However, there was a reduced number of males exposed to 1,000 ppm
VC that mated with two females (Table 83). In addition, there was a re-
duced ratio of pregnant to mated females in the groups mated with males
exposed to 250 or 1,000 ppm VC or 55 ppm VDC. The mating period ranged
from 7 days for the control group to 8 to 9 days for the treated groups.

Pregnancies that resulted from the mating of exposed males with
unexposed females were normal in terms of corpora lutea and implants (Table
84). In these females, there was no evidence of preimplantation loss, as
measured by the ratio of implants to corpora lutea, or postimplantation
loss, as measured by the ratio of viable implants to total implants.

4. Alpha-fetoprotein: The appearance of an embryo-specific
globulin (ax=-fetoprotein) in serum has been reported in adult animals and
humans with primary hepatomas.zi/ In order to determine whether a-fetoprotein
could serve as an early indicator of hepatic hemangicosarcoma, serum or plasma
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from rats and mice were assayed for a-fetoprotein levels. The serum or plasma
was obtained from animals terminated at various periods as well as from a
aumber of unscheduled terminations. Levels of a-fetoorotein from rats ex~
posed to VC for 9 months showed no differences from controls (Table 85).

In mice exposed to VC or VDC, occasional high levels of a-fetoprotein
occurred (Table 86). Two (Nos. 177 and 240) of the mice with elevated a-
fetoprotein levels had hepatic hemangiosarcomas and the third mouse (No.

324) had a hepatoma. However, the a-fetoprotein level of several other

mice that had hepatic hemangiosarcoma was not elevated.
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IV. DISCUSSION AND CONCLUSIONS

A. Rats

1. Vinyl chloride: Exposure of rats of btoth sexes to 50, 250
or 1,000 ppm VC was without adverse effects through 7 months of exposure.
Beginning with the 8th month, a number of razs died or were terminated
before schedule. These deaths and early terminations occurred primarily
in the 250 and 1,000 ppm VC exposed groups.

The body weights of the male and female rats exposed to VC were
comparable to controls until after 43 weeks of exposure. At this time,
the weight gains of both males and females exposed to 1,000 ppm VC were
less than controls. The exposure to VC did not result in any persistent
changes in hematology, clinical blood chemistry, cytogemetic parameters,
collagen content in liver or lung, pulmonary macrophage count or the bones
of the extremities,

Histopathologic examination of rats exposed to VC for up to 12
months showed a number of tumors. The tumors found with the greatest fre=-
quency were hemangiosarcomas of the liver and lung. Hemangilosarcoma of
the liver started to appear during the 9th month. It occurred in two males

and 10 females exposed to 250 ppm VC and in six males and 15 females exposed
to 1,000 ppm. Most rats with hepatic hemangiosarcoma also developed hemangio~
sarcoma in the lung. Hemangiosarcoma of the lung was found in three females

exposed to 250 ppm and four males and nine females exposed to 1,000 ppm.
The occurrence of these tumors is dose and time related; the occurrenca
in females was greater than in males, Hemanglosarcomas were also found
in other tissues including skin, omentum, mesentery, and mesenteric lymph
nodes,

Malignant lymphoma was found in one female rat exposed to 250
pem VC and one male and two females exposed to 1,000 ppm VC. The occur-
rence of the malignant lymphomas may be ralated to the VC exposure. A
number of spontaneous or incidental tumors were found in various tissues.
These tumors occurred in one or a few rats and were not related to the
exposure to VC,

2. Vinylidene chloride: Exposure of rats to 55 ppm VDC for up
to 12 months had very few adverse effects. The weight gain of both males
and females were less than controls during the final 3 months of exposure.
No consistent changes in hematology, clinical blood chemistry, cytogenaetic
analysis, collagen content of liver or lung, pulmonary macrophage counts
or in the bones of the extremities were found.
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One male rat expocsed to 55 ppm VDC was found to have a hemangio-
sarcoma of the mesenteric lymph nodes and another male had a hemangiosarcoma
of the skin. These tumors may be related to the VDC exposure.

A few lesions occurred in the livers of rats exposed to 55 ppm
VDC. Fatty changes of the liver appeared during the 9th month; nodular
or disseminated vacuolization occurred during the 12th month. These
lesions were more severe and the incidence was greater in rats exposed to
VDC. It appears that these lesilons were related to VDC.

B. Mice

1. Vinyl chloride: .

a. Acute effect and general observation: Exposure to VC
caused deaths of two males and one female exposed to 1,000 ppm VC between
the 3rd and 9th days. Histopathology revealed acute toxic hepatitis and
marked tubular necrosis of the remal cotex. Thersafrer, the mice appeared to
be in good health. During the 6th month, the general health of a few mice
began to deteriorate. They died or were terminated. During the 7th mouth,
the health of these mice worsemed. By the end of the 9th month, all males
and females exposed to 1,000 ppm VC and all females exposed to 250 ppm VC
had died or were terminated before scheduled. At the conclusion of 12 momnths
only the controls and a few mice exposed to 50 ppm VC had survived. The '
c¢linical signs included rough hair coat, lethargy, sudden weight loss, and
the development of extermal tumor masses and/or abdominal distensions.
Nearly all of the mice that died or were terminated ahead of schedule and
many of the mice terminated at the scheduled times had one or more types
of tumors.

b. Bronchiolo-alveolar adencma: Brounchiolo-alveolar adenoma
was first noted in mice exposed to 250 or 1,000 ppm VC for 2 months and in
mice exposed to 50 ppm VC after 3 months exposure. In the period between
3 and 12 months of exposure to VC, bromchiolo-alveolar adenomas were found
in 37% of the mice exposed to 50 ppm VC, in 51% of the mice exposed to 2350
ppm VC, and in 89% of the mice exposed to 1,000 ppm VC. The overall inm-
cidence and severity of the tumor was directly related to the level and
length of exposure. Only ome bronchiolo-alveolar adenoma was found in the
control mice and this occurred in one male during the 9th month of exposure.

Bronchiolo-alveolar adencma, bronchiolar adenoma, or pulmoun-
ary adenomatosis, in mice have been reported to occur spontaneously in aging
mice, mostly over 1 year of age.ﬁﬁzgé/ However, in our study, large numbers
of mice exposed to various levels of VC developed this tumor. In addition,
the tumor started to occur at a very early age and had a dose and time re-
lationship as regard to the incidence and severity. On the other hand,
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only a few small nodules of this tumor occurred in several mice treated
with VDC. In addition, they occurred relatively at a later time. Its
significance in these mice is questionable.

¢. Hemangiosarcoma: Hemangiosarcoma of the liver firsc
occurred in mice exposed to 250 or 1,000 ppm VC for 5 to 6 months. After
the 6th month, approximately 75% of the mice examined inm the 250 and 1,000
ppm VC exposed groups had hepatic hemangiosarcomas. The occurrence of the
hepatic hemangiosarcoma appeared to be greater in the female mice than in
the males. In the mice exposed to 50 ppm VC, three male mice were found
to have hepatic hemangiosarcomas. In addition, hemangiosarcomas were
occasionally found in other tissue including mammary gland, heart, skeletal
muscle, gastrointestinal tract, kidney, pancreas, mesenteric lymph nodes,
epididymis, testes and mesentery. The Incidence and severity of the
hemangiosarcoma in the liver and the overall incidence of hemangiosarcoma
in other tissues were related to the exposure level of VC and the length
of exposure. No hemangiosarcomas were found in any tissues of countrol amice.

d. Mammary tumors: Mammary tumors were found in females
exposed to all levels of VC. The tumors consisted of ductular adenocarcinoma,
squamous and anaplastic cell carcinomas. The mammary gland tumors were first
found after 6 to 7 months. The incidence and severity of the tumors appeared
to be greater in mice exposed to higher levels of VC and in those mice ex-
posed for the longest periods of time. This may explain the higher inci-
dence of mammary tumors in the group exposed to 50 ppm as compared to the
group exposed to 250 ppm. All females exposed to 250 ppm had died by the
end of 9 months, while many females exposed to 30 ppm survived beyond this
time. This increased exposure time may thus account for the greater number
of mammary tumors. As mentioned above, a number of hemangiosarcomas were
found in the mammary gland. In addition, the squamous and/or anaplastic
cell carcinomas of the mammary gland also metastasized to the lung. o
mammary gland tumors were found in control mice or in male mice.

The pathogenesis of the mammary tumor was of a complex type.
Observations of wvarious stages and sizes of the mammary tumors suggest that
the tumor originated as ductular adenocarcinoma and then in a very early
stage underwent an anaplastic and squamous cell metaplasia. At this point,
the tumor was quite malignant and invasive. 1In many cases, there was
metastasis of squamous and/or anaplastic cell carcinoma to the lung. 1In
addition, the ductular or alveolar involvement or pattern in the mammary
gland, characteristic of spontaneocusly occurring mammary tumors in mice,
was minimal except in the early stages of some small tumors. This pro-
vides further evidence that the mammary tumors are related to the VC ex-
posure.
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e. Malignant lymphoma: Malignant lywphoma was 7sund in .
one female exposed to 50 ppm VC, two females exposed to 250 ppz <, and
in two males and three males exposed to 1,000 ppm VC. Generally, the
lymphomas appeared to be disseminated, affecting a number of var . s tis-
sues. No malignant lymphomas were found in control mice.

f. Other tumors: There were other tumors occasionally
found in mice but these tumors were considered to be spontaneous and un-
related to the VC exposure.

, Other observations: No consistent changes were found in mice
exposed to VC when compared to controls in hematology, e¢linical blood chemistry,
¢eytogenetic analysis of bome marrow cultures, or X-ray examination of bones
from the extremities. The pulmonary macrophages count was elevated in mice
exposed to 250 or 1,000 ppm. The mice with elevated macrophage counts also
had bronchiolo-alveolar adenoma. However, not all mice with bronchiolo-
alveolar adenomas had the elevation of macrophage count. The significance
of this observation is not clear.

2. Vinvlidene chloride: WMice exposed to 55 ppm VDC for up to
12 months were found to have some tumors including bronchiolo-alveolar
adenoma, hepatic hemangiosarcoma and hepatomas. The bronchiolo-alveolar
adenomas were found in six male mice. Bromchiolo-alveolar adenoma, brom-
chiolar adenoma or pulmonary ademnomatosis has been reported to occur
spontanecusly in aging mice, mostly over 1 year of age.EﬁZEQ/ Since most
of the bronchiolo-alveolar adenomas in VDC exposed mice oeccurred in the
late stages of exposure, the relationship of these tumors and the VDC ex-
posure is gquestionable.

Hemangiosarcoma of the liver was found in two males and one female
exposed to 55 ppm VDC, and is probably related to the VDC exposure. In ad-
dition, one male and one female mouse exposed to VDC developed hepatomas.

The significance of this tumor and its relationship to VDC exposure is ques-
tionable. Hepatomas have been reported to occur spontaneously in small num—
bers in mice approximataely 1 year of age.EZ:Eal Therefore, it is possible
that the hepatomas found in this study are of a spontaneous nature since they
occurred later in the study. There were no hepatomas found in control mice.

A pumber of other lesions also occurred in the liver of mice ex-
posed to 55 ppm VDC. These lesions included enlarged amd basophilic hepa-
tocytes, enlarged nuclel with eosinophilic inclusiomns, mitotic figures or
polyploidy, microfoci of momomuclear cells, focal degeneration and necrosis.
It may be that these lesions are 'premeoplastic" and may be related to the
occurrence of hemangiosarcoma or other liver tumors. Since only a few mice
developed liver tumors compared to the large number with the "preneoplastic”
lesions, further study of VDC in mice utilizing additional exposure levels
is needed to establish any definite relatiomship between the VDC exposure,
the "preneoplastic” lesions, and subsequent development of neoplastic lesions
in the liver. 26
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C. Special Studies

1. laC-Thvmidine incorporation into DNA in mice: An ingcreased
incorporation of 14C-thymidine into liver DNA was found in male mice exposaed
to 50 ppm VC for approximately 1l months. Disregarding pool size considera-
tions, this suggests that there was an increased population of dividing cells
in the livers of these mice. An increased populatiom of dividing cells could
be due to either regenerative or carcinogenic processes. Due to the low inegi-
dence of hepatic tumors at 50 ppm VC, it would seem most likely that the in~
creased thymidime incorporationm into DNA 1s the result of regenerative pro-
cesses. However, further study would be needed to confirm this observatiom.

As previously mentioned, the study of the thymidine incorporation
into DNA was undertaken in response to the observation of the inecreased
numbers of mitotic figures in the livers of mice exposed to VC. While in-
creased incorporation of laC—thymidine into DNA was observed in the present
study, histopathologic examination did not reveal an increased number of
mitotic figures in the liver of these mice. This would indicate that bio-
chemical changes may provide a more sensitive monitor for VC related effects
than do morphological changes.

2. Heme svnthesis in rats: Studies of hepatic ALAS activity in
the liver and urinary levels of ALA did not show any effects related to
the VC exposure. These results would indicate that VC, under the conditions
of this study, does not have an effect on the heme biosynthetie pathway.
However, the possibility that long-term exposure to VC may result in an
adaptation to an acute effect of VC on the heme pathway should be considered.

3. Dominant lethal studies in rats: Neither preimplantation nor
postimplantation losses were observed in pregnancies that resulted from the
mating of VC or VDC exposed male rats. However, the occurrence of a pre-
implantation loss was suggested by the increased number of nonpregnant fe-
males in the groups mated with males exposed to 230 or 1,000 ppm VC and 55
ppm VDC. The relevance of this observation to the detectiom of a dominant
lethal effect is of questionable significance for two reasons. TFirst, there
was no indication of a preimplantation loss in pregnant rats. Secondly,

a postimplantation loss is more indicative of dominant lethality than a
preimplantation loss. Since neither preimplantation nor postimplantation
losses were observed in pregmnant rats, it is concluded that the VC and VDC
exposures utilized in this study did not produce dominant lethal mutatioms
in the germinal cells of male rats.

4. Alpha-fetoprotein levels in rats and mice: The assay of a-
fatoprotein levels in the serum or plasma of rats and mice does not appear
to serve as a useful indicator of VC or VDC induced hepatic hemangiosarcoma.
Only three mice were found to have elevated a-fetoprotein levels. Two of
these mice had hepatic hemangiosarcomas and the third mouse had a hepatoma.
However, an additiopal 10 mice with hepatic hemangiosarcoma did not have
elevated a-fatoprotein levels.
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TABLE 1 .

LABORATORY DATA OF MALE RATS AFTER EXPQSURE TQ VC OR VDC FOR 1 MONTH
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wEMATOCR{Ty YOL., %
WEMOGLOBIN. GM. %
aCVe CUALC WICRONS
WCHE. M{CRO WICROGMS,
oGy GM % )

5
(X190 /mem |}
bl 3

PLATELETS
LEURQCYTES (X100 /mm
NEUTROPHILS, &
CTMPWOCYTES. B

JANOS. %
TOSINOPHILS, &
AS0PHILS. ¥
wONGCYTES. %
ATYRICAL, %
NUCLEATED R8C, 3
BAQTwHOMA [N TIwE, SEC.
$60T, fusl
$GAT, lu/n
ALK, PnOS.s [U/
FILIAUAIM. TOTA, MG 3
BILIAUBING OIRECT wG %
UM WG %
CREATININEs w3 &
LOMe TUusL
[MmUNOGLOBUL [ NS
ae lU/M
Ge A FACTOR. [U/sm
Ge 8 FACTOR. lU/WM,
e U/,
TOTaL PROTEING GR %
ALBUMIM. GM %

GLOBUL [N, G &

TABLE 2
LABORATORY DATA OF FEMALE RATS AFTER EXPOSURE TO VC OR VDC FOR 1 MONTH
vc ve w -
Goncrol 50 pm 250 om 1,300 7pm 5 apm

6.19 & «Jo 4.6% & 21 4.22 = +19 5.87 » 51 8.71 = IRE.]
1.87 & 47 lede 2 - 53 lal7 2 «35 1a786 2 77 TS sl
al.5 & 8 43,0 & 0.0 41,8 & .h .0.0 = e 40,0 2 .
16,5 2 .2 18,7 &£ .2 1842 2 .2 14,1 & .l lesd 5 .2
aT.8 £ 4.7 4.8 & 2.0 87.2 s 1.3 TR0 2 Tas $3.5 2 .4
23.7 = 1.7 22,2 5 .8 22.9 & .2 24,8 2 2.4 20.8 & ¢
34.9 » el 8.2 & o In.l = o3 5.2 = 3 38,9 2 .2
4.9 2 .8 S.9 & .4 7.5 & .8 7.9 5 .8 5.5 = .6

7.3 L .8 T.3 8 .9 % P | 5,9 8 .9 1.9 2 L.t
17.3 & 3.1 10,0 & 2.3 13,5 & a8 1643 5 3.3 12.8 & 3.3
3l.8 & 1.1 80.5 = 3.3 08.3 & .l 83,0 5 .o 8.0 2 2.7
0.0 =+ 0.8 9.0 35 0.0 0.0 & 9.0 0.0 5 9.0 3.9 2 0.2

4 .8 lel & w4 Y A 3 s 3 oz o
0.0 £ 4.0 0.0 =+ 0.0 0.0 & 0.9 0.0 = 9.0 Ul 2 3.0

wd 2 3 % s 3 8 =z «3 .8 & 3 9 2 ]

0.0 & 0,0 0.0 = 0.0 0.0 = 0.0 0.0 &£ 0.0 0.0 & 0.0
0.0 & 0.0 0.0 = 0.0 0.0 = 0.0 0.0 = 0.0 0.0 = Q.2
12,1 = 3 (2) l1.9 o 2 1.6 = 2 11.7 2 ] 1.2 ¢ FRE
74,1 = 9.8 a5.8 2 10.7 Tled 2 bG48 al.8 5 2.» 7.3 2 3.3 (D
35.8 & 2.9 27.0 = 2.1 a7.8 = l.» 29.3 & el .2 2 Le7 (W

Ta 5 7 % = 3 77 = 1o 0 2 2 80 & 5 D

2 Wl 22 1 22 el 2 r el I3 TS O

el 3 ol «1 2 el 21 2 ol 0 2 «0 o ot PR
15.% & 1.6 19.0 = 1.2 1649 =& o7 1%5.4 2 .9 17.3 2 1.2

805 0.0 6 s 0.0 T2l s 0.0 Law 2 o1 o3
191+ 2le ads & 234 hbh 5 AT 72 = » 32y = e D
7.3 & 8 Tel 2 N

393 = s e 2 sl

s 12 80 = 13

49 s 3 LT 3RS 2

.8 2 1 5.7 2 .l S.6 2 .2 5.7 2 .1 LIV I S
Jos & ol 3.7 s ) E YN 2 3.5 = Y] 3.9 ¢ NG ))
2.1 2 el 2.8 2 o} 2.0 2 ol 2.2 » 22 s 2 g
!e £ T2 203 & o1 209 2 4%

3
MAGROPWAGES (MO, /Mm% )

Encries are oasn &£ 3.2 of 4 taca exsept 48 votad Ln pefenIbasas.

4/ Significamcly diffarent Irom che Control group, p < 0,03, Dunnacc's sulciple comparison procadurs.
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TABLE 3

LABORATORY DATA OF MALE RATS AFTER EXPOSURE TQ VC OR VDC AFTER 2 Mowng.

e v 7€ 06
coatrol 50 o 80 e 1,000 apw 53 pew
ERYTRROCYTES (”asm‘l) 836 = 10 7.0 5 W2 8.92 ¢ .12 6.83 & .92 8.8 & L20
RETICULOCYTER. & .00 2,12 1.52 5 08 1.30 & .18 1,32 & 18 T PR 1
MEMATOCRIT vOL. § .5 2 .3 A1.8 2 W9 3.0 5 W7 “2.8 2 43 2.3 ¢ .S
HEWQGLOB M. Gm, % l4,d 2 2 1.9 2 «0 18,7 2 Y la.] & 2 le.8 2 e
Weys CUBIC mICAQNS ba,l 2 b 42,3 2 17 82,2 2 1.9 2.4 = s 4.8 & 1.9
uCHes M{CRO MICROGMS. 21.3 3 3 21.2 3 %) 2.2 & & 20.8 = 2 22.2 = )
MCEHC. GM B 33.3 & b Jaal 2 b Ja.l & b 32.9 = o 34,5 = oh
PLATELETS (uosmnsh 5.7 2 N %.8 3 o3 67 & .7 5.9 & 8 5.7 & .2
LEUKACTYTES «na]mn:: 9.4 5 b 1200 2 8.5 ¢ 1.1 9.2 2 o7 8,3 ¢ .5
HEUTROPRILS, § 12,9 2 1.2 19.0 & 64l 18.0 & 2.7 9.0 3 ol 1.3 £ 1e3
LYMPHOCYTES, 3 38,3 & 2.1 79.3 & 6.3 82.8 = 2.4 99.3 2 9 81,8 & 1.3
2ANDS. & 3.3 & 8.0 0.0 = 0.0 Qa0 £ 040 0.0 & 040 0.0 = De0
EOSINOPHILS, % 1a8 2 lus ' NS I IR | I TP | 1.0 5 .7
AASOPHILS. & 0.0 = 0.0 3.0 & 0.0 0.0 5 0.2 0.0 & 9.8 0.0 5 0.0
wONOCYTESy % 0.9 = d.0 13 & - 3 % «3 5 & -3 Yo & 9.0
ATYPICAL, & 0.0 2 0.0 0.0 2 040 040 & 0,0 0.0 = 8.0 0.0 ¢ 0.0
NUCLEATED #8C, ¥ 0.0 2 8.2 0.0 = 0.0 0.0 = 0.0 2.0 & 0.0 3.0 & Q.0
PHOTHAOMEIN TIWE, SEC. . llea = 43 (D) 1.8 2 o] 1006 & o8 1040 &2 3 11ed & .2
seate lus, 10008 7 ne o¥ s o s 3 ¥ we o ¥
$eRT, Tu 23.4 = 3.8 3420 = Zes 2.8 5 2.9 Y Je.8 8 Les 28.9 = x..
* ALK, PHOS.e UL 77 s 9 68 & & T3 % o8 = 2 5% =« 3
SILIMURING TOTAL M6 & s .0 e el s Wl s el Y R
AILLIAUBING OLRECT w6 § 2.9 = 0.0 0.0 & Qe 0.0 = 9.0 2.9 g 0.0 Jdoa ol
BUNs NG 8 3.4 5 .5 2 B 14.5 5 1.0 13.4 52 43 15.5 & .4
CREATININE, MG % 808 0.0 +6 £ 0e0 o4 2 040 8L 00 W88 0.0
LOMs TU/L 1026 & 1a3 560 2 54 & iy 3 Y 501 5 ae ¥ akd & 163
ALAMA=REOM. (U 436 L be 227 « 23 v 128 & 28 4 207 » 20 ¥ 382 = &7
I MMUNGEL JBUL INS
Ao Jurm 10.3 & 2.1 10,2 5 2.8 12.2 5 1.e
Ge A FACTOR, [Uu/m 328 = 19 298 5 b 30 s 12
Ge B FACTOR, [u/me a9 2 % 1s a ¥ Te x4
Me [U/we 7% &+ 29 o7 z 17 183 = 2»
TOTAL PROTEING GM B 8.7 & .1 8.7 & i 5.8 5 o} 5.5 & a2 8.0 3 &
ALBUMIN. GM % 3.3 s L Jo 8 ol 1.9 2 .0 3.5z .0 da% 2 .
OLOBUL INe GM % 2eb 2 -2 2.3 & o2 2.1 & sl 2.0 = .2 2.0 2 .l
HACAOPWAGES mo./nnan 206 = o8 3% = 136 288 = 48

Eacried ate 3man * 5.E, of & racs sxenpr 45 docted iR paremtheses.
4/ Sigaificsmcly sifferemt frow the Concrol group, p < 0.0%, Dannats's suiciple comparison procedurs,
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LABORATORY DATA OF FEMALE RATS

TABLE

4

AFTER EXPOSURE TO VC OR VDC FOR 2 MONTHS

3 k]
ERAYTRAQCTYTES (210 /Mm )

RETICULQCYTES: &
wWEMATOCRIT, vOL, §
HEMOGLOBINS G, %
ey CUBRIC MCRONS
MCHE . MICRO WMICROGMS,
MOHECy GM B
S 3
PLATELETS (X100 swm )
3 ]
LEUKOCYTES (x10 /Mm )
NEUTROPHMILS. 3
LYMAROCYTES, 3
SAND%S, 3
EOSINOPMILS, 3
AASOPmILS. %
HONOCTYTES. %
ATYPICAL: &
NMUCLEATED R8C, 3
PHOTHAOMS [N TIME. SEC.
$GO0T. [usi
SGPT. [U/L
ALK, P%0%.. [U/L
AILIAUAING TOTAL MG 3
BILIRUBIMNG DIRECT mG &
HUN MG %
CREATININE:, MG %
LOme [u/L
AL PHA=m@DMs [U/L
IMeUNQGL OB WL [ NS
Ae lUs/m,
Go A FACTOM, [U/m,
Ge B FaCTOR, Iusm,
e s
TOTaL PAQTEIM. GM %
ALBUMIN. GM 3
GLOBUL IMe G &

k)
MACAQPHAGES (MO, /Mm )

Caoerol
4459 & «13
l.06 & .13
2.1 & -]
18,5 2 .2
ba.2 2 lab
22,3 = .
34,3 & b

6.0 & b
T.8 & .
11.0 & 3.1
ar.s = 1.3
«3 & .3
1.3 & «5
8.0 2 9.9
0.9 =+ 0.0
9.0 =~ 0.0
0.0 o 0.0
i0.0 3 el
9.0 & 10,3
32.5 & 2.4
50 = 3
»3 2 «3
2.9 = Q.0
15,0 = .
IY X al
174 = 94
led o o2
11.8 £ 3.5
»58 3 15
™ £ 1
81 = 18
6.0 = T
3.3 & W2
2.8 & 2
200 = 4]

50
B.541
load
“l.A
le.d
83.3
21.4
s,

(TR}
7.8
11.9

ar.40

6.2
3.4

2.8

Ve
Ll

i

[ L L

"

| LI L

«23
«2)

Incries arm sasd % 5.F. of & cags excepc zs noced in paremthesas,
2/ Significancly different frow the Cootrol group, p < 0.05, Dunoect's sultipie comparison orncadure,

ki
30 apw
8eld 2 .21
189 2 L2&
sl.9 2 .3
14.) 2 o2
47T.7 2 24
22.4 = o7
NI.7r L2
Sed 2 o7
5.1 2 1.l
14,3 =« 9.0
LTS IR Y Y
0.0 & 0.0
lad & .8
9.0 g 0.0
9.0 & 0.0
0.0 = 0.9
G.0 2 0.0
10.9 = 2
67.8 2 8.1
33,8 & Ml
a3 s &
ol 2 a0
249 =+ 0.0
1%.0 = 9
7 s .l
280 @ %
121 & o7
6.0 = 2
3ok = vl
[T Y

k{
1,300 spm
4.70 2 «20

lea% & .19

2.3 vt

"

e, 2 .l

6.1 = 1o

2141 2 o5
3.6 ¢ o3
6.l 5 o3
Te2 2 3
8.9 = T.>
2.5 3 7.2
0.0 &2 0490
Y 5
9.0 5 040
.5 EN 3
3,0 » 0.0
8.0 & 0.0
0.4 & 2
84,0 2 7.7
19.3 & 4.l
80 .
«l 2 -1
«0 2 «Q
I15.5 = iy
L 2N ol
521 5 2t
206 & 16
1lal 2 2.9
458 & 25
83 = 12
53 & 1S
LTS 'S o2
3.8 = .l
2.% 2 el
150 = 18

SL 083850
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5. 35
l.28
9.9
1349

43.9

o0
L7.0
-8
LI )
245
{la/
el
L]

e

l.a
2.3

1e%

.o¢
EEL

[ LI L
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LABORATORY DATA OF MALE RATS AFTER TXPOSURE TO

4 1
(210 /me

ERYTRAQCTYTES
RETICULOCYTES, &
“EmaTOCRIT. vOL. &
MEMQBLOATNG GM. %
wCYe CLAIC M[CROMS
NCHB . MICRO m{CROGMS.
MCHRGCe (M 3

s 3
(X1q swm )

3

k]
LEURQCYTES (X10 /mm )

PLATELETS

NEYTROPWILSY %
LYm@=QCYTES. %
AANOSy ¥
EOSINOPHILS. &
GASOPILS. &
»ONACYTES. &
ATYSICAL. O
NYCLEATED A8C, %
PAGTHAGMA TN TIME, SEC.
SGOT [u/L
SG#T. lusl

M K. PHOS.s TU/L
JILIAUGING TOTAL »G 3
AILIRUNING DLRECT MG &
FUNe MG B
CREATIMINE, w5 %
Lome Tu/w
ALPMA=HADR. TU/L
[ MMUNOBL OBUL [ NS
Av [U/M
Ge A FACTOR. IU/™,
Ge A FACTOR. jfusm
e TU/M,
TOTAL PROTEIN. OGN %
ALBUMIN. Ge &
L OWUL TNy GW %

a

MACAOPMAGES (MOL/MW |}

TABLE

5

VC QR VDC TOR 3 MONTHS

Contyol

6,93
1438
2.8
16,6
41.9
21.2
34,3
See
9.3
11,8
85.1
.3
2.3
LY
o
9.0
4.0
1.8
112
54,8

(37 )
»2
10}
3.5
3.3
2.6
180

LU LI L L

"

L LA LI L

'y

"

.
-

QJ!

1.3

kA

Vg
50 pou
§.73 & Ty
1031 & 419

43.0 &2 W7
14,7 = .l
53,9 2 .7
21.9 & A

34,2 2 «d

8.9 & W7
15,3 = 2.1
82,8 = .4

0.0 =~ 0.0

l.% 2 o9

2.0 2 0.0

8 2 3

0.9 = 0.0

2.9 = 8.2
1les 2 .0

T4 = ?
I1.0 = 1.2
Ta = ]

ol 2 3

Jad & d.0

13.3 = -]
3 2 ST )

94 & (A&

263 2 AL

S.4 3 ol

.2 2 0

2ab = -0

Eacries arve sagu £ 3.5, of 4 racs =xcapt s moced ig sarenthes-s.
a/ Stinificaatly diiferenc froa the Coacrol grous, @ « 0.05, Duonacc's aulciple codmparison

36

5.7
.1
2.8

i (L] U T T

b

[ LI LY L L L 1

Tt

b

[ L)

.

Iy

2.%
2.1
g.0

sl

.l

procaducs.

33.9

AS
5.8
l.l
2.%

244

v
fom 53 aom
PR ¥ r.32 &
L .23 La09 2
- . 42.0 &
L3 -3 la,é o
s 1.l 47.3 =
: -t 20.0 &
s .3 ECTTIEY
2 I 9.2 &
s+ 2.8 8.3 »
+ 6,9 10.5 &
s 6.3 a8.35 2
s 0.0 0.9 =
s 2.0 «3 =
s 0.9 0.0 &
s % 3 8
s 0.0 Je0 &
s 0.0 3.0 &
K «d Y
+ 9 103 =
2 % &0,0 =
s 7 51 &
z o2 Y
s+ 0.0 3.3 =
ES .9 15.0 a
-3 ol LIS
s 1% 942 &
P 4] «32 2
2 -5 3.1 2
x & 200 o
s P2 90 .
L ks i12% 3
2 3 &0 2
s o2 3.3 =
-3 -2 2.7 »
e 88 2% 2

SL 083851
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32 12Y
le 20
w3 20
W8 2
o 2
& 02
1 02
Le7 (2
o5 (21
15 120
G.n (2
3 (D
0.0 (D
3
2.8 ()
0.0 ()

+4 1)
0.0 (M
183
s (1)
9.0 (I
27 (N
24 (3

9 )

2 (D

2 (2

ol D

133




TABLE 6

LABORATORY DATA OF FEMALE RATS AFTER EXPOSURE TO VC OR VDC FOR 3 MONTHS
ve ve vt 75c
8 1 Conetol 50 ppe 250 apw 1,000 apm 4% e
EATTHROCYTES (X100 /Mm 6,37 & Y 5.5 = %} S48 = 11 6,83 = o185 5.%1 = e
HETICULACTTESS § 1.29 = 24 1.26 3 .26 149 & .16 la76 & 04 8% s 07
HEMATOCRIT, VOL. % 2.0 2 .A 4l.1 & 1.3 42,3 & .5 4148 = .6 9.3 2 s
AEMOGLORIN. GMo % 1ea5 2 a2 16e2 2 2 TN 1432 .3 3.8 2 .2 ¥
MCVs CURIC WICRONS 86,0 & 1.9 62.8 = los 65.5 2 .9 43.8 & .8 80,3 8 1.2 Y
wCHA, MICRO MICROGMS. 2.4 2 o 21.7 & .3 22.7 2 .2 21.9 2+ .2 20,7 2 .8 Y
WCHHE. GM & Jhe y L2 34,8 & .8 3.7 2 n? Ja.a 2 L4 Ja,) & .3
SLATELETS lxl.as/m-l) 4.2 & «% 9.7 = -1 S«% & ok 8.2 = 8 5.5 & .3
LEUROCYTES «nulmna) 5.8 5 L3 6.8 & .8 8.5 & .7 8.1 &8 .8 $.0 & .5
NEYTHOPWILS. % 14.1 2 J.a 19.5 « &.4 9.8 &+ 1.9 14,3 &2 2.9 12.3 &2 2.»
LTMBMOCTTES. 3 84,3 &+ 3.8 79.5 » A7 39,8 & 1.7 13,5 5 2.7 a7.0 2 2.7
3AMOS % 3.0 & 0.2 0.0 = 040 0.0 & 9.9 0.3 2 4.0 3.0 5 0.0
EQSIMNOPuILS, & lad = N 8 = 1] .Y s P | 1.8 & ] «3 g |
ASOPHILS. 3 2.0 + 0.0 0.0 & 040 9.0 & 0.3 9.0 & 0.0 9.0 = 9.3
ONOCTTES. & 3 L3 N B s W3 .58 W2 3.0 5 0.0
ATYRICAL. % 0.0 & 9.8 0.0 = 0.0 0.0 = 3.8 9.0 & 0.0 9.0 & 9.7
NUCLEATFD ABC, % 7,0 5 0.0 0.0 & 0.0 0.0 &+ 0.9 0.0 & 0.0 8.0 5 4.3
AROTHAGMAIN TIME, SEC. 11.0 ¢ .2 10,7 2 .2 11.0 & .3 1.1 &5 .1 11e0 8 4w 1)
SG0T. [usL 49.3 = 4.l 93,3 5 9.a 1.0 & 9.1 26,8 » 16,9 20,3 2 443
$6PT. 1U/L 348 2 %1 16.1 & 1.9 313.0 &+ 1.8 32,3 2 4,9 1.0 & 1.2
ALK, PeOS.. [U/YL 19 ¢ - 3s & k] %0 = (] -9 = T 2l s t
JILIRUBTNG TOTAL Mg 3 Jds 3 ISR | s s 0 s Wt
ILIAUAIM. QIRECT WG % 4.0 5 0.8 3.9 1 0.0 3.8 = 0,3 9.0 » 0.3 0.9 5 0.3
AYMe MG A 13.3 2 4 16,1 & .8 19.0 ¢+ .7 19,0 ¢ .3 leed 2 .A
CREATININE . WG 3 42 0.0 8 0.0 8 2 0.0 B BT 8 2 0.0
oMy Tuse 800 » 7% 709 & 190 421 2 %9 ARD . (ak 493 & 112
ALPHA==ADM. TU/L ELY B k e & 82 27% ¢ 19 18 & As 229 2 9
[#MUNOGL OBUL INS .
As TU/WL 10.4 & oh 9.2 & s 5.2 = .0
Gy A FACTOR, lusme 429 & o7 *8) 3 106 a8 . 22
Gs B FACTOR. [usm, 9. % 94 2 AN de 2 L0
we fusmy LA NN Y Ag s s 108 & 120
TOTAL PROTEIN. GM § 43 2 .1 sl 2 ol $.9 2+ .1 $.8: .3 .0 2 1
ALBUMIN, GM % 1.8 s .8 3.6 2 el .3 .l I 2 00 | PO
GLOBULING GM & 2.7 = .0 2.9 2 .1 2.7 & .0 2.0 2 L 1.0 2 W1
wACHOPWAGES (~°-I“3‘ 128 =+ 13 e 1 Y al g o8 X

Eacries are aasn * 3.5, of 4 racy excepc s ostad ia parentheses .,
8§/ Stgeificanely differwat from the Cowtrol greuw, p < 0.05, Dunnact’'s sultiple comparisoa procadurs.
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TABLE 7

LARORATORY DATA OF MALE RATS EXPOSED TO VC OR VDC FOR § MONTHS

ONSE: PAM
) 3
EAYT=AOCYTES (X100 smm ) 5,22
RETICULQCTTFS, & lan}
HEMATOCRIT. /OL, % L% |
HEMOGLAM N, GM, B 19,1
wCVy CURIC w{CWONS ad,9
uChm, M{CHg MICROGMS. 24,1
_CHNCy G2 § In,?
5 3
SLATELETS (210 /ww L]
LEURICYTES tuo:/ml:) 9.8
NEUTRQA=([LS. B le.0
LIWORNCYTES, 3 wa,7
FANOS e B 2,0
FASINORAmILS. ¥ 1.0
4agNAwIL S ¥ 0.0
wOMOCYTESY % 0.3
ATVOLICAL. B 9.9
NUCLEATED WAL, & 9.0
PAYTwuOuy [N TIWEs SEC. (2.3
S§GuT. [U/L 49,3
SGPT. fu/L la,0
ALK, Peng,. JU/L [Y:}
4ILJAUATH,. TOTAL o 9.9
AL IWUA TN, DIRECT whs 4.0
UM WG & 13.0
CREATININE, =8 3 N
LOme [U/L ™
ALYmaamE)me TUS, «37
{wHUNOGL O (NS
he [UIM a.1
Ge A FACTNR, [U/= 549
Ge 3 FACTOR, [U/w, 106
e Tuse 120
TOTAL PRQTFIN, A [ )
ALBUMIN. GW & .0
GLOAULIM, GB % 2.4
HACRORmAGES (NO./“J) l14a

.
3
L

-

.30

h
L]

«?

«1
ol
»?

14

t3

N

%0 PPM VO 130 PeM VC

b.A1 ¢ .33 h,89 ¢ R
A9 2 .12 led0 2 -3
LU IS -] MlLT & Tt
15.9 = 5 le.9 2 e
hb,2 & .M 6046 2 1.9 1 D)
2348 & 1.5 21.7 & N
38,6 3 'y 15,9 & oo 1)
.7 = .2 s 2 W8 D
10.2 z a0 P06 2 Ha4 :
164.3 + 2.3 20.% = 8,2
81.3 &£ 1.5 7.3 ¢ A2
3«3 = 0.0 0.0 = 2.0
1.5 = .9 2.0 ¢ 7
0.0 & 9.0 4.0 & 9.0
lad = h 3 & P ]
0.0 & 9.0 0.0 & 0.0
3.0 5 0.0 0.0 ¢ 0.0
11.8 & 43 10.4 ¢ .1
T1.0 2 2.1 49.3 = 4.3
17.8 = 5.2 29.0 = V.l

% 2 3 L3 Y 1

0.0 = 0.8 0.9 5 0,0
0.0 = 0,0 0.0 = 0,0
1143 2 w5 t2.9 = Y

oz .l N3 sl

aal = 158 ais = 101

298 =+ A0 249 &+ 54

8.2 = ol Gl 2 M
3.3 = a1 3.5 & .0
Pa® 2 -0 FIL «d

FNTRIES ARC YEAN & STANDARD ERROR OF & AATY EXCEYT AS NOTED IN PARENTRESES.
4/ Slgnificancly different frow cha Conerol group, p < 0.03, funnect's muitiple comparison procadurs.

38

0.9
2.9
1l.2
Ta.Y
at.e
9

«8
LAY ]

ko

ARp

Al

4.9
J.a

2.6

2an

[ LI L

.

[ LI

»

oo

"

(1) (1) I* [t I

[

Fd b B 35 FEM V00
22 T.2e 5 W10
JAT D T Wl
1.0 (D 48,0 & .7
3 03 15.3 = .2
1.7 1 “2,2 & .
4 (D 21.2 & .l
s 1 Jaul & «]
NEE 3.9 8 .2
1.2 ¢ 3,8 & .5
3.7 12.8 & 2.»
1,4 ae.% ¢ 243
.0 3.0 5 040
«3 2.8 2 R
0.2 0,0 ¢ 0.0
e 0.0 & 0.9
0.9 0.0 g n.0
4.0 9.0 & 0,1
.1 12.0 2
8,9 T1.9
1.0 1.9 = _.
- w8 2 %
9.0 9.0 = 0.3
.2 0.8 & 5.3
. 1202 8 %
-y LS ol
FA% ) «39% & 102
nr 282 = %7
1 V.8 2 1.7
30 wps . 28
20 92+ 8
s w s ¥
0.9 [ 7% S R
.0 Jub 5 ol
.0 2.7 & .l
L3} 229 « 108
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TAELE 8
LABORATORY DATA OF FEMALE RATS EXPOSED TO V¢ OR VDC FOR 6 MONTHS
HOSE: Pow CONTROL 30 ™ oUC 150 Ppm /C 1,00 ¢P vC 5%

FAYTHEACYTES (X[OQIHHJ) .92 2 .21 6.9% = .09 .89 1 .2] boed £ L2300 LY 1
WETICULOCTTES, & PLIAEY L L1 2% W79y .2% 2 9% & Jda 1y A9
~EMATOCR{ TS vaL, 3 «2.3 & 1u7 41,8 5 .9 A2.0 2 LT 22,7 & LT (D 39,9
MEMYGLOSTING GM, % 14,3 & .2 19.2 = .3 1,0 = o 1%9.2 & e B 13.8
wCYe CUALC wICROMS al.l 5 1.1 59,7 5 1.0 63,0 5 2.8 Mla0 = 2.0 I} %5,%
MCHte MICHO W{CROGMS, 2l.8 & e 21.9 & 3 22.% ¢ «7 21,5 & A ) lltil 20.9
wCHnC. o 3 LT R 008 s a¥ 9.7 5 L8 ™7 . L3 (D 8.1
WLATELETS llldsllﬂz) . & -2 a7 = .3 “,1 s -t $.2 2 &) o b
LEURQCYTES uon/-mJ) 5.6 & ot hed = la0 4.9 & 1.0 5.7 &+ l.e (D) 4.3

MEUTROR= (LS % 12,3 & 3 1R, 5 + B.4 20.0 & 3.s 8.3 2 .9 D 20.%

LTHNBWOCYTES, 3 4%.8 = .3 19,8 z .3 11.8 = 1, 2.3 » 5.3 M 8.4

AANOSs 3 2.0 = 0.3 0.3 = .3 9.0 =& 0.0 9.0 & Q.0 3.0

FORTNOP=IL % ¥ 14 2 A 1.5 = 3 2.3 & ) la & .8 "

AASAPHILS. 3 3.0 = 3.3 2.0 £ 0.3 3.0 » 0.0 3.0 2 0.0 g.0

uONDCTYTES. & B | P IS 0.0 s 0.0 4.0 = 0.0 3.0

ATYRICAL, 3 0.2 = 0.0 0.0 5 0.0 0.0 & 4.0 0.0 & 0.0 3.0
MUCLEATED RAC, ¥ T.9 2 0.2 0.0 & 0.0 Q.0 = 0.0 9.0 = 0,0 0.0
PAOTHAQME [N TIwE. SEC, Lles = W2 llee ¢ .3 11.% ¢ Y 10,3 ¢ 00N l,e
S60T. tu/u 31,0 & 19,9 A% 2 a7 VLA s A9 AT.3 & 2.% 72.3
SGRT, fu/L 37.0 5 9,.e 2n.% & 2.5 28.8 + 1.7 3%.9% &+ 1.9 2%.2]
ALx. MG [UsL 22 2 13 s 2 19 2 7 2 2 17
SlLIAUM[Me TOTAL wa # 0.0 = 0.2 2.0 = 0.0 2.0 & 0,0 9.0 & 0.0 0.3
JIL{AUATM. DINECT wiai 0.0 = 0.0 ;.B + 0.0 0,0 & 0.3 4.0 = 0.0 a,d
EUL T L 13.3 =+ A 12.% = 1] 13.5 2 1.9 12,3 = 1.1} 131.%
CREATININE, ug & -3 oM - .l 4 = .l o7 = o} i
(WL T TP N 582 s+ 71 aa? v 1%4 321 &2 5% Aad 2 8 %7
ALPwa=mAl=y U/ L EL Y ) ELT BT | 230 31 ea AL 7 ] a0
[WEyNOGL O TNS

Ae tUsW, 7.7 2 W2 L% B 1044

Ge A FACTOR. [us/m 56% 5 131 519 = &} whd

Gy A FagTOE, lu/sw T & ta e s I8 102

e [U/W 127 & 3 1% = % -7
TOTAL AWOTFIMN, GM & 6.1 & .l L I al 8.0 2 ] $.2 2 od Ge®
ALBUMING G & .02 .l s g TSR 3.9 s .l 2.0
GLOMUL INw GN & 2.7 & el 2.0 3 1 2.8 3 Y4 2.7 » o 2.7
maCROP=AGES (No.lhﬂ,l 3 s 7 ins « A 101
ENTRIES ARE “EAN = STANDARD ZRROR OF = ATS 4¥CFDT 1 “OTED (N PAREITASSES
3/ itgnificaatly different from che Conernl group, o < 0.0%, Mumnect's mitisle comonartsoe procedute.
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BLE 9

LABORATORY DATA OF MALE RATE 20SED TO VC OR VDC FOR 9 MONTHS

DOSE: PPM Counrral 50 ppm VC 0 pom VC 1000 ppm 7C 53 ppa vDC
ERYTAROCTTES (xxobinnai .18+ .28 1.7 2 27 .50 .14 TelZ 2 o6l 6083 2 o1 Y
RETICULOCYTES. % ) l.26 3 .37 99 2 .16 1,08 & 12 lota 2 .12 1039 = .34
WEMATOCRITy vOL. % A5.4 =+ 1.3 460 2 B 44,5+ 1.0 42,3 & 1.7 42.5 = 3
NEMUGLORING GM, § 15,4 = .5 15,8 & 43 14.8 & & 14,2 5 .4 14,3 &+ .1
MCVs CUBLIC WICRONS 59,1 &£ 1.3 59,86 &+ 1.3 89,4 + 2.0 59,8 2 1.4 4%5.1 o 1.1‘/
MCHB ., MICHO MICROGHS. 19.9 2 .4 201 = L) 19.8 & .8 20.0 2 e 2149 & i
MCRBCy GM ¥ 3.7 & o2 13.8 2 .2 33,4 2 v 313.7 & .7 1d.A 8 .2
PLATELETS (“05/“3’ a1 £ ol &0 g -] 4.0 = ok 4,8 &+ 1.] “ed » o5
LEURQCYTES (“03,”“3) 10.4 = .9 10.8 = 1.2 13.9 = 3 11,5 & 9 9.5 = .5

NEYTPOPHMILS, 3 8.5 = 1.2 11e3 2 4.2 21.8 » »,2 24,3 & 5,48 26.3 = 4.7

LYMRMOCYTES, 4 78.3 & 1.3 86.3 & A0 70,8 &2 .8 71,8 = 4,2 T2.0 & 4.4

BANGS. 3 0.0 = 0,0 0.0 & 0.0 0.8 &+ 0.0 % T | 0.0 = 0.0

EOSINOAW LS4 % léd =2 .3 2.0 = 1,1 2.5 2 1 1.1 8 .9 1.5 2 1.0

BASOPHILS, & 3.8 = 0,4 2.0 2 0.0 0,0 = 4.0 9,0 + Q.0 0.0 =« 0.0

wONOCTTES. & 2.0 8 .4 s o a¥ 1.0 2 .+ A W3 g a¥

ATY@ICAL, % 9.0 & 8.0 0.0 2 0.0 0.0 ¢ d.a 4,0 + 0.0 0.0 =
NUCLEATED A8C. & 0.0 & 0.0 0.0 & 0.0 2.0 2 0,0 6.0 2 a.¢ 3.0 2 0
AROTAHROMAIN TIME. SEC. 11.4 & oh 10.5 = ok 11.1 = -1 1l & ] 12.0 = .
$GOT+ I/ M3 s 9 68 & 11 & 78 s 2 Al & 11 57+ 2 (31“’
SGHT, [U/L 3%.% & 1.8 31.% 2 4.1 7.8 & 2.8 43,3 = 9.4 21.3 5 343 ()
ALK, PwOS.e TU/L e 4 [ I § 8 . 8 7+ 8 37 T
AILIAUAIN. TOTAL m6 % s 0.0 0.0 & 0.3 12 .0 8.0 + 0,0 0.0 = 8.0
BILIRUAIN, DIRECT MG% 0.0 & 0.0 0.0 £ 0.0 2.0 &2 0.0 A 0.0 = 0,0 0.0 =+ 0.0
BN+ MG % 14,% & 1.3 19.0 = e 16.0 & b 1%.5 = 3 12.0 £ 1.2 D)
CHEATININE: wG & o7 2 .0 o 2l o7 2 W 8 = al 7T = 0 17
Lome lusm 1814 £ 180 323 2 17 ¥ %9 2 M ¥ als 2 "3‘/
A Pra=@DMHe TUZL b2 = 107 198 ¢ 103 & 248 + A4S 4 2am 2 52“/ .
IWMUNOGLORI NS

Ae IUIW 0.2 & % 5.8 = «d 5.7

Gs A FACTOR, IUsw, 466 = 108 a78 5 112 218 »

Ge B FACTOR, IU/M 113 = 29 123 2 39 ad s 2 (D

we TUsML 103 2 PYRFRNY 515 7 nd
TOTAL PAOTEIMN. GM & bl 2 - S.6 2 "] a.1 2 0,0 6.0 = Wl 4.0 = al
ALBUMIN., &M § 3.5 = .l 3.4 2 a1 3.5 & ] Ju4 ¢ vl Jue 2 0.0 (31
GLOMUL 1INy G % 2.4 & .2 2.1 = 9 2.6 » o0 2.6 2 2 2.6 = [ 3
MACHOPHMAGES mo../nnj I3 s 10 59 . 28 LT
ENTRIES ABY MEAN . STANDAL  JOK OF FOUR RATS FICEPY 45 NOTZD 1N PARENTMESES
&/ Significantly diffsrent from the contxol group, P < 0.03, Doapact’s sultiple camparison procsdurs.
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. e TABLE 10

LABORATORY DATA OF FEMALE RATS EXPOSED TO VC OR VDC FOR 9 MONTHS

Q0SE: PPM ConrtTol 50 ppa VC 230 ppa vC 1000 pa 35 ppm VDG
- ERYTHROCYTES fx1a°/nn3: 6,42 & ,18 () 627 £ .l .76 £ &7 () .40 & 34 (3} S.0) 2 W31
- RETICULOCYTES. 1a06 = .34 1.07 = .18 1,60 &£ .27 (D) O4 2 L19 () Told o .21
. HEMATOCSIT. vOL, % 41,7 &+ L7 D 40,0 & .6 40,0 £ 1.7 (] 0.7 = 1.2 D 39,5 2 1.7
’ HEMOGLORIM. GM. % a2 L1 (N 13.3 2 .3 13,6 & .6 (D) 1.1 2 6 (D 13,8 & W3
- MCYs CURIC WICAONS 81,1 & LA (D) 4.8 & s.2 9.6 = 2,7 (3) 9,9 5 1.3 (N Aleb 2 147
MCHE . MICRO ®[CAQGMS . 20.7 & o4 (1) 21.% & le2 20.1 =+ 1.3 (3 20.8 = ot 29.9 = .t
MCHEC, 5 3 33,9 » A I 3. = +5 s, 2 o I 1) 14,8 ¢« P} 16,0 = o2
h PLATELETS (xlas/unJ) 3.8 5 3 M kTR 40 s 3 (M 332 LS D S.3 5 A
LEURDCYTES (nolivml) 5.2 A0 5,3 ¢ .7 5.6 = . B} §.8 =+ 1.1t LYY .
NEUTROPMILS. % 15.0 = 1.9 2T.5 & 5.7 20,3 &+ %.9 (3 8.3 = &,1 (D 17,4 ¢ 2,1
LYMPROACYTES. % 82.8 = 2.0 7T0.3 & %.2 Te&.T = 8.4 D) 70.3 &2 4.8 (D) 0.0 = 2.3
FANDSs % 040 & 0.0 0.0 & 0.8 0.0 = 0.0 0.0 = 0.0 0.0 = 2.3
EQSINOPHILS, % 1.8 &« .6 0 IS | 1ad & WA R | 1.5 & .3
9450PHILS. % 0.0 & 0.0 0.0 & 0.0 0.0 ¢ 0,0 0.0 &« 6.0 9.0 2 Gan
- HONOCYTES, # RN 2.0 8 o7 1.0 & o4 5 e L3 WA s S
- ATYPICAL. 3 0.8 5 0.0 0,0 & 0.0 0.0 = 0.0 0.0 & 0,0 Nel & 0.0
NUCLEATED RBC, 3 0.8 2 0,0 0.0 = 0.0 0.0 ¢ 0.0 0.0 £ 6.0 040 & 0.9
PROTHAOMAIN TIME, SEC. 11,0 & .4 (D 1.1 = .2 11,0 £ .2 (D 1.l & W1 (3 Iloe & L2
SGOT. Tust Th 8 2 3.8 0.3 2 4] Ta,3 5 14,9 93,3 = 11.9 (D) 72.8 3 7.3
. SGPT. fusL 30.3 5 2.3 34,9 £ 5.9 9.4 & 4.8 2.0 3 40 1D 3.3 2 laa
ALK, BRAS,.. UL 24 5 3 237 2 S 22+ N 29 2 2 (N Vv 2
) SILIAUATNG TOTAL MG 4 3L L0 0.0 & 040 s Wl 0.0 =« 3,0 0.0 2 247
BILIRUBING DIRECT w=Ga 0.0 & 0.0 0,0 &+ g.0 943 & 6.0 0.0 &« 0.0 0.0 5 0.2
HUNy MG 3 17,0 2 1.4 14,3 2«8 16,0 = 1.7‘ 19.7 = 2.9 (1) layd o W ?
CREATININE, MG 3 PRAE T 7T &£ a0 o7 2 W0 8 s Ll th I A
- LOms IU/L 602 » 102 a9 5 MM %2 & 131 494 = 168 (V) hhh 3 Pla
- ALPHA=MBOM, TU/L 318 & &2 29% = 27 228 &+ 8% 312 s T D 20 3 133
[MMUNOGLOB INS
Ae UM, 6.3 =+ 1,2 S.4 = W0 5.9 s .
N Ge A FACTOR, Tusw 290 & 180 T8 5 129 YIRS
- Ge A FACTOR, TUsmL a2 12 "9 s 14 (T 5% ¢+ 19
_ My [U/M A% + 24 89 2 & (D 61 & H
TATAL PROTEIN. 6M % heb 2 .2 Sel 2 W3 6,2 = .2 6,0 &2 L2 (D bes g Wm
ALAUMING Gu § 1.7 2 L1 b P S | a0 s L2 3.8 8 L1 D L
- GLOBULINe GM % .12 .1 IV | 2.5 ¢ o 2.2 2 2D 2.3 8 e
mACRHOPWAGES mo./ﬂ-J) LI - Ab =2 28 $1 + 13

INTRIES ARE MEAN ; STANRAAD ERROR OF FOUR RATS EXCEFT AS NOTED LY PARENTHESES,
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pOSE: Beu Ceoncrsl 50 ppm VC 150 ppm V€ 1,800 ppm Ve 33 m...c

ERYTHROCYTES (noa/m-:) 0.96 & ,20 4.50 = 419 7.52 5 W28 6,32 & L89 .72 2 .
RETICULOCYTES. 8 1.03 & .11 lad9 & Y W78 s L 1od® = 46 83 2 ol
HEMATOCRITy VOL. % A5, 0 5 LA 82,9 & l.A ab,] & LA +1,% + 2,0 44,8 = L4
HEMQGLOBIN, GM. 3 14,8 &, .2 14,2 & A 14,8 = .3 13.7 = .4 14,6 + .2
MCVy CUBIC MICRONS 64.8 & 1.1 56,0 32 2.3 £3.9 + 1.2 87,2 + 3.0 8.1 « .4
MCHE e MICRO MICROGMS. 2.4 & W% 21.A 2 A 19.8 » b 2.2 + 1.2 19,0 » .2
MCHEC GM 3 33.0 & .6 33.1 2 5] 3.7« .2 33,0 & 5 32,7 & .2
PLATELETS (nos/nns) 5,2 = oh L L) NS 5.7 = h %.7 = ok $.0 = .2
LEUKOCYTES (“03/“3) 10,2 & .4 1l1.6 ¢ 5] 4,9 o N 24,5 = 16,9 8.9 o b
NEUTROPHILS. 3 27.0 & 2.8 2.1 & 47 21.8 & 1.9 ) 28.% = 13,3 1%,3 = 2.1
LTMEHOCTTES. 3 T0.6 & 2.4 TH.D 2 5.0 77.0 = 3.3 62.3 = 4.3 az.6 =+ 2.2
BANDS . % 0.0 % 0.0 0.0 = 6.0 4.0 & 9.0 3.6 & 9.4 0.0 =& 0.3
EQSINOPHILS, 3 1% 2 % P I | 5= W2 9o W2 1.8 ¢ .6
BASOPHILS. % 0.0 = 0.0 0.0 & 0.0 0.0 & 0.0 0,0 =+ 0.0 0.0 = 9.3
“ONQCTYTES. % P I TN A r Wk I ) 4o L2 ez W2
ATYPICALY % 0.0 & 0,0 0.0 & 0.0 0.0 = 0,0 0.0 ¢ 0.0 0.0 & 0.0
NUCLEATED RHCy % 0.0 & 0.0 0.0 & 0.0 0.0 = 0,0 5 2 o5 0.0 = 0.2
PROTHAOMBIN TIME, SEC. 11.2 &5 .1 10,5 & o4 (M 10,9 = .3 10.8 & .4 1132 .2
§GOT. U/ sA & 12 a5+ 3 L1 I | 1% = 9 59 2 3
SGPT+ IU/L LT O N 26849 & 2.7 26,46 2 l.a 45,3 » 21.9 5.1 |
ALK, PMOS.. lu/L 1 2 LY 9= 1 41 » 27 . }
BILIRUBIN, TOTAL Mo & 0.0 & d.0 0 s «0 W0 s «0 .0 = W0 0,0 = 0.0
FILIRUBLIN. DIRECT MG 0.0 & 0.0 0.0 & a0 00 L0 .0 = 0,0 0.0 £ 0.0
GUN. MG B 15.4 & 1.0 15.4 2 .A 15.4 & % A0 = 1.1 13.6 2 .7
CREATIMINE, wG % & = o0 .o .0 - ol .5 = Wl - ol
Loy lusL s08 2 108 138 & Y 224 5 6ot/ 383 & 44 J66 2 Té
ALPHA=HBOM. LU/L 302 & 61 a1 « 17/ ied = 38 218 » 38 230 & 43
IMMUNQGLOB INS ‘
4y UMY 7.2 8 ob 3.7s Y 05 5 ue2
Gy A FACTOR, IU/M 331 4 17 266 . 64 bal 2 40
Ge 8 FACTOR, JU/ML 101 & 2 s & 98 =
Mo TU/WM 104 2 21 aS =+ 20 36 =
TOTAL PROTEIN. GM % 5.9 5 .1 S.4 2 ) 6,1 & ,2 5.7 & .1 6.0 £ .
ALBUMIN, GM 3 3.6 &£ L1 3.8 2 Wl .7 W2 b PR S | 3.9 2 .1
GLOBULTMs GM % 2.2 ¢ el 2.3 & el 2.1 = 2 2.3 » el 2.2 = .l
“ACROPHMAGES mo.mns» 66 =+ 30 ' 3 &+ e %0 = 295

ENTRIZS ARE MEAN = STANDARD ERROR OF TIGRT RATS UNLESS OTHERWISEZ LNDICATED IN PARENTRESES.
4/ Significancly diffevenc from the contzal group, P « 0.03, Oumasct's multiple canparisee proceduze.
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DAGE: Pew Contzol 50 ppm VC 150 pem VG 1,300 sem VG
FRYTWHOCYTES (xloalnnzi S.26 ¢ Al (T 6.99 & -18 5.50 ¢ 91 (T 4,83 » 2,23
AETICULOCYTES: % 1.56 & .19 1.16 & .1 6456 £ 4,27 (71 17.00 s 16,333
WEMATQCRIT. VOL. % 2.3 & l.0 D 3.6 8 .9 15,1 & 4.8 (T) 32,5 & 9.5
HEMUGLORLMs GM, 3 13.9 £ L& (7 16,3 ¢ .2 11.7 ¢ l.e (M 10,6 & 3.6
MCV. CUBIC WICRONS 83,7 2 Tus (D) 62.6 5 1.3 48,1 & 8.0 (T) 81,1 2 18.9
MCHB . MICRO MICROGMS, 27.5 & 2.4 (D) 20.4 £ A 22.6 &£ 1.5 (T 6.1 5 .
MCHECr M % 32.4 =+ L3 T 32.9 &« .2 32.9 2 o6 (D A4 ¢ 1,9
PLATELETS (x105/nuj) S.8 & & (T Se0 o -3 “,8 T (&) 5,3 = o7
LEUKOCYTES (X10 /MNJ) 6.9 & 1.0 (1) $.8 5 .8 10.6 ¢ 4,0 (M 20,3 3 11.7¥

NEUTROPHILS. 3 27.3 + 1.2 20.4 = M.a 1%.9 £ 6,9 (T w20 s 18,0
LTmendCYTES,. 3 Td.0 = 3.6 T8.0 2 A.a 83.3 &2 8,6 (T 5%.0 & 1%.0
BANDS+ 3 0.0 & 0.0 3.0 & 9.0 SR | 0.0 & 0.0
EOSINOPHILS. & 1.9 ¢ ) 'Y A .2 %2 .2 2.0 & 2.0
IASOPHILS. % 0.0 ¢ 0.0 0.0 = 0.0 0.3 &+ 0.0 0,0 & 0,0
MUNQCYTES. % 1.0 = .3 A e .1 2 a1 1,0 = 1.0
ATYRICAL, & 3.4 & Q.0 0.0 & Q.0 0.0 = 0,0 0.0 2 0.2
NMUCLEATEL RBC. 3 0.0 = 0.0 0.0 & 0.0 0.0 = 0,0 0.0 5 0.0
PROTHRQOMA [N TIME. SeC. 10.9 & .2 10.6 = .2 11,5 ¢ .8 7 12.0 & 1,2
$GUT. Iusi 532 % 8l s 23 71 2 22 saT o a30%
SGPT. LU/L 20,8 + 2.0 26.4 5 1.8 1%.8 2 10,2 at.s + 60,3/
ALK. PHOS.s TU/L 268 3 18 s 3 26 7 10 s 0¥
JILIRYBINY TOTAL WG & e L0 0 2 W0 2 L2 ol s L0
SILIAUAING DIRECT Moh 0.0 ¢ 0.0 0,0 = 0.0 Qe .l 9.0 + 0.0
IUN. ~G 3 16.9 & 2.2 16,3 = 1.1 2046 & 5.0 15.5 = .8
CREATININE, 4G & T8 L0 &2 .0 T2 L0 «T 5 0.0
LhHe Tu ale » 102 73 2 96 791 » 29% 1099 ¢ 913
ALPHASMEDRY TU/L 248 3 83 294 2 8 «80 = 180 710 + 6l6
IMMUNOGL OB INS
As TUIM 6.3 2 .6 $.8 = .3
Ge A FACTOR, Iusm 439 & 30 302 » 228
Ge B FACTOR, [Us/m, s s 13 %6 s 28
we T/, 91 + 1T 70 £ 2s
TOTAL PHQTEIN. GM % 66 & L2 Beb & L2 bus & .2 8.4 & L4
ALBUMIN. GM 3 4,0 ¢ .1 4.0 2 .1 3.9 ¢ .2 .7 & .2
GLUSUL [N Gm 3 ) 2.7 &+ w1l 244 & .2 240 2 2 2.7 & Y
MACAOPHAGES (NO./MMJ) e 17 s03 5 183

ENTRIES ARE MEAN = STANDARD TRROR OF EIGHT RATS UNLZSS OTHENWISE INDICATED IN PARENTHESES.
ARE THE MEAN & 3.E. (F TWO RATS.
a/ Significanely 4ifferenc from the eomerel group, P £0.03, Dunnett's muleiple compartace

THE VALUES 7FOR THX 1,000 ¥PM VC GROUP

asrocedurs,
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3% 2pm VX
6.90 5 .05
113 2 .18
LT-FL Y o3
13.9 = W1
Sled o .S
2%.1 = .2
32.7 ¢ At
4.3 2 .2
a1 & .3
21.0 » 2.7
78.0 2 2.7
9.0 = 0.0

5 = 3
0.0 5 0.0

-t % 2

0.0 = 0.9
0.0 = 0.2
18,5 = P I

41 ¢ &
28,9 » 2.3

FLEES 3

T N .0

0.0 = 0.3
16,35 ¢ «B
b s ol
351 = 12
218 + T3
L N
306 & 82

w8 & 13 i<

Sa » 12
6.5 & .l

4.2 & ol
2.3 8 ol
2e¢ & 10O




TABLE 13

NUMBERICAL DISTRIBUTION OF CHROMOSOMES IN BONE MARROW
QOF RATS EXPOSED TO VC OR VDG

No. of Chromosome Freguency Tetraploids (4N)
Treatment Rats 5 40 41 42 43 2 44 per 100 cells

After One Month '

a/ b/

Control 6 3= 4 42 1 0 0.25 = 0.11

vC (1,000 ppm) 6 4 4 41 1 0 0.33 = 0.17

vDC (35 ppm) 6 3 3 43 1 0 0.42 = 0.08
After Three Months

Control 5 6 7 3% 2 1 g.0 £ 0.0

vC (1,000 ppm) 5 9 7 30 3 1 0.0 £ 0.0

VDC (55 ppm) 3 5 5 39 1 0 0.0 £ 0.0
After Six Months

Control 5 3 6 36 2 1 0.2 0.2

vC (1,000 ppm) 5 8 6 35 1 0 0.2 = 0.2

VvDC (55 ppm) 6 6 5 36 1 0 0.33 = 0.21
After Nine Months

Control 5 7 3 36 1 1 0.4 = 0,25

vC (1,000 ppm) 6 6 5 37 1 1 0.5 = 0.22

vDC (55 ppm) 6 4 6 38 2 0 0.5 = 0.22

After Twelve Months

vC (1,000 ppm) 4 3 3 41 2 1 0.25 = 0.31

vDC (55 ppm) 2 6/ 6 38 2 0 0.5 = 0.86

a/ Mean

b/ Mean % S,E.
¢/ Chromosome frequency based on numerical counts of 25 metaphase spreads.
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TABLE 14

MORPHOLOGLCAL ABERRATIONS OF CHROMOSOMES N

RO

IR B

Y

HOW

OF RATS EXPDSED [0 VG OR vy

No. of Chromatid Chromatid
jreatment Mice Caps per S0 Cells Breaks per 30 tells

Translocatiors
oer 50 Culls

iotal aberrations
per 0 (ells

After One Month

.67 £ 0,212/

Control 6 0.6 0.33 £ 0.33
vCc (1,000 ppm) 6 0.83 1+ 0.31 0.50 £ 0.22
yDC (55 ppm) 6 0.33 = 0.21 0.87 + 0.48
After Three Montha
& Control 5 0.80 4 0.40 0.0 + 0.0
ve (1,000 ppm) 5 0.14 £ 0.14 0.0 4 0.0
vDe (55 ppm) 3 0.33 £ 0.33 0.53 ~ 0.53
After Six Months
Control 5 0.66 + 0.27 0.26 + 0,26
vCc (1,000 ppm) 5 0.20 1 0.20 0.0 £ 0.0
vOC (55 ppm) 6 0.60 + 0.28 0.33 £0.21

098¢80 IS5

{(Continued to next page)

0.20
0.0
0.0

4

F

H K

1
oo e

0.25
0.20

0

.0

1.33 % 0.21
1.67 x 0.56
1.37 + 0.61

0.05 * 0.32
0.34 £ 0.21
0.86 % 0.47

0.12 £ 0.52
0.20 £ G.20
0.93 £ 0.33




TARLE 14 (Concluded)

Mo, of Chromatid Chromatid Translocations ‘Total Aberrations
Trearment Mice Gaps pev 50 Cylis Yreaks pex 50 Cells per 50 Cells per 50 Cells

After Nine Mounths

Control 0.0 £ 0.0 0.0 % 0.0
vCc (1,000 ppm) 0.33 £ 0.21 0.17 4+ 0.17
vDpC (55 ppm) 0.33 £ 0.21 0.0 £ 0.0

After Twelve Months

vC (1,000 ppm) b/ 0.0 £ 0.0
vDC (55 ppm) 0.0 £ 0.0

al Mean * S_E,
b/ Chromosomal aberrations based on analysis of 25 metaphase spreads.




. TABLE 15

COLLAGEN CONTENT IN LIVER AND LUNG OF RATS

EXPOSED TQ VC OR VDC FOR 6 MONTHS

Collagen Content

(peg/2m)

Males
Liver
- Controls 188.9 = 25.42/
Vinyl Chloride 259.8 = 42.1
(1,000 ppm)
Vinylidene Chloride 254.7 = 44.0
(35 ppm)
Lung
Controls 329.8 = 111.3
Vinyl Chloride 545.9 % 97.9
(1,000 ppm)
. Vinylidene Chloride 612.3 = 165.6

(55 ppm)

a/ Mean = S,E, of four rats,

Females

226.0 £ 72,2

213.0 = 16.6

213.0 = 16.6

363.6 = 166.2

26.5

i

364.2

425.6 = 74.0

SL 083862




TABLE 16 .

COLLAGEN CONTENT IN LIVER AND LUNG OF RATS -_
EXPOSED TO VC OR VDC FOR 9 MONTHS

Collagen Content

(ug/em)
Males FTemales

Liver

Controls 283.82145.62/ 206.2281.1

Vinyl Chloride .

(1,000 ppm) 264.0%30.2 256.7456.4

Vinylidene Chloride

(55 ppm) 330.7:87.8 349.22143.7
Lung

Controls 151.3%35.3 | 188.4231.0

Vinyl Chloride

(1,000 ppm) 225.9+26.9 178.0+£29.3

Vinylideme Chloride

(55 ppm) 298.6%47.5 273.0£107.9

a/ Mean % S.E. of four rats.

48 SL 083863




COLLAGEN CONTENT IN LIVER AND LUNG OF RATS

TABLE

17

EXPOSED TQ VC OR VDC FOR 12 MONTHS

Liver

Controls

Vinyl Chloride
(1,000 ppm)

Viaylidene Chloride

(55 ppm)

Lung

Controls

Vinyl Chleoride
(1,000 ppm)

Vinylidene Chloride

(35 ppm)

Collagen Content

(ng/gm)

Males

425.6 42,68/
135.0 « 73.427

465.6 £ 128.6

256.7 = 32.5
151.6 = 57.6%/

320.2 = 136.2

a/ Mean £ S,E. of four rats.
b/ Mean = S,E, of three rats.
&/ Mean = S,E, of two rats,

49

Females

388.4 = 106.2

293.0 = 45,48/

33l.6 =

i
v
~N
-
o

266.2 = 139.7

303.2 = 117.4/

294.4 = 55,1

g1, 083864
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Terminal
Body Weight

Brain

Kidney

Spleen

Testes

Liver

Kidney
Spleen
Testes

TABLE

ORGCAN WEICHTS OF MALE RATS AFTER EXPOSURE TO VC OR VDC FOR 1 MONTH

50 ppm

250 ppm

Absolute Weight {gm)

1,000 ppm

27
0.25
0.9
0.40
0.05
0.14

11
0.02
0.5
0.08
0.02
0.00

Relative to Brain Welght (gm/gm)

a/ Mean t S.E, of four rats.

6.6+ 1.0
2.1t 0.7
0.43 ¢ 0.08
1.77 + 0.34

363 + 3
1.87 + 0.04
11.0 £ 0.5
2.98 + 0.03
0.64 + 0.04
3.12 + 0.10

Q‘OOO
oo oW
w N
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ORGAN WEIGHTS OF FEMALE RATS AFTER EXPOSURE TO VC OR VDC

TABLE

19

FOR 1 MONTH

Control

Terminal

Body Weight 235 4+ 158/
Brain 1.91 ; 0,06
Liver 6.9 4 0.2
Kidney 1.82 + 0.09
Spleen 0.46 + 0.02
Ovaries 0.22 + 0.06
Liver 3.63 + 0.05
Kidney 0.96 ¢ 0.06
Spleen 0.24 + 0.01
Ovaries 0.12 3 0.04

a/ Mean + S,E. of four rats,

50 ppm

Absolute Weight (gm)

ve
250 ppm

235
1.95
7.3
1.92
0.51
0.13

L S

230 £ 8
1.88 « 0,04
7.5 1 0.2
1.88 + 0,02
0.48 1 0.02
0.14 = 0.01

210
1.81
7.5
1.77
0.48
0.17

BB W R R R

Relative to Brailn Weight (gm/gm}

3.72 £ 0.09
0.98 1 0.02
0.26 + 0.02
0.07 + 0.01

4.01 £ 0.15
1.00 £ 0.03
0.26 = 0.01
0.07 1 0.01

4,19
0.98 1+
0.27
0.09 ¢

0.28
0.06
0.02
0.02

vic

55 ppm
230 41 7
1.74 + 0.05

7.0 + 0.2
1.55 + 0.23
0.50 + 0.04
0.12 + 0,02
4.05 = 0,22
0.90 £ 0.14
0.29 1+ 0.03
0.07 + 0.01




TABLE 20

ORGAN WEIGHTS OF MALE RATS AFTER EXPOSURE TO VC OR_VDC FOR 2 MONTHS

49

vC vC Ve VDo
Control 50 ppm 250 ppm 1,000 ppm 55 ppm
Absolute Welght (gm)

Terminal

Body Weight 477 + 9%/ 475 £ 11 451 + 16 488 £ 15 479 £ 11
Brain 2.14 + 0.05 2.09 &t 0.04 2.19 £ 0.02 2,21+ 0.01 1.70 £ 0.28
b 12.1 1+ 0.4 12.4+ 0.7 13.0 + 0.8 4.6 0.7 12.7 + 0.6
Kidaney 3.32 ¢+ 0.17 3.25 + 0.08 3.30 + 0.08 3.65 &+ 0.13 3.13 + 0.11
Spleen 0.81 + 0.05 6.74 £ 0.05 0.76 + 0.08 0.83 + 0.08 0.79 £+ 0.05
Testes 2,83+ 0.27 3.27 + 0.16 3.53 + 0,17 3,32 + 0,10 3.08 + 0.06

Relative to Braln Weight (gm/gm)

Liver 5.7 + 0.3 6.0 0.4 6.0+ 0.4 6.6 £ 0.3 8.4+ 1.9
Kidney 1.55 £+ 0.09 1.55 £+ 0.03 1.5t + 0.03 1.65 + 0.06 2,07 + 0.46
Spleen 0.38 + 0.02 .35+ 0.03 0.35 + 0.03 0.38 + 0.01 0.51 £ 0.09
Testes 1.3+ 0.1 1.6 + 0.1 1.6 + 0.1 1.5 ¢ 0.1 2.0 + 0.5

a/ Mean t S.E. of four rats.
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TABLE 21

ORGAN WEIGHTS OF FEMALE RATS AFTER EXPOSURE TO VC OR VDhC FOR 2 MONTHS
Ve vC vC vbC
Contraol 50 ppm 250 ppm 1,000 ppm 55 ppm

Absolute Welght (gm)

Terminal

Body Weight 271 + 88/ 274 + 9 273 = 12 265 + 3 270 1 11
Brain 2.08 + 0.04 2,16 + 0.09 2.03 + 0.03 1.98 = 0.05 1.84 + 0.032/
Liver 7.4 £ 0.3 8.0 £ 0.8 8.1 4 0.2 7.9 £ 0.1 6.9+ 0.3
Kidney 1.97 + 0.06 2.13 1+ 0.07 2.02 + 0.03 1.95 = 0.05 1.59 + 0.18
Spleen 0.59 + 0.05 0.54 + 0.05 0.58 £ 0.04 0.50 = 0.02 0.48 = 0.01
Ovaries 0.14 » 0.02 0.18 1+ 0.02 0.15 + 0.00 0.13 > 0.01 0,11 * 0,00

Relative to Brain Welght (gm/ gm)

Liver 3.57 + 0,16 3.66 £ 0.20 4.02 £ 0.09 3.98 L+ 0.06 3.75 £ 0.20
Kidney 0.95 ; 0.01 0.99 £ 0.03 1.00 =+ 0.02 0.99 £ 0.04 0.86 £ 0.11
Spleen 0.28 i 0.03 0.25 + 0.0} 0.29 = 0,02 0.25 = 0.01 0.26 + 0,01
Ovarles 0.07 1 0.01 0.08 & 0,01 0.07 2 0.00 0,06 + 0.00 0.06 £ 0.00

a/ Mean £ S E. of four rats,

b/ Significantly different from control, p . 0.05, Dunnett's Multiple Comparison procedure.
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Terminal
Body Weight

Brain
Liver
Kidney
Spleen
Testes

Liver

Kidney
Spleen
Testes

a/ Mean t S.E. of four rats except as noted in parentheses,

ORGAN WEICHTS OF MALE RATS AFTER EXPOSURE TO VC OR VDC FOR 3 MONTHS

(= L
NN

2
en

50 ppm

Absolut

e Weight (gm)

519 + 35
2.18 + 0.05
13.8 £ 0.5
3.28 £ 0.18
0.80 + 0.12

3.5+ 0.1

Relative to Brain Welght (gm/gm)

0.10(3) 3.30 t
0.07¢(3) 0.83 x

6.3 0.1
1.50 £ 0.06
0.36 £ 0,05
1.61 £ 0.04

5.6 + 0.6 (3)
1.49 + 0.03(3) 1.48
0.34 + 0.03(3) 0.38 %
1.54 + 0.06

1,000 ppm

0.3

0.10
0.03
0.21

55 ppm

17
0.22
0.3
0.33
0.07
0.2

0.4

0.24
0.02
0.17




ORGAN WEIGHTS OF FEMALE RATS AFTER EXPOSURE TO VC OR YDC FOR 3 MONTIS

TABLE

Control

Ve
50 ppm

Absolute Weight {(gm)

Ve
250 ppm

0L8€80 IS

a/ Mean 4 S.E. of four rats.

vC
1,000 ppm

Terminal
Body Welght 322 + 108/ 309 + 6 284 + 2b/ 305 + 10 278  ob/
Brain 2.06 + 0.08 2.13 & 0.03 2.05 £ 0.01 2.02 1+ 0,02 I.91 & 0.03
Liver 8.6 + 0.4 8.4 4 0,2 8.4 1+ 0.3 8.7 + 0.5 7.1 1+ 0.3
o Kidney 2.08 + 0.06 2.26 + 0.05 2.22 3 0.07 2.13 + 0.08 1.98 + 0.04
L Spleen 0.55 £ 0.04 0.63 £ 0.06 0.58 + 0.03 0.57 + 0,02 0.48 + 0.02
Ovaries 0.14 + 0,01 0.17 = 0,02 0.16 + 0.01 0.15 + 0.01 0.17 + 0.02
Relative to Brain Weight (gm/gm)
Liver 4.16 + 0.16 3.97 4 0.09 4.08 3 0.16 4,29 1 0,27 3.74 + 0.18
Kidney 1.01 £ 0.03 1.06 = 0.01 1.09 + 0.04 1.06 + 0.04 1.04 + 0.02
Spleen 0.27 & 0,02 0.29 4+ 0.03 0.29 + 0.02 0.28 + 0,01 0,25 1 0.02
Ovarles 0.07 + 0.00 0.08 £ 0.01 0.08 i+ 0.01 0.08 i 0.01 0.09 4 0.01

b/ Significantly different from control, p . 0.05, Dunnett's Multiple Comparison procedure.




TABLE 24

ORGAN WEIGHTS OF MALE RATS EXPOSED TO VC OR VDC FOR 6 MONTHS

Absolute Welight (gm)

9¢

Group Control 50 ppm VC 250 ppm VC 1,000 ppm VC 55 ppm VDC
Terminal

body weight 632 + 3087 660 + 12 686 + 20 607 + 0.32 623 + 15
Brain 2,82 + 0,18 2.41 + 0.11 2,17 + 0,13 2.11 + 0.08 2,17 + 0.06
Liver 16.6 + 1.9 16.4 + 0.7 17.4 + 0.6 16.4 + 1.4 16.0 + 1.0
Kidney 4,13 + 0.33 4,09 + 0.20 4.01 + 0.19 3.74 + 0.24 3.87 + 0.20
Spleen 1.17 + 0.05 1.10 + 0.06 0.95 + 0.11 0.86 + 0.032/  0.85 + 0.03b/
Testes 3.29 + 0.32  3.40 + 0.14 3.59 + 0.07 3.46 + 0.20 3.49 + 0.24

Relative to Brain Welght (gm/gm)

Liver 7.6 + 1.6 6.8 + 0.1 8.1+ 0.8 7.4 + 0.6 7.4 + 0.4
Kidney 1.88 + 0.30 1.70 + 0.06 1.87 + 0.15 1.69 + 0.09 1.78 + 0.10
Spleen 0.53 + 0.06 0.46 + 0.04 0.45 + 0.07 0.39 + 0.02 0.39 + 0.01
Testes 1.50 + 0.25 1.42 + 0.10 1.67 + 0.09 1.57 + 0.12 1.61 + 0.10

a/ Mean + S.E. of four rats,

b/ Significantly different from Control group (Dunnett‘s multiple comparison procedure).




ORGAN WEIGHTS OF FEMALE RATS EXPOSED TO VC OR VDC FOR 6 MONTHS

25

Absolute Welght {(gm)

zL8€80 15

af/ Mean + S.E. of four rats.
b/ Significantly different from Control group (Dunnett's multiple comparison procedure).

Group Control VC 250 ppm VC 1,000 ppm VC 55 ppm VDC
Terminal /
body weight 360 + 292 + 34 + 12 + +
Brain 2.16 + 0.03 + 0,08 + 0,06 + +
Liver 8.7 + 0.7 + 0.3 + 0.3 + +
Kidney 2.16 + 0.11 + 0.17 + 0.15 + +
Spleen 0.61 + 0.04 + 0.06 + 0.08 + +
Ovaries 0.30 + 0.13 + 0.03 + 0,02 + +
Relative to Brain Weight
w Liver 4.05 + 0.35 + 0,02 + 0.14 + 4.48 +
~ Kidney 1.00 + 0.06 + 0.08 + 0.07 + 1.14 +
Spleen 0.28 + 0.02 + 0.02 + 0.03 + 0.28 +
Ovariles 0.14 + 0,06 + 0.01 + 0.01 + 0.08 +




TABLE 26 '

ORGAN WEIGHTS OF MALE RATS EXPOSED TO VC QR _VDC FOR 9 MONTHS

Control 50 PPM VC 250 PPM VC 1,000 PPM VC 55 PPM VDC

Absolute Weight

Terminal

Body Weight 682 + 602/ 669 + 18 724 + 22 658 + 15 688 + 27
Brain 2.37 + 0.06 2.27 £ 0.11 2,38 + 0,03 2,47 £ 0.08 2.13 £ 0.07
Liver 18.0 £ 0.9 16.7 £0.9 187 +0.5 17.9 £ 0.9  14.9 # 0.9
Kidney 4,10 + 0.12 4.11 £ 0.25 4,27 £ 0.11  3.90 + 0,15  4.07 + 0.19
Spleen 0.98 + 0.03 0.93 + 0.06 1.07 + 0,05 0.92 + 0.11 0.88 + 0.06
Testes 4.43 ¢ 0.79 3.63 £ 0.14 3.82 £ 0.13 3,58 £ 0.29 3.37 % 0.12

Relative to Brain Weight (gm/gm)

Liver 7.6+ 0.4 T.4+04  7.9+£03  7.2+04  7.0£0.4
Ridney 1.73+ 0.05 1.81 £ 0,12 1.80 ¥ 0.05 1.58  0.08 , 1.91 % 0.08
Spleen 0.41 # 0.01 0.41 £ 0,04 0.45 = 0.02 0.37 +0.05 0.41 _ 0.03
Testes 1.86 + 0.30 1.61 £ 0.12 1.6l + 0.06 1.46 + 0.14 1.59 £ 0.10

a/ Mean + S.E. of four rats.

58 SL 083873




ORGAN WEIGHTS OF FEMALE

Terminal
Body Weight
Brain
Liver
Kidney
Spleen
QOvaries

Liver
RKidney
Spleen
Qvaries

TABLE

27

Contral
383 + 378/
2.17 + 0,06
12.0 + 2.0
2.36 + 0.09
0.59 + 0.04
0.10 + 0.03
5.6 + 1.0
1.09 + 0.05
0.27 + 0.01
0.05 + 0.02

a/ Mean + S.E. of four rats excep

RATS EXPOSED TO VC OR VDC FOR 3 MONTHS

S0 _PPM VC 230 PPM VC 1,000 PPM VC 55 PPM VC
Absoluyte Weight (gm)

307 + 36(3) 7 + 25 %1 + 15 404 + 24
2.14 + 0,10(3) 2.21 + 0,10 2,12 + 0.08 1,97 # 0.0

7.9+ 1.2(3) 10,9 £ 0.9  10.5 % 0.3 10.2 % 0.9
2.18 +0.31(3) 2.51 +#0.16 2,46 + 0.06 2.63 + 0.1
0.55 +#0.05(3) 0.61+ 0,10 0,55 + 0.09 0.51 + 0.0
0.14 + 0.03(3) 0.1 £ 0.0L 0.1l % 0.03  0.15 £ 0.0

Relative to Brain Weight (gm/gm)

3.7 £0.6(3) 5.0+ 0.5 5.0+ 0.2 5.2 + 0.5
1.02 + 0.16(3) 1.14 + 0.07 1.16 + 0.03 1.34 + 0.0
0.26 + 0.03(3) 0.28 + 0.05 0.25 + 0,04  0.26 + 0.0
0.07 + 0.01(3) 0.06 +0.01 0.05 + 0.01 0.08 + 0.0

t as noted in parentheses.

g1, 083874
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3

28

ORGAN WEIGHTS OF MALE RATS FXPOSED TO VC OR VDC FOR 12 MONTHS

Terminal Body
Weight

Brain

Liver

Kidnoey

Spleen

Testes

Liver

Kidney
Spleen
Testes

a/ Mean * S,E. of eight rats.

Coutrol
815 + 162/
2.31 £ 0.04
18.9 £ 0.3
4,43 £ 0.13
0.9 £ 0.1
3.67 £ 0.186
8.2 £ 0.2
1.92 £ 0.07
0.4 £ 0.0
1.60 = 0.08

Absolute Weight (gm)

50 ppm VC 250 ppm VC 1,000 ppm VC 55 ppm VDC
824 £ 24 792 & 16 722 £ 40 769 + 30
2.33 £ 0.04 2.40 2 0,04 2.33 £ 0.05 2.21 £ 0.05
22,3+ 1.6 19.6 £ 1.0 20.5+ 1.5 17.3 £ 0.8
5.07 = 0.29 4.48 £ 0.27 4.33 £ 0.19 4,40 £ 0,09
1.1 £ 0.0 1.0+« 0.1 2.3 +#1.3 1.0 £ 0.1
3.57 = 0.06 3.40 £ 0,13 3.52 # 0.19 3.61 £ 0.09

9.6
2.18 0.12
0.5 £ 0.0

1.54 £ 0.05

H H+ i

8.2 + 0.4
1.87 & 0.11
0.4 £ 0.0
1.42 £ 0.05

8.8 £ 0.7
1.86 £ 0.09
1.0 £ 0.6
1.52 £ 0.09




TABLE 29

ORGAN WEIGHTS OF FEMALE RATS EXPOSED TO VE OR VDC FOR 12 MONTIS

Absolute Welght (gm)

Control 50 ppm VC 250 ppm VC 1,000 ppm VC 55 ppm VBC
Terminal Body
Weight 473 + 158/ 416 & 15 391 3 242/ 412 £ 62 (2) 428 + 22
Brain 2.18 + 0.04 2.14 ¢ 0.02 2.13 + 0.02 2.15 o.og, (2) 2.08 £ 0.05
Liver 11.2 + 0.6 10.4 + 0.4 14.2 £ 2.4 19.9 + 7.6~ (2) 10.6 + 0.4
Kidney 2.85 + 0.19 2.50 + 0.10 2.51 £ 0.09 3.11 £ 0.00 (2) 2.70 t 0.07
Spleen 0.7 £ 0.1 0.7 + 0.0 1.2 + 0.5 2.1 +1.1 (2) 0.6 + 0.0
Qvary 0.12 + 0.01 0.17 4+ 0.02 8:17 + 0.03—0.12 +06.03 (2)—0.17 + 0,01
Relative to Brain Weight (gm/gm)

()]

. Liver 5.1 % 0.3 4.9 & 0.2 6.7 £ 1.1 9.2 £ 3.2/ (2  s5.11o0.2
Kidney 1.31 & 0.09 1.17 £ 0.04 1.18 + 0.05 1.45 + 0,05 (2) 1.30 £ 0.02
Spleen 0.33 £ 0.03 0.33 + 0.02 0.57 £ 0.21 0.94 + 0.50 (2) 0.29 1+ 0,02
Ovary 0.06 + 0.01  0.08 + 0.01 0.08 + 0.01 0.06 + 6.12 (2) 0.08 + 0.01

9.8€80 1S

gf Mean + S.E, of eight rats unless otherwlse indicated In parentheses
b/ Significantly different from control group, p £ 0.05; Dunnett's multiple
comparison procedure,




TABLE 30

SUMMARY OF TUMORS THAT OCCURRED IN RATS DURING 7_TO 9
MONTHS EXPOSURE TO VC OR vDC2/

250 PPM _VC| 1,000 PPM VC 55 PPM VDC
Sex Female [Male Female Male Female
Rat No. 197 200 | 2528/ 269 270 271 2888/ 2878/ 286%/| 305 3605
Tumor2’ Week Terminated 39 39 | 39 39 39 39 33 35 38 39 39
Liver
- Hemanglosareoma _ _ _ _ 3__3 | .. SR VR < T B
Lung
- Hemangiosarcoma _ _ _ _ _ S | S (S
Mammary Gland
~ Duct_ademogarcinoma _ _ _ _ _2Z | _ L o o e o e e e e m - - - e 2
Skin (subcutaneous)
Hemangilosarcoma 1
— Squamous_cell carcimoma _ _ _ _ _|_ Y e e e e e = — - Ao -
Adrenal Gland
- Bemanogioma _ _ _ . _ _ . . _ U B 3 e - S
Sebaceous gland
Adenccarcinoma 3

- N i e NS w SES wel s Sk SER R WD Ty R YN MER Wy WD Gy W EER e SED e R e I AR Sy WA W VR S R Em e e

2/ Includes only rats which were found to have tumors during 7 to 9 months expr.e
to VC or VDC,

b/ Severity of lesiou: 1 - mild; 2 - moderate; 3 - marked: & - severe,

¢/ Died or umscheduled termination. No tumors were found in control rats during
this period.

62

SL 083875
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TABLE

al

SUMHARY OF TUMORS THAT OCCURRED 1H CQUNTROL RATS AND RATS EXPASED 10 10 12 MONTIS 10 50 OR 250 PPM VO™

Sex
Rat Ho,
Tumory Heck Terminated

Lung
Hemang 1osarcoma

Hanwary gland
Adenocarcinoms
Fibroadenom

—— e e s B e wm me me w—— —

Heaentery
_ Hewanglogarcoms
Skin

Plrultary
_ Chromophobe cell adenowms

IControl

50 ppm VC

250 _ppwm VG

Female
&3

52

[Mal

e

Fuenale

Hale

Female

9%
52

weat?  143c]
40 50

179s/
50

167
32

L65
52

166
52

202
52

)
32

205
52

0]
52

207
52

208

52 48 49

49 b1

sl 2267V anel 21067 2008

31

[ 1%

|-

]

a/ Includes only rats that were found Lo have tuwmors during 1O to L2 sonths exposurs to VO.

bf Severlty of leaions;

el Death or unscheduled terminatlon,

L - mlld; 2 - moderate; 3 - wurked; 4 - severe,




79

Sex
b/ ot Ho,
Yumos™
Lung
Hemang losarcoma

iicmang losarcomne
Het bculbaendothetial
cell carcinoma

;k-i.n —————————
Kevatoscanthowms
Fibhroma

TABLE 2

SUMMARY GF TUHOHS THAT OCCINRED JTH BATS BURING U T0 12 MG EXPOSURE To ) GO0 FiM VC UK 55 PiM \H.l(ﬂIlil

A ppa VG

55 ppm VI |

237 138 0 A1 W2

Weck Termingred] 52 52 52 32 52

Hale g
SIET 1o 2t

4% L1 3]

VLU L
49 50

e 115 s maeEt
52 524U &)

Female

Hale

w3 T s st
46 46 46 Y

2987 s s et 1
48 49 50 51 5

al Includes only rats that wers found Lo have tumars durlng 10 Lo 12 meailis caposure to VC or VOL,

b} Severity of lesions;
e/ Death or unsdheduled termination,

L - mild; 2 - moderace; 3 - marked; & - wevere; 1 - questiouable,

_____________ 1---

________ R R




TABLE i3

CUMULATIVE TUMOR INCIDENGE IN RATS DURING 12 MONTUS EXPOSURE TO VYC OR VDC

Control
d 2
Tumor
Lung
Hemanglosarcoma 0/35 0/35
Bronchiolar adenoma 0/35 0/35
Squamous cell carcinoma 0/35 0/ 35
Liver
Hemangiosarcoma 0/35 0/35
Reticuloendothelial cell
carcinoma 0/35 0/35
Hepatoma 0/35 0/35
o Mammary gland
Duct adenocarcinoma 0/35 1/35
Fibroadenoma 0/35 0/ 135
Malignant lymphoma 0/35 0/35
Kidney
Adenoma 0/35 0/35
Hemangiosarcoma
0 Omentum 0/35 0/35
= Mesentery 0/35 0/35
b Mesenteric lymph nodes 0/35 0/35
‘6; Skin 0/35 0/35
o
o
Adrenal
Hlemangi oma 0/35 0/35

50 ppm VC 250 ppm VC
d 3 d ¥
0/36 0/36 0/36 3/34
0/36 0/36 0/36 0/34
0/36 0/36 1736 0/ 34
0/36 0736 2/36 10/34
0/36 0/36 0/36 0/34
/36 036 1736 0/ 34
0/36 0/36 0/36 5/34
0/36 0/36 0/36 1/34
0/36 0/36 0/36 1/34
0/36 0/36 0/36 0/34
0/36 0/36 1736 0/34
0/36 0/36 1/36 0/34
0/36 0/36 0/36 0/34
0/36 1/36 0/36 0/34
0/36 0/36 0/36 0/34

(continued to next page)

1,000 ppm VC 55 ppm VDC

g g 4 2

4734 9736 0/36 0/35
1/34 0/36 0/36 0/35
0/ 34 0/36 0/36 0/35
6/34 15/36 0/36 0/35
0/ 34 1/36 0/36 0/35
0/3 0/36 0/36 0/35
0/34 0/36 0/36 1/35
0/34 1/36 0/36 0/135
1/34 2/36 0/36 0/35
1/34 1/36 0/36 0/35
1/34 1/36 0/36 0/35
0/34 3/36 0/36 0/ 35
0/34 0/36 1/36 0/35
0/34 0/36 L/36 0/35
0/34 2/36 0/36 0/35
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TABLYE

33 (Concluded)

CUMULATIVE TUMOR INCIDENCE IN RATS DURING 12 MONTHS EXPOSURE TO VG OR VDC

Skin
Squamous cell carcinoma

Keratoacanthoma
Fibroma

Sebaceous gland
Adenocarcinoma

Pltuitary

Control
g 2
0/35 0/35
0/35 0/35
0/35 0/35
0/35 0/35

Chromophobe cell adenowa 0/35

0/ 35

50 ppm VC 250 ppm VC 1,000 ppm VC

d 2 d 'S d 2

0/36 0736 0/ 36 0/ 34 1734 0/36
0/36 0/36 0/36 0/34 1/34 1/36
0/36 0/36 0/36 0/ 34 1/34 0/ 36
0/ 36 0/36 0/36 0/34 0/34 1/36
0/36 0f36 0/36 1/34 0/34 0/36

55 ppm VDC

g g
0/36 0/35
0/36 0/35
0/36 0/35
0/36 0/35
0/35

0/36

a/ Number of rats with tumor/total number of rats that died or were terminated during 12 months ex-

posure to VC or VDC.




TABLE 34
SUMMARY OF TISSUE LESIONS AND M/E RATIOS IN RATS AFTER EXPOSURE
TO VC OR VYDC FOR 1 MONTII
Conirols ve (1,000 ppuy VG {33 vpw)
Sex; Hales Femalea Hales Femalen Males Females
Lesions latllo:r!__l__l__f',-!ll‘iliﬁﬂ_!l?_ﬂ}l._é.lilé&ﬁi!&é&i.@lﬂfﬂlﬁéﬁ!ﬂllﬁ
Trachea
_ Chconie trachelvds _ _ _ _ _ _ _ _ _ | N D SN B L U U )
Lung '
Perivasculltis ] 1 1 1 1 [} 1 2 1 3 2 L 1 1 [} 1 ] ] 1 2 & 2 L
Pexlbronchilolltis 1 1 1 1 1 i 1 ] i L 1 1 1 1 1 1 1 i ] 1 1 1 1 l
tuenwonls . __ ¥ v _ 4 v vy o2 SR B S B DU SR S b L
] 1 1 i
Liver
Microfocl of mononuclear cells 1 1 1 |1 1 1 ] 1 1 i i 1 1 1 1 1 1 i i 1
_ Vacuolization of hepatocytes | __ _ SN S IR SR i DU U S B S SN S S B L
Kldney
Chronlc interstitlal nephricie [ [ § ] 1 1 1 ] 1 ]
S _Mewwemrewlt __ __ ___ _____Jy_ ______ R S S SRR SN S
leare
_ Mygeasdieta _ _ . _ . L e e e et e e e b e e e e e e
Bona Harrow y
M/E racle b.d 1.3 E.S 0.5 LA K6 1.6 1.5[0.3 1.4 .4 N 1.3 15 1.3 L4 4 0.3 1,2 1.2 1.2 b4 1LY L)
al Soverliy of leslon: 1 - mild, 1 - modersis, } - morked, & - severs, 4 ~ questlonable, B/A - not availabla.

w
ot
o
o«
w
)
o
[
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o, Sex:

TABLE

35

SUMMARY OF TISSUES LESIONS AND M/E RATIOS IN RATS

AFTER EXPOSURE TO VC OR VDC FOR 2 MONTHS

Controla

< NG {1,000 pom}

VG (53 ppm)

Femalen

Males Fumalea

Mailea Females

Lealons Rat No:

Lung
Perlvasculicls
Peribronchenlitis

—— ——— ——— i A

42 43 44

_Mngugonls _ L -

Trachea {

Tr!cheitln ______
Liver

Hicrofoci of mononuclear cells

Vacuolization “t_PEP!FEF!FE' _____
Kidaey

Clironic interstitial nephritis

Skeletal Muscle
Hyoaitis

Cecum
Pinuworws

S 13 1.3 LS 14 1.0 1.4 1.3

Bone HMarcow
M/E vatlo j

af Severity of lesion:

£88€80 1S

21 222 223 226 251 258 259

260

I - mild, 2 - moderate, 3 - warked, 4 - scvere, 4 - questlonable.

293 294 295 296 329 330 331

R

1.3 L4 1.2 1.4 1.3




pgge80 15

L.alou!!’

Eye

Relinal rosettes

Focal, chronlc ocarditia

Hicrofocl of moaonuclear cells
Focal vncrollzntlon
Focal necrosls

Pinwormes o lumeu

Fancreas
Focal, chronic pancreaticis
Kidoey
Focal, chronlc iuvtersticial nephritisn

Difetion of the pelvis
Hicrocalcull

Teuklas

Tubular degeseration

Prosiate

Focal, chronlc prostatitls

Bona Harrow
H/E ratle

TABLE 36

SUMMARY OF TISSUE LESIONS AND M/E RATIOS TN RATS

AFTER EXPOSURE TO VC OR VDC FOR 3 MONTHS

Control
_Hale Feoule

VC (1,000 ppwm)
Mala

Female

vDe (55 ppm)

M il 12 43 46 &2 A

Hale ]

a/ Severlty of leslions:

1 - mild, 2 - moderate, 3 - warhed, 4 - severe, t ~ quastionable,

23% 216 221 2368 261 2062 6] 204

1.6 1.5 1.6

Female
201 94 292 300 333 1 )i 14




TABLE

37

SUMMARY OF TISSUE LESIONS AND M/E RATIOS IN RATS EXPOSED TO VC OR VDC FOR 6 MONTHS

Coniyols

ve {1,000 ppm)

Ve {55 ppw}

Sex:

Malea

Femnlen

Hales

Femafles

Males

Females

lﬁllunu‘.‘!

Rar Mo.:
Eye
_ Retlpal folde and posettgs_ _ _|
fieart
Myocarditis
— Hemorrhage
Lung
Chronlc wurine pnemmonla
Baphysesa
¥oam cell inflltration
A focus of papllilary prolifera-

— o =

Microfocl of mononuclear cells
Portal inflasmation
_ Farey chasge  _ _ _ _ _ _ _ _
Pancreas
Chronic interetitlal psn-
creatigia

—_—-— 2 ETR R e - . . - -

oL

Kiduey
Chronlc Interstitial
nephricia
Microcalcull
_ Byelicls
Testls
Tubular degensration &

necrosils with mineraliza-

llemorrhage
Glionis

16

Tlesses not llsted were normal,
af Severity of leslons:

588880 18

4 50 51

fF — — — - - - - — —

LY 1.4 1 1.4

LS. L4 1.5 L&

1 - mild, 2 - modarate, 3 - marked, & - severe

229 200 1 212

— e - - — —

1 VE T W Y T

+ = questionabie

2|

265 266

01 302 303 304

337

18 339 340

A4 1.3 1.4 1.4

Ll-l_ 1.2 L 12
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SUMMAKY OF TISSUE LESIONS

(OTHER THAN TUMORS) AND M/E RATIOS IN RATS EXPOSED TO VC OR VDC FOR 9 H{)NTIISEI

TABLE

38

Les log-b'

Eye (vetina andfor lens)
pegeneration sndfor strophy

— Inflawmegion . _ __

Ueart

_ Focal wyocardirly _ _ _ _ _ _ __

Lung
Chironic surine pasumonis
Papillary proliferstion of

Portal inflammation
Microfocl of mononuclear cells

_ ¥agey change . _ __ _

Pancreas

_ fubagute ipflameation _ _ _ _ .

Cacus

Hicrocaleult

Chronlc intevsticial aephritis
Eolaldymie

vacuolisation of tubular

t-L g

-_— e e v o — -

Pitultary
_ foga] hiemoxrhage
Adreonsl

Thyrald

_ Lhroglg Inflammsttion  _ _ _ _ _ _

Mesenteric Lymph Node

— -

L -

— = v e e - a

—— - —— -

Cont

Hales

u o 1

2

__________ 1.

|

Le 0.9 L3 14

e e - - - —

[ SR e

T T
—_—— e = -~ — o~

L3 06 3.2 LA

8/ Doss uot include desaths snd usachedulad terminations thai occurred durlug 7 o 9 enuths.
&/ Beverity of lesions:

1 - mbld; 2 - modarate; 3 - marked; & -~ savars; t - queatioushls.
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TABLE

EL

SUHHARY OF FIS5UE LESUTUMS (UTHER THAN TUHORS) AND HJE RATLOS IH RATS EXPOGED To WG O YOG FOR 32 nownse !

Lenl nnl-.!"

Eye

Neflaal degeusratlon
_ Urgisla
Weark
- Hypcavdigis
Lung

. thronic mgipe ppepmonis b _

Liver

pietended sinusoide

flbrosia

Hicxrofock of mononuclear cella

vacuollzstlon {(nodulac or
dlaseminated}

l_!elen__-slilgn’_ap‘d_l_oz necrosis

Congrols

1,000 ppm (VL)

Yemales

Fewalen

Gocuss

_ Rlavarms_in lumey

£ ldney
Hicrocalcull
Chronic Intersticlal nephirliie
Tubular dibailon and casts
Pigment Lo tubunlea

_ Byshaegplirhtde _ L o e e e e e = — = -

Ucinary Bladdar
. Inflamess lan
Tustls
_ Tyhulsr dexcperagipn_apd ngcyoals .
Adgenal

Nemorrhays

platended slouaolds

- e wm i e e

_HemoslderoslB _ L o o o e o e e e e e = —

Pancrens

_ Cheonle pencxeatdthe _ _ _ _ L L L L L o e e -

Spleen
Extramedul lacy hematopoleals

_ pynchold bhypgeplasda  _ _ L e ——— =

Sune Harrow Smear

~ H/E Boste

51 38 39 68 8l

8,5 1.2 7o L7 ke L7

Malea 41
240 241 262 241 244

6,6 3.7 2.0 1.1 W7 2.2 18 ).3]

i s 2
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TABLE 3% {Conc luded )

55 ppm (VIC)

Fewmstes

testone®’ e T

Heart
_Myocardiply _ _ _ ___ _ ______0V____Y_ ________ |
Lung
_ Chroglc puclae ppewmonis  _ _ _ _ . ___b_ Vv _____
Liver
Hicrofocl of mononuclear calls ] ] i 1 1
Vacusllizatloa ( wmodulas or ) 3 2 ] 1 2 ] 2
disseninsted)
Depeusrst ion snd/or nscrosls 1
_ Payspiglg infectiom {cgccidlasie) _ _ _ _ _ _ _ _ _ _ _ _ __ _ ___.___
Cecum

Chironic Latersticial maphritls 1 1 3 2 ] 2 1 2
_ Tubulay dilation and caegs _ _ _ _ _ _ _ _ 1 _ _ 2_ F
Pitulsary
_Cyst L e e |
Adrenal
- Dlstgnded slpusolds _ _ .. _
Pancrass

Buas MHarrow Smear

143 e MI WE 249 230 150 352

_ W/E pstio 1.6 t.6_1.8 .8 _--).6 1,7 1.8

1,9 8.8 1.8_ 1.8 1,7 1.8 1,8 1.

o/ Does not include uascheduled tsrminatlons that occurred duriug 10 to [2 moniba.
b/ Severity of lesioas: 1 - minimail; 2 - moderals; ) - severe; & - very savere; and & - questionable.




NUMBER OF DFATHS AND UNSCHEDULED TEDMINATIONS OF MICE

[T =3 tment

Control

VC-50 ppm

vC-25Q0 ppa

vC-1,000 ppm

VC~55 ppm

TQ YC COR VBC

~2UTLRR X

During Exposure Month
[} 7
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L]

EHYTHROCYTES (X100 /MM )

RETICULOCYIESs %
HEMATOCRIT, VOL. %
HEMGGL Ol EN. GH. %
HCY,y CUBEC HICHUNS
HCIY e MICHU HICHOGHS.
HCHBC+ GH %
S 3
PLATELETS (K10 /MM !
LEUKOUCYTES lllﬂafﬂﬂji
HEUTROPHILS, %
LYHPHOCYTES, %
HANDS: %
FUSINUPHILS, %
BASOPHILS, %
HONUCYTES, 4
ATYPICAL, %
NUCLEATED HHC, %
SGPT. 1UusL
RUNs HG %

3
HACHOPHAGES (NOL/7HH )

TABLE

41

LABORATORY DATA OF MALE MICE AFTER EXPOSURE TO VC OR VDC FOR 1 MONTR

Cuntrol
.37 2 bb
.08 & «09
45,5 ¢ "
13.4 ¢ o
Sh.8 & 4.%
.7 & 1.2
29.4 & «5
J.6 ¢ 1.0
§.2 «5
18,0 & 4,.)
80,0 ¢+ 5,1
0.0 &+ 0.0
.0 o b
0.0 2+ 0.0
1.0 & b
0.0 ¢+ 0.0
0.0 ¢ 0.0
IO 3§ {2)
21.5% 2 2 t1)
20 35 (2)

y.uB
44,3
13.0
Thed
20.7
2942

bl

2tel

‘:'
LI

2H.5

vC

50 ppm

i+

i

(L]

(L

(L.

(R4

t*

[ L

te

(L4

80

«2h

Entrles are mean * 5. K. of 4 mice except as noted in parcutheses,
s/ Significantly different fruom the Control group, p < 0.05, Duanutt’s sultiple comparison

3
5
5
M
o
m
(3
(3

&)

(2}
(1)

250 ppiu
699 o Y
Vebd 3 2B
45.8 ¢« 2.8
19.] ¢ ok
65.5 & .¢
21.8 + 58/
33.4 &+ 2.6
4.7 & L.l
6.3 ¢ o H
I9.8 ¢« 2.3
Hi., 3 ¢« 2.0
0.0 ¢+ 0.0
«3 & P |
0.0 & O.8
H 2 5
0.0 + 0.0
0.0 &+ 0.0
H9 £ 5 (2)
procedure,

ve
1,000 ppm
127 » <43
oTu 2 «23
47.3 ¢+ 2.1
14.0 » oh
65.2 &+ .7
19.3 & 5
29.6 «2
4eb & oY
b.éd 3 la2
M. ¢ 4.b
T9.3 ¢ 3.8
0,0 «+ .0
o 2 o
0,0 ¢+ 0.0
l.0 &2 1.0
0.0 ¢+ 0.0
0.0 + 0.0
4y v 2 )
17.» 2 | 2)
e B

Vi

5% pps

b.H3
V.21
46.5
4.0
bh.b
L0}

Ji.

eng
9.0

[ ¥s

I

I

I

|=

t

i

I+

(R

i

b

L4

|+

13

[

te
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6

EHYTHHOCYIES (X100 /MM )

RETICULOCYTES, %
HEMATOCRIT: VOL. %
HEMUGLOBINe GM. %
MCVs CURIC MICRONS
MCHit, MECRO MICROGHS .
HCIUCs GH %
5 4
PLAFELETS (X118 /MM )
I3
LEUKOCYTES {X10 /MM )
NEUTROPHILS. %
LYMPHOCYTES: %
BANDS: %
FOSINOPHILS, %
HASOPHILS. %
MORBCYTES, %
ATYPICALs %
NUCLEATED HACs %
SGPT, 1U/L
HUM, HG %

3
HACHUPHAGES IND./MH

3

TABLE

42

TABORATORY DATA OF FEMALE MICE AFTER EXPOSURE TO VC OR VDC FOR 1 MONTH

Tat?
«96
49,0
14,5
65.6
19.5
29.6
5.5
9.0
12.4
H4 .4

Conirol

(L LI L L A L (R

I+

(L4

I»

tv i Qe

(L4

ie

b4
«10
9
%
b.0
5
oh

27

1ok
4il.5
4.6
6.9
2).2

Ju.A

{2) 197

(2) 21.%

(3

Ve

30 ppm

i

i

| &d

(34

1L

(13

1A

(14

'.

t*

te

te

Y13

Entcles ace moan 1 5 E. of 4 mlce except as noted la parenthesea.

(2)
(2)

[
48.3
14.5
Hb.Y
2n.2

bl

1+ - i* | ol * te 14 12 | A | L 1A te i 1+

[L

(3

i)

ve
1,000 ppm

Tobts & 433 (3)
1.06 RN}
ad,7 + 2.2 (D)
2.9 & o (3
62.4 ¢+ 2.0 (D)
1T.9 ¢ «2 (M)
2.8 % «9 {3)
4.1 & «9 (M)
362 I (D)
28.7 ¢ 5.8 (1)
Ti.00 2 5.0 ()
0.0 ¢+ 0.0 (1)
1.3 2 W ()
0.0 + 0.0 (3

«5 9 ()
D.0 2 0.0 (W
0.0 ¢ 0.0 ()
20 1)
19,0 (1)

20 1 5§ {2)

vine
53 ppm

1L

[ A4

1*

1+

(L]

i*

-

i

1L

t*

Y-

Iz

1L

153

6 (1)

Mt}

N (3)
2.3 ()
«H (D)
NS}
A (D)
Led ()

1.1 (2)

0.0 (2)
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H

ERYTHROCYTES (X100 /MM )

RETICULOCYTE S, %
HEMATOCRIT. v0OI . %
HEMOGE EHVEN. GH. %
HCVe CUAIC MICRONS
HCHIL. HICIRO MICROGHMS.

HCIICs GH %

5 A
PLAIILETS (X1h /MM )
3 3
LEUKDCYICS (X100 /MM )
NEUTROPHILS. %
LYMPHOCYTF S, %
HANDS. %
FOSTNOPH]LS. %
RASOPHILS. %
HONOGCYTFS. %
ATYRICAL. %
NUCLEATFD RHC. %
SGPT. Tu/L
HUNs MG %

a
HACHOPHAGES (INO. /MM )

Eatrlea are mesn x 5. E. of § mice except as noted {u parentheses,

LABORATORY DATA OF MALE MICE

43

TABLE

AFTER EXPOSURE TO VC OR VDC FOR 2 MONTHS

Control
3

bodl o «17
1.18 & .14
40.0 2 1.3
14.2 ¢ 5
T5.0 & 1.2
22.1 » b
29,5 ?
5.8 & oh
5.9 & M)
40,8 2 1.8
S57.5 2 1)1.9
0,0 ¢+ 0.0
+3 & P
0.0 + 0.0
1.5 2 1.0
0,0 + 0,0
6.0 ¢+ 6.0

129 =+ 40
35,9 &2 2?.6

23+ 1N

5.0
1.6
T6.3

f2.7

LK

4.0

(L]

(L]

(L3

.

(1]

(L3

(L4

(L4

te

(L]

(L3

i

.

(L]

(L4

e

>

| &

vc
250 ppw
P2 6.TH ¢ 26 (D))
.07 A8 s .11 ()
1.1 0.0 ¢« 1.0 (D)
el 14.8 ¢ 9 {3)
.7 Tl.9 ¢ 2.0 (D)
ok 21.8 & b (3}
.3 29.5 ¢+ T (D
o7 H.0 & o !
] LYY Y o (D)
7.9 .1 ¢ 12,6
7.1 60.5 ¢ 14,7
0.0 N T S |
.68/ N AR |
0.0 0,0 ¢« 0.0
3 P 3 o
.0 0,0 ¢+ 0.0
B.0 S T
12 IHe & 14
3,48/ 230 ¢ 1,18

al Significantly differcnt from the Control group, p < 0.05, Dunuett's wultiple comparison

procedure.

vC

1,000

4A.8
14,13

?‘.ﬂ

163
2.5

162

L

[T

(L

(1]

{=

(L]

(L4

(L]

I»

te

I»

j-

te

(1]

-

(L]

(L4

(L]

ppa

15
Wl

H2 [ )]

45,3
13.%
n.z
21.1

29,49

236

15,41

R7

i

-

(L3

t*

13

t*

1+

(L]

-

(L]

te

(L]

te

(LJ

i

L]

te

[

19
<1l
5
el
l.8
oh

?

3)
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6 3

EHYTHHOCY IES IX10 /HH }

RETICULOCYTES, &
HEMATUCKHITs VOL. S
HEHUGLOB TNy M, %
HCVs CURIC HICRONS
HCHIly MICHO MICROGHS,
HCHUCs GM %
S5 3
PLATELETS (X)0 /7HM )
LEUKDCYTES llloslﬂujl
NEUTHUOPHELS, %
LYMPHUOCYTES, %
BANUDS, %
EUSINUPIEILS. %
HASOPHILS: %
HUNOCYIES. %
AIYPICAL: %
HUCLEATFD RUCe %
S6P1e LU/L
BUNe: MG %

3
HALHOPHALES (ND, /MM )

LABORATORY DATA OF FEMALE MICE AFTER EXPOSURE TO VC OR VDC FOR 2 MONTIS

TABLE

44

Control
S.94 ¢ .38
+ 786 2 +07
46,8 ¢ 1.1
13.0 & 1.0
4.7 2+ 1.8
23,2 & 5
29.5 ¢ 2
5.1 ¢ o6
5.0 & P |
29,3 + 6.8
7.5 &£ 5.9
0.0 £ 0.0
2.5 ¢ 9
0.0 ¢+ O.0
+8 2 5
0,0 + 0.0
0.4 & Q.0
119 &+ 14
23,3 & .9
- 213 ¢« 123 (1)

S54. 10
1%.9
Th.2
22.5

2%.5

5.2

ve
pins

(1]

[T

114

114

(L

P

i

(L4

).

(14

[Ad

[ L

fid

1 L]

-

f L

9

b

Entries are wmean t S, E. of § mlce except an noted In parentheses,
al Sigaificantcly different from Lhe Contrnl group, p < 0.05, Bunneti's multiple comaparisen procedure,

vC
250 ppa
G52 2 18
[ ' E S o 2)
H0.%5 ¢+ 1.2
Iha,) 2 |
Ta.0 ¢+ 2.8
3.4 ¢+ 1.0
0.0 & ohH
4.5 & P |
5.0 ¢ o5
22.5 1+ A,b6
716.5 &+ B.6
0.0 + 0.0
A2 5
0.0 ¢+ 0,0
«3 2 . ]
0.0 + B,B
¢.0 » 0.0
296 &+ IP
21.9 ¢+ 2.4

29,5
5.7
S.l

29.0

24 .8

(L]

I*

1*

(2]

i

[T

(L]

(L4

(14

i»

I

i»

i

(L4

I.94
SU.H
1b.2
13.4
22.1

29.9

i*

i*

i»

i*

t»

te

i+

i+

fu

f*

f*

i*

(13

te

J*

b
2
5

2

50
1.18

148

[

(2}
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b

ERYTHROCYIES (X110 /MM )

HETLCULOCYTES,
HEMATUCHI T+ VOL. %
HEMUGLOH INs GH. %
MCVs CUMIC MICHONS
MCIH, MICHO MICHUGHS.
MCHUL, GM %
5 3
PLAIELETS (010 /MM )
LEUROCYTES tllﬂlfﬂﬂjl
NEUTHUPHILS. %
LYMPHUCY TE S %
BANDS s %
LOSINOMLL Sy &
HASOPHIL S, %
MONDCYTE S, %
AIYPICALS &
NUCILEATED HBCe %
SGPI, TU/L
HUNs MG S

3
HALHGPHAGES (NO,/MH )

Entries are mean + S.E. of 4 mice

3

45

TABLE

LABORATORY DATA OF MALE MICE AFTER EXPOSURE TO VC OR VDC FOR 3 MONTIS

: ve
Contral St ppm
1.82 ¢ .46 () B.st .2

ol & L33 (D) L2341 .2
48,3 ¢ L9 (I) 49,0
1.5 &+ .4 (D) TYRE IR
64,6 1 3.4 (3 Li.A
20,7 £ .4 (3) 19.9 ¢ .1
2.1 2 W1 (D 4.1

T.0 2l (D) he?

6.2 £ 1.0 (3) l.31 .8
22,3 + 3.3 Ph.H ¢ 2.6
tT.0 2 2.9 T1.8 ¢ 12,17

0.0 ¢+ 0.0 0.0 ¢ D0

.03 . | + 3 P |

0,0 + a.0 Bl & ULD

P I P | ot P |

0.0 &+ 0.0 V.0 & Q.0

4.0 £ 0.0 0.0 & 0.0
55.0 &+ 9, Ghel & 20
20.0 &+ ). I9en 2 3,2

IAG & 124

Ve
250 ppa
() A.nl t .5 ()
(2) 1e63 1 L4 (2)
a) 46,0 12,0 (2)
) 15,91 .7 ()
(1) s1.5 1L (D)
(2) 1901 .3 (D)
) 33,3, @
)

(2) .90 (2)

0.5 3+ A4

AT.8 + ALY

i.0 ¢+ 1,0

0.0 2 B0

0.6 + 0,0

R |

0.6 » 0.0

2.0 ¢+ 2.0

%)) 72.0 + 6.9

(1) 240 2 1,7

except as noted in parentheses.

6. 113
1.53
46.3
13.3
6h,)
21.9
) P

Hh B

h6.0
2.0

43

{-

(2]

(L]

[T

(13

(L]

te

te

L]

-

te

e

{e

2.1

[ ]

)

{3

3
)

1)
(3

44,0
[
bl

s0.1

He.h

2.0

i

pym

(L]

te

(L3

i

1*

|*

[

(L]

[T

i

I*

te

i+

I*

I3

()
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[ 3

EHYIHHOCYIES (A 1d 76H ]

HETLCULQCYTESs &
HEMATIDOCAT T VUL, %
HEMUGLOWIN. GH, %
HC¥ s CUHIC MICHONS
HCHIte MICHO HICROGMS.
HCHHC, GM %
© 3
PLATELETS (X10 /MM )
LEUKOCYTES :nlnjxnnjn
NEUTHOPHELS s %
LYMPHOCYTES, %
HANDS s %
LOSINOPIILSs %
BASOPHILSe %
MUNOLYTES» 5
ALYPLCAL. %
NUCLEATED RUCs %
SGPT, 1U/L
HUN, MG %

)
MALHOPHAGES (NO, /MM |}

LABORATORY DATA OF FEMALE MICE AFTER EXPOSURE TO VC OR VDC FOR 3 MONTHS

TABLE 46

44.3
4.1
659.9
20,9
Ji.H

5.9

12,0

#T.3

1*

t

[ L4

(2]

t*

(L3

(L]

[Ld

i+ te

-

*
-

Entries are mean + S.E. of 4 mice

Gontrol

l'?
.n?

1.2

(3
3)
(&)
&l
&}
&)
)
(2}
n

except as noted in parentheses,

GH.H
15.9
6.0
20,1
33.1

6.4

H .5
gu. 13
8.0

o

hb

2N

Vo
50 ppum

i

>

-

|14

(3.4

1L

1

(L4

[

(14

[Ld

)

T4

23

(L4

(1]

1

&

o/ 3

N

2.?

N

(1)

T.02

.15

HA, 10

[

Phat

(L]

(L2

t*

"

(L]

(1]

i=

(13

-

(L

(L]

i

(L]

t*

1.

(L

(3)
(N
(N
§)]
E)]
)
&)
()
3

LY. |
la .0
h9,2
22,7
32.n

[

bbb
FAUM ||

1h%

Ve

1,000 ppm

L8 Y
b2 . 4 (1)
£ 3.5 ()
+ 1. ()
+ A5 (N
r . (D
£ .5 (1)
.5 ()
L} d (1)
+ 3.3

£ 3,5

+ 0.0

+ 0,0

+ 0,0

4 .3

s 0,0

« 0,0

* A

+ 1.6

+ Ko

S.H13
ledh
V.3
12.4
6T.7
2.3

.5

1.1
12.3

b3

0.0
1.0

0,0

105
2Y. i

Hh

55

t*

i*

t*

te

1+

1=

L

I

1+

i»

e

fe

te

1=

i*

§=

I3

(Y]}

(1)
)
(1)
)
(&}
(3)
(&)

{3)
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TABLE 47

LABORATORY DATA OF MALE MICE EXPOSED TO VC OR VDC FOR 6 MONTHS

DOSE: PPH CONTROL 50 FPH VC 250 PPM vC 1,000 PPH VC

EMY THROCYIES 1x:aﬁfnn3| 7.2 ¢ oWy 1.26 ¢+ .22 .9 2 12 6.25 ¢+ .26

RETECULOCYTES, % 97 & L24 9 s L7 I«1A £ .18 1.38 ¢ .11
HEMATOCRIT, VOL. % A5.5 3 1.4 44.5 3 1.2 4T.3 2 .9 39.3 + 2.3
HEHOGLOHIN, GM. % 14,2 ¢ .5 13.6 3 .6 l4.6 ¢ .3 1.7+ .6
HCV. CURIC MICRONS 63.2 & 1,2 6l.3 & o3 FYO ST | 62,7 ¢+ 1.3
MCHB, MICHO MICHOGHS. 19.8 & % 18.8 3 .2 19.5 £ .4 18.8 ¢+ .4
MCHUC, GN % 3.3 2 .7 0.6 2 % 30.5 ¢ LT 30.0 + .6
PLATELETS |u|ns/uu]n 3T 2 .7 6.8 2 o 6.2 ¢+ .4 S.h s L7
LEUKOCYTFS |xlolzun3| 8,4 ¢ 3,9 5.2 ¢ 1.1 6.0 ¢ 1.A 4.1 2 7
NEUTHOPHELS, % 20,8 & 4.6 26.5 &+ 4.0 37.0 2 10,1 S1.5 ¢+ 5.8
LYMPHOCYTES, % 719.0 £+ 4.7 73.5 &+ 4.0 6F.8 ¢ 10,5 A7.8 ¢+ S.9
BANDS, % 0.0 ¢+ 0.0 6.0 £ 0.0 6.0 ¢+ 0,0 6.0+ 0.0
FUSTNOPHEILS. % 1.0 & .4 0.0 + 0.0 N BT | B LS
AASOPHILS s % 0.0 + 0.0 8.0 + 0.0 0.0 + 0.0 0.0 + 0.0
HONOCYTES. % 6.0 &+ 0,0 0.0 & 0.0 0.0 + 0,0 0.0 ¢ 0.0
AlYPICAL, % 6.0 &+ 0.0 4.6 ¢ 0.0 0.0 ¢+ 4.8 0.0 &+ 0,8
NUCLEATED RiiCs % 0.0 + 0.0 0.0 ¢+ 0.0 6.0 + 0.0 6.0 + 0.0
SGPT, [UsL S8.7 £ V1.0 {3 49.3 £ 16.9 (M) 4.8 2 10.5 83.5 + 18,6
AUN. BG % 28,3 s+ 4.A 28,0 &+ V.0 (D) 17.86 ¢ 2.4 38.5 2+ 17,6
HACHOPHAGES IND.IHHJD 17 £ 39 13) : 29 2 193

ENTRIES ARE HEAN + STANDARD ERROR OF 4 MICE EXCEPT AS NOTED W PARENTUESES.
al Signtficantly different from Control group, p < 0.05, bupnett's multiple comparison procedurs,

53 PPH vIC
6.16 & .35
1.69 ¢ <35
42.5 ¢+ 1.3
13.1 & .5
63.1 ¢+ 2.1
19,5 ¢ 5
30,9 ¢ LS

4.5 ¢ -8
J.4 2 7
35.5 ¢+ 8.8
64,9 + Q.8
0.0 ¢+ 0.0
0.0 + 0.0
0.0 + 8.0
0.0 + 0.8
6.0 + 4,0
0.0 + 9.0
96.5 & 1.4
40.8 ¢+ 9.9
353 & 173 (3

-
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NOSE: PPH
6

EAYTHHOCYTES (10 /MM }

RETICULDCYTES, %
HEMATOCRIT, VOL, %
HEMOGLOREN, GH. 8
HCVs CURIC MICRONS
HCHIN. HICHD NICROGHS.

NCHIBC: GHM %

PLATELETS lllﬂslﬂﬂal
LEUKOCYTLS lllijlﬁﬂal
HNEUTROPHILS. 8
LYMPHOCYTES, %

BANDS, %
EOSTNOPHILS. %
HASOPHILS. %
MONOLCYTES, %
AFYPICAL, %
NUCLEATELR RHCs %
SGT, TU/L
HUN, HG %

k|
HACHOPHAGES (NO./HH

3

6.3

«A5
44,5
13.3
65,2
19.4

29.8

4.2

18,7

S0
23.0

1ag

CORTROL

[T T O T Y T L S L

I

T T L L L L L

i

+
-

:

TABLE 48

LABORATORY DATA OF FEMALE MICE EXPOSED TO VC OR VDC FOR & MONTHS

AT 12)

«19 3}

1.5
5
1.3
2
2

a.0

12)
12y
i2)
24
12
{21
{3
{3

13}

6 &3}

l."

{3

40 {31

Tet?
1.34
44,5
4.
59.9
19.3
3z2.2

3.9

25.53

74.3

2i.8

[ LN L L L

'6

jLd

[ LI L I L L A

e

(2] (L]

(L

50 PPH VC

<68 12}

-8
4.5
V.7

b

5

5

9
1.3

f.4

i2)
2y
12}
{24
121
12)

t2)

ENTREES ANE MFAN i STAHDARD ERROR OF 4 HICE EXCEPT AS NOVED IH PARENTNESES,
al Signtficantly different Erom Control growp, p < 0.05, Pinnett’a multiple compsriscn procedure.

250 PPH VC
7.3% & .25
98 + 19
A8.0 +» 1.1
4,9 » «f
65.4 ¢+ 1.0
20,3 5
N0 ¢ )
L3 B ] oh
Teh & o7
20,0 & 4.4
719.0 ¢+ 5.0
0.0 ¢+ 0.0
.0 s -7
0.0 &+ 0,0
0.0 ¢+ 0.0
0.8 ¢+ 0.0
0.0 ¢+ 0.0
IT e 642}
14.0 ¢ b0 (2}

1,000 PPH VC 55 PEM VRC
7.3 s W05 6.26 + 1402
141 & 30 1.45 & .49
47.0 & 1,9 9.1 2 6.8
14.6 3+ .5 12.4 ¢+ 2.0
64.5 ¢ 1.5 62.2 ¢+ 14
2001 s 1.0 19.8 + .3
31.2 oh 1.8 & oh
.0+ .8 A6 s W3
8.4 ¢ 1.0 4.0 s o7
1.5 2 7.0 23.8 « 3.0
67.8 ¢+ 6.8 T6.0 ¢+ 3.7
6.0 + 0.0 0.0 s+ 0.0
-A s - «3 2 % |
0.0 s 0.0 0.0 + 0.0
0.0 2+ 0.0 0.0 « 0.0
0.0+ 0.0 0.0 ¢+ 0.0
0.0 ¢+ 0.0 6.0 + 6.0

5L e S 107 + 29
18.3 ¢+ 1.3 33.3 & 10.7

ane s 45 (02 235 s+ A3




TABLE 49

LABORATORY DATA OF MALE MICE EXPOSED TO VC OR VDC FOR 9 MONTHS

UOSEL PPR . \ Control 50 ppm VC 150 ppm VO 1000 ppm VC 55 ppa VOC
ERYTHHDLYTES X100 /%M ) .13 ¢ L2 .79 2 W?) Y SR 1Y 5.1 ¢ ).0a 6.9 2 T
HETICULOCYIES, % 3.05 ¢ 1.43 1.00 & .19 2.50 ¢ .44 S.52 ¢ .24 1.96 + .68
WEMATQOCRIT, VAL, & 39.5 ¢ 4.9 A3 s bR 43,3 ¢ 2.0 1.3 2 4.8 2.5+ .9
HEMUGLORIN. GH. % 12,0 2 L7 13.9 & .4 12,0 2 .6 19.8 & 1.5 .3 2 .4
HCVs CUNTC HICRONS 5.6 3 2.9 Tie3 g 7.4 66,8 2 1,2 45.5 2 6.2 65.2 + 2.7
HCHE. RICRO HICROGHS, 19.9 ¢ 1.2 24.8 2 A 19.6 ¢ 1.3 21,5 s 2.2 20,5 2 1.3
HCHHC, M % 30.4 2 1o} VT s L2 29.8 ¢+ 2.} 2.7 2 b N4 2 LA
PLATELETS lllls/uu!l 4.7 s W 4.d r .9 4.7 2 LA s L7 5.8 s .6
LEUKDCYTES 1al0 PR 422 LA Sl 2 .5 POV SR .32 1.3 4.6 2 1.5

NFUTROPHILS, % 48,5 ¢ 8.1 1.5 & Y6 21,8 3 2.7 42.8 2 6.7 9.0 ¢ 4.0
LYMPHOCYTES, & 59,8 ¢ 8.5 65.1 ¢ 4.7 76.8 ¢ 2.M ST, ¢ 6.5 68,5 3 3.9
! BANDS, % 0.0 s 8.0 0,0 s 0.0 5.0 ¢+ 0,0 0.0 2 0.0 I IR
EUSTHOPHILS . PR | .0 : 0.0 .03 0,0 8.0 s o.0 3 0l
BASDPHILS. & e 0.0 .01 8.8 .02 8.8 0.0 ¢ 8.8 8.8 ¢ 0.0
HONDCYTES, % e s .8 0.0 ¢ M.0 s L) I TS 8.0 s 0.0
ATYPICAL, % 8.0 2 a.0 0.0+ 8.8 0.8 + 8,0 0.0 + 0.4 0.0 s 0.8
NUCLEATED HAC: % 8.0 2 8.8 0.0 2 8.0 *.8: 0.0 0.0 + 0.8 0.0+ 0.0
SGPI, TU/L Wy 4 17 s s YT 15 3+ 23 156 2 49
HUN. MG 8 2.5 ¢ 5,2 9.8 ¢ 2.3 20,3 ¢ b7 £0.3 & 23,3 42.3 2 2.9
K HACHOPHAGE S |un./uu]| A8 g 25 1B 4 PP A s 162 S0 s A

ENTRERE ARE HEAN 3 STANDARD ENRUR OF POUR HICE,

A/ Sigaificantly diffarent from the coutrol groug, P < 0.05, Bunnstt's multiple comparison procedure,

868€80 IS
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TABLE

50

LABORATORY DATA OF FEMALE MICE EXPOSED TO VC OR VDC FOR 9 MONTHUS

DOSET PPM
&

EHYIHHOLYTES 018 /WM )

ALTICULNCYIE S %
HEMATOCHTIT. ¥WOL. %
HEHOGLOH TN, bM. %
HCVs CUREC MICHONS
HCHHs MICHO KICROGHS,
HCHHCs GH B
5 3
PLATELFYS {X)D 7MH )
LFURDCYTES IIIGIIHHJI
HFUTROPHILS, &
LYNPHUCYTES: ®
RANDS: 3
FOSTHOPIIE 5y B
HASOPHILSs X
MONDCYIES, %
ATYPICALs S
HUCLEATFD HHCe %
SGHT. TU/L
HiBts NG 8

]
HACHOPHAGES (MO, /7HN |}

k)

Contral
6.RA & SY
1.7) » . 15
44,3 ¢+ ).H
3.0 2 o5
65.6 ¢ 1.4
20,5 ¢+ .4
3.2 2 oh

4.2 ¢ 1.8
2.5 2 1.}
42,8 ¢ 8,7
LWH.0 ¢ 5,7
e.0 ¢+ a.0
0.8 ¢+ 9.0
8.0 + o,0
6.0 ¢+ 0.8
.8 ¢+ 8.0
0.0 + 0.0
93 s+ 27
24.5 3 2.6
ARY) + 4]

30 ppe W
.05 & 83
1.47 ¢ 11
44,0 ¢ 1.1
13.% 2 oh
9.7 & 4.6
24,1 &£ 1.5
NP o

kB 2 ?

FLIE S b
Jo.h 2 T8
63,5 ¢ 1.9

N.s 2 B0

é.n ¢+ 6.9

0.0 2 8.0

8.0 ¢+ DB.0

a,0 £ 8.0

0,8 &+ 0.0

42 2 LY
23.5 ¢+ V.2

&0 s b

150 ppm VU

Y.a
ig.5

Gil.S

5%
6.0

245

100U ppm Ve
Retd
24723
9.8

12.6

4h
ALY

Fda)

EMTRIES ARE MEAN § STANDARD EWROR OF FOUR MICE KXCEPT ¥OR TIK 250 ppa AND 1000 ppa VC CROLES IN MIILH OmbY
OHE HOUSE WAS TERHIMATED IN EACH CROUY.

55 ppm VBC
T.08 = . 10
be788 ¢ Ap
ah.S 8 oh
[E LN «H
6hoh 2 VoA
2l.4 ¢ 2.0
IN.H 2 1.}

4.9 o

E VL 7
3.3 + 4.9
Gh. B = 4.9

6.0 ¢+ 0.0

0.0 + 0,0

0.8 ¢+ 0.0

6.0 + 0.6

0.0 + 0.0

4.0 =+ D.0

a4 2 67
ML) s h.%

L1 10
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DOSE: PPH
6 3

ERYTHHOCYTES (X198 /MM }

RETVICULOCYTES. %

_HEMATOCRIT, vOL. %

HEMUGLOBINs GH. %
HCVe CUBIC MICRONS
MCHUs MICHO MICROGHS.
MCHUHC+ GM %
5 3
PLATELETS {X10 /MM )
LEUKOCYTES IKIOJ/HHJI
NEUTROPHILS. %
LYMPHOCYTES. %
BANDS, &
EOSTHOPHILS, %
BASOPHILS, &
HONOCYTES, &
ATYPICAL, %
NUCLEATED RBC., %
S6PFs JU/L
BUNs HG %

3
HACHOPHAGES (NO./HH )}

Entries are mean + standard error of &(ConiLrol), I(50 ppu VC}
mice unless othervise Indicsted In parentheses.

af Significantly different from the control group, P <0.05, hnneti's muliiple
compsrison procedure,

TABLE 51

LABORATORY DATA OF HALE HMICE EXPOSED TO VG OR VDC FOR 12 HONTIIS

7.39
3. 04
43.0
13.2
58,2
17.9
30.a
7.9
5.8

21.8

25

CONTROL

+
-

2

[

&4

(LN L A L LA A o

[LJ

LI L A

*
-

*

-—

oh
|
h
«2

2

]Cq

b

44,0
13.9
55.9
17.7

Il.7

8.9

0.0

395

50 (PH VC) 55 (PIH VDC)
+ 19 Te40 & o2H

; P L] 2.56 % L30 1T
£ 1.2 40,6 ¢+ 3.7 (1
* 5 12.8 + 1.1

t l.d S4.3 &+ 4. T (T}
P 17.3 ¢ 1.5

* 9 30,6 2 +6 (T)
+ P | 7.5 ¢ .7 (T}
¢ 1.7 4.3 ¢ N

¢t Tah 26.8 ¢+ S.0

t 1.4 71.3 ¢+ 5.0

+ 0.8 0.0 ¢+ 0,0

¢ 0.0 0.0 ¢ 0.0

+ 0.0 0.0 ¢+ 0.9

* «3 0,0 ¢+ 0,0

+ 0.0 0.0 ¢ 0,0

+ 0.0 0.0 ¢ 8.0

t 4.9 99.0 ¢ 16.2 III!/
s 2.6 51.4 ¢ 5.6 MY
s 325 2} 134 ¢ 83

or B({535 ppm VIC)
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DOSE: PPH
b 3

ERVIHROCYTES (X10 /MM )

RETICULOCYTES, %
HEMATOCRIT, VOL. %
HEMUGLORIN, GM. %
MCV¥s CUBIC MICRONS
MCitdy MICRO HICROGHS.
HCHBC» GM %
5 3
PLATELETS (X110 /HHW )
LEUKOCYTES ‘xl°3/"“3'
HEUTROPHILS. %
LYMPHOCYTES, %
BANDS: %
EOSINOPHILS. %
BASOPHILS &
HONOCYTES: %
ATYPICAL. &
NUCLEATED RBC. %
SGPT, JU/L
HBUNs MG %

3
MACROPHAGES (HO./MM )

LABORATORY GATA OF FEMALE MICE EXPOSED TO VDC FOR 12 HONTIUS

TABLE 52

COHTROK.
T+72 2 «15
1.0 ¢ « 20
43.9 ¢ o7
13.9 «3
56.9 ¢ 9
18,0 2 2
3.6 ¢ o

6.2 & «h
4.9 2 -fA
20.7 ¢+ 4.2
Th.6 + &)
0.0 ¢+ 0.0
«3 & 2
0.0 ¢+ 0.0
o4 o2
9.0 ¢+ 0.0
0.0 ¢+ 0.0
13 ¢« 16
23.1 & 1.5
58 ¢+ 16

7.39

2.?"

43.1

13.h

9B. 4

8.4

3.5

6.7

22

85

[od

e

I

(L4

(L]

(L4

[

[ L4

(14

|

12

[

-

3

(PIH VOGC)
«30
«25 af

1.6

«h
o4
2
o b

1.4 (6}

af
A6 tY™

L

Entries are mean + standard ecrvor of 10 mice(Control) ar B mice(55 ppm VD)
unleas oiherwine indlcated in perentheses.
a/ Signlficantly different from the control growp, P <G.05, owett’s multiple
compasison procedure.




TABLE 33

NUMBERICAT DISTRIBUTION OF CHROMOSOMES IN BONE MARROW
QF MICE EXPOSED TO VC OR VDC

eatment

Control
ve (1,000 ppm)
VDC (55 ppm)

Control
vC (1,000 ppm)
vDC (55 Q00m)

Control
vC (1,000 ppm)
vDC (55 ppm)

vC (1,000 ppm)

vDC (55 ppm)

a/ Mean
b/ Mean £ S.E.

No. of

Mice

~ e ]

o

Chromosome Frequency

s38 39

Tetraploids (4N)
40 41 242 per 100 cells

After One Momth

s#/ s 36 3 1 0.42%0.20%

6 4 39 1 0 0.25 = 0.17

2 5 40 2 1 0.25 = 0.17
After Three Months

5 7 37 1 0 0.0 = 0.0

6 6 37 1 0 0.0 = 0.0

6 6 35 3 0 0.15 £ 0.15
After Six Months

7 & 37 1 1 0.50 = 0.22

4 4 34 6 2 0.33 £ 0.21

5 7 36 2 0 0.36 = 0.22
After Nine Mounths

2 3 42 2 1 0.0 £ 0.0

After Twelve Months

2 S 41 1 1 0.17 = 0.17

SL 083902

87




MORPHOLOGICAL ABERRATIONS OF CHROMOSOMES IN BONE MARROW

OF MICE EXPOSED TO VG OR VDBC

Chromacid

Breaks per 50 Cells

Chromatid
Mice Gaps _per 50 Cells

Translocations

Treatment per 50 Cells

Total Aberrations

per 50 Cells

After One Month

0.0 £ 0.0
0.17 + 0.17
0.33 £ 0.21

o o
W W

vec (1,000 ppw)
yDpC (55 ppm)

After Three Months

88

0.0 £ 0.0
0.25 = 0.25
0.25 = 0.25

t

vC (1,000 ppm)
vDC (55 ppm)

After Six Months

o

0.0 £ 0.0
0.0 + 0.0
0.0+ 0.0

(=
-~

ve ( 1,000 ppm)
vDC (55 ppm)

wn

oo
(= J - I =
K H W
oo0
[T R =
[= - I ]
(=D

~d

(continued to next page)

£06€80 1S

0.86 £ 0.31
0.86 + 0.13
0.47 &+ 0.43

0.25 £ 0.25
0.25 £ 0.25
0.75 £ 0.48

0.17 £ 0,17
0.17 £ 0.17
0.0 + 0.0
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Treatment

VvC (1,000 ppm)

vDC (55 ppm)

a/ Mean * S.E,

TABLE 54 (Concluded)

No. of Chromatid Chromatid franslocations

Total Aberrations
per 50 Cells

Mice Gaps per 50 Cells Rreaks per 5Q Cells per 50 Cells

After Nline Months

5 0.0 £ 0.0 0.0 + 0.0 0.0 £ 0.0

After Twelve Months

6 0.33 £ 0.21 0.0 + 0.0 0.0 = 0.0

0.0 £ 0.0

0.33 * 0.21
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Terminal

Body Weight
Brain
Liver
Kidney
Spleen
Testes

Liver

Kidney
Spleen
Testes

TABLE

ORGAN WEIGHTS OF MALE MICE AFTER EXPOSURE TO VC OR VbC

FOR 1 MONTH

3.0 +
0.51 &
1.77 &
0.54 %
0.17 +
0.26 &

3.5 4
1.06 +
0.34 +
0.52 &

1.08/
0.02
0.24
0.03
0.02
0.04

al/ Mean 3 S,.E. of four mice.
b/ Significantly different from control, p <0.035, punnett'’s Multiple Comparison procedure.

Ve
50 ppm

vC
250 ppm

Absolute Weight (gm)

31.0 + 1.2
0.47 & 6.012/
1.3 4 0.13
0.51 4 0.04
0.13 & 0.02
0.23 + 0.01

32.0 £ 0.7

0.47 4 0.010/

1.35 4 0.12
0.51 4 0.02
0.14 ¢ 0.01
0.24 3 0,01

32.5 %
0.46
1,31 4
0.54 &
0.13 4
0.22

Relative to Brain Weight (gm/gm)

2.9+ 0.3
1.09 + 0.08
0.27 + 0.04
0.49 &+ 0.03

2.9+ 0.3
1.11 4 0.06
0.30 + 0.02
0.52 + 0.02

2.8 ¢+
1.17 &
0,27 &
0.49 1+

vDC
35 ppm
29.8 + 0.8
0.46 1+ 0.00%7
1.35 4 0.03
0.46 + 0.02
0.11 4 0.01%/
0.24 4 0.01
2.9 1+ 0.1
1.01 4 0.05
0.24 1+ 0.02
0.52 4+ 0.03




16

TABLE 56

ORGAN WEIGITS OF FEMALE MICE AFTER EXPOSURE TO VC OR VDC FOR 1 MONTH
Ve vC Ve
Control 50 ppm 250 ppm 1,000 ppm

Terminal

Body Weight 23.3
Brain 0.48 £
Liver 1.13
Kidney 0.33 ¢
Spleen 0.10 t
Qvaries 0.02 ¢t
Liver 2.36 ¢
Kidney 0.69 t
Spleen 0.21 &
Ovar fes 0.05 ¢

1.18/
0.01
0.08
0.03
0.01
0.01

al/ Mean i S E, of four mice.
b/ Significantly different from control, p < 0.05, Dunnett's Multiple Comparison procedure.

Absolute Welght (gm)

27.8 ¢ 1.4% 26.5 £ 1.5 2.8
0.47 + 0.01 0.47 £ 0.01  0.49
1.15 + 0.07 1.12 + 0.02  1.03
0.38 + 0.02 0.37 + 0.02  0.36
0.15 + 0.02 0.13 £ 0.02  0.14
0.01 + 0.00 0.02 + 0.00  0.02

Relative to Brain Neightl(gm/gm)

1+ 0.12 2.40 1+ 0.06 2.13

2.43

0.81 4 0.03 0.79 1+ 0.04  0.74
0.31 + 0.04 0.27 + 0.03  0.30
0.03 + 0.01 . 0.03 + 0.01  0.05

B K KW

H W B

0.9

0.01
0.06
0.01
0.03
0.00

0.07
0.01
0.08
0.01

26.5
0.49
1.31
0.39
0.13
0.02

H BB
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ORGAN WEIGHTS OF MALE MICE AFTER EXPOSURE TO VC OR VDC

TABLE 57

FOR 2 MONTHS

Terminal

Body Welight
Brain
Liver
Kidney
Spleen
Testes

Liver

Kidney
Spleen
Testes

Control

33.5
0.50
1.72
0.69
G.11
0.27

a/ Mean % S,

E. of four

+ 0,58/
+ 0.01
+0.13
+ 0.04
+ 0.04
+ 0,02

0.3

0.08
0.08
0.03

W W W

mice.

vC vC vVC
50 ppm 250 ppm 1,000 ppm
Absolute Weight (gm)

33.8 £ 1.9 3%.3+£1.7 36.8 £ 1.4
0.47 £ 0.04 0.51 + 0.01 0.48 x 0.03
1.50 + 0,08 1.50 + 0.07 1.57 £ 0.09
0.70 £ 0.08 0.66 £ 0.03 0.69 + 0.02
0,15 + 0.03 0.15 + 0,01 0.16 £ 0.00
0.26 £ 0.01 0.28 = 0,02 0.26 £ 0.02

Relative to Brain Weight (gm/gm)

3.3 £ 0.4 2.9 £ 0.1 3.3+ 0.2
1.56 £ 0.29 1.29 + 0,05 1.44 = 0.10
0.33 £ 0,05 0.30  0.02 0.34 £ 0.03
0.58 £ 0.06 0.55 £ 0,05 0.55 = 0.07

32.0
0.49
1.60
0.52
0.11
0.26

H H+ K H
cooopoe

T
CDOQP

.64
.03
.02
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Terminal
Body Weight

Brain

Liver

Kidney

Spleen

Ovaries

Liver
Kidney
Spleen
Ovaries

TABLE

58

ORGAN WEIGHTS OF FEMALE MICE AFTER EXPOSURE TO VC OR VDC FOR 2 MONTHS

Control

28.8 ¢
0.53 +
1.28 &
0.43 t
0.14 %
0.03 +

2.44
0,81 ¢
0.26
0.06 t

0.62/
0.02
0.10
0.02
0.01
0.00

0.16
0.03
0.01
0.01

a/ "Mean + S,E. of four mice.
b/ Significantly different from Control, p < 0.05, Dunnett’s Multiple Comparison procedure.

50 ppm

vC
250 ppm

Absolute Welight {(gm)

0% 1.9
31 0,02
9

29.3 + 0.6
0.47 + 0.01
1.25 £ 0.04
0.39 ¥ 0.01
0.17 £ 0.01
0.03 £ 0.00

vC
1,000 ppm

29.5 ¢+ 1.2

0.54 + 0.02
1.28 + 0.07
0.44 + 0.02
0.14 + 0.01
0.03 + 0.00

Relative to Brain Weight (gm/gm)

2.44 + 0.09
0.79 + 0.03
0.24 + 0.02
0.07 £+ 0.01

2.66 + 0.11
0.84 £ 0.03
0.16 + 0,032/
0.07 + 0.00

2.40 + 0,12
0.82 + 0.05
0.26 + 0.02
0.06 + 0.00

55 ppm

28,0 + 0.4
0.51 £+ 0.01
1.32 + 0.08
0.42 + 0.01
0.12 + 0.01
0.04 + 0.01

2.60 + 0.17
0.82 + 0.01
0.23 + 0.02
0.07 + 0.00
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ORGAN WEIGHTS OF MALE MICE AFTER EXPOSURE TO V€ OR VDC

TABLE

59

FOR 3 MONTUS

Control

Terminal

Body Welight 34.9 & 1.13,
Brain 0.52 3 0.02
Liver 1.64 3 0.09
Kidney 0.63 4 0,03
Spleen 0.12 + 6.01
Testes 0.22 ¢ 0.02
Liver 3.19 ;3 0.14
Kidney 1.23 4 0.04
Spleen 0.23 & 0.01
Testes 0.43 3 0.03

a/ Mean x S.E, of four mice.
b/ Significantly different from control, p « 0.05, Dunnett's Multiple Comparison procedure.

vC
50 ppm

vC
250 ppm

Absolute Welght (gm)

34.8 + 1.1

0.49 1 0,01
1.54 + 0,08
0.67 + 0,06
0.16 + 0.02
0.30 + 0.03

32.8 + 1.2
0.51 + 0.02
1.46 £ 0.06
0.64 + 0.05
0.14 x 0.01
0.28 + 6.01

34.4 £ 1.2
0.52 £ 0.01
1.62 + 0.08
0.68 + 0.03
0.12 + 0,01
0.27 £ 0,02

Relative To Brain Weight m/ gm

3.16 £ 0.13
1.37 + 0.10

0.33 + 0,042
0.62 + 0.062/

2.88 + 0.19
1.25 4 0.07
0.27 + 0.02
0.54 + 0.02

vDC

55 ppm
28.3 + 1.8/
0.51 + 0.01
1.50 + 0.07
0.50 = 0.01
0.12 % 0.01
0.27 + 0.02
2.97 + 0.18
0.99 + 0.04
0.23 * 0.02
0.55 £ 0.05




TABLE 60

ORGAN WEIGHTS OF FIMALE MICE AFTER EXPOSURE TO VC OR_VDC FOR 3 MONTHS

Ve vC Ve AiTH
; Control 50 ppm 250 ppm 1,000 ppm 55 ppm

Absoiul:e Welght (gm)

Terminal a/
j Body Weight 25.9 t 1.5 29.4 £ 1.2 26.0 + 1.1 26.9 + 0.7 25.9 + 0.8
: Brain 0.49 + 0.01 0.51 t 0,02 0.55 + 0.01 0.51 + 0.03 0.47 + 0.03
i Liver 1.18 £ 0.10 1.27 + 0.06 1.12 £ 0.07 1.21 + 0.07 1.32 + 0.07
’ Kidney 0.50 + 0.14 0.41 + 0,02 0.38 £ 0.04  0.45 + 0.07 0.41 £ 0.01
' Spleen 0.12 3 0.01 0.11 £+ 0.01 0.14 + 0,02  0.14  0.01 0.13 + 0.00
Ovaries 0.04 + 0,01 0.04 + 0.01 0.04 + 0.01  0.04 + 0.01 0.04 + 0.01
{
;I - Relative to Brain Weight (gm/gm)
1 w
' Liver 2.38 + 0.17 2.49 + 0.04 2.03 + 0.10 2.40 + 0.21 2.81 % 0.11
Kidney 1.01 & 0.27 0.81 £ 0.03 0.70 4+ 0.05 0.89 + 0.11 0.87 + 0.05
Spleen 0.24 + 0.01 0.22 + 0.01 0.24 + 0.03 0.27 £ 0.02 0.28 + 0.02
' Ovaries 0.07 £+ 0.01 0.09 + 0.01 0.08 + 0.01 0.08 + 0.03 0.10 + 0.02

a/ Mean + S.E. of four mice.

0T6€80 1S
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TABLE

61

ORGAN WEIGHTS OF MALE MICE EXPOSED TG VC OR VDC

FOR_ 6 MONTHS

Control 50 ppm VC 250 ppm VC 1,000 ppm VG 55 ppm VDC
Absolute Weight (gm)
Terminal
Body Weight 38.2 + 1.58/ 36.1 1 3.3 38.5 + 0.9 36.7 + 0.5 36.5 + 1.4
Brain 0.50 + 0.01 0.52 + 0.01 0.52 + 0.04 0.55 + 0.02 0.50 + 0.01
Liver 1.89 + 0.05 1.73 + 0.17 1.81 + 0.08 1.75 + 0.14 1.94 + 0.05
Kidney 0.63 + 0.06 0.68 + 0.03 0.74 + 0.04 0.61 + 0.04 0.57 + 0.02
Spleen 0.14 + 0.01 0.16 + 0.04 0.15 + 0.02 0.22 + 0.04 0.16 + 0.02
Testes 0.29 + 0.01 0.28 + 0.04 0.29 + 0.02 0.33 + 0.09 0.27 + 0.00
Relative to Brain Weight {(gm/gm)
Liver 3.8 + 0.2 3.3 + 0.4 3.5+ 0.3 3.2 4+ 0.2 3.9 + 0.1
Kidney 1.27 + 0,12 1.32 + 0.07 1.45 + 0.13 1.11 + 0.09 1.15 + 0.05
Spleen 0.29 + 0.02 0.32 + 0.08 0.31 + 0.06 0.39 + 0.06 0.32 + 0.04
Testea 0.58 + 0.03 0.54 + 0.07 0.56 + 0.03 0.61 + 0.17 0.54 + 0.02

a/ Mean + S.E. of four mice.
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ORGAN WEIGHTS OF FEMALE MICE EXPOSED TO VC OR VDC FOR_6 MONTHS

TABLE 62

Absolute Weight (gm)

Group Control 50 ppm VC 250 ppm VC 1,000 ppm VC 55 ppm VDC
Terminal
Body Weight 33.7 + 1.98/ 31.0 + 1.3 30.4 + 1.8 31.9 + 1.3 31.7 + 1.4
Brain 0.51 + 0.02 0.51 + 0.03 0.52 + 0.01 0.52 + 0,02 0.53 + 0.02
Liver 1.63 + 0.10 1.43 + 0.07 1.60 + 0.10 1.53 + 0.17 1.56 + 0.14
Kidney 0.45 + 0.04 0.42 + 0.02 0.50 + 0.01 0.46 + 0.04 0.49 + 0.02
Spleen 0.17 + 0.02 0.19 + 0.03 0.19 + 0.02 0.18 + 0.02 0.19 + 0,01
Ovaries 0.05 + 0.01 0.03 + 0.00 0.06 + 0.01 0.04 + 0.01 0.04 + 0.00
Relative to Brain Welight (gm/gm)
Liver 3.2 + 0.3 2.8 + 0.3 3.1 + 0.2 2.9 + 0,2 3.0 + 0.3
Kidney 0.90 + 0,08 0.84 + 0.08 0.98 + 0.04 0.88 + 0.05 0.95 + 0,06
Spleen 0.34 + 0,04 0.37 + 0.05 0.37 + 0.03 0.35 + 0.05 0.36 + 0.03
Ovaries 0.09 + 0,62 0.07 + 0.01 0.11 + 0,02 0.09 + 0.01 0.08 + 0.01

a/ Mean + S.E. of four rate.




TABLE 63

ORGAN WEIGHTS OF MALE MICE EXPOSED TQ_VC OR VDC FOR 9 MONTHS

Control 50 PPM VC 250 PPM VC 1,000 PPM VC 55 PPM VDC

Absoluta Weight

Terminal

Body Weight 39 + 3% 37 +2 38+ 1 37 + 3 38+ 1
8raia 0.56 % 0.02 0.48 * 0,022 0,50 ¥ 0,01 0.53 £ 0.01 0,47 %
Liver 1.74 £ 0.12 1,49 + 0.12 1.59 + 0,09 1.71 +£0.15 1.93 +
Ridney 0.75 + 0.17 0.70 £ 0.05 0.69 # 0,03 0.66 + 0.03 0.57 % 0.0«
Spleen 0.17 + 0.04 0.16 + 0,02 0,20 £ 0.02 0.31 # 0,09  0.19 # 0.03
Testes 0.36 = 0.03 0.23  0.012/ 0,28 + 0.02  0.27 # 0.03% 0.30 £ 0.02

Relative to Brain Weight (gm/zm)

Liver 3.2+ 0.2 3.1+ 0.3 3.2 + 0.2 3.3 + 0.3 4.1 + 0.4
Kidney 1.38 + 0.26 1.47 + 0.11 1.39 +£0.07 1,26 + 0.06 1,20 # 0.07
Spleen 0.31 + 0,06 0.36 + 0.02 0.39 # 0,04 0.58 +£ 0.17 0.40 # 0.07
Testes 0.68 + 0.08 0.49 + 0.03 0.56 # 0,03 0.51 + 0.06 0.64 + 0.05

a/ Mean + S$.E. of four mice.
b/ Significantly differemnt from Comtrol group, 7 < 0.05; Dunnett's multiple
comparison procedure.
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ORGAN WEIGHTS OF FEMALE MICE EXPOSED TO VC OR VDC FOR 9 MONTHS

Terminal
Body Weight

Brain

Liver

Kidney

Spleen

Ovaries

Liver
Kidney
Spleen
Ovaries

Control

3% + 22/
0.54 + 0.01
1.36 + 0,09
0.47 + 0,01
0.14 + 0.01
0.07 + 0.01

2.54
0.88
0.25
0.14

it i+

50_PPM VG

Absolute Weight (gm)

32
0.54
1.31
0.49
0.15
0.05

i+ I+ 1+ 1+ 1+
O 0000w
leli=We)
RS L

~ O
n

Relative to Brain Weight (gm/em)

M+

a/ Mean + S.E. of four mice except as noted in paremtheses.

250 PPM vC 1,000 PPM VC 55 PPM VDG
35(1) 30(1) 30 £ 1
0.48(1) 0.51(1) 0.50 + 0.03
1.93(1) 1.20(1) 1.36 + 0,05
0.45(1) 0.37(1) 0.46 + 0.03
0.55(1) 0.11(1) 0.16 + 0,01
0.05(1) 0.02(1) 0.05 + 0.01
4,04 (1) 2.35(1) 2.68 + 0.08
0.93(1) 0.72(1) 0.92 + 0.04
1.14(1) 0.22(1) 0.33 + 0.02
0.10(1) 0.05(1) 0.10 % 0.01

33914




TABLE 65

ORGAN WEIGHTS OF MALE MICE EXPOSED TO VC OR VDC FOR 12 MONTHS

Absolute Weight (gm)

Group Control 30 _ppm VC 35 ppm VDC
Brain 0.490 + 0.0193/(4)  0.493 + 0,020(3) 0.479 + 0.010(8)
Liver 2.1 % 0.0(4) 1.7 % 0.0(3) 2.2 % 0.2(8)
Ridney 0.78 + 0.03(4) 0.73 % 0.03(3) 0.57 + 0.022(8)
Spleen 0.17 % 0.02(4) 0.12 % 0.01(3) 0.26 + 0.09(8)
Testes 0.302 + 0.009(4) 0.283 + 0.020(3) 0.269 + 0.016(8)
Relative to Brain Weight (gm/gm)

Liver 6.3 + 0.2(4) 3.6 + 0.1(3) 4.6 + 0.4(8)
Kidney 1.59 + 0.02(4) 1.49 + 0.07(3) 1.18 + 0.042/(8)
Spleen 0.36 + 0.04(4) 0.25 % 0.02(3) 0.53 + 0.18(8)
Testes 0.62 + 0.05(4) 0.57 + 0.03(3) 0.56 + 0.02(8)

a/ Mean + S.E, of number of rats indicated in parentheses,
b/ sSignificantly different from Comtrol group, p <0.03; Dunnett's multiple
comparison procedure.
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TABLE 66

ORGAN WEIGHTS OF FEMALE MICE EXPOSED TQ VC OR VDC FOR 12 MONTHS

Group

Brain
Liver
Ridney
Spleen
Owvary

Liver
Kidney
Spleen
Ovary

Absolute Weight (gm)

Control
0.496 + 0.0083/
1.38 + 0.06
0.44 % 0.02
0.121 * 0.007
0.04 + 0,01

55 pom  VDC

0.466 + 0.015
1.63 + 0.108/
0.46 + 0.02

0.150 + 0.015
0.06 + 0.02

Relative to Brain Weight (gm/gm)

2.8 + 0.1
0.89 + 0.04
0.24 + 0.02
0.08 + 0.01

3.6 + 0.3%/
0.98 % 0.05
0.32 + 0.03%
0.14 + 0.05

a/ Mean + S.E. of tem rats (Control) or eight rats (55 ppm VDC).
b/ Significantly different from Control group, p <0.05; Dunnett's
multiple comparison procedure.
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Exposure
Time

1 month
2 montha

3 months

SUMMARY OF BRONCHIOLO ALVEOLAR ADENOMAS IN MICE AFTER EXPOSURE TO VC OR_V¥DBC

TABLE

67

Control

-

50 ppm VC 250 ppm VC
d ¢ d ¢
0 0 0 0
0 0 1 0
1 0 1 0

a/ HNumber of adenomas in four mice of each sex.

1,000 ppm VC 55 ppm VDC
d ? d g
] 0 ] 0
1 2 0 0
2 1 0 0




Sex

Tuwmo (b"‘I

Weck Tenaluated

Connective Tlasue (ad]acent to

salivary gland)

Bronchiobke- alveolar adenima
Aclnar proliferatlon

Hetast le squamous

_ lemanglopagcomg
Hammacy Gland

Duct adenccarcinoma
Ansplastic cercinoms

Severiiy of lealon:

g16€80 18

House Ho.

cell andfuxr nnaplastic

Squamous call carcinoma

SUTHARY

50 _ppm VU
Hale

Femgle
ll"sj 122 124

TAN.

£ 08

OF TUMOHS TIAT OCCURHED DURITNG & 10 6 MONTIS OF EXPUSURE FU YC OR_VBC

1357 8s
6 26

Hnle
n 2 2

6 26 26

157 158 159 160 20557

26

250 ppms ¥C

24 i1

24

_Female
asel 26"

194 195 1%

Hole
% 26

5T
26

151E
6 fn

% 26

229 3 10 32

af

1,000 ppm ¥C

_fema Lo
2811;' !

26

53 ppm YiC
Hale

2885
13

165 26b 267 26B
26 |22

Includes valy mlce which were found to have tumors Juring & to 6 monlha af exposure to ¥C or VIU,
1 - milg;
pled or unscheduled terminatlon,

2 - moderste; 1 - marked; & - nevere; b - preavnt; i questionable,

3N 2 )
6 2 6 20

2 26
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TABLE 69"

SUMMARY OF TUMORS THAT OCCURRED IN MICE DURING 7 TO 9 MONTHS OF EXPOSURE TO 50 PPM V(Zgl

Sex Male / 4 . Female i

bt [ ¥4
,, Mouse No. o2 1089 105% |125 126 1420 161Y 140Y 139Y 138Y 137Y 136¢7 135Y 13
Tumor! Week Terminated 39 27 39 39 39 28 28 33 33 33 34 35 36 36

>

Lung
Bronchiolo alveolar adenoma 1 1 1 1 1 1
Metastatic sguamous 1 1

cell carcinoma

— e e R R Y R e e et et e e e emm e o w— e e e - R Mm T e ee s e e EE e e s e e e em e e e S A S S S S S e e

— R e L Y N N e e e e o e em o P s e = mw wm w= m—] —— e e e e me e e mm e e e e e —— e S e e eem e S S s e s e s e e T e

Mammary Gland
Duct adenocarcinoma 1 1 1 2 3
Squamous cell carcinoma 1 1 1 1 2 3
Anaplastic carcinoma 1 3 1 2 3

— D e . i v oy o wmm o aem man ovm  mew aem ome mem wan ame o e sae] mme vt tem Ame R raa eme e wme mme e ER eme e e e e S S e e TR R e e e S S e

— it i L e | imm | amm . w— o o - i v = g ot i o e v e e ame] e e e mem e Mem  See M e aem W A per e e e dee wea m e eem e s e e s e aem R S e e e e

— i T L mmm  mmm - e e s e wi mes dam pmn arm e GmE G M meR e wam W mm G veme M M e e Gwe S M et e em e e e e e s e s e e —m e e e R S she s e e

a/ Includes only mice which were found to have tumors during 7 to 9 months exposure to 50 ppm VC.
Five scheduled mice and two unscheduled mice were not found to have tumors.

b/ Severity of lesion: 1 - mile; 2 - moderate; 3 - marked; 4 - severe; + - questionable.

} Died or unscheduled termination.

6T6£80 1S
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Sex

SUMHANY OF TUHOES THAL GCCURRED EH MICE PIRING 7 T0 9 HONING UF E!t!!i!!ﬁl_i'w_ﬂﬁ_!"ﬁ,

House Ho.,
Week Terminated

162
Tlllﬂ)l’!

Tang
mronchiolo-alveolar adenoms 3 2 2
Hetagtutlc squamous coll
_ gapclnona
Liver
— Nemapglosagcuesy
Huwaury Gland
Buct adenocarcinoms
Squasmuns cell carclnoma

eazt
Hemang losarcosa

Pancreas

L~ llemappjossxcoma L o e e e e - — -

Skelatal Huicle

_ Hewspglogagcoms  _  _ _ _ _ _ _ _ _ .
Gantroilntestinal Tract

— Uemdpgiogagcoma . _ _ -

|

Ty

Toay

a0 1T

lacludes unly mice which were found to have tusmrs durlng 7 to 9 months exposure o 130 ppu W
Severity of Jeston: 1 - mild; 2 - moderate; ) - marked; & - severe; t - guastionable.

Bled or unacheduled Terminatlon, .
Daly fcmile that survived 39 wecks exposurs 1o 230 ppm VC.

FARLE

Ll

Female

[T 1T TP P TTCLPTY L TV T AT YT TV T T T S TV AT T T

¥ 27 27 k0 1] 3

12 12 3 ) 13 3 *% ) A
2 b 2 2
Iy 2}
3 3
P 1
_______ e
Y e mm o
3

schieduled and iwo unacheduled mice were not found to have tumors.,




TABLE 71

SUMMARY OF TUMORS THAT OCCURRED TN MICE DURING 7 TO 9 MONTIIS OF EXPOSURE TO 1,000 PPM UCi,

Sex . Male
Mouse No. 233 234 235 236 250% 24987 24767 24697 245¢] 2464ST 24387 24287 2419 2408/
Tumor®  Week Terminated 39 39 39 39 28 29 31 34 34 34 34 35 36 38
Lung
Bronchiolo-alveoclar adenoma 3 3 3 3 3 3 3 2 2 3 3 1 3
Liver
Hemangiosarcoma 4 1 2 3 1 3 3 2 3 3 3

————.——-—-——-———-—-——-—--—-———————.—_—_.—.—.—_—-_-—_—-—-_——_—_.——-——.—__—-.—_—_—

—_——_-—.——...—._-——-———_———-———.—.—-—.—_—_—.—.—.—.—...—.—.—..._—._..—-——_—_-——..___.__._.__—_

(continued to next page)
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TAHLE 1 Lonc luded )

SUHMARY OF TUHURS TUAT OUCURMED IH HICE DURTHG 7 TO 4 HONTIS OF EXVOSHRE TO 1,008 PPU Vl:!’

Female
fean _
House Na. 2sond207e?  apes!  assel  2sael  ameed  2mied gsue!  apes!  aysed 2r3cd a3eed  23sed amasd apyed wped aned proed
Meck Torminacad 39 27 27 27 28 28 24 30 0 10 n 1! % ¥ A % 35 6

269/ 260aef
* 37

Tumor v/

Lung
Brouchiolo-alvealar
ddenima ] 3 2 b | 3 3 i 3 2 3 k| ] 3 3 1
Hetastatic squamoua
call carcinona 2 | 2 1
Hetuwatatic anaplastic

S TR S [ Y N U SO SN S
MHamuucy Gland
Buer adenocarclnoms 1 ] 3 3
Squamous cell carcinums L 1 3 3l 3
Anaplsatlc carclpoms 3

Kiduey
llcwsng loasrcoma

Hesuntarle Lywph Hodes
_ lemanglop<scomn 3

s} Juchudes ondy mics which wars fount to have Jumoras during } 1o 9% mopthis exposure Lo I, 000 ppm V. iwe uoacheduled
b/ Severlty of leslon: 1 - mild; 2 - modcrate; 3 -~ mivked; 4 - severe; & - questionubla.
¢/ DBled or vnacheduled termination.

4/ Only female surviviag 39 vesks expusurs to 1,000 ppm W,

tormination was not found to have sny tumors,




801

Sex
Housa No.
'I’u—:rll" Woeek Terminated
lung
. Bronchlolo-alveolar adenoms
Liver
lUvmany lossrcoma
llepations

Hassuacy gland
puct sdenocsrcinowa

Squamous cell carcinoma

Anapglastilc carcinoma

Skin
_ Kerstcacsnthoms

al

b/ Geverity of lasions;
! Death or unscheduled tarminar lon,

£Z6£80 IS

TABLE 1
SUMMARY OF TUHORS THAT (CGURRED 18 MICE BURING 10 Y0 12 HOWNIS EXPUSURE TO VG 08w/
50 ppm YL 230 ppm WG 35 ppm VI
_Hala Female Hale Hale Yemil
95 s& 93 1 10 Lt e (1787 S 1y 120 16 s 34 FYY) 3 e 150 160
52 32 32 2 &2 3 46 41 52 40 48 52 52 52 52 52 52 52 52 52 43
F—L-J ______ U e B v __ | D
3 3 4 2 2 i
3
____________________________________________ U SUN
B ] {
3 2 .
3 2
3 2
IO SRPEDE PP S IS e oo
SN S EU SIS I l-_%i ______________________________ ;- SR SN B
I R I Y
| |
e s v e e e e e e e = J ——————————————————————

Includes only mice that ware found ko have tumors durlag 10 to 12 wonths cxpasure Lo ¥C or VG
L - mild; 1 - moderats; 3 - marked; & - severs; 1 - queatlonable.
Mo tumors were found Lo coutvrol mice during thie period,




TABLE 13

CUMULATIVE TUMOR INCIDENCE IN MICE DURING 12 MONTIS EXPOSURE TO VC OR VbC

Control 50 ppm VC 250 ppm VC 1,000 ppm VC 55 ppm VDC
s 2 s 3 g 2 ¢ T, ?
Tumor
Lung
Bronchiolo alveolar
adenoma 1/263/ 0/36 8/29 4734 10/29 12/34 22/33 26/37 6/35 0/35
Acinar proliferation 0/26 0/36 1/29 1/34 3/29 1/34 0/33 2/87 2/35 0/35
Metastatic squamous
cell carcinoma 0/26 0/36 0/29 2/34 0/29 2/34 . 0/33 8/37 0/35 0/35
Liver .
Hemangiosarcoma 0/26 0/36 3/29 0/34 7/29 16/34 13/33 18/37 2/35 1/35
Hepa toma 0/26 0/36 0/29 0/34 0/29 0/34 0/33 0/37 1/35 1/35
- Hepatic cell carcinoma 0/26 0/36 0/29 0/34 0/29 0/34 0/33 0/37 /35 0/35
3
Mammary gland
Duct adenocarcinoma 0/26 0/36 0/29 8/34 0/29 3/34 0/33 1/317 0/35 0/3%
Squamous cell carcinoma 0/26 0/36 0/29 9/34 0/29 3/34 0/33 10/37 0/35 0/35
Anaplagtic carcinoma 0/26 0/36 0/29 8/34 0/29 3/34 0/33 6/37 0/35 0/35
llemangfosarcoma 0/26 0/36 0/29 1/34 0/29 0/34 0/33 7137 0/35 0/35
Malignant lymphoma 0/26 0/36 0/29 1/34 0/29 2/34 2733 3/37 0/35 0/35
lemanglosarcoma
Heart 0/26 0/36 0/29 0/34 1/29 0/34 0/33 0/37 0/35 0/35
- Skeletral muscle 0/26 0/36 0/29 0/34 0/29 1/34 0/33 0/37 0/35 0/35
& Gastrointestinal tract 0/26 0/36 0/29 0/34 0/29 1/34 0/33 0/37 0/35 0/35
8 Kidney 0/26 0/36 0/29 0/34 0/29 0/34 0/33 1/37 0/35 0/35
w  Pancreas 0/26 0/36 0/29 0/34 0/29 1/34 0/33 0/37 0/35 0/35
N Mesenteric lymph nodes 0/26 0/36 0/29 0/34 0/29 0/34 0/33 1/37 0/35 0/35
Epididymus and testes 0/26 0/36 1729 0/34 0/29 0/34 0/13 0/37 0/35 0/35
Mesentery 0/26 0/36 4729 1/34 1/29 0/34 0/33 0/37 2735 0/35
fenntrinnad ko noavr naaoed




TABLE 73 (Continued)

CUMULATIVE TUMOR INCIDENCE IN MICE DURING 12 MONTIS EXPOSURE TO VC OR VDG

Control 50 ppm VC 250 ppm VC 1,000 ppm VC 55 ppm VDC
s ¢ 4 & ¢ = &£ 2 L 2
HHemangioma
Mediastinum 0/26 0/36 0/29 1/34 0/29 0/ 3% 0/33 0/37 0/35 0/135
Connective tissue
(adjacent to salivary
gland) 0/26 0/36 0/29 0/34 0/29 0/34 1/33 0/317 0/35 0/35
Kidney
Adenoma 0/ 26 0/ 36 1/29 0/34 0/ 29 0/34% 0/33 0/37 L/35 0/35
Skin
Keratoacanthoma 0/26 0/36 1/29 G/34 0/29 0/ 34 0/33 /37 0/135 0/3s

-

o a/ Number of mice with tumors/total number of mice that dled or were terminated during 12 montha ex-

posure to VC or VDC.

SZEE80 g
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a/

Lealow

TABLE

74

SUMMARY OF TISSUE LESTONS AND M/E RATIOS IN MICE AFTER EXPOSURE

Contyols
Sex: flnles
Bat Wo: 1 2 3 4 N

Neart

Myocarditis

Femalea

TO VC OR VDC TFOR 1 MONTI

s 19

YC_ {1,008 ppm)
40 | 217 218

Fewales

24 235 25

Hales

YOG {53 ppe)

289

Liver

Focal degeneration and inflammation

Bile duct hyperplasia and chwlelethiosis

Salivary Gland

Microfocl of monouuclear celle

Kidoey

111

Chironlc interatltial nephricis
Tubular casis

2 1
Tubular masophilia
Hicrocalculki

Hyvsicls

1
Skeletal Huscle

Bope Harrow
H/E raLio

1 - mild, 2 - woderate, J - marked, & - sevore, ; - questlonable.

296 24%

292

125

Fumsl e
326

_ L 1°2 12
gl Severiiy of lesion:

3




TAMLE 75

ﬂ.m.tﬂ_ll_('uLl_!ﬁ__ﬂLMb Lt Tius i HILE
AFTER EXSOSHME 10 VC OR YU FOR 2 BONIHS
MK (3% ppm)
Fcoales

YC (1,000 ppm}
Eemylca _Halea
231 134 293 196 129 130 3 IR

Lontroly
__Females | Hajes
1 8 41 42 4} A4 2y 27 22) 224 251 4 259 240
1

Leston®

fleart
Hyocarditls

Lung
groachiolo-alveolar ademoms

Livarx
picrofoci of Lnflammatory calls

Focal mlucrallzat lau

Perianal Glamd
Suppurative inflassation
- e A = v e e e wm e e e e - — e z . - — - -
H
L

1
§
#
]
)
-
-
]
1
|
]
|
§
i
|
i
|
i
i
[
i
I
i
{
|
1
i

Eidusy
Chronlc interatital nephritie
Tubuler casts 1
Hicrocalculdi
Tubular basophilia 1
_______________________________ ]
1

Uterus

Acute metritie
________ F - mmmm e — e m e m -
1

3 41

Skeloia] Huacle
Hyosliis
4 1-3 1.2 1.3 1.4 b3 | _ L 2 & b5 105 1k

Bone Harrow
L L
&4 - ssvere, - questicnable, + - presont,

I ~ wild, 2 - modursia, 3 - marked

&/ Severiry of leslon;




SUMMARY OF TISSUE LESIONS AND H/E BATIOS 1N HICE

AFTER

EXFOSURE TO YC OR VDE FORR Y HONTHS

Controi

_ VG (1,000 ppw}

VUL (55 ppm)

‘ewma b

Male Female

Leston®! 9

lleart
Focal wmyccardial degencratlion

Bronchiolo-alveolar adenoma .
Focal aclnar epithelial prollferation

Hlcrofoci of wmononuclear cells
intranuclear inclusions
Focal necrosis

Saltvary Gland
Focal chironic loklammation

Focal, chrenic iInterstitial nephritias |
Tubulac casis

Microcalculi

Lone Harrow
H/E ratlo

a/ Scverity of leslous:

6 10 1z 4

46

£
41 48

225 220 227 228 260 202 263 264

L - mild, 2 - awderate, 3 - mavked, & - gevere, 3 - questionable, 3 - preseat.
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TABLE 77

SUMMARY OF TISSUE LESIONS (OTHER TUAN TUMORS) AND M/E RATIOS IN MICE EXPOSED TO VC OR VDC FOR 6 MONTHSa—,
OONTROLS VG {1,000 ppu} YOG (55 ppm)
Sex Males Fewales __Halen Feumales Hales Females

Lestont/ House o, 13 14 15 16 43 50 5l 52| 229 230 231 232 [265 266 267 268 | 301 302 303 304|337 338 339 40
leart
_ Focal myocarditls _ _ _ _ _ __ _ | LA (R SN DS [N U U S
Lung T W

Focal suppurative bronchopneumonia 1 1 1

Hacrophage and lymphoid
_ _ infileretlon__ _ _ _ __ _ _ __ I [ | S | vy o _ ﬂ 2 CHS DU |
Salivacy gland
_ Focal, chronic ioflsswation _ _ ) _ Y _____ )} ___t____w\ ______ ]l L L D S S
Liver

Hicrofocl of mononuclear cells 1 L i 1 1 1 L

Increase in intranuclear cells 1 1 L 1 t 1

Inflletration of nucleated RBC's 1 2 1

Focal degenaration or necrosis 1 1 |} 1
_ Infilrration of inflammatory calle ) _ __ _ ___ _}__ __ . __ L - LSRN 3% DI SED T S B
Kidney —1 T ——————

¥ocal, chronlc Intersticial .

nephritis i 1 2 1 1 1 L 1 L L 3 1 1 1 i | § ] 1 1 1 |

Proteilnaceous casts 1 2 1 1 1 1 1 1
_ Focal tubular mecrosts  _ _ _ _ _ _ | __ __ _ . __} ORI N B S
fArain
_ Focal inflanmation _ _ _ _ _ _ _ . J __________ e e IR AU DR [ N [
Adrenal

gSpindle cells infiltration 1 1 1 ] 1 ] 1 i L 1 L 1 | 1 H
_ Focal vaewolgtion _ _ _ _ _ __ __JJ______ LA N E I S o2 oMY
Sone matroe T TTToTT~Y Tty CcTTTTTTYITTTTTTTTTYVTTTTTTTTTy Ty
_WErstle L _ Jais a5 36 7] 15 1:6_18 _l:.?|- 1-6 19 _L-§ 3:8f4-7 -5 204 b:650-6 -5 16 b:291-6 15 16 ko4

s/ Does mot include desths and unschedulad terminations that occurred during the & to 5 monthas,
b/ Severiity of lesion: 1 - mlld; 2 - woderate; ) - marked; 4 - severe; & - questionsble,




§11

0E6€80 1S

TABLE

78

b/

Leu Lou=’

Heart
Hyocardivie
Tickening of artarial wsll and

SUMMARY OF TISSUE LESIONS (OTHER THAN TUMORS) AND M/E RATIOS IN MICE EXPOSED TO VC Ok VDC FOR 9 MONTHSE/

Lang
thronic murine punsusonia

Liverx
Tortal [nflansaation
Hicrofocl of sononuclear calls
Focal degenaraiion and
necrusle
IntsanucJesr Jaciusions

Kidney
Chironle interstitial pephricin
Tubular dilatlon and casts

Adrenal
Spladie cell Lauflltration
large cells with yellowish
;p-l_cen- - B
Lynphioild hyperplasla
Vacuclizatlion
iuentar?c Lymph Moda
Wemos kderosts

s/ hoss wot luclhude doaths or unscheduled taruminstions thet occurred durbug 7 to 9 montha,
b/ lievecity of lesion;

I - mild; 2 - woderate; 3 - marked; 4 - wavere; t - quoationsble.

Contrul VE (1,000 ppma) YiC (5% ppm}
Heigs Fewa les Halen NFemalen ) MHalea Femalea
1 18 1% 200 53 3% 33 36233 234 233 3o o zéds| 303 0 367 30dy 34 342 J43 344
1 ] 1 1 1 ] ] ] ] 1 |
_________________________ e S
1 ] [] 1 2 ] ] 1 1
__________________ 3 T I U
3
1 1 1 1 2 2 2 2 2
1 ] i 1 2 2 1 | 2 3
2 2 3 2 3 2 2
__________________________ ¢ R U DU S M RSN S S
___________ L I I IS SON S DU (SR B
1
1 1 ] ] ] 1 1 1 2 1 ] ] ] 2 1 1 i
1 ] 2 1
_________________________________ SR |PSUR - AU
1 t } ] | 1
_______________________________ | I B D S S S N
2 ] ]
2 2
____________________ S O S,
SN DO S DU O
DN B NP5 T B SPGB0 S PR O O S VLN 5 % IO R O A P BN N PR S P R PE N RPN B SR PLNS B
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IABIE 79

SIHRRRY OF TESSUE JESTONS {OTHER THUAM TUMMS)} AHbL HIE WATIOS AN MICKE EXPUSER TU Wi K VIN FiH

Controls

Halen Femnlew

yC {50 ppw)

Halry

voe (%3 ppm)

Lestont/ u 2 n N

&

6 &2 3]
Heart
- Byocardicis
Luny
Chronic murine
— _preumonds i1 12 2 I S | 1
Livar
Distendsd siunolda
Fucal necrosia 2 F 2 2
Hicrofocl of mona-
nuclssr cells 1 2
Degenaration 1 1 2 i
Intzavuc lesr loclu-
sluun 1 1
Cyst and subacuts
iatlasaation F
~ Bile_duct hypayplasis X
Saatl Intescine
_ Amyloldonis 2 3 y___

Galivery Gland
Microfoct of mono-
~ — Buglasg cells
Klduey
Chronic intaratitial
neaghricia 1 1 1 1 1 1 1 1 I 1
dmyloidosis 2
Tubular dilacion and

Cyst
_hwylendoets ) e 2| _
Usarus

Platended sndomatrisl
— _ Rlands
Taatis

fubular necvrasle and

ninssalizution
_ Awmyloldosis
Adrenal
Spindlas cell lafilera-
tion 3 1 1 2 . H
Moncauc lesr infiltra-
tlon t
_ Amgloldosts
Bpiesn

Amyloldosis 2

Lywphold hyperplanis

Extramedullary hama-

_ . topolesils
H/E Ratio

af  Doen mot Tsuclude dvalhu or uascheduled termarlons ehut occurred during 7 to 9 mootha.
b Severivy of beslons 1 - alldy 2 - soderersa; 3 - marked; & ~ severe; t guedtloonbie.

5 |

9%

ns

16

L6 1.7

b s 350




TABLE 80

DNA SYNTHESIS AND DNA CONCENTRATION OF LIVERS FRCM
MALE MICE EXPOSED TO 50 PPM VC FOR 11 MONTHS

DEM mg DNA

VvC (ppm) mg DNA g Liver
0 2886 + 240(8)5; 2.3 + 0.1

50 4232 + 463(7)2 2.5 % 0.1

a/ Mean + S.E. (Number of observations),
b/ Significantly different from control (two sample

rank t:est.;g/) .

117
gL 083932




TABLE 81

HEPATIC ALA SYNTHETASE ACTIVITY IN
RATS EXPOSED TO VC FOR 12 MONTHS

n Moles/mg Protein/hr

VC Concentration Male Female
0 ppm 0.25 + 0.033/ 0.22 + 0.02
50 ppm 0.20 + 0.01 0.24 + 0.03
250 ppm 0.26 + 0.04 -

a/ Mean + S.E. for three determinationms.

118

SL 083933




TABLE

82

URINARY ALA CONCENTRATICN IN RATS EXPOSED TO VC FOR 12 MONTHS

50

250

1,000

Sex

Male
Male
Female
Female
Male
Male
Female
Female
Male
Male
Female
Female
Male
Male
Female

Urine

Volume(mlgé/

a/ Urine collected overmight

b/ Determined on a 0.5 ml

3
6
3
27
6
27
21
25
13
7
31
7
7
10
2

Urinary
AlLA Concentration—

b/

R S e S Nl 2t o ol el e e

sample of urine and expressed on a
scale of 1 (Oto 1 mg% ALA) to 6 (6 to 10 mgZh ALA) wich 2
equal to 1,0 to 1.5 mgZ ALA.

SL 083934




TABLE 83

Number of Rats in Dominant Lethal Study
with Vinyl Chloride (VC) and Vinylidene Chloride (VDC)

Chamber Concentration (ppm)

ve yoe
0 50 250 1000 55
No, of Male Rats
Tasted 12 1z 12 12 12
Mated with 2 females 12 10 11 82/ 9
Mated with 1 female 0 2 1 2 2
Mated with O females 0 0 0 2 1
Fertiled/ 12 11 10 10 10
No. of Female Rats
‘ Mated 26 22 23 18 20
Pregnant 2 26 162/ 1.2/ 133.
with 1 dead implamt 7 5 7 5 3
with 2 dead implants 3 2 | 0 1 1
with £ 3 dead implants 2 2 1 0 2

a/ TFathered at least ome litter with ome or more viable implants.

1
b/ Significantly differeat from control (Fisher's exact probability cesc,g‘/

'p<0.05).




TAELE 84

Mating Results in Dominant Lethal Study
with Vinyl Chloride (VC) and Vinylidene Chloride (VDC)

‘Chamber Concentratien (pom)

VC._ voe
0 50 250 1000 55
Corpora lutea/dam 15.8+0.63/ 14.320.8 15.2%0.3 15.1%0.6 15.10.5
Inplants/dam ' 13.7#0.8 12.0+0.9 13.420.5 11.920.9 14.2%0.5
Implants/corpora 86=%3 83+5 88+4 81+6 942
lutea x 100 '
Viable/total: 92£2 923 93%3 952 933

implants x 100

g/ Mean + S.E. for the values calculated on a dam basis for the number of

pregnant rats indicated in Table 83.

SL 083936




TABLE 85

LEVELS OF ALPHA-FETOPROTEIN (AFP) IN RATS EXPOSED TO VC FOR 9 MONTHS

Rat No. Sex Exposure Group pg AFP/m{ of Serum
17 M Control <0.022
18 M Control <0.,022
19 M Control <0.022
20 M Coutrol <0.022
53 F Control <0.022
54 F Control <0.022
55 F Control <0.022
56 F Control <0,022
89 M 50 ppm VC <0,022
90 M 50 ppm VC <0.922
91 M 50 ppm VC <0.022
92 M 50 ppm VC <0.022

125 F 50 ppm VC <0.022
126 F 50 ppm VC <0.022
127 F 50 ppm VC <0,022
123 F 50 ppm VC €0.022
161 M 250 ppm VC <0.022
162 M 250 ppm VC <0.022
163 M 250 ppm VC <0.022
164 M 250 ppm VC <0.022
197 F 250 ppm VC <0.0223/
198 F 250 ppm VC <0.022
199 F 250 ppm VC 0.034
233 M 1,000 ppm VC - €0,022
234 M 1,000 ppm VC <0.022
235 M 1,000 ppm VC <0.022
236 M 1,000 ppm VC <0.022
269 F 1,000 ppm VC <0.022
270 F 1,000 ppm VC <0.0222/
272 F 1,000 ppm VC <0.022

a/ Rat found to have hepatic hemangiosarcoma.

122




TABLE

86

LEVELS OF ALPHA-FETOPROTEIN (AFP) IN MICE EZXPOSED TO VC OR YDC

33
133
134
133
137
177
201
240
241
264
245
248
269
2694
270
272
273
274
275
277
278
324

a/ Mouse found to have hepatic hemangiosarcoma.

tn
m
w

e B T I TG T T B I B i O T S T B B i S

Exposure
Group

Control

50

50

50

50
250
250
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
55

ppm
ppm
ppa
ppm
ppm
ppm
ppm
ppm
ppm
prm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
pea
ppo
prm

vC
vC
Ve
ve
vC
Ve
vC
vGQ
Ve
vC
vC
ve
vC
Ve
ve
vC
ve
vC
vC
vC
vDC

b/ Mouse found to have a hepatoma,

Length of
Exposure(weeks) pg AFP/m{ of Plasma
36 <0.04
36 <0,04
36 <0.04
36 <0,04
34 <0.06
33 0. 293/
34 <0.04d/
38 3,963/
16 <0.04%/
% <0.04%/
34 <0.042/
30 <0.04
36 <0.068/
36 <0.048/
36 <0.042/
34 <0.04
3% <0.04
34 <0.042/
34 <0.048/
31 <0.06
30 <0.04d/
36 1,928/

oL 083938
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ahalation Chambers and Holding Racks.

Flpgure
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Reference Point

W = White
B8 = Black
R = Red

Figure 2 - Diagram of a Chamber Showing the Positions of Sampling Lines
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Flgure 3 - Average Weekly Analytical Concentrations and the Range
of all Samples for VC.
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Figure 4 - Average Weekly Analytical Concentrations and the Range
of all Samples for VDC.
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BODY WEIGHT (g)
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570

Male Rals

s Conteol
& 1000 ppm VC
o 55 ppm VDC
Female Rals e
i oo 8o 00
] 1 i 1 b H (] 1 i i 1 1 ] [ 1 1 i 1 1 A
14 16 1B 20 22 24 26 26 30 32 34 36 IB 40 42 44 46 48 50 52

WEEK

Figure 5 - Body Welghts of Rats Exposed to VC or VDC.
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BODY WEIGHT (g)

s Conhol
Female Mice a VO ppm VC

40
a 55 ppm VDC
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“a

50 ¢~ Male Mice

ol Ty G,

40 Tﬂfsi;“a( \;?{ﬁﬁ\ﬁ\' ﬂzg&&(\a\ \)/"/J
a5 K\ﬂ/

0

25

20
1 | | | i | L | 1 1 | i i | | i | i 1 | 1 1§

0 2 4 & 8 10 12 M W 10 20 22 24 26 28 30 32 34 36 I8 40 42 44 46 48 50 52

Figure 6 - Weight Gram of Mice Exposed to YC or VDC.
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HEMATOLOGY, CLINICAL LABORATORY TESTS, HISTOPATHOLOGY,
STATISTICAL ANALYSIS, AND NORMAL VALUES

I, HEMATOLOGY AND CLINICAL LABORATORY TESTS

The usual blood sample from dogs is 8 ml, from monkeys 4 ml, and
from rats 0.3 ml for hematology and about 8 ml for full analysis at termin-
ation.

A, Hematology

The following hematological analyses are performed onm all blood
samples from rats, dogs and monkeys.

1. Erythrocvte and leukocyte counts: A Coulter Electronic
Particle Counter with 100 u aperture is used.i! Particle~free diluents
(Isoton for RBC, Zap-Oglobin in Isoton for WBC, Coulter Electronics, Inc.)
are counted to establish the background. Each blood sample is counted in
duplicate. For each test day, two control blood samples (Diagnostic
Technology, Ine.) are counted separately in duplicate.

2. Hematocritr: Hematocrit is determined in capillary tubes
using a microcapillary centrifuge (International Equipment Company, Model
MB). Two control blood samples (Diagnostic Technology, Inc.) are measured
separately in duplicate.

3. Hemoglobin: Hemoglobin is measured as cyanomethemoglobin.gf
Each blood sample is measured in duplicate. Cyanomethemoglobin (Coulter
Electronics, Inc.) is used as the standard. For each assay, two levels of
the standard are used and two control blood samples (Diagnoatic Technology,
Inc.) are measured in duplicate.

4, Methemoglobin (Met-Hb): Met-Hb is measured by the method of
Dubowskivll A positive control is made by adding potassium ferricyanide
to control blood.

5. Heinz bodies: Heinz bodies are stained with methyl violet and
the percent of Heinz bodies is calculated.

6. Mean corpuscular volume (MCV): MCV is calculated as follows:

MCY (ud) = Hematocrit x 10
Erythrocytes in millions/mm>




7. Mean corpuscular hemoglobin (MCHb): MCHb is calculated as

follows:

Hemoglobin (gm %) x 10
Erythrocytes in millions/mm”

MCHD (npug) =

8. Mean corpuscular hemoglobin concentration (MCHbC): MCHLC
is calculated as follows:

MCHbC (gm 2) = Hemoglobin (gm %) x 100

Hematocrit

9, Differential leukocyte counts: Wright's stain is used to
stain the leukocytes for examination.

10. Reticuloeyte count: Reticulogytes are counted by the methy-
lene blue method using the Miller disc.ﬁ/

11. Platelet count: A Coulter Electronic Particle Counter with
70 u aperture is used.2/ Particle-free Isoton is used as diluent and
counted to establish the background. At weekly intervals, platelets are
also visually counted in a hemocytometer with a phase microscope for
comparisonrﬁ

12, Clotting time (dog and monkey): Clotting time is determined
by the capillary tube procedure using two capillary tubes.zj The time
elapsed from the appearance of the blood from the animal and coagulation
in either tube is measured.

B. Clinical Blood Tests

The following clinmical blood chemistry tests . serformed on
all blood samples from dogs and monkays and on blood samp. 3 from rats
at termipation.

1. Blood glucose: Fasting blood glucose is determined by Stein's
hexokinase method.2/ Standard glucose solution (Dade) is used to establish
a standard curve., For each assay, one level of the standard and two con-
trols (Reference Serum, Worthington; and Validate, General Diagnostics) are
measured.

2. Serum glutamic-oxaloacetic transaminase (SGOT): SGOT is
measured by the method of Amador and Wacker.Z2/ Validate and Reference

Serum are used as the enzyme reference for each assay.
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3. Serum glutamic-pyruvic transaminase (SGPT): SGPT 1s measured
by the method of Henry et al.10/ validate and Reference Serum are used as
the enzyme reference for each assay.

4. Alkaline phosphatase: Alkaline phosphatase 1s measured by
the method of Bowers and McComb.ii/ Validate and Reference Serum are used
as the enzyme reference for each assay.

5. BUN: BUN is measured using the BUN Strate Kit (General Diag-
nostic) which is based on the urease method.l&l Three levels of Calibrate
(General Diagnostics) are used to egtablish a standard curve. For each
assay, two controls (Calibrate I and Validate) are used as the reference.

6. Creatinine: Creatinine is measured by a modified kinetic
alkaline picrate procedure.ig/ Creatinine Standard Solutions (Sigma Chemi-
cal Company) are used to establish a standard curve. For each assay, two
levels of the standard and two controls (Calibrate I and Validate) are
used as reference.

7. Lactate dehydrogenase (LDH): LDH is measured by the method
of Wacker et al.i% Precinorm E and Precipath E (Boehringer, Mannheim
Corporation) are used as the enzyme controls for each assay.

8. qr-Hydroxybutyrate dehydrogenase (a~HBDH): « HBDH is measured

by the method of Rosalki and Wilkinson.=2/ Pracinorm E and Precipath E are
used as the enzyme controls for each assay.

9. Creatine phosphokinase (CPX): CPK is measured by the improved
procedure of Rosalkil®/ based on the methods of Oliver.ll/ Precinorm E and
Precipath E are used as the enzyme controls for each assay.

€. Urinalysis

Urine samples are collected from animals before and during treat-
ment as are the blood samples, The urine from rats is collected by slight
manipulation of their body, and samples within each group are pooled. The
monkeys and dogs are placed individually in metabolism cages, and urine is
collected in the stainless steel pan. The urine from each dog and the pooled
urine from rats are tested and examined for the following:

1. Protein: Urinary protein is determined with Labstix (Ames
Company, Elkhart, Indiana).

2, Sugar: Urinary glucose and reducing substance are determined
with Labstix (Ames Company).
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‘ ' ‘3, Microscopic examination: Urine samples are centrifuged and
the supernatant discarded, The residue is resuspended and examined micro-
scopically for the presence of erythrocytes, leukocytes, epithelial cells,
and crystals under high power field and for casts under low power field.

& positive urine control prepared with known amounts of protein
and glucose in saline adjusted to pH 6.0 is runm with each assay to check
the reliability of the Labstix.

D. Occult Blood in Feces

Fecal samples are collected from animals before and during
treatment as are the blood and urine samples. Occult blood in the feces
is determined with Hematest Reagent Tablets (Ames Company, Elkhart, Indiana).
A positive control (whole blood) and a negative control (distilled water)
are inciuded with each assay to check the reliability of the Hematest
tablets.

E. Precision of Hematology and Clinical Blood Chemistry Tests

1. Reproducibility

For erythrocyte and leukocyte counts, hematocrit, hemoglobir, and
the various clinical blood chemistry tests, the same control blood samples
or control standards are usad for day~to-day assays. The replication of
results are excellent and are summarized in Table A.

The determination of differential leukocyte counts and reticuloeyte
counts are performed by experienced personnel. At weekly intervals, a blood
sample is counted by two or more personnel to confirm the accuracy of the
counting. Also at weekly intervals, the platelet counts obtained from a
Coulter Electronic Particle Counter are compared with the direct visual
counts in a hemocytometer using a phase microscope.

2. Reproducibility Within a Test Day

At monthly intervals, a blood sample is taken from a control dog
and six or more determinations for erythrocyte, leukoeyte, reticulocyte,-
and platelet counts, hemoglobin, and various clinical blood chemistry tests
are performed to establish the reproducibility within an assay. The results
are sumarized in Table B. ) ' :
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3. Proficiency Test Service

We subscribe to the Proficiency Test Service of the Institute
for Clinical Secience, Hahnemann Medical College, Philadelphia, Pennsylvania
(F. Wm. Sunderman, M.D., Director). On the first day of each wmonth, this
service sends two samples containing two different sera or solutions to all
subscribers for measurements of one or more of the parameters usually analyzed
in clinical laboratories. Participants report their results on a form fur-
nished by the service. On the 15th day of the month, each participant re-
ceives a report from the service which includes: the resylts of a statistical
analysis of the values reported by all the participating laboratories; a
current review of pertinent methodology; a comprehansive bibliography; and
validation of the results which the participating laboratory reported. This
service enables each participating laboratory to obtain an unbiased and criti-
cal assessment of its proficiency ian relation to that of 1,000 or so other
¢linical laboratories throughout the country. The service has been in con-
tinuous operation since 1949 and was given endorsement by the American Society
of Clinical Pathologists in 1952 and by the Association of Clinical Scientists
in 1957 and 1968. Our results have been found to be satisfactory and are
summarized in Table C.

I1. HISTOPATHOLOGY

A. Necrovsy and Gross Examination

At termination or prior to imminent death, rats are killed with
ether, and dogs and monkeys with an overdose of sodium pentobarbital. Animals
that die on tests ara.kept refrigerated but not frozem until necropsy. The
general physical condition and nutritional status of each animal at the time
of death or termination are observed and recorded. Necropsy is performed as
soon as possible after death. Gross changes of all tissues are carefully
examined and recorded.

B. Organ Weights

_ The brain, liver, spleen, kidneys, adremals, thyroids and gonads
are trimmed free from surrounding tissues and weighed. The organ weight to
body weight and/or brain weight ratios are then calculated.
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C. Tissues for Microscopic Examination

Tissues to be examined include the eye, skin (breast), trachea,
lung, tongue (except rat), salivary gland, liver, gallbladder (except rats),
pancreas, esophagus, fundiec and pyloric stomach, duodenum, jejunum, ileum,
cecum, colon, kidneys, urinary bladder, gonads, and accessory organs,
diaphragm and gracilis muscle, anterior pituitary, thyroids/parathyroids,
adrenals, tonsil (except rat), thymus, spleen, prescapular (except rats)
and mesenteric lymph nodes, rib bone with bone marrow, brain (sagittal
section for rats; coronal sections of cerebral cortex, cerebellum, and
brain stem for dog and monkey), spinal cord (lLumbosacral plexus, dog and
monkey), sciatic nerve and any other structures not mentioned which show
abnormal gross changes.

D. Fixation and Staining of Tissues

All tissues are cut not to exceed 1 em in thickness for fixation.
For most tissues, neutral buffered 10% formalin is used. Sufficient volume
of fixing solution is used and the tissues are changed to a fresh solution
after 24 hours. The fixed tissues are processed in an Autotachnicom for
dehydration, clearing, and infiltration and then embedded in paraffin.
Routine H & E staining is used to stain the sectioned tissues for micro-
scopic examination. '

Supplementary tissue fixatives and staining techniques may be
employed for more positive identification of special lesions such as calci-
fication, pigments, fat deposition and other abnormal changes.

III. STATISTICAL ANALYSIS

Data are analyzed statistically using the Dummett's multiple com-
parison procedure following an analysis of variance,ié or our modification
of this procedure for uneven numbars among groups. The chosen criteriom
significance is p ¢ 0.05. The means of each group at various intervals
during treatment are compared with pretreatment levels. For most experi-
ments in-beagles, three baseline (pretreatment) levels are obtained. The
baseline levels for each animal are averaged and the mean 13 used in the
analysis. 1In additiom, the means of the varicus treated groups are compared
with that of the control group at the respective time intervals.
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IV, NORMAL VALUES

A. Hematology, Clinical Laboratory Tests and Bone Marrow

Since June 1971, we have used about 180 rhesus monkeys (Woodard

Research Corporation, Herndon, Virginia, Primate Imports, Port Washington,
New York, and Primelabs, Inc., Farmingdale, New Jersey) for various studies.
The peripheral blood elements and clinical blood chemistry values of these
monkeys before treatment and the myeloid/erythroid (M/E) ratio of the bone
marrow of the monkeys used as normal controls varied among individual ani-
mals. The mean t S.D. and the range of the various parameters for the males
and females are summarized in Tables D and E, respectively.

Since September 1971, we have used about 525, 5 to 9 months old,
beagles dogs (AKC registered, Hazelton Research Animals, Inec.). The periph-
eral blood elements, clinical blood chemistry values and the M/E ratio of
the bone marrow varied considerably among individual dogs. The mean + S.D.
and the ranges of the various parameters for the males and females are
summarized in Tables H and I, respectively.

During the same period, we have used about 500, 7 to 10 weeks old,
male albino rats (CD® Strain, Charles River Breeding Laboratories). As
for the dogs, the individual variations of the peripheral blood elements,
clinical blood chemistry values and the M/E ratio of the bone marrow were
large. The mean + S.D. and the ranges of the various parameters for these
male rats are summarized in Table L.

B. Absolute and Relative Organ Weights

Organ weights, both absolute and relative to body weight, of
rhesus monkeys, beagle dogs, and albino rats are summarized ih Tables F
and G, J and K, and M, respectively. These were control animals used be-
tween June 1971 and December 1976.

C. Presence of Various Substances in the Urine

"Various substances occasionally occurred in the urine of monkeys,
dogs and rats. The results are summarized in Table N. Large percentage of
urine samples from monkeys contained epithelial cells, i,e., 34.7% to 52.0%.
Other substances occurred in 8.1% or less of the urine samples.

In dogs, protein, erythrocytes, leukocytes and epithelial cells

were present in 19.1 to 21.6%Z, 16.5 to 19.8%, 22.6 to 24.6% or 24.7 to 25,7%,
respectively, of the samples from dogs collected for amalysis. Glucose,
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crystals, and casts occurred in less than 2% of these samples. Some dogs

had been bled and returned to the metabolism cages before the urine was
removed for analysis. The high incidence of some of these substances in

the urine of these dogs might be due to contamination with the fecal material
and traces of blood dropped in the cage. Special care to avoid contamination
has been undertaken.

3

In rats, large percentage of urine samples contained protein, i.e.,
29,8 to 36.0%. A few samples contained erythrocytes, leukocytes, epithelial
cells and erystals.

D. Occult Blood in the Fecaes

Less than 107 of the feces samples from monkeys or dogs was positive
with the Hematest for occult blood. The results are summarized in Table O.
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TABLE

A

REPRODUCIBILITY AMONG TEST DAYS ON THE

SAME CONTROL SAMPLES OR STANDARDSZ/

Erythrocytes (x 106 /mm3)
Normal level
Abnormal level

Hematoerit (vol %)
Normal level
Abnormal level

Hemoglobin (gm %)

Normal level
Abnormal level

Leukocyte Counts (x 103 /am
Normal level
Abnormal level

3

Fasting Blood Glucose (mg %)
SGOT (TU/d)

SGPT (1U/{)

Creatinine (mg %)

BUN (mg %)

Bilirubin (mg %)

Alkaline Phosphatase (IU/{)
CPK

LDH

HBDH

a/ Performed in December 1976.

10

No. of

Determinations Mean + S.D.
20 4,51 £ 0.07
20 2.32 £ 0.04
20 44.3 £ 0.40
20 22.8 + 0.60
20 14.2 £ 0.20
20 7.4 £0.20
20 7.3 £0.50
20 17.6 + 0.80
20 163.0 £ 7.5
23 61.7 + 3.9
23 51.3 £ 2.6
18 2.2 £ 0.3
19 9.8 £ 0.2
11 0.8 + 0.1
22 71.6 + 5.4
11 153.0 £ 7.7
8 98.0 + 2.4

8 226.0 £ 7.2

Range
4.36 4,67
2.25 2.40

44 45

22 24
13.6 14.5

6.9 7.8
6.8 8.7
16.3 18.7
151 - 178
55 - 68
46 55
1.6 2.6
9.5 - 10.2
0.8 1.0
62 80
139 161
95 101
214 238
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' TABLE B

REPRODUCIBILITY WITHIN A TEST DAY
ON THE SAME SPECIMENAE/

- Mean % S.D.Q/ Range
- Erythrocytes (x 100/mm3) 5.90 + 0.14 5.73 - 6.08
Reticulocytes (3) 0.63 + 0.12 0.44 - 0.79
Hematocrit (vol %) 46.8 + 0.6 46.0 = 47.5
Hemoglobin (gm %) 16.1 £ 0.2 15.8 = 16.1
} Platelets (x 103/mm3) 1.56 + 0.07 1.49 - 1.66
Leukocytes (x 103/mm3) 10.8 + 0.4 10.2 - 11.3
Bands (%) 0+0 0-0
- Neutrophils (%) 64.3 £ 3.1 61 - 69
Lymphocytes (%) 29.0 £ 4.9 23 - 35
Eosinophils (%) 3.2 £ 0.8 2 -4
“ Basophils (%) 0+90 0-0
Mounocytes (%) 3.4 +£ 0.9 3 =35
- Atypical (%) 00 0=-0
Nucleated RBC (%) 0+0 0-0
Methemoglobin (gm 7) 00 0-0
Fasting Glucose (mg %) 96.7 + 3.0 32 - 101
SGOT (IU//) 23.2 £ 2.8 21 - 28
SGPT (IU/{) 25.3 + 2.1 24 - 28
Creatinine (mg %) 0.6 £ 0.1 0.5 - 0.6
BUN (mg %) 9.0 £ 0.0 9 -9
Alkaline Phosphatase (IU/{) 63.5 + 1.1 62 - 65
} CPK 44,0 £ 1.6 43 - 46
LDH 38.5 £+ 1.6 37 - 40
HBDH 42.0 £ 1.5 40 = 43

a/ Performed in October 1976.
b/ Six determinations from an adult beagle blood sample.
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TABLE C |4

PROFICIENCY TEST SERVICE (PTS) REPORTS (1975*1976)5/

Participating
Laboratories
MRI PTS (10~90 Percentiles) Acceptable
Unknowns Results Results Madian Mean Performancel
Hemoglobin 13.8 gm % 13.8 13.8 13.8 13.6 - 14.0
18.1 gm % 17.9 17.9 17.8 17.6 - 18.2
Serum Protein 6.6 mg % 7.1 7.0 7.0 6.7 = 7.3
Fasting Glucose 272.0 mg 7% 264.5 266.0 263.0 240 = 290
229.0 mg 7 221.4 22G.5 222.5 200 -~ 240
BUN 12.1mg % 12.0 12.0 12.2 11.0 - 13.0
38.4 mg % 40.1 40.3 39.2 36.0 - 44.0
Creatinine 1.0 ng 7 1.0 1.0 1.0 0.8 - 1.3
4.3 mg % 4.4 4,5 4.4 3.9 - 4.9
Bilirubin 3.9 mg % 4.16 4,15 4.14 3.5 - 4.6
1.3 mg % 1.78 1.80 1.77 1.5 - 2.1
Cholesterol 175.0 mg 7% 161.4 161.0 162.0 145 - 175
100.0 wg % 109.8 109.4 111.0 98 - 120
Ca 15.7 meq/{ 15.4 15.4 15.3 14,1 - 16.4
9.5 meq/f 9.8 9.8 9.8 9.2 - 10.3
Na 156.0 meq/f 155.8 156.0 155.5 153 - 158
K 7.3 meq/{ 7.5 7.5 7.5 7.3 -7.7
cl 96.0 meq/{ 97.8 98.0 97.5 96 - 101
78.0 meq// 79.4 79.0 80.0 77 - 83
Mg 1.0 meq/{ 1.1 1.1 1,2 0.9 - 1.4
1.9 meq/{ 2.0 2.0 2.1 1.8 - 2.3

5/ To date, we have received unknowns for phosphorus, uric acid, and serum
iron. We do not routinely perform these determinations.
b/ Based on values submitted by participants by 10th of memth.
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TABLE #

HEMATOL0CY, CLINICAL BLOOD CHEMISTRY VALUES

!

AND. BONE MAKROW

(HYELOID/ERYTHROID) RAY10S OF MALE RIESUS HUNKEYSA !

_ Hale Rhesus Honkeys
Body Welght (kg)

Humber
Studied
Erythrocytes (x lﬂﬁlnuj) 108
Ret iculocytes (X) 108
Nematocrit {(vol X) [TH]
Hemoglobln (gm T) s
Hev (1) 108
HCiib (ppg) o8
HCULE {wmg X) 108
Plateleta {x 105/-n3) 99
Leukocyles {x }0linn3} 1na
Neutrophila 1 {X) 108
Neutrophils H (X) [T
Lymphocytes (X) 108
Eosinophile (X) 08
Honophils (X) 108
Basophlile (X) 108
Atypical cells (X) 108
Nucleated RBC (X)
Fasting Clucose (mg X) 100
SCOT (1v/1) oo
SGPT (1u}f) . 100
Alkaltne Phoasphatase (IU/{) 1y
BUN {mg X) 100
Proth. Tiwe (mec) 62
Serum Creat. (mg X) 100
Bllirubin
Total (mg X) 62
Direct (mg I) 62
BSP 15 min (X ret.) 62
Ka (mEq/t) 62
K (mEq/f) 62
C1 (mEq/ff) 62
Ca (mEq/{) 62
Mg (mEq/i) 62
Bone¢ Marrow
Hyelotdferythroid ratlo §9

___Hean

3.74
1.74
1.74
31.74
3.74
3.74
1.74
3.74
3.74
1.74
3.74
1.74
3.74
.74
3.74
3.74
3.74
1.76
3.76
1.76
3.76
1.76
3.9
3.76

3.91
3.9
3.91
3.91
3.91
1.9
1.91
1.9

3.65

al Data collected between Junc 197} and December

t 5.D.

0.50
0.50
0.50
0.50
0.50

=]
o
=

PPpeosoooeeDD D
R -G -G O - 4

.

0.51

[ T N I L T T L I L T T - L T T

0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44

L L L L L

-

0.41

1976.

Heun

5.51
0.97
41.0
11.4
17.8
24.4
3.4
1.08
1. 4
0.18
31%.30
56.81
[ ] |
1.37
0.04
0.00
0.00
96.9
1.7
3t.3
I60.0
19.5
10.2

— —
[=] W
-l 0D
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-
W
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Observed Hesules
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k7.2
17.74
2.42
1.58
6.20
0.00
0.00
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o
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F o — I ]
-

h
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e
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Range
1.75 - 6.6}
0.07 - 2.41
17.0 -~ 50.0
0.8 - 35.4
69.6 - 117.3
21.0 - 1.6
27.2 - 4.1
0.80 - 7.10

3.8 - 10.1
0 -2
10 - 83
13 - 84
6 -1
6 -1
Q-2
c-0
0-n0n
59 - 127
0 - 60
15 - 46
143 - 503
12 - 65
9.1 - 11.9
0.6 - 1.8
0.0 - 0.8
0.0 - 0.0
2- 34
L44 - 179
1.9 - 5.7
93 - 118
4.2 - 6.3
1.2 - 1.8
1.5 - 2.1
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TABLE E

HEMAYOLOGY, CLINICAI. BL.OOD CHEMUSTRY VALUES, AND BONE MARROM
(MYELOIB/ERYTUROLN) RATIOS OF FEMALE RIESUS WONKEYSA/

___Female Rhesus Monkeys

Humber Body Helght (kg) B Ohserved Resulis
Studied Mean t 5.D. Hean ¥ S.D. Rauge
Ecythrocytes (x 109/wmd) al 1.51 t 0.48 5.33 ¢ 0.48 4.25 - 6.0
Reticulocytes (X) 81 3.51 t 0.40 1.07 ¢ 0.54 6.35 - 3.1
Wematocrit {vel 1) a .51 ¢ 0.48 41.5 ¢ 2.8 10.0 - 46.0
Hemoglobln (ge 1) 81 3.51 t 0.48 TARER 7.9 - k4.1
HoY (1) 8t 3.51 ¢ 0.48 17.7 £ 5.3 66.5 ~ 95.2
MCIlb {gpg) 81 1.50 ¢ 1. AB 24.6 ¢ 1.7 V1.6 - 29.7
WCHLE (mg X) Al 3.51 t 0.48 M.6 ¢ 1.4 26.6 - 3.2
Plateleta (x 107/em}) 8 150 ¢ 0.48 1111 1.27 1.85 - 7.9D
Leukocytes (x 103/mmY) 1 3.51 ¢ 0.48 9.5 ¢ 1.9 3.2 - 24.8
Heutrophils 1 (X} ak 3.51 t Q.48 0.10 1 0.43 -3
Neutrophila ¥ (X) Bl 3.51 ¢ 0.48 36.41 £ 11,32 13 - 56
Lymphocytes (X) 81 3.51 t 0.48 60.18 & 13.26 41 - 19
Eosinophils (X) 8t 3.51 ¢ 0.48 2.268 ¢ 3.10 0 - 18
Monophila (X} 8l 3.50 t 0.48 D.75 ¢ 0.98 0 -4
Basophile () 8l 3.51 £ 0.48 0.05 t 0.22 0-1
Aryplcal cells (3) 81 3.51 t 0.48 0.00 ¢+ 0.00 0-0
Mucleated RBC (X) T4 1.56 t 0.50 0.00 & 0.60 0-0
Faating Glucase (mg X} .38 3.51 * D.48 92.1 & 15.3 51 - 116
scot (/) 8t 3.51 & 0.48 32.1 1 1.6 20 - 10
SGPT (IU/t) 81 3.51 t D.4B 30.1 ¢ 7.6 12 - 39
Alksline Phosphaiase (IUM) (] 1.50 t 0.48 149.9 ¢ 112.3 148 - 572
BUN (mg %) 81 3.51 t 0.48 17.3 ¢ &.2 13- 29
Proth. Time {(eec) 59 3.56 ¢ 0.4) 10.5 ¢ 0.9 9.7 - 12.3
Serum Crest. (mg X) al 3.51 ¢t 0.4B 1.1 £ 0.3 0.6 - 1.7
Billrubin
Total (mg X) 81 3.51 t 0.48 0.1t 0.4 0.0 - 0.8
pirect {(mg X) 8t 3.51 2 0.48 0.0 &£ 0.0 0.6 - 0.0
ASP 15 min (X rer.) 59 3.56 t 0.43 16.4 ¢ A.3 S I T
¥a (mfqfl) 59 1.56 ¢ 0.43 158.2 ¢ 6.5 147 - 174
X (mEqlt) 59 3.56 * 0.43 4.8 10.7 3.9 - 6.2
Cl (mEq/P) 59 3.56 ¢ 0.43 9.0 t 6.1 95 - 113
Ca (mEqll) 59 1.56 £ 0.4) 5.3 £ 0.5 4.1 - 6.1
Mg (mEq/l) 59 3.56 ¢ 0.41 1.6 £+ 0.2 1.3 - 2.0
Bone Marrow
Mycloid/erythrold catlo 1) 3.49 t 0.62 1.4:03 1.0 - 1.8

a8/ Data collected thetween June 1971 and December 1976,




TABLE P

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE RHESUS MONKEYS2/

Organ Weight

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (gm)
Thyroids (gm)
Testes (gm)

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (mg)
Thyroids (mg)
Testes (gm)

a/ Data collected between September 1971 and December 1976 from 17
monkeys weighing 3.71 * 0.48 kg, used as control animals.

Absolute
Mean * §.D. Range
82 2 17 64 = 122
4-6 t 1.8 200 - 9.3
15.1 £ 3.8 8.0 - 22.0
0.73 = 0.15 0.45 = 0.86
0.57 + 1.30 0.37 - 0.81
1.29 * 0.67 0.53 - 3.30
Relatrive (per kg bodv weight)
Mean * S.D. Range
23.4 £ 2.5 18.8 - 30.4
1.25 £ 0.47 0.57 - 2.38
4,13 = 0.92 2.20 - 6.43
201 = 44 129 - 254
154 £ 42 86 - 250
0.34 £ 0.11 0.18 - 0.53
SL 083961
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TABLE G

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF FEMALE RHESUS MONKEYSE/

Organ Weight

Liver (gm)
Spleen (gm)
KRidneys (gm)
Adrenmals (gm)
Thyroids (gm)
Ovaries (gm)

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (mg)
Thyroids (mg)
Ovaries (mg)

Absolute
Mean £ S.D. Range
83 + 17 66 - 122
3.8 ¢ 1.4 2.0 - 6.0
14.5 + 2.8 11.0 - 20.0
0.68 = 0.16 0.53 - 1.14
0.60 + 0.20 0.37 - 1.11
0.28 + 0.10 0.14 - 0.45
Relative (per kg body weight)
Mean * $.D. Range
25.4 £ 5.8 19.2 - 37.4
1.16 * 0.49 0.60 - 1.89
4.40 £ 0.86 3.20 - 6.25
212 + 80 138 ~ 438
173 £ 66 97 - 346
82 + 28 43 - 140

a/ Data collected between September 1971 and December 1976 from 11
monkeys weighing 3.39 % 0.58 kg, used as controls.
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TABLE H
HEMATOLOGY, CLINICAL BLOOD CHEMISTRY VALUES, AND BONE MARROW
(MYELOID/ERYTHROID) RATIOS OF MALE BEAGLE DOGSa/
Male Beagle Doga
Number Age Body Weight (kg) Observed Results
Studied {months) Mean t 5.D. Mean * S.D. Range
Erythrocytes (x 10%/am3) 276 4 -7 8.3 ¢ 1.7 5.55 t 0.73 3.62 - 7.60
Reticulocytes (%) 284 4 - 17 8.3 + 1.7 0.72 + 0.46 0.04 4.35
Hematocrit (vol %) 276 4 - 7 8.3 + 1.7 41.6 + 1.5 31 50
Hemoglobin (gm %) 276 4 - 7 8.3 + 1.7 13.5 * 1.4 10.0 16.9
Mev (u3) 276 4 -7 8.3 ¢ 1.7 75.6 + 8.3 56.7 - 127.1
MCHb ( upug) 276 4 -7 8.3 + 1.7 24.6 + 3.0 17.1 - 41.7
MCHhC (mg %) 276 4 - 7 8.3 + 1.7 32.5 + 1.5 28.1 40.3
Platelets (x 10°/mm) 270 4 -7 8.4 % 1.7 2.91 + 1.02 0.93 - 6.35
Leukocytes (x 103/mm3) 284 4 - 7 8.3 £ 1.7 11.9 t 3.5 4.6 - 24.6
o Neutrophils I (%) 284 4 - 17 8.3 1.7 0.55 ¢t 1.06 0 -6
Neutrophils M (X) 284 4 - 17 8.3 + 1.7 56.81 * 9 47 22 80
Lymphocytes (%) 284 4 - 17 8.3 £ 1.7 37.94 £ 9.26 13 - 71
Eosinophils (%) 284 4 - 7 8.3 + 1.7 2.76 £ 2.93 0 16
Monophila (%) 284 4 - 7 8.3 + 1.7 1.78 & 1.84 O 11
Basophils (%) 284 4 - 7 8.3 +1.7 0.01 + 0.10 ¢ 2
Atypical cells (%) 284 4 - 7 8.3 £ 1.7 0.11 t 0.37 0 -2
Nucleated RBC (%) 284 4 - 7 8.3+ 1.7 0.02 & 0.10 ) 2
t Fasting Glucose (mg %) 284 4 - 17 8.3 1.7 100.9 = 12.6 66 - 134
B SGoT (1u/{) 276 4 - 7 8.3 ¢t 1.7 23.2 t 7.4 11 - 59
8 SGPT (1U/¢) 276 4 - 7 8.3 £ 1.7 25.7 + 7.9 8 46
W  Alkaline Phosphatase (1u/f) 276 4 -7 8.3 £ 1.7 73.3 + 18.5 21 - 133
g} BUN (mg %) 284 4 = 7 8.3 +1.7 12.1 + 3.3 4 23
Bone Marrow
Myeloid/erythroid ratio 34 5-9 + 1.6 1.6 £+ 0.4 1.1 - 3.0

9.4

g/ Data collected between September 1971 and December 1976.
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TABLE I

HEMATOLOGY, CLINICAL BLOOD CHEMISTRY VALUES, AND BONE MARROW
(MYELOID/ERYTHROID) RATIOS OF FEMALE BEAGLE poGsa/

Female Beagle Dogs

Number Age Body Weight (kg) Observed Results
Studied {months) Mean t S.D. Mean t S.D. Range

Erythrocytes (x 109/mm3) 257 b~ 7 6.9 + 1.3 5.59 t 0.73 3.27 - 1.75
Retlculoeytes (%) 265 4 ~ 1 6.9 + 1.3 0.74 £ 0.52 0.04 - 5.05
Hematocrit (vol X) 257 4 ~ 7 6.9 + 1.3 42.3 + 3.5 32 - 51
lemoglobin (gm %) 257 4 ~ 7 6.9 + 1.3 13.7 + 1.3 11.0 - 18.6
Mcv () 257 4 -1 6.9 + 1.3 76.7 + 9.7 S5.8 - 128.4
MCHDb (ppg) 257 4 - 7 6.9 t+ 1.3 24.8 + 3.3 17.1 - 41.6
MCHbC (mg %) 257 4 -~ 1 6.9 + 1.3 32.3 £ 1.6 28.7 - 40.4
Platelets (x 10 /mm3) 227 4 ~ 7 6.9 + 1.3 3.08 * 1.15 1.08 - 7.95
Leukocytes (x 103/mm3) 265 4 -7 6.9 + 1.3 10.9 t 3.4 3.8 - 26.9

Neutrophils I (%) 265 4 -~ 1 6.9 + 1.3 0.54 * 1.16 0 -7

Neutrophils M (%) 265 4 ~ 7 6.9 + 1.3 57.08 + 10.10 31 - 85

Lymphocytes (%) 265 4 ~ 7 6.9 + 1.3 37.15 + 10.46 10 - 61

Fosinophils (%) 265 4 - 7 6.9 + 1.3 2.37 £ 2.25 0 - 13

Monophils (%) 265 4 -~ 1 6.9 + 1.3 1.94 = 2.01 0-9

Basophils (%) 265 4 -7 6.9 + 1.3 0.01 * 0.09 0 -1

Atypical cells (%) 265 4 -1 6.9 + 1.3 0.11 t 0.43 0 - 4
Nucleated RBC (%) 265 4 -7 6.9 + 1.3 0.03 * 0.17 0 -2
Fasting Glucose (mg X) 248 4 - 7 6.9 +1.3 99.6 * 14.4 55 - 130
scoT (1u/f) 257 4 -~ 7 6.9 + 1.3 23.5 t 7.2 6 - 52
SGPT (1U/f) 257 4 - 7 6.9 + 1.3 25.3 + 7.0 8 - 49
Alkaline Phosphatase (IU/f) 257 4 -1 6.9 + 1.3 73.5 £ 19.2 30 ~ 146
BUN {(mg %) 265 4 - 7 6.9 + 1.3 12,4 £ 3.3 4 - 26
Bone Marrow

Myeloid/erythroid ratio 34 5-~9 7.8 1.4 1.4 £ 0.3 1.1 - 2.4

a/ Data collected between September 1971 and December 1976.




TABLE

J

- ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE BEAGLE DOGSQ/

Organ Weigzht

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (gm)
Thyroids (gm)
Testes (gm)

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (mg)
Thyroids (mg)
Testes (gm)

Absolute

Mean £ §.D. Range

264 £ 51 166 - 384

58 £ 25 22 - 167

53 £ 10 32 - 71
1.12 = 0.26 0.74 - 1.75
1.03 + 0.32 0.55 - 2.50
6.60 * 4.56 1.32 - 18.00

Relative (per kg bodv weight)

Mean

* 35.D.

a/ Data collected between September
weighing 9.3 * 1.8 kg, used as

Range
£ 4.2 19.6 - 42.3
+ 2.0 2.8 - 12.5
£ 0.8 4.0 = 7.7
t 25 70 - 165
* 34 56 - 211
+ 0.39 0.13 = 1.67

1971 and December 1976 from 51 dogs,
control animals.




TABLE L

HEMATOLOGY, CLINTCAL BLOOD CHEMISTRY VALUES, AND BONE MARROW
(MYELOID/ERYTHROID) RATIOS OF MALE ALBINO RATS2/

Male Rats
Number Age Body Weight (gm) Observed Results
Studied {weeks) - __Mean * S.D. Mean * S.D.

Erythrocytes (x 106lmm3) 527
Reticulocytes (%) 461
Hematocrit (vol %) 525
Hemoglobin (gm %) 525
MCV () 525
MCHb {(upg) 525
MCHbC (mg %) 525
Platelets (x 1051mm3) 473
Leukocytes (x 103Imm3) 448
Neurrophils I (%) 448
Neutrophils M (%) 448
Lymphocytes (%) 448
Fosinophils (%) 448
Monophils (%) 448
Basophils (%) 448
Atypical cells (%) 448
Nucleated RBC (%) 448
Fasting Glucose (mg X) 125
SGOT (IU/{) 125
SGPT (TU/l) 125
Alkaline Phosphatase (IU/f) 125 10
BUN (mg %) 125 10
Bone Marrow
Myeloid/erythroid ratio 109 10 - 12 349 £ 63 1.7

168 + 22 5.84

3.04
22 45.1
22 13.7
22 78.1
22 23.7
22 30.5
24 4.93
24 15.4
24 0.07
24 14.1
24 83.63
24 0.64
24 1.23
24 0.01
24 0.01
24 0.10
72 130.9
72 108.2
72 34,2
72 94,9
72 16.4

(%, )
g

168
168
168
168
168
164
164
164
164
164
164
164
164
164
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a/ Data collected between September 1971 and December 1976.




TABLE M

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE ALBINO RATS2/

Organ Weight

Liver (gm)
Spleen (gm)
Ridneys (gm)
Adrenals (mg)
Thyroids (mg)
Testes (gm)

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (mg)
Thyroids (mg)
Testes (gm)

Absolute

Mean * 35.D, Range
10.89 = 2.87 7.18 - 15.09
0.65 £ 0.11 0.34 - 0.89
2.64 + 0.37 1.84 - 3.58
63.6 * 9.5 21.9 - 73.5
26.3 £ 5.8 14,3 - 37.7
2.98 +£ 0,51 1.76 = 3.81

Relative (per 100 gm body weight)

Mean * §.D. Range
2,96 = 0.42 2.09 - 4,01
0.19 + 0.08 0.10 - 0.30
0.76 £ 0.10 0.22 - 0.88
18.6 £ 5.8 5.8 = 22,4
7.6 £ 2.7 4.2 - 12,7
0.87 £ Q.15 0.23 - 1.09

a/ Data collectéd between September 1971 and December 1976 from 139 rats,
weighing 352 # 59 gm, used as control animals.
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TABLE

PRESENCE OF VARTOUS SUBSTANCES IN THE URINE OF MALE AND

Species:
No. of Animals:
No. of.Collections:

Glucose: < 250 mg X

> 250 mg X

Protein: < 100 mg %

> 100 mg T
RBC:EI Moderate
Excessive

HBC:EI Moderate

Excessive

Epithelium:ﬂl Moderate
Excessive

Crystal:hj Moderate
Excessive

Castsa: Positive

a/ Pooled sample of 4~20 rats. _
b/ Baseline data collected from all animals employed between September 1971 and December 1976.

FEMALE MONKEYS, DOGS AND MALE RATS

Monkeys Dops
14187 18 6150/ 112
141 98/ 615 s65¢/
oe/ 2.0 (2) 0.2 (1) 0.7 (4)
0 0 0.5 (3) 0.2 (1)
3.5 (5) 6.1 (6) 19.3 (119) 17.3 (98)
0 2.0 (2) 2.3 (14) 1.8 (10)
1.4 (2) 3.1 (3) 16.4 (101) 13.3 (75)
0 0 3.4 (21) 3.2 (18)
1.4 () 2.0 (2) 18.7 (115) 20.9 (118)
0 0 3.9 (24) 3.7 (21)
1.2 (44) 44.9 (44) 21.0 (129) 21.9 (124)
3.5 (5) 7.1 (D) 4.7 (29) 2.8 (16)
0.7 (1) 2.0 (2) 0.2 (1) 0.7 (4)
0 0 0.2 (1) 0.7 (4)
0.7 (1) 5.1 (5) 0 0.9 (5)

84b/7 18
84 sed/
0 0
0 0
29.8 (25) 36.0 (18)
0 0
3.6 (3) 8.0 (4)
0 0
) 4.0 (2)
0 0
0 8.0 (4)
) 0
0 2.0 (1)
0 2.0 (1)
0 0

c/ Data collected at weekly intervals for 4-7 collections from controls employed between September 1971

and December 1976.

d/ Data collected at 2-week intervals for 2-4 collections from control rats employed between September 1971

and December 1976.

e/ Percent of total (number of sauples).

f/ Normal, 10 or less cells; moderate, 10-100 cells; excessive, > 100 cells/field (x 440).

g/ Normal, 5 or less cells; moderate, 5-25 cells; excessive, > 25 cells/field (x 100).
h/ Normal, none; moderate, 1-5 crystals; excessive, > 5 crystals/field (x 100).




TABLE O ¢

PRESENCE OF OCCULT BLOOD IN THE FECES OF MALE
AND FEMALE MONKEYS AND DOGS

Species: Monkevys Dogs
No. of Animals: 442/ 8 1188/ 30
No. of Collections: 44 480/ 118 éégﬁf

Occult Blood: Negative  90.9 (40)&/  95.8 (46)  94.1 (111)  91.7 (143)

Positive 9.1 (4) 4.2 (2) 3.9 (7 8.3 (13)

a/ Baseline data collected from all animals employed betweea July 1974 and
December 1976,

b/ Data collected at weekly intervals for 4-7 collections from controls
employed between July 1974 and December 1976.

¢/ Percent of total (number of samples).
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