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NOTE TO THE READER 
These studies are  designed and conducted to characterize and evaluate the toxicolo ‘c potential, in- 

and mice). Chemicals selected for testing in the NTP Carcinogenesis Program are  chosen primarily 
on the bases of human exposure, level of production and chemical structure. Selection per se is not a n  
indicator of a chemical’s carcinogenic potential. He ative results, in which the test animals do .not 

is not a carcinogen, inasmuch as the experiments are conducted under a limited set of conditions. 
Positive results demonstrate that a test chemical is carcinogenic for animals undler the conditions of 
the test and indicate that exposure to the chemical has the otential for hazard to humans.. The 

wider analysis which extends beyond the purview of this study. 
Five categories of interpretative conclusions were adopted for use in June 1983 in the Technical 
Reports series to specifically emphasize consistency and the concept of .actual  evidence of 
carcino enicity. For each definitive stud result (male rats, female rats male mice, female mice), one 
of the fgollowing quintet will be selectei to describe the findings. These categories refer to the 
strength of the experimental evidence and not to either potency or mechanism 

Clear Evidence of Carcinogenicity is demonstrated by studies that  a re  interpreted. as 
showing a chemically related increased incidence of malignant neoplasms, stud!es that exhibit 
a substantiaIly increased incidence of beni n neoplasms, or studies that exhibit an  increased 
incidence of a combination of malignant antbenign neoplasms where each increases with dose. 

0 Some Evidence of Carcinogenicity is demonstrated by studies that  a re  interpreted as 
showing a chemically related increased incidence of benign neoplasms, studies that exhibit 
marginal increases in neoplasms of several or andtissues, or studies that exhibit a slight 

0 Equivocal Evidence of Carcinogenicity is demonstrated by studies that are interpreted as 
showing a chemically related margmal increase of neoplasms. 

0 No Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing 
no chemically related increases in malignant or benign neoplasms. 

0 Inadequate Study .of Carcinogenicity demonstrates that because of major. qualitative or 
quantitative limitations, the studies cannot be interpreted as valid for 5;howing either the 
presence or absence of a carcinogenic effect. 

Additionally, the followin concepts (as patterned from the International Agenc for Research on 

The term chemical carcinogenesis generally means the induction by cheniicals of neoplasms 
not usually observed, the earlier induction by chemicals of neoplasms tha t  a re  commonly 
observed, or the induction by chemicals of more neoplasms than are  generally found. Different 
mechanisms may be involved in these situations. Etymologically, the term carcinogenesis 
means induction of cancer, that is, of malignant neoplasms; however, the commonly accepted 
meaning is the induction of various ty es of neoplasms or of a combination of malignant and 
benign neoplasms. In the TechnicaPReports, the words tumor and neoplasm are  used 
interchangeably. 

This study was initiated by the National Cancer Institute’s Carcinogenesis Bioassay Program, now 
part of the National Institute of Environmental Health Sciences, National Toxicolo Pro ram. The 
studies described in this Technical Report have been conducted in $om liance w i g  NTb chemical 
health and safety requirements and must meet or exceed all applicabk Federal, state, and local 
hea!th and safety regulations. All NTP toxicology and carcinogenesis studies are subjected to a data 
audit before being presented for peer review. 
Although every effort is made to repare the Technical Reports as accurately as possible, mistakes 
may occur. Readers are requeste: to identify any mistakes so that corrective action may be taken. 
Further, anyone who is aware of related ongoin or published studies not mentioned in this report is 
encoura ed to make this information known f o  the NTP. Comments and questions about the 
Nationaf Toxicolo and Carcinogenesis Studies should be 
directed to Dr. J.E!%uff,%ational Toxicology Program, P.O.P$ox 12233, Research Triangle Park, NC 

These NTP Technical Reports are available for sale from the National Technical Information Service, 
U.S.  De artment of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Sin le 

Public Information Ofice, ga t iona l  Toxicology Program, 5.0. Box 12233, Wesearch Triangle Park, 
NC 27709. 

cluding carcinogenic activity, of selected chemicals in laboratory animals (usually &‘ wo species, rats 

have a greater incidence of cancer than control anima 5 s, do not necessarily mean that a test chemical 

determination of the risk to humans from chemicals found to ! e carcinogenic in animals requires a 

increase in uncommon malignant or benign neop f asms. 

Cancer Monographs) have % een adopted by the NTP to give further clarification of t  i ese issues: 

Pro ram Technical Reports on Toxicolo 

27709 (919-541-3780). 

copies o! this Technical Re ort are  available without char e (and while sup lies last) frpm the N 5 P 
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(CAS NO. 127-18-4) 

c2c14 Molecular weight 165.8 

Synonyms: Carbon bichloride, carbon dichloride, ethylene tetrachloride, per, perc, perchlor, perchlorethylene, 
perchloroethylene, perk, tetrachlorethylene, 1,1,2,2-tetrachloroethylene 

Trade names: Ankilostin, Ant i sa l l ,  Dee-Soh, Didakene, Dow-Per, ENT 1860, Fedal-Un, Nema, Perclene, Percosolv, 
Perklone, PerSec, Tetlen, Tetracap, Tetraleno, Tetravec, Tetroguer, Tetropil 

ABSTRACT 

Toxicology and carcinogenesis studies of tetrachloroethylene (99.9% pure) were conducted by inha- 
lation exposure of groups of 50 male and 50 female F344/N rats and B6C3F1 mice 6 hours per day, 5 
days per week, for 103 weeks. The exposure concentrations used (0, 200, or 400 ppm for rats and 0, 
100, or 200 ppm for mice) were selected on the basis of results from 13-week inhalation studies in 
which groups of 10 rats and 10 mice of each sex were exposed to tetrachloroethylene a t  100-1,600 ppm 
for 6 hours per day, 5 days per week. 

During the 13-week studies, 1,600 ppm tetrachloroethylene was lethal to 20%-70% of the rats and 
mice and reduced the final body weights of survivors. In rats, tetrachloroethylene a t  200-800 ppm 
caused minimal to mild hepatic congestion. In dosed male and female mice, minimal to mild hepatic 
leukocytic infiltration, centrilobular necrosis, bile stasis (400-1,600 ppm), and mitotic alteration (200- 
1,600 ppm) were produced. Tetrachloroethylene exposure also caused minimal renal tubular cell 
karyomegaly in mice a t  concentrations as low as 200 ppm. 

During the 2-year studies, exposure to tetrachloroethylene did not consistently affect body weight 
gains in either ra ts  or mice. Exposure at 400 ppm tetrachloroethylene reduced the survival of male 
rats (control, 23/50; low dose, 20150; high dose, 12/50). This reduced survival may have been related 
to an  increased incidence of mononuclear cell leukemia. Tetrachloroethylene a t  both exposure con- 
centrations reduced the survival of male mice (4660; 25/50; 32/50), whereas exposure at  200 ppm re- 
duced female mouse survival (36/50; 31/50; 19/50). Early deaths in mice may have been related to the 
development of hepatocellular carcinomas. 

Both concentrations of tetrachloroethylene were associated with increased incidences of mononuclear 
cell leukemia in male rats (28/50; 37/50; 37/50). In female rats, tetrachloroethylene increased the in- 
cidence of leukemia (18150; 30150; 29/50) and decreased the time to occurrence of the disease. Tetra- 
chloroethylene produced renal tubular cell karyomegaly in male and female rats, renal tubular cell 
hyperplasia in male rats, and renal tubular cell adenomas or adenocarcinomas (combined) in male 
rats (1149; 3/49; 4/50). The incidence of the renal tubular cell tumors was not statistically significant; 
these uncommon tumors have been consistently found a t  low incidences in male ri3ts in other 2-year 
studies of chlorinated ethanes and ethylenes. One low dose male rat  had a kidney lipoma, and 
another had a nephroblastoma. Four high dose male and two high dose female rats had gliomas of the 
brain, whereas one control male and one control female had this tumor. 

Tetrachloroethylene, NTP TR 311 10 



In male and female mice, tetrachloroethylene caused dose-related increases in the incidences of 
hepatocellular neoplasms. In males, tetrachloroethylene a t  200 ppm increased the incidence of hepa- 
tocellular adenomas (11/49; 8/49; 18/50) and a t  both concentrations increased the incidence of hepato- 
cellular carcinomas (7/49; 25/49; 26/50). In female mice, tetrachloroethylene at both concentrations 
increased the incidences of hepatocellular carcinomas (1/48; 13/50; 36/50). Tetrachloroethylene also 
produced renal tubular cell karyomegaly in both sexes of mice, and one low dose male mouse had a 
tubular cell adenocarcinoma. 

In these inhalation studies, there were no neoplastic changes in the respiratory tracts of either 
species, but there was an  increase in the incidence of squamous metaplasia in the nasal cavities in 
dosed male rats (Of50; 5/50; 5/50). 

Tetrachloroethylene was not mutagenic in Salmonella typhimurium strains TA98, TA100, TA1535, 
or TA1537 in the presence or absence of male Syrian hamster or male Sprague-Dawley rat  liver S9. 
Tetrachloroethylene was not mutagenic in L5178Y/TK+'- mouse lymphoma cells with or without 
metabolic activation and did not induce sex-linked recessive lethal mutations in Drosophila melano- 
gaster. Tetrachloroethylene did not induce sister-chromatid exchanges or chromosomal aberrations 
in Chinese hamster ovary cells in the presence or absence of metabolic activation. 

An audit of the experimental data was conducted for these 2-year studies on tetrachloroethylene. No 
data discrepancies were found that influenced the final interpretations. 

Under the conditions of these 2-year inhalation studies, there was clear evidence of Carcinogenicity' of 
tetrachloroethylene for male F344/N rats  as shown by an increased incidence of mononuclear cell leu- 
kemia and uncommon renal tubular cell neoplasms. There was some evidence of carcinogenicity of 
tetrachloroethylene for female F344/N rats as shown by increased incidences of mononuclear cell leu- 
kemia. There was clear evidence of carcinogenicity for B6C3F1 mice as shown by increased incidences 
of both hepatocellular adenomas and carcinomas in males and of hepatocellular carcinomas in 
females. 

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2. 
A summary of the Peer Review comments and the public discussion on this Technical Report appears on pages 14-15. 
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SUMMARY OF PEER REVIEW COMMENTS 
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 

TETRACHLOROETHYLENE 

On August 14, 1985, the draft Technical Report on the toxicology and carcinogenesis studies of tetra- 
chloroethylene (perchloroethylene) received peer review by the National Toxicology Program Board 
of Scientific Counselors’ Technical Reports Review Subcommittee and associated Panel of Experts. 
The meeting was held at the National Institute of Environmental Health Sciences, Research Triangle 
Park, North Carolina. 

Dr. J. Mennear, NTP, began the discussion with a summary of the study design, results, and con- 
clusions. Dr. Swenberg, a principal reviewer, stated that the report should clearly note that the inter- 
pretation of mononuclear cell leukemia was based on the standard method of data evaluation 
supported by the dose-response effect on tumor latency and the staging evaluation. He pointed out 
that  this is a preliminary attempt to develop staging criteria for mononuclear cell leukemia. Dr. 
Swenberg said the discussion should be expanded to examine possible mechanisms of carcinogenesis, 
noting that the mutagenicity studies were negative and that  tetrachloroethylene caused tissue 
toxicity a t  the same site as neoplasia in two of the three tissues: mouse liver and rat  kidney. Further, 
he recommended that studies be considered to determine the potential immunotoRicity of tetrachloro- 
ethylene. 

As a second principal reviewer, Dr. Mirer agreed with the proposed conclusions in mice but thought 
that  the conclusions in male and female rats should be changed from some evidence of carcinogenicity 
to clear evidence of carcinogenicity. He said that the mononuclear cell leukemia was malignant and 
present at increased incidence and that the increase appeared by all the usual criteria to be chemi- 
cally related. Dr. Hooper supported the interpretation of clear evidence of car& nogenicity for male 
rats based on the statistical values, similar findings in female rats, and the 8% incidence of a rare tu- 
mor, glioma of the brain, in high dose male rats. Dr. Swenberg disagreed and stated that brain 
tumors are not as rare as previously believed and the high control incidences of mononuclear cell leu- 
kemia in these studies and in the concurrent dichloromethane (methylene chloride) studies argued 
against changing the conclusion. Dr. Mirer asked that greater emphasis be placed on the summary of 
the doses associated with the appearance of nontumor pathologic effects. He commented that tetra- 
chloroethylene at the existing Occupational Health and Safety Administration (OSHA) human ex- 
posure limit (100 ppm) in mice showed a substantial effect at that level and should be noted. 

As a third principal reviewer, Dr. Turnbull agreed with the conclusions as written. He asked whether 
the data from the control group for the inhalation studies on methylene chloride, reviewed and ap- 
proved previously by the Panel, could be considered as a second concurrent control group to increase 
the power of the statistical tests. The studies on methylene chloride overlapped those on tetrachloro- 
ethylene at the same laboratory. 

As a fourth principal reviewer, Dr. Jones also agreed with the conclusions. 

Dr. T. Robinson, Vulcan Chemicals, representing the Halogenated Solvents Industry Alliance 
(HSIA), stated that the NTP conclusion of some evidence of carcinogenicity in rats was not supported 
by the data. In the opinion of HSIA, the appropriate conclusion was  equivocal evidence of carcino- 
genicity based on lack of early mortality from mononuclear cell leukemia in exposled groups compared 
with control groups and the confounding high incidence in untreated controls. Secondly, Dr. 
Robinson said the current study was the first to base conclusions, at least in part, on the staging of 
mononuclear cell leukemia in F344 rats by a method that HSIA considers not well established. Dr. 
Mennear responded that the conclusions in rats were not based solely on staging of mononuclear cell 
leukemia but rather on the significantly increased incidences of mononuclear cell leukemia in 
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exposed animals. Further, examination of causes of early mortality showed a dose-related increase in 
the incidence of death considered due to mononuclear cell leukemia. 

Dr. Swenberg moved that the conclusions as proposed, some evidence of carcinogenicity in rats and 
clear evidence of carcinogenicity in mice, be accepted. Dr. Jones seconded the motion, and it was de- 
feated by five negative votes (Dr. Crowley, Dr. Hooper, Dr. Kotelchuck, Dr. Mirer, and Dr. Perera) to 
four affirmative votes (Dr. Jones, Dr. Swenberg, Dr. Tannenbaum, and Dr. Turnbull) with two ab- 
stentions (Dr. Kociba and Dr. Purchase). Dr. Hooper then moved that the conclusions in mice be ac- 
cepted as written. Dr. Perera seconded the motion, and it was approved by nine affirmative votes 
with two abstentions (Dr. Kociba and Dr. Purchase). Dr. Hooper moved that the conclusions in fe- 
male rats, some evidence of carcinogenicity, be accepted as written. Dr. Crowley seconded the motion, 
and it was approved by eight affirmative votes; there were one negative vote (Dr. Kotelchuck) and 
two abstentions (Dr. Kociba and Dr. Purchase). Dr. Mirer moved that the conclusion in male rats be 
changed to clear evidence of carcinogenicity. Dr. Perera seconded the motion, and it was approved by 
five affirmative votes (Dr. Crowley, Dr. Hooper, Dr. Kotelchuck, Dr. Mirer, and Dr. Perera) to four 
negative votes (Dr. Jones, Dr. Swenberg, Dr. Tannenbaum, and Dr. Turnbull) with two abstentions 
(Dr. Kociba and Dr. Purchase). 
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Use, Manufacture, and Occurrence 

Tetrachloroethylene is used primarily as a dry 
cleaning agent, an  industrial solvent for fats, 
oils, tars, rubber, and gums, and a metal de- 
greasing agent (Kirk-Othmer, 1979). Tetrachlo- 
roethylene had antihelminthic uses, particu- 
larly for hookworms (1.6-8 g/60 kg; Merck, 1976; 
Kirk-Othmer, 1979; Martindale, 19671, and was 
formerly used in combination with some grain 
protectants and fumigants (Farm Chemicals 
Handbook, 1982). Chemical and physical prop- 
erties of tetrachloroethylene a re  listed in  Ta- 
ble l .  Five reviews on tetrachloroethylene are 
avai lable  (Berkowitz, 1978; NIOSH, 1976;  
IARC, 1979; WHO, 1985; USEPA, 1985). 

Tetrachloroethylene has been found in  a wide 
variety of foods in England (McConnell e t  al., 
1975). Individuals living near dry cleaning es- 
tabl ishments  can be exposed to suff ic ient  
amounts of tetrachloroethylene to resul t  in  
measurable concentrations in expired breath.  
For example, the breath of residents l iving 
above dry cleaning shops in the Netherlands was 
found to contain a mean concentration of 5 
mg/m3 (0.73 ppm), and the breath of residents 
living adjacent to the shops contained 1 mg/m3 
(0.15 ppm) (Verberk and Scheffers, 1980). 

In 1983, 265 million kilograms of tetrachloro- 
ethylene was produced in the United S ta tes  
(USITC, 1984). The 1985 production was pro- 
jected to be 345-363 million kilograms (CEH, 
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1982). An estimated 85% of the tetrachloro- 
ethylene used annually is lost into the atmo- 
sphere (Fuller, 1976). Approximately 500,000 
Americans are exposed to this chemical in the 
workplace (NIOSH, 1978). The present Occupa- 
tional Safety and Health Administration stan- 
dard for occupational exposure to tetrachloro- 
ethylene in workplace air is a time-weighted av- 
erage concentration of 100 ppm (678 mg/m3). 

Tetrachloroethylene has been detected in ambi- 
ent air in a variety of urban and nonurban areas 
throughout the world. Levels range from trace 
amounts in rural areas to 10 ppb in  some large 
urban areas. The global average background 
concentration has been estimated to be 25 parts 
per trillion. The chemical has also been detected 
in  surface and drinking water,  generally at  
levels between 1 and 2 ppb (LSEPA, 1985). 

Pharmacokinetics 

The major route of human exposure to tetrachlo- 
roethylene is via inhalation, but the chemical is 
also absorbed after either oral or dermal admini- 
stration. Absorption through human skin is 
minimal, and i t  is unlikely that systemic intoxi- 
cation can be achieved by tihis route (Stewart 
and Dodd, 1964; Riihimaki arid Pfaffli, 1978). 

Absorption via the lungs is rapid. The exposure 
concentration has a greater effect on the blood 
levels achieved than does the duration of the ex- 
posure period. In humans, blood levels reach an 



TABLE 1. CHEMICAL AND PHYSICAL PROPERTIES OF TETRACHLOROETHYLENE (a) 

Description 
Boiling point 
Freezing point 
Density 
Refractive index 
Solubility 

Volatility 
Stability 

Reactivity 

Colorless liquid 
121°C 
-22.4"C 
1.625 g/ml at 20" C 
nD at 25" C = 1.5029 
Practically insoluble in water (0.015 g/lOO ml water a t  25" C); miscible with ethanol, 
diethyl ether, and oils in all proportions. 
Vapor pressure is 20 mm Hg at 26.3" C. 
Nonflammable; decomposes slowly in contact with water to yield trichloroacetic and 
hydrochloric acids. At 700" C in contact with active carbon, i t  decomposes to 
hexachloroethane and hexachlorobenzene. 
Oxidized by strong oxidizing agents (sulfuric and nitric acids, sulfur trioxide); reaction 
with excess hydrogen in the presence of reduced nickel catalyst produces total 
decomposition to hydrogen chloride and carbon. 
1 ppm in air  at  25OC is equivalent to 6.78 mg/m3 Conversion factor 

(a) IARC, 1979 

equilibrium within 3 hours after exposure be- 
gins (Hake and Stewart, 1977). Respiratory ab- 
sorption, as measured by venous blood levels, is 
increased by exercise (Monster, 1979; Hake and 
Stewart, 1977). 

Like other lipid soluble materials, tetrachloro- 
ethylene is stored in tissues with high lipid con- 
tent (Stewart, 1969). Savolainen et al. (1977) ex- 
posed rats to tetrachloroethylene a t  a concentra- 
tion of 200 ppm (207 mg/kg) for 6 hours per day 
for 4 days and found tetrachloroethylene re- 
tained in perirenal fat, brain, and liver tissue.* 
Seventy-two hours after either oral or inhalation 
exposure of rats and mice to radiolabeled tetra- 
chloroethylene, less than 5% of the administered 
radioactivity was retained by the body. In rats, 
most of the retained radioactivity was found in 
the fat, kidneys, and liver (Pegg et  al . ,  1979; 
Frantz and Watanabe, 1983; Schumann e t  al . ,  
1980). In humans, a limited amount of accu- 
mulation of tetrachloroethylene, as  shown by 
slightly higher alveolar excretion after each 
daily exposure (100 ppm, 7.5 hours per day, 5 
days per week), was demonstrated by Hake and 
Stewart (1977). 

Tetrachloroethylene, either inhaled or ingested 

by rats, is excreted primarily through the lungs. 
Male Sprague-Dawley rats exposed to 14C-tetra- 
chloroethylene by either gavage (1.0 mg/kg) or 
inhalation (10 ppm, 10.4 mg/kg) excreted 70% of 
the dose unchanged in expired air  (Pegg et al., 
1979). Approximately 3% was excreted as car- 
bon dioxide, and approximately 23% was ex- 
creted in the urine and feces as  nonvolatile me- 
tabolites. When doses were increased to 500 
mg/kg and 622 mg/kg (600 ppm), approximately 
89% of the chemical was excreted unchanged 
from the lungs. When 1,000 mg/kg of tetrachlo- 
roethylene was administered to Wistar rats by 
gavage, 89% of the dose was excreted unchanged 
via the lungs (Daniel, 1963). The results re- 
ported by Pegg et al. (1979) are consistent with 
the hypothesis that  the metabolism of tetra- 
chloroethylene in the rat  is a saturable process. 

Mice (strain unspecified) that were exposed for 2 
hours to radiolabeled tetrachloroethylene a t  200 
ppm (100 mg/kg) by inhalation excreted 70% of 
the administered radioactivity in expired air ,  
20% in the urine, and less than 0.5% in feces 
(Yllner, 1961). When exposed to tetrachloro- 
ethylene a t  lower concentrations (10 ppm for 6 
hours, 16 mg/kg), B6C3F1 mice excreted 12% of 
the dose via the lungs (Schumann et al., 1980). 

*Throughout the text of this report, doses, expressed a s  milligrams per kilogram, in rats and mice have been estimated when 
chemical exposure was originally expressed as parts per million in air. This conversion was done to facilitate comparisons of 
doses used in inhalation studies with those used in gavage studies. The assumptions necessary to make these conversions 
introduce an  undetermined margin of error. Therefore, it must be recognized tha t  the calculated doses represent only 
approximations, and comparisons should be made with caution. (Assumptions: Body weights: male and female rats, 450 and 
300 g, respectively; mice, 30 g. Minute volume: rats, 0.16 litedminute per 250 g body weight; mice, 0.021 litedminute per 
32 g body weight. Chemical uptake from lungs: loo%.) 
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I. INTRODUCTION 

The major metabolite of tetrachloroethylene 
found in the urine of rats, mice, and hamsters is 
trichloroacetic acid (Yllner, 1961; Daniel, 1963; 
Ikeda and Imamura, 1973; Moslen et  al . ,  1977). 
Minor metabolites found by these investigators 
included oxalic acid and ethylene glycol. Pegg et 
al. (19791, however, found only oxalic acid in the 
urine of rats administered tetrachloroethylene. 

B6C3F1 mice were reported to metabolize tetra- 
chloroethylene to a greater extent than Osborne- 
Mendel rats. When tetrachloroethylene was in- 
haled a t  a concentration of 10 ppm (16 mg/kg) for 
6 hours, mice were estimated to metabolize 8.6 
times more tetrachloroethylene per unit body 
weight than did rats (Schumann et al.,  1980). 
When a single oral dose of 500 mg/kg was em- 
ployed, the differential between the species was 
reduced to 1.6, with mice metabolizing less of the 
oral dose than of the inhaled dose. 

In humans, trichloro compounds were identified 
as urinary metabolites of tetrachloroethylene. 
Urinary trichloroacetic acid was reported to ap- 
pear in the urine of exposed workers (Weiss, 
1969; Ikeda and Ohtsqji, 1972; Ikeda et  al., 1972; 
Ikeda and Imamura, 1973; Munzer and Heder, 
1973). Urinary trichloroethanol also was de- 
tected as a metabolite in exposed workers (Ikeda 
and Ohtsuji, 1972; Ikeda et  al., 1972). In con- 
trolled inhalation experiments in humans (70- 
200 ppm for 1-8 hours), less than 2% of the ab- 
sorbed dose was recovered as urinary trichloro- 
acetic acid (Fernandez et  al., 1976; Hake and 
Stewart, 1977; Monster, 1979). Ikeda et  a l .  
(1972) found that the trichloroacetic acid content 
of the urine reaches a plateau after repeated ex- 
posures a t  over 50 ppm. These results are  sug- 
gestive of a saturable metabolic process for 
tetrachloroethylene in humans. 

Teratogenicity 

Tetrachloroethylene was not teratogenic for 
Swiss Webster mice or Sprague-Dawley rats ex- 
posed by inhalation a t  300 ppm for 7 hours per 
day (560 mg/kg) on days 6-15 of gestation 
(Schwetz et  al., 1975). However, the pups of ex- 
posed rats exhibited reduced body weights, and 
there was a slightly increased incidence of re- 
sorptions in dosed rats. In mice, tetrachloro- 
ethylene administration was associated with 

reduced weight of pups, delayed ossification of 
skull bones, increased subcutaneous edema, and 
split sternebrae. Hardin et al. (1981) exposed 
pregnant rats and rabbits to tetrachloroethylene 
a t  500 ppm (780 mg/kg) and found no evidence of 
reproductive toxicity or teratogenic potential. 

Genetic Toxicology 

Tetrachloroethylene (99.7% pure) was not muta- 
genic in Salmonella strain TA100 in the pres- 
ence of phenobarbital-induced r a t  liver S9 
(Bartsch et  al., 1979), andl tetrachloroethylene 
was not mutagenic in strain TA1535 in the ab- 
sence of S9 (Kringstad et al., 1981). Tetrachloro- 
ethylene was not mutagenic in four strains of 
Salmonella in the absence or presence of ham- 
ster or ra t  liver S9 (Haworth et al., 1983; Appen- 
dix G). Tetrachloroethylene was also not muta- 
genic in L5178Y/TK+’- mouse lymphoma cells 
with or without metabolic activation and did not 
induce sex-linked recessive lethal mutations in 
Drosophila (Appendix G). 

Tetrachloroethylene was reported to induce two- 
fold increases in the reversion frequency i n  
TA100; however, the tetrachloroethylene sam- 
ple was only 99.0% pure, and the weak positive 
result may have been due to contaminants  
(Kringstad et  al., 1981). The use of tetrachloro- 
ethylene of unknown purity increased the fre- 
quency of gene conversion and mitotic recom- 
bination in yeast (Callen et al., 1980). 

Tetrachloroethylene did riot induce chromo- 
somal aberrations in bone imarrow cells of mice 
(Cerna and Kypenova, 1977), but these findings 
are diffkult to evaluate because details of the 
protocol and results a re  lacking. Additional 
studies showed that tetrachloroethylene did not 
induce chromosomal aberrat ions or  s is ter-  
chromatid exchanges (SCE’s) in Chinese ham- 
ster ovary cells in vitro (Appendix G). These re- 
sults are consistent with the lack of cytogenetic 
effects of tetrachloroethylene in humans exposed 
in the workplace (Ikeda et all., 1980). 

In conclusion, tetrachloroethylene appears to be 
nonmutagenic in bacteria and mouse lymphoma 
cells and does not cause chromosomal aberra- 
tions or SCE’s. The few positive findings that 
tetrachloroethylene was genotoxic may be due to 
impurities in the compound tested. 
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I. INTRODUCTION 

Carcinogenicity 

In a n  earlier study, administration of tetrachlo- 
roethylene in corn oil by gavage produced hepa- 
tocellular carcinomas in male a n d  female 
B6C3F1 mice (males received 450 or 900 mg/kg 
for 11 weeks, then 550 or 1,100 mg/kg for 67 
weeks; females received 300 or 600 mg/kg for 11 
weeks, then 400 or 800 mg/kg for 67 weeks) 
(NCI, 1977). In a s imultaneous s tudy  in  
Osborne-Mendel rats, administration of tetra- 
chloroethylene did not produce tumors (males 
were administered 500 or 1,000 mg/kg and fe- 
males were administered 700 or 1,400 mg/kg for 
78 weeks); however, survival in dosed rats was 
reduced. These studies were judged inadequate 
to assess carcinogenic potential in male and fe- 
male Osborne-Mendel rats. 

Exposure of male and female Sprague-Dawley 
rats to tetrachloroethylene (300 or 600 ppm, 6 
hours per day 1467 or 934 mg/kg], 5 days per 
week for 52 weeks) by inhalation did not in- 
crease the incidence of tumors in either sex 
(Rampy et al., 1978). However, the duration of 
dosing was only 1 year, although the animals 
were observed for the rest of their lives. Strain 
AJSt mice did not develop an increase in pulmo- 
nary tumors after tetrachloroethylene admin- 
istration (14 intraperitoneal injections of 80 
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mg/kg, 24 injections of 200 mg/kg,  or  48 
injections of 400 mg/kg (Theiss et  al., 1977). 

Tetrachloroethylene did not initiate skin tumors 
in female ICWHa Swiss mice (Van Duuren et al.,  
1979). The mice received either a single appli- 
cation of 163 mg of tetrachloroethylene followed 
by topical applications of phorbol myris ta te  
acetate three times per week until the end of the 
study (428-576 days) or three weekly applica- 
tions of 18 or 54 mg of tetrachloroethylene in 
acetone for 440-594 days. 

The Internat ional  Agency for Research on 
Cancer (IARC, 1979) concluded that there was 
limited evidence that tetrachloroethy Iene was 
carcinogenic in mice. Because of the  ear ly  
deaths among Osborne-Mendel rats used in the 
earlier study (NCI, 19771, the rat  portion of that 
study was considered to be inadequate for deter- 
mining whether tetrachloroethylene caused can- 
cer in rats. Consequently, the NC1 initiated ad- 
ditional studies in which four strains of ra ts  
(Long-Evans, Sherman, Wistar, and F344/N) 
and female B6C3F1 mice were to be given tetra- 
chloroethylene by gavage and F344/N rats and 
B6C3F1 mice were to be exposed by inhalation. 
The inlife portions of the gavage studies have 
been completed, and the da ta  a r e  being re- 
viewed. The present report describes the results 
of the inhalation studies of tetrachloroethylene. 
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II. MATERIALS AND METHODS 

PROCUREMENT AND 
CHARACTERIZATION OF 
TETRACHLOROETHYLENE 

High-purity tetrachloroethylene (Dowpero sta- 
bilized) was obtained from the Dow Chemical 
USA (Midland, Michigan) in two lots. Lot no. 
TA03116F-01 was used for the single-exposure, 
14-day, 13-week, and 2-year studies and lot no. 
TA08190D was used for the 2-year s tudies .  
Purity and identity analyses were conducted at 
Midwest Research Institute (Appendix H). 

The identities of both lots were confirmed by 
spectroscopic analysis. The infrared spectra  
were consistent with that found in the litera- 
ture. No peaks were observed in the nuclear 
magnetic resonance spectra, a finding consistent 
with the structure of tetrachloroethylene and 
suggesting the absence of major impurities. The 
cumulative data from elemental analyses and 
gas chromatography indicated that the purity of 
both lots was approximately 99.9%. 

Tetrachloroethylene requires small quantities of 
inhibitors to prevent decomposition. The manu- 
facturer stated that the lots used in the current 

studies contained 53 ppm alf N-methylmorpho- 
line. Tetrachloroethylene was found to be stable 
for 2 weeks a t  60" C (Appendix H).  Tetrachloro- 
ethylene was stored a t  0" C. Results of periodic 
analyses of the bulk chemicial a t  the study labo- 
ratory by infrared spectroscopy and gas chroma- 
tography indicated that tetrachloroethylene was 
stable under these storage conditions. 

GENERATION AND MEASUREMENT OF 
CHAMBER CONCENTRATIONS 

Tetrachloroethylene was vaporized a t  100"- 
110" C, diluted with air, and. introduced into the 
chambers (Table 2; Appendix I). Concentrations 
in the exposure chambers were monitored 8-12 
times per exposure period by a Hewlett-Packard 
5840A Gas Chromatograph. Average weekly ex- 
posure concentrations are presented in Appen- 
dix I. On one occasion (September 13, 1982) in 
the 2-year studies, the concentration in the 400- 
ppm chamber was 800 ppm for 12 minutes and 
2,400 ppm for 48 minutes. Animals were there- 
fore not exposed a t  all on September 14, 1982. A 
summary and the distribution of the chamber 
concentrations in the 2-year studies are given in 
Tables 3 and 4. 

TABLE 2. GENERATION OF CHAMBER CONCENTRATIONS IN THE INHALATION BTUDIES OF 
TETRACHLOROETHYLENE 

Single- 
Exposure  Fourteen-Day Thirteen-Week Two-yea r  

Studies Studies Studies Studies 

Tetrachloroethylene Same a s  the single- 
vapor generated exposure studies 
by bubbling clean, dry 
air  ( - 40" C dewpoint) 
through all glass 
impingers tha t  con- 
tained tetrachloro- 
ethylene; the different 
concentrations 
obtained by varying the 
amount of air  tha t  was 
passed through the test 
material. 

Tetrachloroethylene Tetrachloroethylene 
vaporized a t  100°-llO"C, 
diluted with air, 
and introduced into 
the chamber with a 
stable micrometering 
pump with adjustable 
drift-free pump rates. 
The vaporizer heated 
to 110" ? 3" C. The tetra- 
chloroethylene vapor entered 
the fresh air duct and 
was led directly into 
the exposure chamber. 

purnped from a stainless 
steel reservoir to a 
vaporizer by a stable 
micrometering pump 

Tetrachloroethylene, NTP TR 311 24 



TABLE 3. SUMMARY OF CHAMBER CONCENTRATIONS DURING THE TWO-YEAR INHALATION 
STUDIES OF TETRACHLOROETHYLENE 

Total Number Mean 
Target Concentration of Readings Concentration (a) 

(Ppm) (ppm) 

100 
200 
400 

4,666 
4,649 
4,643 

99.5 f 6.6 
201 k 11 
403 k 36 

( a )  Mean k standard deviation 

TABLE 4. DISTRIBUTION OF MEAN DAILY CONCENTRATIONS DURING THE TWO-YEAR 
INHALATION STUDIES OF TETRACHLOROETHYLENE 

Range of 

(percent of target) 

Number of Days Mean within the Range 
Concentration 100 ppm 200 ppm 400 ppm 

> 150 
130-150 
120- 130 
110-120 
100-110 
90-100 

80-90 
70-80 

0 
0 
0 
1 

203 
279 

7 
2 

0 
0 
0 
5 

260 
224 

1 
2 

0 
1 
0 
0 

286 
200 

3 
2 

SINGLE-EXPOSURE STUDIES 

Male and female F344/N rats and B6C3F1 mice 
were obtained from Frederick Cancer Research 
Center and observed for 16 days before being 
placed on study. The studies were conducted at 
Industrial Biotest Laboratories. 

Groups of five rats of each sex were exposed to 
air  containing tetrachloroethylene at concentra- 
tions of 2,445, 3,786, 4,092, 4,513, or 5,163 ppm 
for 4 hours. Groups of five mice of each sex were 
exposed a t  concentrations of 2,328, 2,445, 2,613, 
2,971, or 3,786 ppm. Rats and mice were ob- 
served daily and weighed on days 0 and 15. A 
necropsy was performed on all animals. Details 
of animal maintenance are presented in Table 5. 
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FOURTEEN-DAY STUDIES 

Male and female F344/N rats and B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories and observed for 16 days before being 
placed on study. The animals were 6-8 weeks old 
when the studies began. The studies were con- 
ducted a t  Industrial Biotest Laboratories. 

Groups of five rats and five mice of each sex were 
exposed to air  containing tetrachloroethylene at 
target concentrations of 0, 100, 200, 425, 875, or 
1,750 ppm, 6 hours per day, 5 days per week for 2 
weeks (10 exposures). Rats and mice were ob- 
served daily and weighed on days 0, 5, 10, and 
15. A necropsy was performed on all animals. 
Details of animal maintenance are  presented in 
Table 5. 
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TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS I N  T H E  INHALATION 
STUDIES O F  TETRACHLOROETHYLENE 

Single- 
Exposure 

S tudies  
Fourteen-Day 

Studies  
Thirteen-Week 

Studies  
Two-Y e a r  

S tudies  

EXPERIMENTAL DESIGN 

Size of Study  Groups 
5 males and 5 females 
of each species 

Doses 
Rats--2,445,3,786, 
4,092,4,513, or 5,163 ppm 
tetrachloroethylene by 
inhalation; mice--2,328, 
2,445,2,613,2,971, or 
3,786 ppm tetrachloro- 
ethylene by inhalation 

Date  of Firs t  Dose 
6/9/77; 6/12/77; 6/13/77; 
6/16/77; 6/21/77 

Date  of Last  Dose 
NA 

Duration of Dosing 
One 4-h exposure 

5 males and 5 females 
of each species 

10 males and 10 females 
of each species 

50 male and 50 female rats; 
49 or 50 male and female 
mice 

Target--O,lOO, 200,425, Target-0, 100,200,400,800, Rats--O,200, or 400 ppm 
875, or 1,750 ppm or 1,600 ppm tetrachloro- tet.rachloroethy1ene by 
tetrachloroethylene by ethylene by inhalation inhalation; mice--0, 100, or 
inhalation 200 ppm tetrachloro- 

ethylene by inhalation 

1011 4/77 

10/27/77 

6 h/d, 5 d/wk for 2 wk 
(10 exposures) 

Type and Frequency  of Observation 
Weighed before and 
after exposure 

Observed 1 X d; 
weighed on d 0, 
5,10,and 15 

2/21/80 

5/21/80 

6 h/d, 5 d/wk for 13 wk 

Observed continuously 
during the exposure 
period,3 X don  non- 
exposure days; weighed 
1 X w k  

211.818 1 

2/4/83 

6 Wd, 5 d/wk for 103 wk 

Same as  13-wk studies 

Necropsy and Histologic Examination 
Necropsy performed on Necropsy performed Necropsy performed on all Necropsy and histologic 
all animals on all animals; the animals. The following ex.amination performed on 

following tissues were tissues were examined all animals; the following 
examined microscopically: microscopically in the control tissues were examined: 
skin, mandibular lymph and high dose groups: skin, gross lesions and tissue 
node, salivary gland, bone mandibular lymph node, masses, mandibular lymph 
marrow, thymus, trachea, mammary gland, salivary no'de, sternebrae including 
lungs and bronchi, heart, gland, bone marrow, thymus, mtirrow, thyroid gland, 
thyroid gland, parathyroids, larynx, trachea, lungs and parathyroids, small 
esophagus, stomach, bronchi, heart, thyroid gland, intestine, rectum, colon, 
duodenum, colon, liver, esophagus, stomach, liver, mammary gland, 
gallbladder (mice), duodenum, colon, liver, prostate/testes or 
pancreas, spleen, kidneys, gallbladder (mice), pancreas, ov;arieduterus, lungs and 
adrenal glands, urinary spleen, kidneys, adrenal mainstem bronchi, nasal 
bladder, seminal vesicles1 glands, urinary bladder, cavity and nasal turbinates, 
prostate/testes or seminal vesicles/ skiin, salivary gland, heart, 
ovaries/uterus, nasal cavity, prostatehestes or esophagus, stomach, brain, 
brain, and pituitary gland ovaries/uterus, nasal cavity, thymus, trachea, pancreas, 

spl:een, kidneys, adrenal 
glands, urinary bladder, 
pituitary gland, gallbladder 
(mice), and tracheobronchial 

brain, and pituitary gland. 
Rats: 200,400,800 ppm- 
liver; 800 ppm lungs and 
bronchi; mice: 100 ppm- 
kidneys; 200,400, lymph nodes 
800 ppm-liver 
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TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE INHALATION 
STUDIES OF TETRACHLOROETHYLENE (Continued) 

Single- 
Exposure 

Studies 
Fourteen-Day Thirteen-Week Two-year 

Studies Studies Studies 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and Species 
F344/N rats; B6C3Flmice F344/N rats; B6C3Flmice 

Animal Source 
Frederick Cancer Research Charles River Breeding 
Center Laboratories 

(Wilmington, MA) 

Study Laboratory 
Industrial Biotest Industrial Biotest 
Laboratories Laboratories 

Method of Animal Identification 
Ear notch Ear notch 

Time Held Before Study 
7 d  16 d 

Age When Placed on Study 
5-7 wk 6-8 wk 

Age When Killed 
7-9 wk 8-10 wk 

Necropsy Dates 
NA 1 012 817 7 

Method of Animal Distribution 
Stratified by weight and 
then assigned to groups 
according to a table of 
random numbers 

Same as  single- 
exposure studies 

Feed 
Wayne Lab Blox" (Allied 
Mills, Chicago, IL); exposure studies 
available ad  libitum 
except during 
inhalation exposures 

Same as  single- 

Water 
Automatic watering Same as single-exposure 
system; provided ad studies 
libitum 

F344/N rats; B6C3F1 mice F344/N rats; B6C3F1 mice 

Charles River Breeding 
Laboratories (Portage, MI) 

Charles River Breeding 
Laboratories (Kingston, NY) 

Battelle Pacific 
Northwest Laboratories 

Battelle Pacific 
Northwest Laboratories 

Ear  tags Ear  tags 

22 d 21 d 

7-9 wk 

20-22 wk 112-113 wk 

5/23/80 2/14/83-2/18/83 

According to 
computer-generated 
tables of random 
numbers 

Same as 13-wk studies 

NIH 07 Rat and Mouse 
Ration (Zeigler Bros., 
Gardners, PA); available 
ad  libitum except during 
inhalation exposures 

Same as 13-wk studies 

Automatic watering system 
(Edstrom Industries, 
Waterford, WI); 
available ad libitum 

Same as 13-wk studies 

Cages 
Stainless steel mesh 
(Unifab Corp., exposure studies 
Kalamazoo, MI) 

Same as  single- 

Animals per Cage 

Other Chemicals on Study in the Same Room 

1 1 

Not available Dichloromethane, d 1-1 1 

Stainless steel wire Same as 13-wk studies 

1 1 

Dichloromethane Dichloromethane 
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TABLE 3. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE INHALATION 
STUDIES OF TETRACHLOROETHYLENE (Continued) 

Single- 
Exposure 

Studies 
Fourteen-Day Thirteen-Week Two-year 

Studies Studies Studies 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Animal Room Environment 
Not available Not available Temp--72"-80" F within Tt!mperat~re--67"-83~ F; 

exposure chambers, humidity range--20%-83%; 
72"-76" F during exposure 
period; humidity--40%-80% 
within exposure chambers, 
40%-60% during 
postexposure period; 
fluorescent light 12 h/d 

fluorescent light 12 Md 

THIRTEEN-WEEK STUDIES 

Thirteen-week studies were conducted to eval- 
uate the cumulative toxic effects of repeated ex- 
posure to tetrachloroethylene and to determine 
the concentrations to be used in the 2-year stud- 
ies. Four-  to 6-week-old male and  female 
F344/N rats and B6C3F1 mice were obtained 
from Charles River Breeding Laboratories, ob- 
served for 22 days, and assigned to study groups 
according to a table of random numbers. Feed 
was available ad libitum during nonexposure 
periods, and water was available at all times. 

Groups of 10 rats and mice of each sex were ex- 
posed to air containing tetrachloroethylene a t  
target concentrations of 0, 100, 200, 400, 800, or 
1,600 ppm, 6 hours per day, 5 days per week for 
13 weeks. Animals were checked continually 
during exposure and three times per day on non- 
exposure days; moribund animals were killed. 
Individual a n i m a l  weights  were  recorded 
weekly. At the end of the 13-week studies, sur- 
vivors were killed. A necropsy was performed on 
all animals. Tissues and groups examined are  
listed in Table 5 .  

TWO-YEAR STUDIES 

S tudy  Design 

Groups of 50 rats of each sex were exposed to air 
containing tetrachloroethylene at concentra- 
tions of 0 (chamber control), 200, or 400 ppm, 6 
hours per day, 5 days per week for 103 weeks. 
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Groups of 49 or 50 mice of each sex were exposed 
a t  concentrations of 0, 1001, or 200 ppm on the 
same schedule. 

Source  and Specifications of Animals 

The male and female F344./N rats and B6C3F1 
(C57BL/6N9 female, X C3H/HeN MTV-, male) 
mice used in this study were produced under 
strict barrier conditions a t  (Charles River Breed- 
ing Laboratories under a contract to the Car- 
cinogenesis Program. Breeding stock for the 
foundation colonies a t  the production facility 
originated at the National Institutes of Health 
Repository. Animals shipped for study were 
progeny of defined microflora-associated parents 
that were transferred from isolators to barrier- 
maintained rooms. Rats were shipped to the 
study laboratory at 5 weeks of age and mice a t  5- 
6 weeks. The animals were quarantined a t  the 
study laboratory for 21 day:;. Thereafter, a com- 
plete necropsy was performed on five animals of 
each sex and species to assess their health sta- 
tus. The rats were placed on study at 8 weeks of 
age and mice at 9 weeks of age. The health of the 
animals was monitored during the course of the 
study according to the protocols of the NTP. 
Serologic analyses  of control an imals  were 
performed a t  the end of the studies (Appendix J). 

A quality control skin grafting program has 
been in effect since early 'L978 to monitor the 
genetic integrity of the iinbred mice used to 
produce the hybrid B6C3F1 study animal. In 
mid-1981, data were obtained that showed in- 
compatibility between the NIH C3H reference 
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II. MATERIALS AND METHODS 

colony and the C3H colony from a Program sup- 
plier. In August 1981, inbred parental lines of 
mice were further tested for genetic integrity via 
isozyme and protein electrophoresis profiles that  
demonstrate phenotype expressions of known 
genetic loci. 

The C57BL/6 mice were homogeneous at all loci 
tested. Eighty-five percent of the C3H mice 
monitored were variant a t  one to three loci, in- 
dicating some heterogeneity in  the C3H line 
from this supplier. Nevertheless, the genome of 
this line is more homogeneous than that of ran- 
domly bred stocks. 

Male mice from the C3H colony and female mice 
from the C57BL/6 colony were used as parents 
for the hybrid B6C3F1 mice used in these stud- 
ies. The influence of the potential genetic non- 
uniformity in the hybrid mice on these results is 
not known, but results of the studies are  not af- 
fected because concurrent controls were included 
in each study. 

Animal Maintenance 

Rats and mice were housed individually. Feed 
and water were freely available except during 
exposure periods, when only water was available 
(see Table 5). 

Clinical Examinations and Pathology 

All animals were observed two times per day. 
Clinical signs were recorded at least once per 
month. Individual body weights were recorded 
once per week for the first 13 weeks of the study 
and once per month thereafter. Animals found 
moribund and those surviving to the end of the 
studies were humanely killed. A necropsy was 
performed on all animals, including those found 
dead, unless they were excessively autolyzed or 
cannibalized, missexed, or found missing. Thus, 
the number of animals from which particular or- 
gans or tissues were examined microscopically 
varies and is not necessarily equal to the num- 
ber of animals that  were placed on study. 

During necropsy, all organs and tissues were ex- 
amined for grossly visible lesions. Tissues were 
preserved in 10% neutral buffered formalin, 
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embedded in paraffin, sectioned, and stained 
with hematoxylin and eosin. Tissues examined 
microscopically are  listed in Table 5. 

When the pathology evaluation was completed, 
the slides, paraffin blocks, and residual wet tis- 
sues were sent to the NTP Archives for inven- 
tory, slidehlock match, and wet tissue audit .  
The slides, individual animal data records, and 
pathology tables were sent to an  independent 
quality assessment laboratory. The individual 
animal records and tables were compared for ac- 
curacy, slides and tissue counts were verified, 
and histotechnique was evaluated. All tumor di- 
agnoses, all target tissues, and all tissues from a 
randomly selected 10% of the animals were eval- 
uated by a quality assessment pathologist. The 
quality assessment report and slides were sub- 
mitted to the Pathology Working Group (PWG) 
Chairperson, who reviewed all  target tissues 
and those about which there was a disagreement 
between the laboratory and quality assessment 
pathologists. 

Representative slides selected by the Chair- 
person were reviewed by the PWG, which in- 
cludes the laboratory pathologist, without know- 
ledge of previously rendered diagnoses. When 
the consensus diagnosis of the PWG differed 
from that of the laboratory pathologist, the labo- 
ratory pathologist was asked to reconsider the 
original diagnosis. This procedure has been de- 
scribed, in  part ,  by Maronpot and  Boorman 
(1982) and Boorman et  al. (1985). The final di- 
agnoses represent a consensus of contractor 
pathologists and the NTP Pathology Working 
Group. For subsequent analysis of pathology 
data, the diagnosed lesions for each tissue type 
a re  combined according to the guidelines of 
McConnell et  al. (1986). 

Slides/tissues are  generally not evaluated in a 
blind fashion (i.e., without knowledge of dose 
group) unless the lesions in question are  subtle 
or unless there is an  inconsistent diagnosis of le- 
sions by the laboratory pathologist. Nonneo- 
plastic lesions are  not examined routinely by the 
quality assessment pathologist or PWG unless 
they are considered part  of the toxic effect of the 
chemical. Mean body weights were calculated 
for each group. 

Tetrachloroethylene, NTP TR 31 1 



II. MATERIALS AND METHODS 

Statist ical  Methods 

Data Recording: Data on this experiment were 
recorded in the Carcinogenesis Bioassay Data 
System (Linhart et al.,  1974). The data elements 
include descriptive information on the chem- 
icals, animals, experimental design, survival, 
body weight, and individual pathologic results, 
as recommended by the International Union 
Against Cancer (Berenblum, 1969). 

Survival Analyses: The probability of survival 
was estimated by the product-limit procedure of 
Kaplan and Meier (1958) and is presented in the 
form of graphs. Animals were censored from the 
survival analyses at the time they were found 
dead of other than natural causes or were found 
to be missing; an ima l s  dying from na tura l  
causes were not censored. Statistical analyses 
for a possible dose-related effect on survival used 
the method of Cox (1972) for testing two groups 
for equality and Tarone’s (1975) life table test for 
a dose-related trend. When significant survival 
differences were detected, additional analyses 
using these procedures were carried out to deter- 
mine the time point a t  which significant differ- 
ences in the survival curves were first detected. 
All reported P values for the survival analysis 
are  two-sided. 

Calculation of Incidence: The incidence of neo- 
plastic or nonneoplastic lesions is given as the 
ratio of the number of animals bearing such le- 
sions at a specific anatomic site to the number of 
animals in which that site was examined. In 
most instances, the denominators include only 
those animals for which the site was examined 
histologically. However, when macroscopic ex- 
amination was required to detect lesions (e.g., 
skin or mammary tumors) prior to histologic 
sampling, or when lesions could have appeared 
at multiple sites (e.g., lymphomas), the denomi- 
nators consist of the number of animals on which 
a necropsy was performed. 

Analysis of Tumor Incidence: Three statistical 
methods are used to analyze tumor incidence 
data. The two that adjust for intercurrent mor- 
tality employ the classical method for combining 
contingency tables developed by Mantel and 
Haenszel (1959). Tests of significance included 
pairwise comparisons of high dose and low dose 

groups with controls and tests for overall dose- 
response trends. 

For studies in which compound administration 
has little effect on survivid, the results of the 
three alternative analyses will generally be sim- 
ilar. When differing results are  obtained by the 
three methods, the final interpretation of the 
data will depend on the extent to which the tu- 
mor under consideration is regarded as being the 
cause of death. All reported P values for tumor 
analyses are  one-sided. 

Life Table Analyses--The first method of anal- 
ysis assumed that all tumors of a given type ob- 
served in animals dying hefore the end of the 
study were “fatal”; i.e., the:y either directly or in- 
directly caused the death of the animal. Accord- 
ing to this approach, the proportions of tumor- 
bearing animals in the dosed and control groups 
were compared a t  each point in time at which an 
animal died with a tumor of interest. The de- 
nominators of these proportions were the total 
number of animals a t  risk in each group. These 
results, including the datal from animals killed 
at the end of the study, were then combined by 
the Mantel-Haenszel method to obtain an  over- 
all P value. This method of adjusting for inter- 
current mortality is the li6e table method of Cox 
(1972) and of Tarone (197‘5). The underlying 
variable considered by this analysis is time to 
death due to tumor. If the tumor is rapidly 
lethal, then time to death due to tumor closely 
approximates time to tumor onset. In this case, 
the life table test also provides a comparison of 
the time-specific tumor incidences. 

Incidental Tumor Analyse!j--The second method 
of analysis assumed that ia11 tumors of a given 
type observed in animals that  died before the 
end of the study were “incidental”; i.e., they 
were merely observed at necropsy in animals dy- 
ing of an  unrelated cause. According to this ap- 
proach, the proportions of‘ tumor-bearing ani-  
mals in dosed and control groups were compared 
in each of five time intervals: weeks 0-52, weeks 
53-78, weeks 79-92, week !J3 to the week before 
the terminal-kill period, and the terminal-kill 
period. The denominators of these proportions 
were the number of animals actually examined 
for tumors during the time interval. The indi- 
vidual time interval comparisons were then  
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II. MATERIALS AND METHODS 

combined by the previously described method to 
obtain a single overall result. (See Haseman, 
1984, for the computational detai ls  of both 
methods.) 

Unadjusted Analyses--Primarily, survival-ad- 
justed methods are  used to evaluate tumor inci- 
dence. In addition, the results of the Fisher 
exact test  for pairwise comparisons and  the  
Cochran-Armitage linear trend test (Armitage, 
1971; Gart et  al., 1979) are  given in the appendix 
containing the analyses of primary tumor inci- 
dence. These two tests are  based on the overall 

proportion of tumor-bearing animals and do not 
adjust for survival differences. 

Historical Control Data: Although the concur- 
rent control group is always the first and most 
appropriate control group used for evaluation, 
there are  certain instances in which historical 
control data can be helpful in the overall assess- 
ment of tumor incidence. Consequently, control 
tumor incidences from the NTP historical con- 
trol data base (Haseman e t  a l . ,  1984) a re  in- 
cluded for those tumors  appearing to show 
compound-related effects. 
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III. RESULTS: RATS 

SINGLE-EXPOSURE STUDIES 

All the rats that were exposed at 5,163 ppm died 
before the end of the studies, and deaths also 
occurred in all but the lowest dose groups (Ta- 
ble 6). Mean body weight gain was not dose re- 
lated. Hypoactivity, ataxia,  and anesthesia  
were observed in all dosed groups. 

FOURTEEN-DAY STUDIES 

Two of five male rats and 315 female rats exposed 
a t  1,750 ppm died before the end of the studies 

(Table 7).  No other deaths occurred. The final 
mean body weight of male rats exposed a t  1,750 
ppm was 72% that of the controls. Dyspnea, 
hypoactivity, and ataxia were observed in rats in 
the highest dose group. 

THIRTEEN- WEEK STUIIIES 

Four of 10 male and 7/10 fe:male rats exposed a t  
1,600 ppm died before the end of the studies (Ta- 
ble 8). Final mean body weights of rats exposed 
a t  1,600 ppm were 20% lovver than that of the 
controls for males and 11% l'ower for females. 

TABLE 6. SURVIVAL AND MEAN BODY WEIGHTS O F  RATS IN  T H E  SINGLE-EXPOSURE 
INHALATION STUDIES O F  TETRACHLOROETHYLENE 

Mean Body Weights (grams) - 
Concentration Survival (a) Initial (b) Final Change  ( c )  

(ppm) 

MALE 

2,445 
3,786 
4,092 
4,513 
5,163 

FEMALE 

2,445 
3,786 
4,092 
4,5 13 
5,163 

515 
415 
315 
315 
015 

515 
115 
215 
215 
015 

87 f 4 
95 f 12 
107 f 4 
124f 4 
150 f 6 

74 k 3 
90 f 2 
88 f 2 
100 f 2 
109 f 4 

149f 4 
166 f 5 
160 f 10 
187 f 5 
(d) 

107 f 1 
112 
116 f 4 
128 f 10 
(d) 

+ 62 f 4 
+ 60 f 3 
+51 f 3  
+ 60 f 2 

(di 

+ 3 9  f 3 
+ 30 
+32!  f 1 
+ 2E; f 6 

(d 1 

(a) Number surviving/number initially in group 
(b) Initial mean group body weight f standard error ofthe mean. Subsequent calculations are based on those 
animals surviving to the end of the study. 
(c) Mean body weight change of the survivors of the group f standard error of the mean 
(d) No data are reported due to the 100% mortality in this group. 
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TABLE 7. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE FOURTEEN-DAY 
INHALATION STUDIES OF TETRACHLOROETHYLENE 

Target Mean Body Weights (grams) Final Weight 
Concentration Survival (a) Initial (b) Final Change (c) Relative to Controls 

(ppm) (percent) 

MALE 

0 
100 
200 
425 
875 

1,750 ( 

FEMALE 

515 115 f 3 169 f 5 +54f2 
515 118 f 5 176 f 7 +58f4 
515 115 f 4 163 f 5 +48f2 
515 110 k 2 166 f 3 +56f2 
515 112 f 3 169 f 3 +57f2 

d )  315 108 f 3 122 f 3 +17fl 

0 515 97 k 4 124 f 4 +27f1 
100 515 98 f 3 124 f 6 +26f3 
200 515 97 f 3 122 f 5 +25+4 
425 515 96 f 3 121 f 4 +25*3 
875 5/5 96 f 3 122 k 1 +26f3 

1,750 (e)  215 94 k 4 129 f 5 +26f2 

_ _  
104 
96 
98 
100 
72 

_ _  
100 
98 
98 
98 
104 

(a) Number surviving/number in group 
(b) Initial group mean body weight f standard error ofthe mean. Subsequent calculations are based on those 
animals surviving to the end of the study. 
(c) Mean body weight change of the survivors of the group f standard error of the mean 
(d) Days of death: 7,8 
(e) Days ofdeath: 7,8,13 

TABLE 8. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK 
INHALATION STUDIES OF TETRACHLOROETHYLENE 

Target Mean Body Weights (grams) Final Weight 
Concentration Survival (a) Initial (b) Final Change (c) Relative to Controls 

(ppm) (percent) 

0 
100 
200 
400 
800 

1,600 

FEMALE 

0 
100 
200 
400 
800 

1,600 

1011 0 
loll0 
1011 0 
1011 0 
1011 0 

(d) 6/10 

loll0 
loll0 
1011 0 
1011 0 
loll0 

(e) 3110 

194 f 4 
204 f 4 
197 k 5 
200 k 5 
202 f 5 
199 f 5 

142 k 3 
137 k 3 
137 k 3 
140 f 3 
141 f 2 
140 -+ 3 

358 -+ 6 + 164f5 
352 k 8 + 148 f 8 
358 f 6 + 161 f 7 
349 f 8 + 149k7 
350 f 6 + 148f7 
286 f 3 + 8Of7 

206 f 5 + 64f3 
197 f 3 + 60f3 
202 f 4 + 65f3 
206 k 4 + 66f4 
204 f 2 + 63fl 
183 k 4 + 37k1 

-_ 
98 
100 
97 
98 
80 

_ _  
96 
98 
100 
99 
89 

(a)  Number surviving/number in group 
(b) Initial group mean body weight f standard error ofthe mean. Subsequent calculations are based on those 
animals surviving t o  the end of the study. 
(c) Mean body weight change of the survivors of the group f standard error of the mean 
(d) Weekofdeath: 1,11,13,13 
(e) Week of death: 5,5,5,6,7,12,13 
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III. RESULTS: RATS 

Lung congestion was observed in rats exposed at  
1,600 ppm. The incidence and severity of hepat- 
ic congestion in ra ts  was dose related (Table 9). 
Congestion was most severe in animals that died 
before the end of the studies. 

Dose Selection Rationale: Because of the inci- 
dence of deaths at 1,600 ppm and the incidence 
of liver lesions a t  lower concentrations, exposure 
concentrations of 200 and 400 ppm tetrachloro- 
ethylene were selected for ra ts  for the 2-year 
studies. These exposure concentrations a r e  
twofold and fourfold higher than the OSHA 

standard for occupational exposure of humans to 
tetrachloroethylene in the workplace. The es- 
timated equivalents of these exposure concen- 
trations are 311 mg/kg per day (200 ppm) and 
622 mg/kg per day (400 ppm). (See footnote in 
Introduction, p. 19.) 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of dosed and control groups 
were comparable throughout the studies (Table 
10 and Figure 1). 

TABLE 9. SEVERITY OF LIVER AND LUNG CONGESTION IN RATS IN THE THIRTEEN-WEEK 
INHALATION STUDIES OF TETRACHLOROETHYLENE 

Liver Lung 
Group Male Female Male F l e m a l e  

Control (a) 1/10 (2.0) 019 011 0 019 

200 ppm 2/10 (2.0) 1/10 (1.0) _ _  
_ _  400 ppm 3/10 (1.7) 5/10 (1.8) 

800 ppm 5/10 (1.6) 5/10 (1.6) 0110 011 0 

1,600 ppm 7/10 (2.0) 819 (1.8) 7/10 (2.4) 7/10 (3.0) 

(a) Incidence of lesion; mean severity score of affected animals is in parentheses: 1 = minimal; 2 = mild; 3 = moderate; 
4 = severe 
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TABLE 10. MEAN BODY WEIGHTS A N D  SURVIVAL OF RATS IN THE TWO-YEAR INHALATION 
STUDIES OF TETRACHLOROETHYLENE 

MALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
17 
21 
25 
28 
34 
38 
43 
47 
51 
55 
60 
64 
69 
73 
76 
82 
86 
90 
95 
99 

FEMALE 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
17 
21 
25 
28 
34 
38 
43 
47 
51 
55 
60 
64 
69 
73 
76 
82 
86 
90 
95 
99 

162 
182 
212 
234 
255 
274 
284 
295 
308 
309 
316 
329 
333 
341 
367 
396 
418 
424 
425 
431 
447 
452 
460 
468 
47 1 
477 
483 
486 
484 
484 
480 
471 
456 
448 

119 
127 
136 
147 
158 
167 
173 
177 
186 
187 
190 
193 
197 
198 
209 
218 
225 
233 
234 
238 
252 
257 
266 
273 

300 
313 
316 
320 
323 
323 
317 
320 

% 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
48 
48 
48 
48 
46 
42 
38 
33 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
48 
48 
47 
47 
47 
43 
38 
36 
30 

164 
191 
219 
241 
260 
277 
292 
300 
313 
293 
292 
325 
329 
344 
370 
397 
412 
419 
423 
426 
440 
447 
457 
465 
471 
471 
477 
479 
476 
475 
469 
445 
455 
441 

121 
135 
148 
156 
166 
175 
179 
187 
192) 
177 
186 
199 
193 
203 
213 
227 
233 
236 
240 
244 
260 
266 
275 
283 
292 
302 
311 
317 
319 
323 
326 
325 
318 
322 

101 
105 
103 
103 
102 
101 
103 
102 
102 
95 
92 
99 
99 

101 
101 
100 
99 
99 

100 
99 
98 
99 
99 
99 

100 
99 
99 
99 
98 
98 
98 
94 

100 
98 

102 
106 
109 
106 
105 
105 
103 
106 
104 
95 
98 

103 
98 

103 
102 
104 
104 
101 
103 
103 
103 
104 
103 
104 
103 
103 
104 
101 
101 
101 
101 
101 
100 
101 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
48 
48 
48 
47 
47 
47 
46 
45 
45 
43 
40 
36 
34 
28 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
48 
46 
44 
41 
39 
35 
28 

165 
194 
22 1 
245 
264 
276 
289 
295 
309 
290 
296 
324 
336 
340 
369 
394 
408 
418 
420 
428 
437 
452 
457 
463 
469 
471 
475 
47 1 
477 
466 
470 
464 
447 
436 

120 
134 
148 
152 
166 
168 
176 
181 
187 
174 
178 
196 
199 
198 
208 
220 
227 
230 
231 
236 
248 
257 
262 
271 
281 
293 
300 
308 
312 
318 
318 
323 
317 
322 

102 
107 
104 
105 
104 
100 
102 
100 
100 
94 
93 
98 

101 
100 
101 
99 
98 
99 
99 
99 
98 

100 
99 
99 

100 
99 
98 
97 
99 
96 
98 
99 
98 
97 

101 
106 
109 
103 
104 
101 
102 
102 
101 
93 
94 

101 
101 
100 
100 
101 
101 
99 
99 
99 
98 

100 
98 
99 
99 

100 
100 
98 
99 
99 
98 

100 
100 
101 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
47 
45 
37 
34 
31 
27 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
48 
43 
39 
36 
34 
32 
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III. RESULTS: RATS 

Survival 

Estimates of the probabilities of the survival for 
male and female rats  exposed to tetrachloro- 
ethylene a t  the concentrations used in these 
studies and for the controls are  shown in the 
Kaplan and Meier curves in Figure 2. The sur- 
vival of the high dose male rats was significantly 
lower than that of controls after week 102 (Ta- 
ble 11). 

Pathology a n d  Statist ical  Analyses of 
Results 

This section describes the significant or note- 
worthy changes in the incidences of ra ts  with 
neoplastic or nonneoplastic lesions of the 

hematopoietic system, kidney, brain, testis, pre- 
putial gland, nasal cavity, adrenal gland, and 
forestomach. Histopathologic findings on neo- 
plasms in rats are summarized in Appendix A 
(Tables A l  and A2); Appendix A (Tables A3 and 
A4) also gives the survival and tumor status for 
individual male and female rats. Findings on 
nonneoplastic lesions are summarized in Appen- 
dix C (Tables C l  and C2). Appendix E (Tables 
E l  and E2) contains the statistical analyses of 
those primary tumors that occurred with a n  inci- 
dence of a t  least 5% in one of the three groups. 
The statistical analyses used are discussed in 
Chapter II (Statistical Methods) and Appendix E 
(footnotes). Historical incidences of tumors in 
control animals are listed in Appendix F. 

TABLE 11. SURVIVAL OF RATS IN THE TWO-YEAR INHALATION STUDIES OF 
TETRACHLOROETHYLENE 

Control 200 Ppm 400 Ppm 

MALE (a) 

Animals initially in study 50 50 
Nonaccidental deaths before termination (b) 27 30 
Died during termination period 0 1 
Killed a t  termination 23 19 
Survival P values (c) 0.024 0.432 

FEMALE (a) 

Animals initially in study 50 50 
Nonaccidental deaths before termination (b) 27 29 
Killed a t  termination 23 21 
Survival P values (c) 1.000 0.767 

50 
38 

1 
11 
0.023 

50 
26 
24 
0.990 

(a )  Terminal-kill period: week 104 
(b) Includes animals killed in a moribund condition 
(c) The result of the life table trend test is in the control column, and the results of the life table pairwise comparisons with 
the controls are in the dosed columns. 
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III. RESUL'I'S: RATS 

Hematopoietic System: Mononuclear cell leu- 
kemia occurred with positive trends in males 
and females, and the incidences in the dosed 
groups were greater than those in the controls 
(Table 12). This hematopoietic neoplasm was 
recognized in its earliest stage as a diffuse infil- 
tration of atypical mononuclear cells in the  
sinusoids of the liver and the interfollicular pulp 
of the spleen. In more advanced cases, there 
were infiltrations into virtually all organs and 
tissues. 

The diagnoses of mononuclear cell leukemia 
were classified according to the extent of the dis- 
ease as stage 1 (early), stage 2 (intermediate), or 
stage 3 (advanced). The following criteria were 
used: 

Stage 1--Spleen not en la rged  o r  only 
slightly enlarged with small numbers of 
neoplastic mononuclear cells in  the red 
pulp; no or very few mononuclear cells in 
the liver sinusoids. No identifiable neo- 
plastic cells in other organs. 

Stage 2--Spleen moderately enlarged with 

moderate to large numbers of mononuclear 
cells in the red pulp; architectural features 
including lymphoid follicles' and periarterio- 
lar  lymphocytic shea ths  remain  intact .  
Minimal to moderate involvement of the 
liver. Mononuclear cells may be evident in 
blood vessels in other organs, but aggre- 
gatedmasses of neoplastic cells generally 
limited to spleen and liver. 

Stage 3--Advanced disease with multiple or- 
gan involvement. Spleen usually markedly 
enlarged with effacement of normal archi- 
tectural features by accumulated neoplastic 
cells. Liver moderately to markedly en- 
larged and nodular; hepatic parenchyma 
shows variable degenerative changes as- 
sociated with the accumulation of neoplastic 
cells. Accumulations of neoplastic mono- 
nuclear cells in other organs including lung, 
lymph nodes, kidney, brain, adrenal gland, 
and others. 

The distribution of stages of mononuclear cell 
leukemia in male and female rats is summarized 
in Table 13. 

TABLE 12. ANALYSIS OF MONONUCLEAR CELL LEUKEMIA IN RATS IN THE TWO-YEAR 
INHALATION STUDIES OF TETRACHLOROETHYLENE (a) 

Control 200 ppm 400 ppm 

MALE (b) 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

FEMALE (c) 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

28/50 (56%) 37/50 (74%) 37/50 (74%) 
64.6% 80.1% 90.8% 
9/23 (39%) 
66 53 68 

11/20 (55%) 9/12 (75%) 

P=0.004 P = 0.046 P=0.004 
P = 0.097 P = 0.023 P = 0.104 

18/50 (36%) 30150 (60%) 29/50 (58%) 
53.8% 71.4% 66.3% 
9/23 (39%) 10/21 (48%) 10/24 (42%) 
84 60 76 
P=0.053 P=0.023 P=0.053 
P= 0.012 P=0.013 P=0.014 

(a) The statistical analyses used a re  discussed in Chapter I I  (Statistical Methods) and Appendix E (footnotes). 
(b) Historical incidence a t  study laboratory (mean ? SD): 117/250 (47% k 15%); historical incidence in NTP studies: 
583/1,977 (29% k 12%) 
(c) Historical incidence at study laboratory (mean k SD): 731249 (29% k 6%); historical incidence in NTP studies: 375/2,021 
(19% k 7%) 

41 Tetrachloroethylene, NTP TR 31 1 



Number of Rats with Stage 
Group Mononuclear Cell Leukemia 1 2 3 

MALE 

Control 28 5 3 20 
200 ppm 37 6 7 24 
400 ppm 37 4 6 27 

FEMALE 

Control 18 3 5 10 
200 ppm 30 6 6 18 
400 ppm 29 2 6 21 

Kidney: Both nonproliferative (karyomegaly 
and cytomegaly) and proliferative (tubular cell 
hyperplasia, adenomas, and adenocarcinomas) 
changes were found in the kidney (Table 14). 

Karyomegaly (reported as nuclear enlargement 
in Appendix C) and cytomegaly were present 
primarily in the proximal convoluted tubules of 
the inner half of the cortex but were not neces- 
sarily limited to this area.  Affected tubules 
showed two distinct patterns of changes. In one 
pattern, the cells were greatly enlarged and 
bulged into the lumens of the tubules. Cyto- 
plasm was abundant, brightly eosinophilic, and 
granular. Basal striations and brush borders 
were frequently prominent. Nuclei were en-  
larged up to 10 times, rounded or oval, and con- 
tained deeply basophilic stippled or reticulated 
chromatin and a single nucleolus. Mitoses were 
occasionally present. In the second pattern, the 
lining cells of the tubules were flattened and 
spindle-shaped and were thinner a t  the ends 
than a t  the center, where the greatly enlarged, 
basophilic, elongated nucleus bulged into the 
lumen. 

Tubular cell hyperplasias were small circum- 
scribed lesions often only a few hundred microns 
in diameter. Typically the cells were small with 
poorly defined basophilic cytoplasm and round 

open-faced nuclei. These lesions consisted of a 
nonseptated mass of cells which did not com- 
press the surrounding parenchyma. 

Tubular cell adenomas we re well circumscribed 
and compressed the adjacent parenchyma. They 
were composed of varibly sized cuboidal, colum- 
nar,  or polygonal cells that formed solid lobules 
separated by delicate connective tissue septa. 
Occasionally the cytoplasrn was basophilic and 
granular or vacuolated and reticular. The nuclei 
were round and open faced, and mitoses were 
infrequent . 

Tubular cell adenocarcinomas were usually 
larger than adenomas and .may have invaded the 
adjacent parenchyma. The cells were more pleo- 
morphic than in the adenlomas and often con- 
tained large bizarre nuclei. Mitoses, although 
not common, were more frequent than in adeno- 
mas. Necrosis, hemorrhage, and cholesterol 
clefts were often present. 

Tubular cell karyomegaly was observed a t  in- 
creased incidences in dosed male and female 
rats. Tubular cell hyperplarsia was seen in dosed 
males and in one high dose female. Tubular cell 
adenomas or adenocarcinomas (combined) were 
observed a t  increased (although not statistically 
significant) incidences in dosed male but not 
dosed female rats (Table 14). 

Tetrachloroethylene, NTP TR 31 1 42 



TABLE 14. ANALYSIS O F  RENAL LESIONS IN RATS IN THE TWO-YEAR INHALATION STUDIES 
O F  TETRACHLOROETHYLENE 

400 ppm Control 200 ppm 

MALE 

Karyomegaly 
Overall Rates 

Tubular  Cell Hyperplasia 
Overall Rates 

Tubular  Cell Adenoma (a) 
Overall Rates 

Tubular  Cell Adenocarcinoma 
Overall Rates 

Tubular  Cell Adenoma or Adenocarcinoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

FEMALE 

Karyomegaly 
Overall Rates 

Tubular  Cell Hyperplasia 
Overall Rates 

1/49 (2%) 

0/49 (0%) 

1/49 (2%) 

0/49 (0%) 

1/49 (2%) 
4.3% 
1/23 (4%) 
104 
P = 0.054 
P=0.107 

0/50 (0%) 

0/50 (0%) 

37/49 (76%) 

3/49 (6%) 

3/49 (6%) 

0/49 (0%) 

3/49 (6%) 
10.8% 
1/20 (5%) 
91 
P=0.259 
P=0.296 

8/49 (16%) 

0/49 (0%) 

47/50 (94%) 

Ed50 (10%) 

21/50 (4%) 

2/50 (4%) 

4/50 (8%) 
22.4% 
2/12 (17%) 
83 
P = 0.070 
P=0.114 

20/50 (40%) 

1/50 (2%) 

(a) Historical incidence a t  study laboratory (mean f SD): 1/249 (0.4% f 0.9%); historical incidence in NTP studies: 4/1,968 
(0.2% * 0.6%); no malignant tubular cell tumors have been observed. 

Bruin: Gliomas in male rats occurred with a 
significant positive trend by life table analysis 
(Table 15). The incidences in the dosed groups 
were not significantly greater than that in the 
controls by statistical comparisons, but four of 
these tumors were observed in the high dose 
males. Gliomas were also found in one control 
and two high dose females. 

incidences in the dosed groups were significantly 
greater than that in the controls (Table 16). 

Preputial Gland: Adenomas or carcinomas 
(combined) in male rats occurred with a positive 
trend by life table analysis (control, 3/50, 6%; 
low dose, 5/50,10%; high dose, 6/50,12%); the in- 
cidences in the dosed groups were not signif- 
icantly greater than that in the controls. 

Testis: Interstitial cell tumors in male rats oc- 
curred with a significant positive trend, and the 
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TABLE 15. ANALYSIS OF GLIOMAS IN MALE RATS IN THE TWO-YEAR INHALATION STUDY 
OF TETRACHLOROETHYLENE (a) 

Control 200 ppm 400 ppm 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

1/50 (2%) 0/50 (0%) 4/50 (8%) 
4.3% 0.0% 17.3% 

0/12 (0%) 1/23 (4%) 0120 (0%) 
104 88 
P=0.039 P = 0.528N P =0.083 
P = 0.103 P =  0.528N P=0.207 

(a) Historical incidence of neuroglial cell tumors a t  study laboratory (mean): 3/247 (1.2%); historical incidence in NTP 
studies: 16/1,971(0.8%). Gliomas were found in 1/50 control, 0/50 low dose, and 2/50 high dose female rats. 

TABLE 16. ANALYSIS OF TESTICULAR INTERSTITIAL CELL LESIONS IN MALE IRATS IN THE TWO- 
YEAR INHALATION STUDY OF TETRACHLOROETHYLENE 

Control 200 Ppm 400 ppm 

Hyperplasia 
Overall Rates 

Tumor (a) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

Hyperplasia or Tumor 
Overall Rates 

5/50 (10%) 6/49 (17%) 4/50 (8%) 

35/50 (70%) 39/49 (80%) 41.150 (82%) 
91.4% 97.5% 100.0% 
20123 (87%) 19/20 (95%) lS!/12 (100%) 
69 82 68 
P<O.OOl P=0.093 P=O.OOl 
P = 0.012 P = 0.047 P=0.024 

40150 (80%) 45/49 (92%) 45/50 (90%) 

(a) Historical incidence a t  study laboratory (mean k. SD): 175/249 (70% k. 7%); historical incidence in NTP studies: 
1,729/1,949 (89% k 7%) 

Nasal Cavity: Thrombosis was observed a t  in- 
creased incidences in high dose male and dosed 
female rats (male: control, 9/50, 18%; low dose, 
11150,22%; high dose, 19/50, 38%; female: 3/50, 
6%; 10150, 20%; 7/50, 14%). Squamous meta- 
plasia was observed a t  increased incidences in 
dosed male rats (male: 0150; 5/50, 10%; 5/50, 
10%; female: 2/50,4%; 4/50,8%; 2/50,4%). 

5/49, 10%; 7/49, 14%; femiale--4/50, 8%; 6/49, 
12%; 11/47, 23%). Pheochromocytomas in male 
rats occurred with a significant positive trend by 
the life table test, and the incidence in the high 
dose group was significant1,y greater than that in 
the controls by the life talble test (22149, 45%; 
21/49, 43%; 23/49, 47%), lbut not by the inci- 
dental tumor test, which is the more appropriate 
a n a l y s i s  for  t h e s e  g e n e r a l l y  n b n l e t h a l  
neoplasms. Adrenal Gland: The incidences of adrenal med- 

ullary hyperplasia in dosed males and adrenal 
cortical hyperplasia in  high dose female rats  
were greater than those in the controls (medul- 
lary hyperplasia: male--5/49, 10%; 14/49, 29%; 
12/49, 24%; female--7/50, 14%; 3/49, 6%; 4/47, 
9%; cortical hyperplasia: male--1 1/49, 22%; 8%; 0148). 

Forestomach: Ulcers were observed a t  a n  in- 
creased incidence in high close male rats (male: 
0148; 1149,2%; 5/49,10%; female: 3/49,6%; 4/49, 
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All mice exposed at 2,971 or  3,786 ppm died 
before the end of the studies; compound-related 
deaths also occurred at 2,613 ppm (Table 17). 
Mean body weight gain was not dose related. 
Hypoactivity and anesthesia in exposed animals 
were considered to be compound related. 

FOURTEEN-DAY STUDIES 

None of the mice died before the end of the stud- 
ies (Table 18). Dyspnea, hypoactivity, hyperac- 
tivity, anesthesia, and ataxia were observed in 
mice in the highest dose group. The final mean 
body weights of mice exposed at 1,750 ppm were 
6% lower than that of controls for males and 7% 
lower for females. Cytoplasmic vacuolation (fat) 
of the hepatocytes was observed in 415 males a t  
875 ppm and in 515 males and 515 females a t  
1,750 ppm. 

'I'H I H'I'E E N - W E E K $4'1' U 111 EY 

Two of 10 males and 4/10 fernales that were ex- 
posed to tetrachloroethylene at 1,600 ppm died 
before the end of the studies (Table 19). On the 
second day of exposure only, a l l  mice in the 
1,600-ppm group were uncoordinated and un- 
conscious, mice in  the 800-ppm group were 
panting and appeared irritated, and mice in the 
400-ppm group were hunched and did not move. 
The final mean body weight of males exposed at 
1,600 ppm was 8% lower than that of the con- 
trols. Final mean body weights of dosed and con- 
trol female mice were comparable. Liver lesions 
(leukocytic infiltration, centrilobular necrosis, 
and bile stasis) were seen in rnice exposed at 400, 
800, or 1,600 ppm (Table 20). Karyomegaly 
(nuclear  en largement )  of the  rena l  t ubu le  
epithelial cells was observed in 7/10 males and 
7/10 females exposed a t  1,600 ppm. 

TABLE 17. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE SINGLE-EXPOSURE 
INHALATION STUDIES OF TETRACHLOROETHYLENE 

Mean Body Weights (grams) 
Concentration Survival (a) Initial (b) Final Change (c) 

(ppm) 

MALE 

2,328 
2,445 
2,613 
2,971 
3,786 

FEMALE 

2,328 
2,445 
2,613 
2,971 
3,786 

515 
515 
1 /5 
015 
015 

315 
515 
315 
015 
015 

25.2 k 0.9 27.0 f 1.3 +1.8 k 0.5 
18.8 f 0.7 24.4 f 0.8 +5.6 f 0.4 
22.8 1.1 21.0 + 1.0 
21.4 f 0.5 (d) (d) 
19.2 f 0.4 (d) (d) 

21.0 _+ 0.3 22.3 _+ 0.3 +1.0 _+ 0.6 
16.6 f 0.6 20.4 + 0.4 +3.8 f 0.4 
19.4 k 0.2 21.3 f 0.3 +2.0 f 0.0 
19.2 f 0.6 (d) (d) 
17.6 k 0.5 (d) fd) 

(a) Number surviving/number initially in the group 
(b) Initial mean group body weight f standard error ofthe mean. Subsequent calculations are based on those 
animals surviving to the end of the study. 
(c) Mean body weight change of the survivors of the group f standard error of the mean 
(d) No data are reported due to the 100% mortality in this group. 
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Targe t  Mean Body Weights (Prams) Final Weight 
Concentration Survival (a) Initial (b) Final Change  (c) Relative to Controls 

(ppm) (percent)  

MALE 

0 515 25.4 f 0.6 27.6 f 1.0 + 2.2 f 0.7 _ _  
100 515 25.2 f 0.6 28.4 f 0.7 + 3.2 f 0.2 102.9 
200 515 25.4 f 0.4 28.6 f 0.2 + 3.2 f 0.5 103.6 
425 515 24.8 f 0.2 27.0 f 0.7 + 2.2 f 0.6 97.8 
875 515 25.0 * 0.8 27.4 * 0.7 + 2.4 f 0.4 99.3 

1,750 515 24.4 f 0.4 26.0 f 0.8 + 1.6 f 0.4 94.2 

FEMALE 

0 515 19.8 f 0.5 24.8 f 0.5 + 5.0 f 0.0 _ _  
100 515 19.0 f 0.6 23.6 _+ 0.6 + 4.6 f 0.4 95.2 
200 515 19.0 f 0.5 24.2 k 0.5 + 5.2 f 0.4 97.6 
425 515 19.4 f 0.4 23.2 f 0.4 + 3.8 f 0.4 93.5 
875 515 20.0 f 0.3 24.6 f 0.4 + 4.6 f 0.2 99.2 

1,750 515 19.0 f 0.3 23.0 f 0.5 + 4.0 k 0.3 92.7 

(a)  Number surviving/number in group 
(b) Initial mean group body weight k standard error ofthe mean 
(c) Mean body weight change f standard error of the mean 

TABLE 19. SURVIVAL AND MEAN BODY WEIGHTS O F  MICE IN THE THIRTEEN-WEEK 
INHALATION STUDIES OF TETRACHLOROETHYLENE 

Mean Body Weights (grams) Final Weight 
Concentration Survival (a) Initial (b) Final Change (c) Relative to Controls 

(ppm)  (percent)  

MALE 

0 10110 27.4 f 0.8 32.9 f 0.8 + 5.5 f 0.3 _ _  
100 10110 27.4 f 0.7 34.5 f 0.8 + 7.1 f 0.9 104.9 
200 10110 26.3 f 1.1 32.2 f 0.8 + 5.9 f 1.6 97.9 
400 10110 25.4 f 0.8 32.8 f 0.6 + 7.4 f 0.6 99.7 
800 1011 0 27.0 f 0.8 33.3 f 0.6 + 6.3 f 0.7 101.2 

1,600 (d) 8110 27.4 f 0.6 30.4 f 1.5 + 2.9 k 1.3 92.4 

FEMALE 

0 10110 21.5 k 0.5 27.5 f 0.8 + 6.0 f 0.7 _ _  
100 1011 0 22.0 f 0.6 28.6 k 0.7 + 6.6 f 0.3 104.0 
200 10110 22.0 f 0.4 28.2 f 0.6 + 6.2 f 0.4 102.5 
400 10110 19.6 f 0.6 29.5 f 0.9 + 9.9 f 0.6 107.3 
800 10/10 20.5 f 0.6 28.2 f 0.7 + 7.7 f 0.5 102.5 

1,600 (e) 6110 21.8 f 0.4 27.5 k 0.5 + 5.5 f 0.5 100.0 

(a)  Number surviving/number in group 
(b) Initial group mean body weight & standard error of the mean. Subsequent calculations are based on those animals 
surviving to the end of the study. 
(c) Mean body weight change of the survivors of the group k standard error of the mean 
(d) Week ofdeath: 12,14 
(e)Weekofdeath: 1,8,12,13 
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TABLE 20. INCIDENCE AND SEVERITY OF LIVER AND KIDNEY LESIONS IN MICE IN THE 
THIRTEEN-WEEK INHALATION STUDIES OF TETRACHLOROETHYLENE 

Kidney Liver: Leukocytic Infiltration/ 
Centrilobular Necrosis/Bile Stasis Mitotic Alteration Karyomegaly 

Group Male Female Male Female Male Female 
~ ~ ~ 

Control (a) 0/10 0110 0110 011 0 0110 0/10 

100 ppm _ _  _ _  _ _  _ _  0110 0110 

200 ppm 0/10 011 0 3/10 (1.0) 0/10 6/10 (1.0) 8/10 (1.0) 

400 ppm 8/10 (1.4) 5/10 (1.2) 5110 (1.6) 0110 10110 (1.6) 10110 (2.0) 

800 ppm 10/10 (1.8) 10110 (1.2) 5/10 (2.2) 0/10 10110 (1.4) 10110 (1.5) 

1,600 ppm 10/10 (2.2) 8/9 (1.6) 1/10 (1.0) 0/9 7/7 (1.6) 6/7 (1.7) 

(a)  Incidence of lesion; mean severity score of affected animals is in parentheses: 1 = minimal; 2 = mild; 3 = moderate; 
4 = severe 

Dose Selection Rationale: Because of the inci- 
dence of deaths a t  1,600 ppm and hepatic and re- 
nal lesions observed a t  lower doses, exposure 
concentrations selected for mice for the 2-year 
studies were 100 and 200 ppm tetrachloroethy- 
lene. The 200-ppm exposure concentration is 
twice the OSHA standard for occupational expo- 
sure of humans to tetrachloroethylene in the 
workplace. The estimated equivalents of these 
exposure concentrations are 160 mg/kg per day 

(100 ppm) and 320 mg/kg per day (200 ppm). 
(See footnote in Introduction, p. 19.) 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of dosed and control male 
and dosed and control female mice were com- 
parable throughout the studies (Table 21 and 
Figure 3). 
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TABLE 21. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR INHALATION STUDIES 
OFTETRACHLOROETHYLENE 

Weeks Contro 1 200 DDm (a) 400 m m  (b) 
o n s t u d y  A v . w t  NO. Of Av.Wt Wt.( percent N 0. of Av. wt. W t  percent N 0. of 

(grams) Survivors (grams) of controls) Survivors (grams) of cbntrois) Survivors 

MALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
17 
21 
25 

34 
43 
47 
51 
55 
60 
64 
69 
73 
76 
82 
88 
90 
96 
99 

28 

38 

FEMALE 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
17 
21 
25 
34 
28 
38 
3 
51 
55 
60 
04 
69 
73 
76 
82 
86 
90 
95 
99 

23.3 
25.4 
25.3 
25.9 
27.6 
31.2 
28.9 
29.4 
28.9 
30.2 
30.3 
30.1 
30.2 
31.2 
31.8 
33.3 
34.2 
34.0 
36.7 
35.5 
38.1 
37.4 
36.7 
37.4 
37.5 
37.1 
37.9 
38.6 
38.3 
38.4 
38.2 
38.1 
37.0 
36.6 

18.0 
20.0 
20.0 
21.1 
22.0 
23.6 
22.0 
23.0 
23.6 
24.1 
24.1 
24.6 
26.6 
24.9 
26.2 
27.1 

30.0 
30.0 
32.0 
32.0 
32.0 
32.0 
31.9 
32.0 
33.6 
33.2 
34.3 
33.4 
32.9 
32.7 
32.4 

27.8 
28.9 

33.8 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
46 

49 
49 
49 
49 

47 
47 
47 
47 
47 
47 
47 
47 

46 
46 
46 
46 
46 
46 
46 
46 
45 
46 
46 
44 
44 
44 
43 
43 
42 
39 

i! 

3 

23.0 
24.9 
26.6 
27.3 
28.9 
27.7 
29.2 
31.1 
31.5 
31.0 
31.8 
32.6 
31.1 
32.1 
33.3 
33.5 
33.0 
33.8 
35.5 
36.3 
36.9 
36.9 
36.3 
36.8 
38.9 
36.9 
37.5 
37.2 
37.7 
37.1 
36.2 
37.1 

28.8 

30.8 

18.0 
18.9 
20.9 
21.2 
22.7 
29.3 

24.0 

25.6 
26.2 
26.9 
24.6 
26.9 
27.5 

i!:ll 
25.8 

28.0 
28.4 
28.9 
29.5 
30.0 
30.0 
30.8 
30.3 
31.7 
31.7 
32.5 
31.8 
32.0 
31.5 
32.2 
32.4 
32.3 
32.3 

99 
98 
105 
105 
106 
92 
96 
99 

1 08 
104 
102 
106 
108 
100 
101 
100 
98 
97 
92 
100 
95 
99 
101 
97 
98 
105 
97 
97 
97 
96 
99 
97 

101 
9s 

100 
96 
105 loo 
103 
99 
101 
99 
102 
107 
lo6 
107 
101 
99 
103 
101 
101 
96 
98 
94 
94 
96 
95 
99 
99 
97 
96 
95 
92 
96 
98 
99 
100 

98 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
48 
46 
45 
45 
43 
42 
37 
35 
33 
27 

50 
50 
50 
50 
50 
50 
48 
48 
46 
46 
46 
46 
46 

44 
43 
43 
43 
42 
42 
42 
42 
42 
42 
42 
42 
42 
40 
40 
39 
38 
35 
35 

3 

21.8 
23.6 
27.7 
27.9 
29.8 
28.5 
29.3 
30.7 
30.6 
27.3 
28.1 
32.1 
31.9 
31.6 
33.2 
34.0 
35.5 
35.0 
37.7 
35.6 
37.7 
40.1 
38.4 
39.0 
38.9 
39.4 
38.6 
39.0 
38.8 
39.3 
38.5 

38.7 
37.6 

38.3 

18.2 
20.4 
22.5 
23.0 
23.0 
24.0 
24.2 
24.3 
19.8 
25.9 
26.1 
26.2 
27.9 
27.5 
27.7 
28.4 
28.9 
30.0 
28.6 
30.8 
31.4 
31.5 
32.0 
31.9 
33.7 
33.1 
33.5 
33.7 
33.6 
33.1 
30.6 
31.8 
32.1 

19.8 

94 
93 
109 
108 
1 08 
91 
101 
104 
106 
90 
93 
107 
106 
101 
104 
102 
104 
103 
103 
100 
99 
107 
105 
104 
104 
106 
102 
101 
101 
102 
101 
101 
105 
103 

101 
99 
102 
107 
105 
98 
109 
106 
103 
82 
107 
106 
102 
112 
106 
102 
102 
100 
100 
95 
96 
98 
98 
100 
100 
1 06 
99 
101 
100 
98 
99 
93 
97 
99 
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III. RESULTS: MICE 

Survival 

Estimates of the probabilities of survival for 
male and female mice exposed to tetrachloro- 
ethylene a t  the concentrations used in these 
studies and for the controls a re  shown in the 
Kaplan and Meier curves in Figure 4. The sur- 
vival of the low dose (after week 74) and high 
dose (after week 78) male groups and the high 
dose female group (after week 90) was signifi- 
cantly lower than that of the controls (Table 22). 

Pathology and Statistical Analyses of 
Results 

This section describes the significant or note- 
worthy changes in the incidences of mice with 

neoplastic or nonneoplastic lesions of the liver, 
kidney, and lung. Histopa thologic findings on 
neoplasms in mice are summarized in Appen- 
dix B (Tables B1 and B2); Appendix B (Tables B3 
and B4) also gives the survival and tumor status 
for individual male and female mice. Findings 
on nonneoplastic lesions are summarized in Ap- 
pendix D (Tables D1 and D2). Appendix E 
(Tables E3 and E4) contains the statistical anal- 
yses of those primary tumors that occurred with 
an  incidence of a t  least 5% in one of the three 
groups. The statistical analyses used a re  dis- 
cussed in Chapter II (Statistical Methods) and 
Appendix E (footnotes). Hisitorical incidences of 
tumors in control animals (are listed in Appen- 
dix F. 

TABLE 22. SURVIVAL OF MICE IN THE TWO-YEAR INHALATION STUDIES OF 
TETRACHLOROETHYLENI: 

MALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Animals missexed 
Killed a t  termination 
Survival P values (c) 

FEMALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Accidentally killed 
Animals missexed 
Killed a t  termination 
Died during termination period 
Survival P values (c) 

50 
3 
1 

46 
0.002 

50 
11 
2 
1 

36 
0 

<0.001 

50 
25 
0 

25 
<0.001 

50 
17 
2 
0 

31 
0 
0.241 

50 
18 
0 

32 
<0.001 

50 
30 
1 
0 

17 
2 

co.001 

(a)  Terminal-kill period: week 104 
(b) Includes animals killed in a moribund condition 
(c) The result of the life table trend test is in the control column, and the results of the life table pairwise comparisons with 
the controls are in the dosed columns. 
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FIGURE 4. KAPLAN-MEIER SURVIVAL CURVES FOR MICE EXPOSED TO 
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III. RESULTS: MICE 

Kidney: Nephrosis was observed a t  increased 
incidences in dosed female mice, casts were ob- 
served at increased incidences in dosed male and 
high dose female mice, and karyomegaly of the 
tubular cells was observed a t  increased inci- 
dences in dosed mice (Table 23). The severity of 
the renal lesions was dose related. One low dose 
male had a renal tubular cell adenocarcinoma. 

Liver: Degeneration was observed a t  increased 
incidences in dosed male mice (control, 2/49, 4%; 
low dose, 8/49, 16%; high dose, 14/50, 28%) and 
high dose female mice (1/49,2%; 2/50, 4%; 13/50, 
26%); necrosis was observed a t  increased inci- 
dences in dosed male (1/49,2%; 6/49, 12%; 15/50, 
30%) and high dose female mice (3148, 6%; 5/50, 
10%; 9/50, 18%); nuclear inclusions were ob- 
served a t  increased incidences in dosed male 
mice (2/49, 4%; 5/49, 10%; 9/50, 18%). Hepatic 
degeneration was characterized by a variety of 
histologic features, including cytoplasmic vacuo- 
lation, hepatocellular necrosis, inflammatory 
cell infiltrates, pigment in cells, oval cell hyper- 
plasia, and regenerative foci. 

Hepatocellular adenomas in males, hepatocel- 
lular  carcinomas in males and females, and  
hepatocellular adenomas or carcinomas (com- 
bined) in males and femaleis occurred with sig- 
nificant positive trends (Ta.ble 24). The inci- 
dences of hepatocellular adenomas in high dose 
males and hepatocellular carcinomas and hepa- 
tocellular adenomas or carcinomas (combined) 
in dosed mice were significantly greater than  
those in the controls. 

Hepatocellular carcinomas metastasized to the 
lung in two control males and seven low dose 
and one high dose males and in two low dose and 
seven high dose females. Additional hepatocel- 
lular carcinomas metastasiz'ed to the pulmonary 
artery in one low dose malt?, to the pulmonary 
vein in one low dose and one high dose male, and 
to multiple organs in one low dose male mouse 
(Appendix B, Tables B3 and 134). 

Lung: Acute passive congestion was observed a t  
increased incidences in dosed mice (male: con- 
trol, 1/49; low dose, 8/49; high dose, 10150; fe- 
male: 1/48; 5/50; 6/50). 

TABLE 23. NUMBER OF MICE WITH NONNEOPLASTIC LESIONS OFTHE KIDNEY ][N THE TWO-YEAR 
INHALATION STUDIES OF TETRACHLOROETHYLENE 

200 ppm Lesion Control 100 ppm 

MALE 

Number of animals examined 
Cast 
Tubular cell karyomegaly 
Nephrosis 

FEMALE 

Number of animals examined 
Cast 
Tubular cell karyomegaly 
Nephrosis 

49 
3 
4 

22 

48 
4 
0 
5 

49 
9 

17 
24 

49 
4 

16 
14 

50 
15 
46 
28 
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TABLE 24. ANALYSIS O F  LIVER TUMORS IN MICE IN THE TWO-YEAR INHALATION STUDIES OF 
TETRACHLOROETHYLENE (a) 

Control 100 ppm 200 Ppm 

MALE 

Hepatocellular Adenoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

Hepatocellular Carcinoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

Hepatocellular Adenoma or Carcinoma (b) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

FEMALE 

Hepatocellular Adenoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

Hepatocellular Carcinoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

Hepatocellular Adenoma or Carcinoma (c) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

12/49 (24%) 
26.1% 
12/46 (26%) 
104 
P = 0.004 
P = 0.008 

7/49 (14%) 
14.9% 
6/46 (13%) 
98 
P<O.OOl 
P = 0.002 

17/49 (35%) 
36.1% 
16/46 (35%) 
98 
P<O.001 
P <0.001 

3/48 (6%) 
7.5% 
1/36 (3%) 
96 
P = 0.479 
P=0.325N 

1/48 (2%) 
2.8% 
1/36 (3%) 
104 
P eo.001 
P<O.OOl 

4/48 (8%) 
10.1% 
2/36 (6%) 
96 
P < 0.001 
P<O.OOl 

8/49 (16%) 
29.9% 
7/25 (28%) 
89 
P = 0.419 
P = 0.542 

25/49 (51%) 
58.3% 
8/25 (32%) 
63 
P<O.OOl 
P=0.016 

31/49 (63%) 
73.0% 
14/25 (56%) 
63 
P<O.OOI 
P=0.026 

6/50 (12%) 
18.7% 
5/31 (16%) 
102 
P = 0.182 
P = 0.193 

13/50 (26%) 
35.62 
8/31 (26%) 
76 
P<O.OOl 
P<O.OOl  

17/50 (34%) 
46.7% 
12/31 (39%) 
76 
P < 0.00 1 
P <  0.001 

19/50 (38%) 
55.4% 
17/32 (53%) 
73 
P=0.005 
P = 0.012 

216150 (52%) 
518.3% 
14/32 (44%) 
EiO 
P<O.OOl 
E’= 0.001 

41/50 (82%) 
Ei9.0% 
27/32 (84%) 
60 
I’ < 0.00 1 
IJ< 0.00 1 

:!I50 (4%) 
6.1% 
0119 (0%) 
:I 8 
1’ = 0.64 1 N 
1J=O0213N 

36/SO (72%) 
!31.7% 
:l6/19 (84%) 
(5 7 
I? < 0 .oo 1 
P<O.OOl 

:38/50 (76%) 
92.2% 
16/19 (84%) 
67 
P <0.001 
P<O.OOl 

(a) The statistical analyses used are discussed in Chapter II  (Statistical Methods) and Appendix E (footnotes). 
(b)  Historical incidence a t  study laboratory (mean f SD): 831249 (33% f 7%); historical incidence in NTPstudies: 627/2,084 
(30% f 8%) 
(c) Historical incidence a t  study laboratory (mean f SD): 191248 (8% f 4%); historical incidence in NTPstudies: 181/2,080(9% 
f 5%) 
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IV. DISCUSSION AND CONCLUSIONS 
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IV. DISCUSSION AND CONCLUSIONS 

Toxicology and carcinogenicity studies were 
conducted by administering tetrachloroethylene 
(99.9% pure) by inhalation to groups of 50 male 
and 50 female F344/N rats and B6C3F1 mice for 
6 hours per day, 5 days per week, for 103 weeks. 
The exposure concentrations used in these stud- 
ies (0 [chamber controls], 200, or 400 ppm in rats 
and 0 ,  100, or 200 ppm in mice) were selected on 
the basis of results of 13-week inhalation studies 
in which groups of rats and mice of each sex were 
exposed to tetrachloroethylene at concentrations 
ranging from 100 to 1,600 ppm for 6 hours per 
day, 5 days per week. 

Thirteen-Week Studies 

During the 13-week studies in rats, exposure to 
tetrachloroethylene a t  1,600 ppm killed 4/10 
males and 7/10 females. The final mean body 
weights of animals that survived exposure at  the 
highest concentration were reduced relative to 
those of the controls (male, 20%; female, 11%). 
Histopathologic changes observed included pul- 
monary congestion in animals exposed a t  1,600 
ppm (male, 8/10; female, 7/10) but not a t  800 
ppm. A dose-related increase in the incidence of 
hepatic congestion was observed in both sexes, 
but the severity of this effect in animals exposed 
at 200-800 ppm was considered to be minimal to 
mild. Affected animals in the 1,600-ppm groups 
(male, 7/10; female, 8/91 exhibited mild to severe 
hepatic congestion. 

In mice, exposure a t  1,600 ppm for 13 weeks 
killed 2/10 males and 4/10 females. As in rats, 
the final mean body weights of male mice that 
survived exposure at 1,600 ppm were lower than 
those of the controls. Minimal to mild micro- 
scopic liver and kidney changes were observed in 
mice exposed at 200-1,600 ppm tetrachloro- 
ethylene. The liver changes included leukocytic 
infiltration, centrilobular necrosis, bile stasis, 
and mitotic alteration. The kidney changes 
were described as karyomegaly of the tubular 
epithelial cells and were considered to be of 
minimal severity in the affected 6/10 males and 
8/10 females exposed a t  200 ppm; a t  higher 
doses, the karyomegaly was more severe. 

Karyomegaly has been observed in earlier ga- 
vage studies of tetrachloroethylene (NTP, un- 
published), pentachloroethane (NTP, 19831, and 

trichloroethylene (NTP, 1987, in preparation). 
These changes are the earliest renal effects pro- 
duced by these chemicals and are  associated 
with cytomegaly, tubular dilatation, and renal 
tubular epithelial cell hyperplasia. Although 
kidney lesions were not found in the rats  ex- 
posed to tetrachloroethylene for 13  weeks in 
these studies, both rats and mice in the afore- 
mentioned studies were affected. 

Selection of exposure concentrations for the 2- 
year studies in rats and mice was made on the 
basis of the lethality a t  1,600 ppm in both 
species and the production of liver or kidney le- 
sions a t  the lower concentrations. Although the 
changes produced a t  the lower concentrations 
were generally minimal to mild, earlier experi- 
ences with chlorinated ethanes and ethylenes in- 
dicated that these changes may be progressive. 
This is particularly true of the kidney lesions. In 
earlier 2-year gavage studies on trichloro- 
ethylene and tetrachloroethylene, the survival 
of rats and mice was not affected for approxi- 
mately 40 weeks, and then high incidences of 
early deaths among dosed animals occurred for 
the remainder of the studies. Early deaths in 
dosed rats in the earlier studies compromised 
the sensitivity of the studies. 

Two-year Studies 

Survival of Rats: Exposure a t  400 ppm tetra- 
chloroethylene reduced the survival of male rats 
(control, 23/50; low dose, 20/!iO; high dose, 12/50) 
but not that of the females (control, 23/50; low 
dose, 21/50; high dose, 24/50). Most of the un- 
scheduled deaths in the high dose male group 
(33138, 87%) occurred late in the study (week 82 
or later) and may have been related to a high in- 
cidence of mononuclear cell leukemia. There 
were positive trends in the incidences of leuke- 
mia in male and female rats,  and the incidences 
in the dosed males were greater than that in the 
control group by life table analysis (overall  
rates: control, 28/50; low dose, 37/50; high dose, 
37/50). 

Mononuclear cell leukemia develops spontane- 
ously in F344 and Wistar Furth rats (Moloney 
and King, 1971; Moloney et all., 1969; Davey and 
Moloney, 1970) and has been estimated to be 
fatal within 2-6 weeks of onset (Stromberg and 
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IV. DISCUSSION AND CONCLUSIONS 

Vogtsberger, 1983). To determine if the in- 
creased incidence of leukemia in the dosed males 
may have contributed to the  excess in  un- 
scheduled deaths among high dose males, the 
stage of the disease in all affected animals was 
determined microscopically. The diagnoses of 
mononuclear cell leukemia were classified as 
stage 1 (early stage of the disease), stage 2 (in- 
termediate stage),  or stage 3 (advanced and 
probably fatal) according to the criteria detailed 
in the Results section. 

The results summarized in Table 25 show the 
comparative incidences of stage-3 mononuclear 
cell leukemia in ra ts  that died before the sched- 
uled termination of the studies and in rats that 
lived to the end of the study. The percentage of 
animals in each dose group with stage-3 mono- 
nuclear cell leukemia was consistently higher 
among animals that  died early than  among 
animals that lived to the end of the study. When 
overall unexplained deaths are considered, 11 
more high dose males than controls died before 
the scheduled termination of the study. If ad- 
vanced stage leukemias a re  discounted, there 
were only three more unexplained deaths in the 
high dose male group. These facts suggest a re- 
lationship between the incidence of mononuclear 
cell leukemia and the excess early deaths in the 
high dose male group. 

Survival of Mice:  Exposure to tetrachloro- 
ethylene at 100 or 200 ppm reduced survival of 
male mice and a t  200 ppm reduced survival of 

female mice. As in the rat  studies, most of the 
early deaths in dosed mice occurred after week 
82. Among males, the survival rate at week 82 
was 50150 in controls, 42/50 in the low dose 
group, and 42/50 in the high dose group; among 
females, it was 44/50 in the controls, 40150 in the 
low dose group, and 42/50 in the high dose group. 
The survival of the chamber control male mice 
was unusually high; 46/50 lived to the termina- 
tion of the study. The unscheduled deaths in 
dosed mice may have been influenced by the 
high incidence of hepatocellular carcinomas. 
There were dose-related increases in the inci- 
dences of this tumor among early death mice 
(male: control, 1/3, 33%; low dose, 17/24, 71%; 
high dose, 12/18, 67%; female control, 0112; low 
dose, 5/19, 26%; high dose, 20131, 65%). Because 
of the small number of early deaths in the male 
mouse controls, hepatocellular neoplasms ob- 
served in dosed male mice dying before the end 
of the study were given relatively little weight 
by the incidental tumor test. Nevertheless, the 
increased incidences of hepatocellular neo- 
plasms in dosed male and ifemale mice were 
clear-cut, regardless of which statistical test was 
used in the data analysis (see 'Table 22). 

Body Weight Gains i n  Rats  and Mice:  Body 
weight gains of dosed rats and mice were not 
consistently affected by exposure to tetrachloro- 
ethylene. Mean body weights for dosed rats  
were never more than 8% lower than those of the 
chamber controls. 

TABLE 25. COMPARATIVE INCIDENCES OF STAGE-THREE MONONUCLEAR CELL LEUKEMIA IN 
RATS IN THE TWO-YEAR INHALATION STUDIES OF TETRACHLOROETHYLENE (a) 

Group Animals That Died Before Week 104 Animals That Lived For 104 Weeks 

MALE 

Control 15/27 (55%) 5/23 (22%) 
200 ppm 21/30 (70%) 3/20(15%) 
400 ppm 23/38 (60%) 4/12 (33%) 

FEMALE 

Control 7/27 (26%) 3/23 (13%) 
200 ppm 15/29 (52%) 3/21 (14%) 
400 ppm 19/26 (73%) 2/24 (8'6) 

(a) Number of animals with stage-3 mononuclear cell leukemidnumber examined 
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IV. DISCUSSION AND CONCLUSIONS 

Mononuclear Cell Leukemia in Rats: There were 
positive trends for the incidences of mononuclear 
cell leukemia in male and female rats exposed to 
tetrachloroethylene (male: control, 28/50; low 
dose, 37150; high dose, 37/50; female: control, 
18150; low dose, 30150; high dose, 29/50). The in- 
cidences of mononuclear cell leukemia in male 
and female control rats of these studies were 
greater than the mean historical chamber con- 
trol incidences for inhalation studies a t  this lab- 
oratory (male: 1171250, 47%; female: 731249, 
29%) or for untreated controls from studies  
throughout the Program (male: 58311,977, 29%; 
female: 37512,021, 18%; Appendix F, Tables F1 
and F7). 

There is convincing evidence that these leuke- 
mias were related to many of the early deaths 
among both male and female ra t s  exposed to 
tetrachloroethylene. Most leukemias were diag- 
nosed as being in  a n  advanced and probably 
fatal stage (see Table 121, and the incidences of 
these advanced neoplasms in animals that died 
early (between week 82 and 103) consistently ex- 
ceeded the incidences observed in animals of the 
same dose groups that survived to the scheduled 
termination of the studies. Therefore, life table 
analyses are the appropriate statistical proce- 
dures for these lethal lesions, and these tests 
indicate increases in incidences of leukemia in 

male rats dosed with either 200 ppm (P= 0.046) 
or 400 ppm (P=0.004). In females, life table 
analysis of overall leukernia ra tes  revealed a 
significant increase in  the 200-ppm group 
(P=0.023) and a marginal effect (P=0.053) in 
the 400-ppm group. 

Mononuclear cell leukemia in  exposed r a t s  
occurred a t  significantly increased incidences; 
the high incidences of stage-3 leukemia in both 
sexes and the earlier onset of the disease in 
dosed female rats prompted additional evalua- 
tion, The results summarized in Table 25 show 
tha t ,  a l though there  were no te t rachloro-  
ethylene-related differences in the numbers of 
females  t h a t  d i ed  before  t h e  schedu led  
termination of the study there w a s  a dose- 
related increase in the percent of females that 
died early and had stage-3 mononuclear cell leu- 
kemia (control, 26%; low close, 52%; high dose, 
73%). Because of this observation, a more 
appropriate statistical analysis was conducted, 
in  which only the  inc idences  of s t a g e - 3  
mononuclear cell leukemia in ra t s  were con- 
sidered. The results of thi,s analysis are  shown 
in Table 26. This analysis revealed positive 
trends and significant increases in the inci- 
dences of stage-3 mononuclear cell leukemia in 
male and female rats exposed a t  400 ppm tetra- 
chloroethylene. 

TABLE 26. LIFE TABLE ANALYSIS OF THE INCIDENCES OF STAGE-THREE MONONUCLEAR CELL 
LEUKEMIA IN RATS IN THE TWO-YEAR INHALATION STUDIES OF TETRACHLOROETHYLENE 

Control 200 ppm 4080 ppm 

MALE 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Trend Test 
Pairwise Comparison 

FEMALE 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Trend Test 
Pairwise Comparison 

20150 (40%) 24/50 (48%) 271'50 (54%) 
48.9% 54.8% 69.7% 
5/23 (22%) 3/20 (15%) 4/12 (33%) 
P=0.024 

P=0.181 P=:  0.022 

10150 (20%) 18/50 (36%) 21/50 (42%) 
30.7% 46.1% 47.1% 
3/23 (13%) 3/21 (14%) 2/24 (8%) 
P=0.027 

P=0.065 P =  0.029 
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IV. DISCUSSION AND CONCLUSIONS 

Examination of the time to diagnosis of stage-3 
mononuclear cell leukemia in female rats also 
indicates a significant effect of tetrachloro- 
ethylene (Table 27). The results in Table 27 
show no remarkable differences in the number of 
deaths among the female r a t s  in  the three 
groups between weeks 80 and 103. There was, 
however, a dose-related increase in the numbers 
of animals that died with stage-3 mononuclear 
cell leukemia. The initial stage-3 mononuclear 
cell leukemia in control rats was diagnosed in a n  
animal that died during week 96 (when the 15th 
death among control females occurred). At week 
96, there were eight advanced leukemias among 
18 early death animals in the 400-ppm group. 
The first diagnoses of advanced leukemia in 
dosed animals were made during weeks 60 (200- 
ppm group) and 76 (400-ppm group). These 
results indicate that mononuclear cell leukemia, 
a spontaneously occurring neoplasm in F344/N 
rats,  developed earlier in females that  were 
exposed a t  200 or 400 ppm tetrachloroethylene 
by inhalation. This observation is confirmed by 
the Kaplan-Meier curve for stage-3 mononuclear 
cell leukemia in female rats  (Figure 5 ) .  The 
Kaplan-Meier curve for stage-3 mononuclear 
cell leukemia in male ra ts  shows a less pro- 
nounced effect. 

Kidney Effects in  Rats: The nephropathy 
normally observed in aging F344/N rats was ob- 
served in the animals in these studies. In addi- 
tion, both sexes exhibited renal tubular cell 
karyomegaly (male: control, 1/49; low dose, 
37/49; high dose, 47/50; female: control, 0150; 
low dose, 8/49; high dose, 20/50). In males, renal 
tubular cell hyperplasia was also observed 

(control, 0149; high dose, 3/49,, low dose, 5/50). A 
single high dose female also had renal tubular 
cell hyperplasia. The effect, is  not unique to 
F344/N rats, as it has been observed in male and 
female rats  of the Osborne-Mendel, August, 
Sprague-Dawley, ACI, and M.arshal1 strains ex- 
posed to chlorinated ethylenes (NTP, unpub- 
lished results). 

In the present studies, in addition to the renal 
tubular cell karyomegaly and hyperplasia, renal 
tubular cell adenomas and adenocarcinomas 
were detected in male rats. 'The combined inci- 
dences of the neoplasms were 1/49 for controls, 
3/49 for the low dose group, and 4/49 for the high 
dose group. No renal tubular cell tumors were 
detected in female rats. The incidences of these 
neoplasms in male rats were not statistically 
significant (P>0.05). However, the induction of 
these lesions in rats, like the nonproliferative le- 
sions described above, are characteristic effects 
of the long-term administration of chlorinated 
ethanes and ethylenes. NTP has noted them in 
gavage studies of pentachloroethane (Mennear 
et al., 19821, trichloroethylene (in five strains of 
rats), and tetrachloroethylene (in five strains of 
rats). 

Because these lesions appeared consistently in 
dosed animals but not in controls in the present 
studies and are considered iincommon tumors 
(historical incidence for chamber controls a t  this 
laboratory, 11249, 0.4%; overall historical in- 
cidence for untreated controls in the Program, 
411,968, 0.2%; Table F4), they are considered to 
be caused by exposure to tetrachloroethylene. 

TABLE 27. CUMULATIVE INCIDENCES OF MONONUCLEAR CELL LEUKEMIA IN FEMALE RATS IN 
THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE 

Week on Study 
80 85 90 96 103 

Control 
200 ppm 
400 ppm 

(a) 013 017 0112 1115 7/27 
315 619 711 2 811 7 15/29 
316 519 9/14 1311 8 19126 

(a) Number of animals with stage-3 mononuclear cell leukernidnumber of animals that died up to the week indicated 
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IV. DISCUSSION AND CONCLUSIONS 

Both the nonprolifera tive and pro1 iferative 
changes produced by tetrachloroethylene a re  
similar to the renal lesions described in male 
rats exposed to petroleum products (Mehlman et  
al., 1984). There are  also important differences 
between the renal lesions produced by petroleum 
products and  by ch lor ina ted  e t h a n e s  and  
ethylenes. The changes produced by petroleum 
products appear only in male rats. In contrast, 
tetrachloroethylene-induced karyomegaly ap- 
pears in both sexes of r a t s  and mice. The 
petroleum product-induced lesion in male rats in 
subchronic studies features  the presence of 
hyaline droplets, but this change was not found 
in either rats or mice in the tetrachloroethylene 
studies. The proliferative changes induced by 
petroleum products appear only in male rats,  
whereas proliferative changes were found in 
both male and female rats dosed with trichloro- 
ethylene (NTP, 1987, in preparation). There- 
fore, although the renal changes produced by 
petroleum products and chlorinated ethanes and 
ethylenes may be similar, certain subtle dif- 
ferences argue against classifying them as the 
same lesion. 

Respiratory Tract Effects i n  Rats: The nasal cav- 
ities of both sexes of rats were observed to have 
dose-related increases in  the incidences of 
thromboses and squamous metaplasia.  The  
nasal thromboses are  believed to be secondary to 
mononuclear cell leukemia. 1-n the  present  
study, only 2 of the 59 animals that  had nasal 
thrombi did not have mononuclear cell leukemia 
(one control male and one low dose female). 
There were no neoplast ic  changes  i n  the  
respiratory tracts of rats. 

Other Findings i n  Rats: Four high dose male, 
two high dose female, one control male, and one 
control female ra t  exhibited gliomas of the 
brain. The incidence of this tumor in the male 
high dose group is above the control incidence at 
this laboratory (21247, 0.8%) or in the overall 
Program (611,971, 0.3%). Unlike the kidney le- 
sions described above, compound-related brain 
tumors have never been observed in earlier NTP 
studies of tetrachloroethylene, trichloroethy- 
lene, or pentachloroethane. The incidences of 
these tumors in the high dose groups in these 
studies were not statistically significant, and 
gliomas were observed in the control groups; for 
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these reasons, the gliomas are not considered to 
be tetrachloroethylene-induced neoplasms. 

The incidence of testicular interstitial cell tu- 
mors in male rats was increased relative to the 
control incidence. This tumor is common in 
aging male F344/N rats, and the incidences in 
both dosed groups a re  similar to the overall inci- 
dence in the Program (1,729/1,949, 89%). Also, 
when interstitial cell hyperplasia is combined 
with interstitial cell tumors, the magnitude of 
the apparent effect is diminishied (control, 4060; 
low dose, 45/49; high dose, 451150). Therefore, al- 
though the incidences in dosed rats exceed both 
concurrent controls and the historical control 
rate for this laboratory (175/249, 70%), the mar- 
ginal increase is not considered to be related to 
tetrachloroethylene exposure. 

Liver Effects in  Mice: In male mice, exposure to 
tetrachloroethylene caused increased incidences 
of hepatic degeneration (control, 2/49; low dose, 
8/49; high dose, 14/50), hepattic necrosis (1149; 
6/49; 15/50), and hepatic nuclear inclusion (2149; 
5/49; 9/50). Tetrachloroethylene increased the 
incidences of these lesions in female mice also 
(hepatic degeneration: 1/49; 2/50; 13/50; necro- 
sis: 3/49; 5/50; 9/50; nuclear inclusion: 0149; 
1/50; 2/50). In addition, tetrachloroethylene at 
both concentrations increased the incidences of 
hepatocellular neoplasms in males and females 
(adenomas or carcinomas combined: male-- 
17/49; 31/49; 41/50; female--4,/48; 17/50; 38/50). 
In male mice, hepatocellular carcinomas metas- 
tasized to the lungs in 2/49 of the controls, 7/49 
of the low dose group, and 1/50 of the high dose 
group. One hepatocellular carcinoma metas- 
tasized to the pulmonary artery in a low dose 
male mouse. Metastatic hepatocellular carci- 
nomas were also found in the lungs of 0148 of the 
female controls, 2/50 of the low dose female mice, 
and 7/50 of the high dose female mice. 

Kidney Effects i n  Mice: Renal tubular  cell 
karyomegaly was found in both male and female 
mice in dose-related incidences (male: control, 
4/49; low dose, 17/49; high dose, 46/50; female: 
control, 0148; low dose, 16/49; high dose, 38/50). 
This change is identical to that noted during the 
13-week studies and in the 2-year rat  studies. It 
was not, however, accompanied by proliferative 
changes  ( such  as tubu la r  ep i the l i a l  ce l l  
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IV. DISCUSSION AND CONCLUSIONS 

hyperplasia) as it was in rats. One of 49 low dose 
male mice exhibited a renal tubular cell adeno- 
carcinoma. 

Pulmonary Effects i n  Mice: Acute passive con- 
gestion was diagnosed in  10%-20% of dosed 
males and females and in 2% of the chamber con- 
trols, but there were no increases in the inci- 
dences of proliferative lesions of the respiratory 
system in mice. 

Tetrachloroethylene produced significant in- 
creases in neoplasia in both rats and mice and 
dose-related incidences of biologically signifi- 
cant nonneoplastic lesions in two of the three or- 
gans in which tumors were detected (male rat 
kidney [see p. 591 and male and female mouse 
liver [above]). In contrast, tetrachloroethylene 
was not genotoxic in four strains of Salmonella, 
in L5178Y/TKC’- mouse lymphoma cells, or in 
Drosophila (Appendix G). 

The experimental and tabulated data  for the 
NTP Technical Report on tetrachloroethylene 

were examined for accuracy, consistency, and 
compliance with Good Laboratory Practice re- 
quirements. As summariz,ed in Appendix L, the 
audit revealed no major problems with the con- 
duct of the studies or with the collection and 
documentation of the experimental data. No dis- 
crepancies were found tha.t influenced the final 
interpretation of the results of these studies. 

Conclusions: Under the conditions of these 2- 
year inhalation studies, thlere was clear evidence 
o f  carcinogenicity* of tetrachloroethylene for 
male F344/N rats as shown by an increased inci- 
dence of mononuclear cell leukemia and uncom- 
mon renal tubular cell neoplasms. There was 
some evidence of carcinogenicity of tetrachloro- 
ethylene for female F344/N rats as shown by in- 
creased incidences of mononuclear cell leuke- 
mia. There was clear evidence o f  carcinogenicity 
for B6C3F1 mice as shown by increased inci- 
dences of both hepatocellular adenomas and car- 
cinomas in males and of hepatocellular carcino- 
mas in females. 

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2. 
A summary of the Peer Review comments and the public discussion on this Technical Report appears on pages 14-15. 
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APPENDIX A 

SUMMARY OF THE INCIDENCE OF NEOPL.ASMS 

IN RATS IN THE TWO-YEAR INHALATION STUDIES 

OF TETRACHLOROETHYLENE 
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TABLE Al .  SUMMARY OF THE INCIDENCE OF NEOPLASMS I N  MALE RATS I N  T H E  TWO-YEAR 
INHALATION STUDY OF TETRACHLOROETHYLENE 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 50 50 
ANIMALS NECROPSIED 50 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50 

INTEGUMENTARY SYSTEM 
*Skin (50) (50) (50) 

Squamous cell papilloma 2 (4%) 1 (2%) 
Squamous cell carcinoma 1 12%) 
Basal cell tumor 1 (2%) 
Basal cell carcinoma 1 (2%) 
Keratoacanthoma 3 (6%) 1 (2%) 

Fibroma 3 (6%) 1 (2%) 4 (8%) 
Fibrosarcoma 1 (2%) 
Neurilemoma, malignant 1 (2%) 

*Subcutaneous tissue (50) (50) (50) 

RESPIRATORY SYSTEM 
#Lung (50) (47) (50) 

Hepatocellular carcinoma, metastatic 1 (2%) 
Alveolar/bronchiolar adenoma 1 (2%) 1 (2%) 2 (4%) 
Alveolar/bronchiolar carcinoma 1 (2%) 
Nephroblastoma, metastatic 1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

#Spleen 

#Liver 

Leukemia, mononuclear cell 

Leukemia, mononuclear cell 

Leukemia, mononuclear cell 

(50) (50) (50) 

(50) (50) (49) 

(50) (50) (49) 

27 (54%) 36 (72%) 37 (74%) 

1 (2%) 

1 (2%) 

CIRCULATORY SYSTEM 

Hemangioma 
#Kidney (49) (49) 

1 (2%) 

DIGESTIVE SYSTEM 
*Mouth 

Squamous cell papilloma 
Squamous cell carcinoma 

Squamous cell papilloma 

Neoplastic nodule 
Hepatocellular carcinoma 

Leiomyoma 

*Tongue 

#Liver 

#Jejunum 

(50) (50) 
1 (2%) 

(50) (50) 

(50) (50) 
1 (2%) 

4 (8%) 7 (14%) 
1 (2%) 

1 (2%) 
(42) (47) 

(50) 
1 (2%) 
1 (2%) 

1 (2%) 

4 (8%) 
1 (2%) 

(50) 

(49) 

(47) 

URINARY SYSTEM 
#Kidney 

Tubular cell adenoma 
Tubular cell adenocarcinoma 
Lipoma 
Nephroblastoma 

Transitional cell papilloma 
#Urinary bladder 

(49) (49) (50) 
1 (2%) 3 (6%) 2 (4%) 

2 (4%) 
1 (2%) 
1 (2%) 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 
~ ~ ~~~~~~~~~~~~~~~ 

ENDOCRINE SYSTEM 
#Anterior pituitary (47) (47) (48) 

#Adrenal (49) (49) (49) 

#Adrenal medulla (49) (49) (49) 

Carcinoma, NOS 3 (6%) 2 (4%) 2 (4%) 
Adenoma, NOS 17 (36%) 12 (26%) 16 (33%) 

Cortical adenoma 1 (2%) 

Pheochromocytoma 22 (45%) 21 (43%) 23 (47%) 
Pheochromocytoma, malignant 1 (2%) 

Follicular cell carcinoma 1 (2%) 
C-cell adenoma 3 (6%) 3 (6%) 4 (9%) 
C-cell carcinoma 4 (9%) 6 (13%) 

Adenoma, NOS 2 (6%) 

Islet cell adenoma 3 (7%) 2 (4%) 1 (2%) 

#Thyroid (47) (48) (46) 

#Parathyroid (39) (35) (34) 

#Pancreatic islets (43) (46) (46) 

REPRODUCTIVE SYSTEM 
*Mammary gland (50) (50) (50) 

*Preputial gland (50) (50) (50) 
Fibroadenoma 1 (2%) 

Carcinoma, NOS 2 (4%) 2 (4%) 3 (6%) 
Adenoma, NOS 1 (2%) 3 (6%) 3 (6%) 

Adenocarcinoma, NOS 1 (2%) 
Interstitial cell tumor 35 (70%) 39 (80%) 41 (82%) 

Adenocarcinoma, NOS 1 (2%) 

#Testis (50) (49) (50) 

*Epididymis (50) (50) (50) 

NERVOUS SYSTEM 
#Brain 

Carcinoma, NOS, invasive 
Glioma, NOS 

(50)  (50) 
1 (2%) 
1 (2%) 

(50) 
1 (2%) 
4 (8%) 

SPECIAL SENSE ORGANS 
*Eyelid 

Sebaceous adenocarcicoma 

Carcinoma, NOS 
Adenoma, NOS 

*Zymbal gland 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
*Peritoneal cavity 

+Tunica vaginalis 
Leiomyosarcoma 

Mesothelioma, NOS 
Mesothelioma, malignant 

(50) (50) (50) 

(50) (50) (50) 
1 (2%) 

1 (2%) 1 (2%) 2 (4%) 
1 (2%) 1 (2%) 
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TABLE A l ,  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

ALL OTHER SYSTEMS 
*Multiple organs (50) (50) 

Tubular cell adenocarcinoma, invasive 
Chordoma 1 (2%) 

Sebaceous adenoma 1 
Foot 

(50) 
1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 50 

Natural death 9 5 3 
Moribund sacrifice 18 26 36 
Terminal sacrifice 23 19 1 1  

TUMOR SUMMARY 
Total animals with primary tumors** 50 48 50 

Total primary tumors 146 151 163 
Total animals with benign tumors 45 42 47 

Total benign tumors 96 92 101 

Total animals with secondary tumors## 1 2 2 
Total secondary tumors 1 2 2 

benign or malignant 4 7 5 

Total animals with malignant tumors 36 41 42 
Total malignant tumors 45 51 56 

Total animals with tumors uncertain-- 

Total uncertain tumors 5 8 6 

* Number of animals receiving complete necropsy examination; all gross lesions including masses exaimined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically a t  this site 
# #  Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 

Tetrachloroethylene, NTP TR 311 72 



TABLE A2. SUMMARY O F  T H E  INCIDENCE OF NEOPLASMS I N  FEMALE RATS I N  T H E  TWO-YEAR 
INHALATION STUDY O F  TETRACHLOROETHYLENE 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 

Squamous cell papilloma 
Keratoacanthoma 

*Subcutaneous tissue 
Sarcoma, NOS 
Neurilemoma, malignant 

*Skin (50) (50) (50) 
1 (2%) 1 (2%) 1 (2%) 

1 (2%) 
(50) (50) (50) 

1 (2%) 
1 (2%) 

RESPIRATORY SYSTEM 
#Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
C-cell carcinoma, metastatic 

150) (49) (49) 
1 (2%) 

1 (2%) 
1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

#Spleen 
Leukemia, mononuclear cell 

Leukemia, mononuclear cell 

150) (50) (50) 

(50) (49) (49) 
18 (36%) 29 (58%) 28 (56%) 

1 (2%) 1 (2%) 

CIRCULATORY SYSTEM 
None 

DIGESTIVE SYSTEM 
*Mouth 

*Tongue 

#Liver 

Squamous cell papilloma 

Squamous cell carcinoma 

Neoplastic nodule 

URINARY SYSTEM 
#Urinary bladder 

Transitional cell papilloma 
Granular cell tumor, malignant 

(50) (50) 

(47) (44) (46) 
1 (2%) 
1 (2%) 

ENDOCRINE SYSTEM 
#Pituitary intermedia 

Carcinoma, NOS 
Adenoma, NOS 

#Anterior pituitary 
Carcinoma, NOS 
Adenoma, NOS 

Cortical adenoma 

Pheochromocytoma 
Pheochromocytoma, malignant 

#Adrenal 

#Adrenal medulla 

(50) 
1 
1 

(50) 
4 

19 
(50) 

2 
(50) 

1 

(48) 
(2%) 
(2%) 

(8%) 2 (4%) 
(38%) 21 (44%) 

(4%) 1 (2%) 

(2%) 

148) 

(49) 

(49) 

73 

(50) 

(50) 
3 (6%) 

20 (40%) 

2 (4%) 

2 (4%) 
1 (2%) 

(47) 

(47) 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM (Continued) 

Follicular cell adenoma 
C-cell adenoma 
C-cell carcinoma 

#Parathyroid 
Adenoma, NOS 

#Pancreatic islets 
Islet cell adenoma 
Islet cell carcinoma 

#Thyroid (46) (48) (46) 
1 (2%) 

3 (7%) 1 (2%) 3 (7%) 
1 (2%) 4 (8%) 1 (2%) 

1 (3%) 

1 (2%) 1 (2%) 
1 (2%) 

(27)  (27) (34) 

(50) (47) (46) 

REPRODUCTIVE SYSTEM 
*Mammary gland (50) (50) (50) 

Adenoma, NOS 1 (2%) 
Adenocarcinoma, NOS 2 (4%) 2 (4%) 

Carcinoma, NOS 2 (4%) 3 (6%) 2 (4%) 
Adenoma, NOS 3 (6%) 1 (2%) 2 (4%) 

Fibroma 1 (2%) 
Leiomyosarcoma 1 (2%) 
Endometrial stromal polyp 5 (10%) 7 (14%) 7 (14%) 
Endometrial stromal sarcoma 2 (4%) 1 (2%) 

Deciduoma 1 (2%) 

Fibroadenoma 7 (14%) 3 (6%) 6 (12%) 
*Clitoral gland (50) (50) (50) 

#Uterus (49) (49) (50) 

#Uterus/endometrium (49) (49) (50) 

NERVOUS SYSTEM 
#Brain (50) (50) (50) 

Carcinoma, NOS, invasive 2 (4%) 
Glioma, NOS 1 (2%) 2 (4%) 

SPECIAL SENSE ORGANS 
*Eyelid (50) (50) (50) 

*Zymbal gland (50) (50) (50) 
Neurofibroma 1 (2%) 

Carcinoma, NOS 1 (2%) 

MUSCULOSKELETAL SYSTEM 
*Mandible 

Odontoma, NOS 
(50) 

BODY CAVITIES 
*Mediastinum (50) (50) 

*Peritoneal cavity (50) (50) 
Alveolar/bronchiolar carcinoma, invasive 1 (2%) 

Granular cell tumor, invasive 

ALL OTHER SYSTEMS 

Neurofibrosarcorna 
Tail 

1 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN TlHE TWO-YEAR 
INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 

50 
6 

21 
23 

50 
5 

24 
21 

50 
5 

21 
24 

TUMOR SUMMARY 
Total animals with primary tumors** 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors## 

Total animals with tumors uncertain-- 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

benign or malignant 
Total uncertain tumors 

42 
82 
32 
45 
30 
34 
1 
1 

3 
3 

45 
81 
30 
37 
39 
44 
3 
3 

45 
94 
32 
50 
38 
42 

1 
1 

2 
2 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically, 
+* Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically at this site 
# #  Secondary tumors: metastatic tumors or tumors invasive into an  adjacent organ 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE: CHAMBER CONTROL

ANIMAL
NUMBER

WEEKS ON
STUDY

Skin
Squamouacall papllloma
Squamouicell carcinoma
Keratoacanthoraa

Subcutanaoua uaaua
Fibroma
Naunlamoma, malignant

Luiga and bronchi
Alvaolar/bronchiolar adanoma

Trachea

HEMATOPOlETll* SYiHEM
Bona marrow
Splaan
Lymph nodaa
Thyraua

CIRCULATORY UY:iYcA(
Heart

UiUKsTIVE SVST&M
Oral cavity

Squamouacall papUloma
Salivary gland
Liver

Vaoplaatic nodula
I.aukamia. mononuclear rail

Biladuct
Gallbladder It common bile duct
Pancraaa

S^miST"
Small mtaatua
Large intaatua

UR1NAKX blsreV
Kidnay
Tubular call edenam»
Hemanguma

Urinary bladder
Traaaitunal call papllloma

ENDOCRINE yVbTEU
Pituitary

CarcmAma. NOS
Adenoma. NOS

Adrenal
Cortical adanoma
Pheoehromocytoma

Thyroid
C-cetl adenoma
C-call carcinoma

Parathyroid
Pancreatic lalata
Itlet cell adenoma

KErnuuucTivE sYifTEU
Mammary gland

Fibroadenoma
Teatia

Adanocaranoma. NOS
Inuntitul call tumor

Proatata
PreputuJ/ditoralgland
Carcinoma, NOS
Adenoma. NOS

Brain
Carcinoma. NOS, invaatve
GuomaVNOS

jPEOIAL aartse ORGANS

BODY CAVlllBa
Peritoneum

Ltiomroaarcoma
Tunica vaginalia

MaaothaIiom>.NOS
Meeothelioma, malignant

ALL OTrlER 31/!fl'l£US
Multiple organ*. NOS
Cbordoma
Leukemia, mononudear call

01 0| 01 0 01 01 01 01 01 0 01 0| 01 01 01 01 01 0! 0 0 0| 01 01 01 0
11 3 41 I 0 4 2 2 0 4 4 4 3 1 31 3 2| 4i 0 0 21 2| 41 4| 1
6| Ol 4J 2 9| 5| 0| 3| l| 2 0| 7 2| 81 9| ?| 9| 6| 2 31 5| 8| g| 9| 3

01 01 01 01 0 0 01 0| )| 01 01 0 01 01 01 01 01 0 1 1 11 1 1 11 1
6 6 8 9 9 9 8 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0
6| 9| 4| i\ 7 7 9| 9| 0| l| 3| 5 6| 7| 7| 8| 9| 9 0 0 0 2 2 2] 3

X
X

X

X X X
X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N N N N N N N N N N N N N

+ + ^ > 4 .< . + + > + + + > + + + + 1. + + + ^ < . 4 .

X

X X
X X X X X X X X X X

X X X X X X X X X

X
X

X X X X X X X X X X X X X X

N N N N N N N N N N N N N N N N N N N N N N N N N

X

N N N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N V
X

X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

X X X X X X X X X X X X X X X X X

Tiaau* Euminad MicroacopioOty
Raquirad Tiam Not Exanunad Microacopically

Nacropay, No Autolyaia, No Microacoptc Examination
Animal Miiaaxad

No Tiatu* Information Submitted
C Nacronay, No Hiatology Qua To Protocol
A Autolyau
M Animal Miaainf
B No Nacropay Parformad
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: CHAMBER
CONTROL (Continued)

\NTMAL
NUMBER

WEEKS ON
STUDY

M r

o o
31 3|

1| II IIII II II II 1] II II II 1] II II II II 1| t| II 1] 1] II II If 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0
41 4| 4| 4l 4| i| il il 41 *| 4) 4 4| i| 4| il i| 4| 4| 41 *| 4

TOTAL.
TISSUES
TUMORS

INTEGUMENTARY SYSTEM
Skin

Squamoui celt papilloma
Squaraout cell carcinoma
Keratoecanthoma

Subcutaneous tisaue
Fibroma
Neunlemoma, malignant

•50
X

1
X X 3

•50
3
I

50
X 1

48

48
50
46
35

50

N N N N N N N N N N N N N N N N N N N N N N N N N '50
1

48
50

X X X X 4
X 1

50
N N N N N N N N N N N N N N N N N N N N N N N N N «50

43
48
48
42
41

49
X 1

1
46

X 1

47
X 3

X X X X X X X 1 7
49

X
X X X X X X X X X X X X X 2 2

47
X X 3

X X X 4
39
43

X X X 3

•50
X 1

50
X I

X X X X X X X X X X X X X X X X X X X X X 3 5
47

N N N N N N N N N N N N N N N N N N N N N N N N N '50
X X 2

X 1

50
1

X t

N N N N N N N N N N N N N N N N N N N N N N N N N '50
X I

N N N N N N N N N N N N N N N N N N N N N N N N N '50
I

•50
X 1

I

RESPIRATORY SYSTEM
Lung* and bronchi

Alvfolar/bronchioiar adenoma
Trachta

HEMATOPOIETIC SYSTEM
Bon* marrow
Spl««n
Lymph nod«a
Thymua

LIRCULATQRY SYSTEM
Heart

-
Oral cavity

Squamoua cell papilloma
SaUvary gland
Liver

Neoplaitic nodule
Leukemia, mononoclaar cell

Bile duct
Gallbladder & common bile duct
Pancreae
Eeophague
Stomach
Small mtettine
Large mteatiae

URINARY SYSTEM
Kidney
Tabular cell adenoma
Hemangioma

Urinary bladder
Traneiuonal cell papilloma

ENDOCRINE SYSTEM
Pituitary
Carcinoma. NOS
Adenoma, NOS

Adrenal
Cortical adenoma
Pheochromocytoma

Thyroid
C-cell adenoma
C-cell carcinoma

Parathyroid
Pancreatic uleta

Islet cell adenoma

RErRODUCnVE SYoTEM
Mammary gland

Fibroadenoma
Tetua

Adenocarctnoma. NOS
[nuntmal cell tumor

Proatata
Preputial/clitoralglaad
Carcinoma. NOS
Adenoma, NOS

NERVOUS SYSTEM
Brain

Carcinoma, NOS, invtaiv
Glioma. NOS

SPECIAL SENSE ORGANS
Eye appendage*

Sebaceoua adenocarcinoma

BODY CAVITIES
Peritoneum

Leiomyoearcoma
Tunica vaginalia

Meaothclioma, NOS
Mecothelioma, malignant

ALL OTHER SYSTEMS
Multiple organ*. NOS
C horde ma
Leukemia, mononuclear cell

N N N N N N N N N N N N N N N N N N N N N N N N N

X X X X X X X X X X

•50
1

27

1 Anunala Necropeied

77 Tetrachloroethylene, NTP TR 311



TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE: LOW DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

iNTKirUMENTARY SYSTEM
Skin

Squamoua call papilloma
Keratoacanthoma

Subcutaneout Uaaua
Fibroma
Fibroaarcoma

RESPIRATORY SYsTEi4
Lunfi and bronchi

Hapaloetllular carcinoma, metajtatic
Alvaolar/bnnchiolar adenoma
Alveolar/bronchiolar carcinoma
NaphrobUatoma, metaatatic

HEMAlXlrOlE 11C» aiSflEM
Bone marrow
Spleen

Lymph nodea
Thymol

CIRCULATORY SYSTEM
Heart

DIUEVnVE yVsTEU
Oral cavity

Squamoua cell papilloma
Salivary (land
Liver

Neoplaatic nodule
Hepiltocellular carcinoma

Bile duet
Gallbladder * common bile duct
Pancraai

Small mteetine

Large tnteetino

UKlNArlV aiarcU
Kidney
Tubular cell adenoma
Lipoeu
Nephroblaatoau

Urinary bladder

Pituitary
Carcinoma. NOS
Adenoma, NOS

Adrenal
Phoochromocyloma

Thyroid
C-cell adenoma,
C-oll carcinoma

Parathyroid
Pancreatic laleta
MMe.llad.oom.

Mammary (land
Teatu
Intantitial cell tumor

Proetata
PrepnUalfclitorelfland
Carcinoma, NOS
Adenoma, NOS

Brain

srEuiAL aenoa ORGANS
Zymbal(land

Adenoma, NOS

BODY CAVITIES
Tunica vaainalia

MoeotheUoma, NOS

ALL OTrlER UY^ri'calS
Multiple orimna, NOS
Leukemia, mononuclear cell

Foot, NOS
Sebaeeoua adenoma

01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 0
3 1 3 q 4 3 4 3 0 2 1 2 3 1 4J « 2 0 1 2 0 0 1 2 4
9] 0| 0| 9| 4| 2| S| l| 2| 7| 9| 3| S\ 4| 81 o| g| ll s| 1 3| 6| 3| 9J 2

01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 0
3 3 5 6 7 7 7 8 8 8 8 8 8 8 9 9) 9) 9 9 9 »| 9 9 9 9
l| 8| 3| 6| 2| 8| 9| 2| 9| fit T| 7\ 7\ 9\ 0| ll SI 81 S\ 9\ 91 9| 9| 9| 9

X
X

X
X

X

N N N N N N N N N N N N N N N N N N N N N N N N N

X
X

N N N N N N N N N N N N N N N N N N N N N N N N N

+ 4. + 4 . + + 1. + 4.1.<. + 4 . 4 . 4 . + + + ^ + + + 4 . +

X X

X

X
X X

X X X X X X X

X
X X

X

X X X X X X X X X X X X X X X

N N N N N N N N N N N N N N N N N N N N N N N N N

X

N N N N N N N N N N N N N N N N N N N N N + N N N
X

N N N N N N N N N N N N N N N N N N N N N N N N N
X X X X X X X X X X X X X X X X X X X X X
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Skin

Squamoui ctll papilloma
Keratoacanthoma

Subcutanaoua tuaua
Fibroma
Ptbrourcoma

RESPIRATOR Y SYSTEM
Lungi and bronchi
Hepatoallular carcinoma, mataatatic
AlvMlar/bronchiotar adanoma
Alv*olar/bronchiolar carcinoma
Nephroblaitoma. mnanatic

Trachaa

HEMAVoPOlETli; 3Y3*fEU
Bone marrow
Splaan

Leukanua, mononuclvar c«U
Lymph oodaa
Thymol

CIRCULATORY BYtitfEM
Heart

uKJESTIVE SYSTEM
Oral cavity

Squamoua call papiUoma
Salivary (land
Liver

Naoplaatic nodul*
rfopatocallular carcinoma

Biladuct
Gallbladdar * common bdt duct
Pancrtu
Ewphana
Stomach
Snail intaatuia

Laiomyoma
Larfa intaMin*

URINARY SYSTEM
Kidnay
Tubular call adanoma
Upoma
Ntphroblutoma

Urinary bladdar

ENDUCiunE aiifl'Eal
Pituitary
Carcinoma. NOS
Adtnoma. NOS

Adrinal
PhMchnmoeytoma

Thyroid
C-call adanoma
C-c»ll carcinoma

Parathyroid
Pancrratic iaUU
UlttctUadtnoma

REPRUDULTIVE bYVTEfll
Mammary f land
Ttatu

IntanbUal call tumor
ProataU
Pr»punaVcMtoralfUnd
Carcinoma, NOB
Ad.noma.NO8

SfERVOUS a\ai'EM
Brain

b^ELIlAL Utndk UBGANS
Zymbalflaad
Adaooma, NOS

BODY CAV^nES
Tunica vacuulia

MMOthabona. NOS

ALL (ytHEh SWl'EUs
Multiple orfua, NOS

Lnikamim. mononuclcar all
Foot. NOS
Saoacaoua adaDoma

01 01 0 01 01 01 01 01 01 0 0 0 0 01 01 01 01 01 01 0 0| 01 01 01 0
1 01 3 4l 0 0 0 1 I 1 1 2 2 2 2 2 31 3 3 3 4| *H 4| 5
g| 5| 3 9| g| 4| 7| l| 2\ 6 7 0 2 4J S| S\ i| S\ 7\ 8 M 3\ 6| T| 0

ll 1] ll ll ll ll ll 1] ll ll l l 1| 11 ll ll ll 11 ll 11 ll 1| ll ll ll 1
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
ll 2l 21 21 31 4] 4| i| il ii 4| 4) *1 il 4| i| i| 4| ll 4J i| 41 il il 4

X
X

X

X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

X X X X X X

N N N N N N N N N N N N N N N N N N N N N N N N N

X

X
X

X
X X X X X X X X X X

X X X X X X X X X X X X X X

X X
X X X X

X

+ + N + N + + + N + N * + - t - + N + + * N + + * + N

N N N N N N N N N N N N N N N N N N N N N N N N N
X X

X X

+ + + + + + + + + +' + + + + + + + + + + + + + + +

N N N N N N N N N N N N N N N N N N N N N N N N N

X

N N N N N N N N N N N N N N N N N N N N N N N N N
X X X X X X X X X X X X X X X

X

TOTAL
TISSUES
TUMORS

•50
1
1

•50
1
1

47
1
1
1
I

48

46
SO

1
44
34

50

•50
1

48
50
7
1

50
•50
46
49
49
47
1

44

49
3
1
1

48

47
2

12
49
21
48
3
6

38
46
1

•SO
49
39
46

•50

3

50

•50
1

•50
1

•50
36

1

> Anunala Nceropaud
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE: HIGH DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

ir\ lEl/U MCIN i AtCY SYSIHAI
Skin

Baaal cell tumor
Baaal cell carcinoma

Subcutaneous tuaue
Fibroma

RESPIRATORY SYSTEM
Lonfl and bronchi

Alveolar/bronehiolar adenoma
Trachea

HEMATOPOIETU? a'Ya^EM
Bone marrow
Spleen
Lymph nodet
Thymua

CIRCULATORY aWlEtkf
Mean

uluEcmvE aiaiE&i
Oral cavity

Squamoua cell papilloma
Squamoui cell carcinoma

Salivary (land
Uver

Neoplaeuc nodule
Hepatocellular carcinoma

Bile duet
Gallbladder * common bile duet
Pancreaa
Eaophape

Larp inteetine

UKIMAJII 3I31&M
Kidney
Tubular cell adenoma
Tubular cell adenocaranoma

Urinary bladder

Pituitary
Carcinoma, NOS
Adenoma, NOS

Adrenal
Pnoocnromocytoma

Thyroid
FoUieular cell carcinoma
C -cell adenoma

Parathyroid
Adenoma, NOS

Pancreatic lalata
lalet cell adenoma

Mammary (land
Teetu

Inferential cell tumor
Proetate
PrtpuUaVditoralfland
Carcinoma, NOS
Adenoma, NOS

Epididymia
Adeneearanoma.NOS

Brain
Carcinoma, NOS, invaaive
Gboma,NO6

JJPcdAi* aeinsB ORGANS'
Zymbelfiand

CardnomeTNOS

BODY CAVITIES
Tunica vamnalia

Meeetnellome,NOS
Meeotneliome, malifnent

ALL cnncr! SWl'EMa
Multiple ornna. NOS

Leukemia, menenuelear cell

01 0 01 01 01 01 01 0 01 01 01 01 01 01 01 01 01 0 01 01 01 01 0 01 0
3 1 i i 0 0 2 2 3 4 4 2 3 0 2 4 4J 1 0 1 4J 1 1 1 1
6| 3 9l 61 31 6l 01 6 l| 0| 5J !\ 9\ 7| l| 2| 3| 1 l| 0| 4J 9\ 2 4J 8

0 0 0 0 01 01 0 0 01 01 01 01 01 01 01 0 01 01 01 0 0 0 01 01 0
6 7 7 7 3 a 3 8 8 8 8 g 8 1 8 8 g 9 9 « 9 9 9 9 9 9
g 3 3 7 o| 3| 3 3 3| 31 3| 5| 6| a| 81 8 l| 3\ s| 5 6 7 8| 9| 9

X

X

N N N N N N N N N N N N N N N N N X N N N N N N N

X

X

N N N N N N N N N N N N N N N N N N N N N N N N N

X

X
X X X X X X X X

X X X X X X X X X

X

X

X X X X X X X X X X X X X X X X X X X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

X
N N N N N N N N N N N N N N N N N N N N N N N N N

X X

N N N N + N N N N N N N N N N N N N N N N N N N N
X

X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

X X X X X X X X X X X X X X X X X X X
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE
(Continued)

ANIVtAL
NUMBER

WEEKSON
STUDY

INTEUUMCNTARY SYSTEM
Skin

Baaal ctll tumor
Baaal ctll carcinoma

Subcutantoua tuaua
Fibroma

RESPIRATORY SVsTE&C
Lung* and bronchi

Alvtolar/bronchiolar adtnoma
Trachaa

HEMATOPOIETIC SYSTEM
Bona marrow
Splttn
Lymph nodaa
Tnymui

CIRCULATORY SYSTEM
Htart

UlCEsTIVE SYsTcM
Oral cavity

SquamouactU papdloma
SquamouR call carcinoma

Salivary (land
Livar

Naoplaatu nodula
Hapatocallular carcinoma

Bill duct
Gallbladdar & common bila duct
Paneraaa
Eaophacui
Stomach
Small intaatma
Larft intaatuw

URIPIAKI SI 51 EM
Kidnay
Tubular call adtnoma
Tubular call tdtnocarcinoma

Urinary faladdar

ENDOCRINE 3»aiiM
Pituitary
Carcinoma, NOS
Adtnoma, NOS

Adranal
Phaochromocytoma
Phaochromocytoma, malignant

Thyroid
Fo"'cn'— * call fmfv «**"»•
C-calladanoma

Parathyroid
Adtnoma, NOS

Pancraatic ulata
Illtt ctll idtnoma

RBWWbUCTIVE SYSTEM
Mammary (land
Ttitia

1 nttntltlal call tumor
Proatata
PrtputiaVcutoralfland
Carcinoma. NOS
Adtnoma. NOS

Eptdidymu
Adtnoearcinoma, NOS

NERVOUS SYVI'kM
Brain

Carcinoma, NOS, invaaiva
GUoma. NOS

SPECIAL SENSC ORUANB
Zymbal gland
Carcinoma, NOS

BUUI UAVlllUS
Tunica vaguaua

Maaothauoma.N08
Maaothauoma, "»?''("• "«

ALL OTHER SIoifiAU
Muluplt orfmna, NOS

Tubular call adanocarcinoma, invaaiva
Lauktmia, noooDUclaar call

ai 01 01 01 01 01 01 01 01 01 01 M oi 01 ai ai ai ai 01 01 01 oi'TOl fl~
2 3\ 2 X 0 1 1 2 2 3 3 3 4l 0 0 0 0 1 2 2 3 3 3 4 4
3| 4| 8| 0| 4| $| T| ?| 9| 2| 3| 1\ T| 2| 51 81 9| 5| 2| 4| 0 5| g| ll 8

01 01 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 1
9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
»| 9| Q| 0| 2| 2| 2| 2| 2| 2| 2| 2| 3| 4| 4| 4| 4| 4| 4| 4| 4| 4J 4| 4| 4

X
X

+ + + * 4 . * - l - + + + + + + + + + + + + + * * N + *
X X X

X

N N N N N N N N N N N N N N N N N N N N N N N N N
X X

X X X X

N N N N N N N N N N N N N N N N N N N N N N N N N

X X
X

+ + + + + + + + * + 4. + + + + + 4. + + + + > + +

X
X X X X X X X X

X X X X X X X X X X X X X X
X

X
X X X X

X

< . 1 . < . N 4 . N 4 . + <. + + K * - t - - l - + N N - l - + N + + N +

X X X X X X X X X X X X X X X X X X X X X X

N N N N N N N N N N N N N N N N N N N N N N N N N
X X

X X
N N N N N N N N N N N N N N N N N N N N N N N N N

X

X
X X

N N N N N N N N N N N N N N N N N N N N N N N N N

+ + - t - 4 . + * + '»- + + + -(. + + - t - + . - t - * + - t ' 4 - + + + -t'
X

X

N N N N N N N N N N N N N N N N N N N N N N N N N

X X X X X X X X X X X X X X X X X X

TOTAL.
TISSUES
TUMORS

•50
1
1

•50
4

50
2

49

48
49
46
31

50

•50
2
1

48
49
4
1

49
•SO
46
50
49
47
46

50
2
2

48

48
2

16
49
23

1
46

1
4

34
2

46
1

•50
50
41
46

•50
3
3

•50
1

50
1
4

•50
1

•50
2
1

•50
1

37

•Anunali Ntcropawd

81 Tetrachloroethylene, NTP TR 311



TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE: CHAMBER CONTROL

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEUUMKN^Akir SYSTEM
Skin

Squamoua ctll papUloma
Subcutanaoui uaaua
Sarcoma. NOS
Nvunlamoma. malignant

AEar^iRATOrtV a^sTe&f
Lungt and bronchi

Alvaolar/broncniolar carcinoma
Trachaa

HEMATOPOlfiTlC SYSTEM
Boat marrow
Splatn
Lvrapbnodaa
Thymua

CIRCULATORV aVaTKU
H.art

DIGESTIVE azaTEU
Salivary fland
Uvw

NaopUatu aodula
Biladoct
Gallbladdar ft common bila duet
Pancraaa

SEaf"
Small intaatina
Larf* intaatina

URINARY SiSTEU
Kidnay
Unnuybladdar

EPWOGIUNE Szai'fiM
Pituitary

rVnitwun*, VO8
Adanoma. NOS

Adnoal
Cortical adanoma
PhaoehnmocTtoma

Thyroid
C-call adanoma
C-cail carcinoma

Parathrnid
PaneraaUc lalata

lalatcaUadanoma
lalat call ramnnma

KEPROUUCTiVE UVs'i'fU
Mammary f land
Adannmmnoma. NOS
Fibroadanoma

PrtpouaVcUtoralfland
r>miuim«, HTff
Adanoma. NOS

Utara
Pibraau
Endomatnal itromal polyp

Ovary

Brain
Glioma.NOS

arEuiAi. ssnaE OKUAWa

Nauroflbroou

MUSCuLOalULtETAL yVSRU
Bono
Odontama.NO8

BODY CAVITUEB
Madiaatinun
AlvaolarAronebiolar ca. invaaiT*

ALL OTHER SYSTEMS
Mulupl. organa. NOS

Laukamia mononuclaar call
Tail

Naurofibroaarcoma

3 01 0| 01 01 0 0 01 01 0 0 01 01 01 01 01 01 01 01 01 01 Of 0 01 0
4 2 2 0 3 3 4| 01 1 2 3 1 1 2 1 1 3 3 4 4 * 0 0 1
6| 0| 4j 6| 2 7 31 t| 8 9 s| 4J S| l| 3| 9| l| 6| 2| 7| 51 8 91 1

01 0 01 01 01 01 01 0 0| 01 01 01 01 01 01 01 01 0| 01 01 01 11 1 1 1
5 6 7 8 3 8 8 8 8| 8 S 8 9 9 9 9| 9 9 9 9 9 0 0 0 0
9| 2 0| 3| 4J 4J 4J 7 9| »| 9| 9J l| 4) 6| si g| s| »\ 9| 9| 0| 1 1 3

X
X

N N N N N N N N N N N N N N N N N N N N N N N N N

X X X
X X X X X X X X X

X X

X X
X

X

X X X X
N N N N N N N N N N N N N N N N N N N N N N N N N

X
X

X X X

N N N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N
X X X X X X X X

Tiarea Examiaad Microscopically
Raquirad Tiafna Not Examined MicroacopicallT
Tumor Ineidanca
NacroBijr, No Aittolyiia, No Micrompie Euminatioa
Animal MiaM tad

No Tuaua Information Subnuttad
C . Nacnpay, No Hiatolofj Oua To Protocol
A • Autolyaia
M : Animal Miaunf
B . No Nacropay Parformad
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS:
CONTROL (Continued)

CHAMBER

ANIMAL
NUMBER

WEEKSON
STUDY

Skin
Squamous cell papilloma

Subcutaneous tissue
Sarcoma. NOS
Neunlemoma. malignant

RESPlRATOKi1 iiVsTtM
Lungs and branchi

Alveolar/bronchiolar carcinoma
Trachea

HEMATOPOIfc flC SYSTEM
Bone marrow
Spleen
Lymph node*
Thymus

CIRCULATORY isis'ltM
Heart

Salivary gland
Uver

Neoplaatic nodule
Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomacn
SmaU intaatin*
Large intestine

URINAJli1 sxsTbU
Kidney
Urinary bladder

ENDOCRINE s'V&'i'EM
Pituitary
Carcinoma, NOS
Adenoma, NOS

Adrenal
Cortical adenoma
Pheochromocytoma

Thyroid
C-cell adenoma.
C-«*ll carcinoma

Parathyroid
Pancreatic islet*

Islet cell adenoma
Islet cell carcinoma

Mammary gland
Adenocaremoma. NOS
Fibroadenoma

Preputial/clitoralgland
Carcinoma, NOS
Adenoma. NOS

UUrus
Fibroma
Endometnal stromal polyp

Ovary

Brain
Glioma,NOS

SPECIAL, SENSE UKOAN9
Eye appendag**

Neurofibnma

MuScuLOsKXLE'iAL axsTfiM
Bone
Odontoma, NOS

Merfil̂ um11*8

Alveolar/bronehiolar ca, invasive

Multiple organs, NOS
Leukemia, mononuelaar cell

Tail
Neurofibroeareoma

01 01 01 01 01 01 01 0 0 01 01 01 01 01 01 01 01 01 01 01 01 01 01
3 41 0 0 0 0 0 1 1 1 1 2 2 2 2 2 2 3 3 3 3 4] 4J
3| 9( 2| 3| 4) 5| 7| 0 2 61 7| 2| 3| 5| 6J ?! 8| fl| 4J S\ 9| o| 4)

1 11 11 11 11 11 11 11 11 1! 11 11 11 1! 11 11 1 11 11 11 11 11 11
o o o o o o o o o o o o o o o o o o o o o o o
3 31 il 4) 4i 4] 4| 4l 41 4J 41 4| 4| 4J 4| il 4l 4) 4j i| i| 4) 4l

X

X

CI 0

H I S

U ° l
,. +

X X

N N N N N N N N N N N N N N N N N N N N N N N

X X
X X X X X X X X X X

X

X

+ _ + + _ _ > + + _ _ + — _ _ + + _ + . . _ _ >

X

X X
X X

N N N N N N N N N N N N N N N N N N N N N N N
X

X

X
X X

X

N N N N N N N N N N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N N N N N N N N N N N
X X X X X X X X X

X

N N

4, ^

+ +

X

. ^

N +

X
N N

X

+• 4-

N N

N N

N N

N N
X

TOTAL.
TISSUES
TUMORS

•50
1

•50
I
1

50
1

50

47
SO
47
40

50

47
50
2

50
•50
50
49
49
49
46

50
47

50
5

20
50

2
1

46
3
1

27
50
1
1

•50
2
7

•50
2
3

49
1
5

49

50
1

•50
I

•50
1

•50
1

•50
It

1

* Animals N«cropaiad
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE: LOW DOSE

ANIMAL
VUMBER

WEEKS ON
STUDY

2 3

0 0 0 0 0 0 0 0 0 0 0 0
6 7 7 7 7 8 8 8 8 8 8 9
01 3 5^ 4 $ 2 4 5 5 71 9 0

01 11 1
9 0 0
9| 6| 1

INTEGUMENTARY SYSTEM
Skin

Squamoua c.11 papilloma
K.ratoacanthoma

RESPIRATORY SYSTEM
Lunfi and bronchi

C c.U carcinoma, nutaatatic
Trachaa

X

* * * ~ x
+ + + + * + + + + + + + t + + * + + + 4 - - - » - - t - + +

+ + + 4 - - f + - f 4 ' 4 ' + * - f - f - f + + 4' + 4' + - - f - f + +

+ + + + + + + + -f + - - ' t - + + - + + + + -4 . + -t- +
— •»• + 4- •*• - — + — 4- -^ •+• + — — •*• — + -f +• — + 4. + —

4' + + - + - + + + 4 ' + - + - + - + -t- + + - + ' + - f + ' + ' + + + - + . - t -

+ * + + + + + + -t- + * + + + + + + + + + - - f + + -
+ + + +•+• + + + +• + +• + +• + + + * + •»• + + + * + +
•»• + + • + • + + + • + • • * • + +• •»• + •»•+• + +• + •» •+ • + •*• + +• +
N N N N N N N N N N N N N N N N N N N N N N N N N
•*• + + • • » • * + +• + + + +• + + + + •»• + + + + • - + • + • + -
+ + + 4 - ' t - 4 ' * + + + + + + +. + + 4' + + -- + + + +
•t- + + + +' + +' + + -t- + + + + + + + + + .+ . - + +.+. - l -
+ + + > + + * * + +• + + + + + + + + + •«• - + + +.*
+ + + + - + - + ' f - 4 ' + + + - + + + + * - + - + + +

+ * + +• + + * + + + + + + +• + +• + + + + • - * + + +
+ -- + * + + + - + + + + - f + - * 4 ' + ' ' » - - + + 4 ' -

•f + + -f + + + + + + + + + '»- + - t - ' t - + + + - + + + +

X X
X X X X X X X X X
•*- + + + -f + + + + + + . - f + . + + -t. + 't-+. + - + + -f +

+ + + * + + -f + -f + + + -f + -+. + + + + - + + - f ' f

X X
-_ + + _ * _ _ * + + + _ + _ + _ - + _ _ _ _ _ _

+- + + + + + + N + ' + + + + + + + * + 't- + N + -t- + +
X X

X X
N N N N N N N N N N N N N N N N N N N N N N N N N

X X

X
X X X

X
X

X X

N N N N N N N N N N N N N N N N N N N N N N N N N
X X X X X X X X X X X X X X X X

HEMATOPOIETIC SYSTEM
Bona marrow
Splam

LaukaiLaukanua, monoauclaar c.11
Lymph nodM
Thymua

CIRCULATORY
Hurt

DIGESTIVE SYSTEM
Salivary f land
Lav.r
Bitedact
Gallbladdar ft common bila duct
Pancraai

Small intaatina
LartaintaMina

URINARY SYSTEM
Kidaty
Unnarybladdar

EPIDUCRlrlE SYaTEBl
Pituitary
Carcinoma. N08
Adnomt.NOS

Adnnal
Cortical admoma

Thyroid
C-calladaaoma

Parathyraid

Mammary gland
Ad.nocaranoma.N08
Fibroadanoma

Pnotttul/chtoral gland
Carcinoma. NO8
Ad.noma.NOS

UUrua
Laiomyoaarcoma
Endomatnat (tromal polyp
Endoowtnal itnmal aanoma

Orary

NERVOUS MVSTEW
Brain

Carcinoma, NOS, inraatv.

ALL m'HIR SVSfl'EMS
Multlpi.orfana.NO8

Laukanua. mononucUar caU
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

Skin
Squamoua call papilloma
Keratoacanihoma

(JT <5| 01 01 01 01 01 01 01 01 01 01 0 0 01 01 01 0 01 01 01 01 01 01 0
« «J 1 1 0 0 0 0 I 1 1 1 1 2 3 3 3 3 3 3 4J *] «M 5

0| 5| 0| Z\ I) 3| 6| 9| ll 2| 31 5i 9 3 ol 1| il 7 8| 9| 3\ 4l 6J a| 0

1! 11 11 II 11 11 11 11 11 11 11 11 11 11 11 11 11 1! 1] 11 11 11 11 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 0 0 0
2| 31 3l 4| 4l 41 i| i| 4) 4| il il il 4| il il il *i il 4| 4l 41 <j *

TOTAL:
TISSUES
TUMORS

•50
1
1

RESPIRATORY SYSTEM
Lunga and bronchi
C-cell carcinoma, mataatatic

Trachea

+ +

+ +

49
1

49

nEMATUPOIETIC SYSTEM
Bone marrow
Spleen

Leukemia,, mononucUar call
Lymph nodw
Thymua

CIRCULATORY SYSTEM
Mean

+ + •(• + + + -«• + + •(• + + + + + + + + + * + + + * + 48
* * + + + -l- + - l - * - l - + + -l-1. + + + + + + + + + - l - + 49

X 1
+ + + + - - * + -(-- ( - + + + - l - - t - * + + + + * * + + + 44
+ + + + - * - t - + -l-- l - + + + - - t - - h + - t - - l - + + + + + + 39

50

+ + + + + + + + + + 4 - + - + +- + + + + + + + + + 1- 48
4' + '*' + - f - f 4 ' + - - * ' - * ' ' f + + + - t - - t ' ' t - + 4- + ' f - t ' + - » ' + 50
+ + + +• + + + +• + +• + + • * + • * + + +• + + + + • * + + 50
N N N N N N N N N N N N N N N N N N N N N N N N N «50
4- + 4 - - * - - * - - * - - * - - * 1 - * - — • f 4 - - * - - * - 4 - - f - * - + - * - * ' - * ' * - t ' - + ' > 47
+ + + +- + + + 4 - - t - + -*' + - f - f - f ' * ' + 4 - - t ' - t - + - f - t - - * ' - f 48
+- + + + + + 4- + + + - f ' t - + + -»- + + + + * + + + + -(- 49
+ + + + 4 - - t - + + * + + + * + * - » - + + + - t - * + -t- + + 49

46

+ + + •»• + + + + + + + + + + + •*• + + + •(• + + •»• + + 49
* + + + + + • * + + •«• + + + + + + + + + + + + • * + + 44

+ + + + + * + + + + + + + +' + - + 't- + + * + l - + - + 48
2

X X X X X X X X X X X X 2 1
+ + + + + + + + +' + + + + + + + + + + -»- + + - f * - t - 49

X 1
•f + + + + + + ' - f + 4 - - f + + + 'f + -f + + '!- + + - « - + - + 48

X 1
X X 4

•*• + +• — - t ' - t ' - f - f - f — •*• — • * - - t - * 4 ' ^ — -f + - 27

N + -t- + + + + -»- + -t- + + + + + + + + -t- + + - ' t ' N *50
2

X 3
N N N N N N N N N N N N N N N N N N N N N N N N N '50

X 3
X 1

+ + + + + + + - - t - + + + -i- + + + + + + + + + + . - i - + + 49
1

X X X X 7
X 2

1
49

+ + + + + + + -t- + - l - - t - + + + -t- + + + + l- + + - ( - * - l - 50
2

DIGESTIVE SYSTEM
Salivary gland
Liver
Bile duct
Gallbladder A common bile duet
Pancreaa
Eaophagui
Stomach
Small mtaatina
Large muatino

UWMAH?
Kidney
Urinary bladder

ENDOCRINE SYSTEft
Pituitary
Carcinoma, NOS
Adenoma, NOS

Adrenal
Cortical adenoma

Thyroid
C-cell adenoma
C-call carcinoma

Parathyroid

Mammary gland
Adanocarcinoma, NOS
Fibroadenoma

Preputial/clitoralgland
Carcinoma. NOS
Adenoma, NOS

Uterua
Leiomyowrcoma
Endometnal atromal polyp
Endometrul itromal tarcoma
Deciduoma

Ovary

NKUVOLiy sVVl'UM
Brain
Carcinoma. NOS. invaaive

\LL OTHER SYSTEMS
Multiple organa, NOS

Leukemia, mononuclear cell
N N N N N N N N N N N N N N N N N N N N N N N N N
X X X X X X X X X X X X X

•50
29

• Ammala N«cropaiad
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE: HIGH DOSE

ANIMAL
NUMBER

WEEKSON
STUDY

INTEGUMENTARY SYSnEM
Skin

Squamoui call papilloma

RESPIRATORY SYSTEM
Lungi and bronchi

Alvaolar/bronchiolar adanoma
Trachaa

Bona marrow
Splaan

Laukamia, mononuclaar c*ll
Lymph aodaa
Thymua

CIRCULATORY HV^EM"
Haart

[MtiESTlVK SYdl'EU
Oral canty

Squamoui call papilloma
Squamoui nil carcinoma

Salivary gland
Uvar

Naoplaatu noduia
BUaduct
Gallbladder It common bila duet
Pancraaa
Eaophagua
Stomach
Small minima
Larga mtaatina

UruNAKV SYsTEM
Kidnay
Unnary bladdar
Transitional call papilloma
Granular call tumor, malignant

ENDOCRINE SY^lfiM
Pituitary
Carcinoma, NOS
Adtnoma. NOS

Adranal
Cortical adanoma
Phaochnmocytoma
Phaoehromocytoma. malignant

Thyroid
Follicular call adanoma
C-eall adanoma
C-ciU carcinoma

Parathyroid
Adanoma. NOS

PancraaUc ial«ta
Iilat call adanoma

REPRODUCTIVE yY&ITEU
Mammary (land

Adanoma, NOS
Fibroadanoma

PnpiwaVeutoralfland
Carcinoma. NOS
Adanoma. NOS

Utania
Endomatnal itnmal polyp
Endomatnal atnmal larcoma

Ovary

r^ERVoUa azSmEU
Brain
Gboma.NOS

^VSLlkL 3ED3C OHOANS
Zymbalfland
Carcinoma, NOS

BUDV iJAviTl&S
Pantonanm
Granular call tumor, invaatra

ALL OTnErl SVaTEUH
Multipla organa, NOS
Lauumia, mononuclaar call

01 01 01 01 01 01 0 01 01 0 0 01 01 01 01 01 01 01 01 01 01 01 01 01 0
1 3 0 i 0 3 1 2 i 1 2 2 5 1 1 3 0 3 2 1 0 1 1 0 0
9| 9| 9| 7\ 3\ 9| 5 »| 0| 3 2 4J 0| 4J 2| 7\ 51 6J S\ j| 2| o| 8| 61 8

01 01 01 01 01 01 01 01 01 01 01 01 Of 01 01 01 01 01 01 01 11 11 11 11 1
7 7 7 7 7 7 8 8 8 8 8 8 8 8 9 9 9 ^ 9 9 « 0 0 0 0 0
S| 6| 7| 7| 8| 8| l| 2| S| 6| 6| 8| 8| 9| 3| 3| S| 5| 9) '»| 0| 0| o| l| 2

:::::::_:::+:.:::::::::::

N N N N N N N N N N N N N N N N N N N N N N N N N

X

N N N N N N N N N N N N N N N N N N N N N N N N N

X
X X X X X X X

X
X

X
X X

X

X
X X X X

N N N N N N N N N N N N N N N N N N N N N N N N N

X X X

X X

N N N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N
X X X X X X X X X X X X X X X X X X
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE
(Continued)

ANIMAL
VUMBER

WEEKS ON
STUDY

Skin
Squamoua cell papilloma

RESPIRATORY sYtfrKwl
Lungi and bronchi

Alveolar/bronchiolar adenoma
Trachea

HEMATOPOlETlC SYSTEM
Bone marrow
Spleen

Leukemia, mononucloar cell
Lymph nodee
Thymua

CIRCULATORY SVSfl'EM
Heart

Oral cavity
Squamoue cell papilloma
Squamoua cell carcinoma

Salivary gland
Liver

Neoplaatic nodule
Bile duct
Gallbladder & common bile duct
Pancreaa
Eaopaagna
StomacE
Small intaatine
Large mtaattne

URINAni oYorEM
Kidney
Urinary bladder
TranaiOonal cell papilloma
Granular cell tumor, malignant

Pituitary
Carcinoma. NOS
Adenoma. NOS

Adrenal
Cortical adenoma
Pheochromocyuma
PheochromocTtoma. ""'•!"«''«

Thyroid
Follicnlar cell adenoma
C-cell adenoma
C -cell carcinoma

Parathyroid
Adenoma, NOS

Pancreatic uOeta
lilet cell adenoma

Mammary gland
Adenoma. NOS
Fibroadenoma

Preputialfeutoralgiand
Carcinoma, NOS
Adenoma, NOS

Uterua
Endometnal nromal polyp
Endometnal etnmal aarcoma

Orary

Brain
GUoma.NO8

SrtLlAl. 9ENSC UKUAINS
Zymbal (land

Carcinoma. NO8

BODY CAVITIES
Peritoneum
Granular cell tumor, invaaive

ALL OTHER iiVSfl'EHs
Multiple orgeoa, NOS

T^ine***'*. nwnouuclear cell

0 01 01 01 01 01 01 01 01 01 0 01 01 01 0 0 01 0 01 01 01 01 01 01 0
3 0 0 0 1 1 1 2 2 2 2 2 2 3 3 3 3 3 4 4i 41 4^ 4! 41 4
3 l| 4| T| l| s| 7| o| l| 3| 6 7| 8| 0| I 2 «| 5 1| 2| 3| 4) 6| 8| 9

11 11 11 11 11 11 11 11 11 li 11 11 11 11 11 11 11 11 11 11 11 11 1! 1! 1
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
3 | 4 | 4 | 4 | 4 l 4 l 4 | 4 i 4 l 4 | 4 M 4 | 4 | 4 | 4 | 4 | 4 | 4 | 4 | 4 | 4 l 4 | 4 | 4

X

X

X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

X X

N N N N N N N N N N N N N N N N N N N N N N N N N

X
X

X X

X
X

X

X
X

X

X X
N N N N N N N N N N N N N N N N N N N N N N N N N

X X
X X

X X X X
X

N N N N N N N N N N N N N N N N N N N N + N N N N
X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N N N N N N N N N N N N N
X X X X X X X X X X

TOTAL
TISSUES
TUMORS

•50
1

49
1

49

46
49

1
45
36

49

•SO
1
1

SO
49

2
49

•50
46
49
48
48
42

50
48

1
1

50
3

20
47
2
2
1

46
1
3
1

34
1

46
1

•50
1

•so
2
2

50
7
I

50

50
2

•50
1

•50
1

•50
28

•Animala Neenpaiad
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APPENDIX B 

SUMMARY OF THE INCIDENCE OF NEOPLASMS 

IN MICE IN THE TWO-YEAR INHALATION STUDIES 

OF TETRACHLOROETHYLENE 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN TIHE TWO-YEAR 
INHALATION STUDY OF TETRACHLOROETHYLENE 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 50 50 
ANIMALS NECROPSIED 49 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 49 50 50 

INTEGUMENTARY SYSTEM 
+Multiple organs 

+Subcutaneous tissue 

#Spleen 

#Liver 

Fibrous histiocytoma, malignant 

Sebaceous adenoma 

Fibrous histiocytoma, malignant 

Fibrous histiocytoma, malignant 

RESPIRATORY SYSTEM 
#Lung (49) (49) (50) 

Hepatocellular carcinoma, metastatic 2 (4%) 7 (14%) 1 (2%) 
Alveolar/bronchiolar adenoma 3 (6%) 5 (10%) 1 (2%) 
Alveolar/bronchiolar carcinoma 4 (8%) 1 (2%) 4 (8%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

*Subcutaneous tissue 

#Spleen 

Malignant lymphoma, NOS 

Malignant lymphoma, NOS 

Sarcoma, NGS 
Malignant lymphoma, NOS 

Malignant lymphoma, NOS 

Mast cell tumor 

Mast cell tumor 

#Mesenteric lymph node 

#Stomach wall 

*Preputial gland 

(49) 

(49) 

(49) 

1 (2%) 

2 (4%) 

(50) (50) 

(50) (50) 
7 (14%) 1 (2%) 

(48) (50) 
1 (2%) 
1 (2%) 

1 (4%) 
(27) 

(49) 

(50) 
1 (2%) 

CIRCULATORY SYSTEM 
#Heart (49) (50)  (50) 

*Pulmonary artery (49) (50) (50) 

+Pulmonary vein (49) (50) (50) 

#Liver (49) (49) (50) 

Hemangioma 1 (2%) 

Hepatocellular carcinoma, metastatic 1 (2%) 

Hepatocellular carcinoma, metastatic 1 (2%) 1 (2%) 

Hemangioma 2 (4%) 2 (4%) 2 (4%) 
Hemangiosarcoma 1 (2%) 

DIGESTIVE SYSTEM 
#Liver (49) (49) (50) 

Hepatocellular adenoma 12 (24%) 8 (16%) 19 (38%) 
Hepatocellular carcinoma 7 (14%) 25 (51%) 26 (52%) 

Adenocarcinoma, NOS 2 (4%) 
#Ileum (49) (42) (45) 

URINARY SYSTEM 
#Kidney 

Tubular cell adenocarcinoma 
(49) (49) (50) 

1 (2%) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 
#Pituitary 

Carcinoma, NOS 
Adenoma, NOS 

Cortical adenoma 

Pheochromocytoma 

Follicular cell adenoma 
C-cell carcinoma 

#Adrenal 

#Adrenal medulla 

#Thyroid 

REPRODUCTIVE SYSTEM 

Interstitial cell tumor 
#Testis (49) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
*Harderian gland (49) (50) (50) 

Papillary adenoma 1 (2%) 
Papillary cystadenocarcinoma NOS 1 (2%) 1 (2%) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
None 

ALL OTHER SYSTEMS 
*Multiple organs (49) 

Hepatocellular carcinoma, metastatic 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 
Animal missexed 

50 
3 

46 
1 

50 
18 
7 

25 

50 
7 

11  
32 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

TUMOR SUMMARY 
Total animals with primary tumors** 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors## 

Total animals with tumors uncertain- 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

benign or malignant 
Total uncertain tumors 

29 
43 
19 
21 
17 
21 
2 
2 

1 
1 

38 43 
56 61 
16 22 
21 24 
32 30 
35 36 
10 2 
10 2 

1 
1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically at this site 
# #  Secondary tumors: metastatic tumors or tumors invasive into an  adjacent organ 
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TABLE 8 2 .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRACHLOROETHYLENE 

HIGH DOSE CONTROL (CHAMBER) LOW DOSE 

ANIMALS INITIALLY IN STUDY 50 50 50 
ANIMALS NECROPSIED 49 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 49 50 50 

INTEGUMENTARY SYSTEM 
'Multiple organs (49) (50) (50) 

*Skin (49) (50) (50) 

*Subcutaneous tissue (49) (50) (50) 

Fibrous histiocytoma, malignant 1 (2%) 

Squamous cell papilloma 1 (2%) 

Fibrous histiocytoma, malignant 1 (2%) 

RESPIRATORY SYSTEM 
#Lung (48) (50) (50) 

Adenocarcinoma, NOS, metastatic 1 (2%) 
Hepatocellular carcinoma, metastatic 2 (4%) 7 (14%) 
Alveolar/bronchiolar adenoma 4 (8%) 2 (4%) 1 (2%) 
Alveolar/bronchiolar carcinoma 2 (4%) 1 (2%) 2 (4%) 
Sarcoma, NOS, metastatic 1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Malignant lymphoma, NOS 
Malig. lymphoma, histiocytic type 

Thymoma, metastatic 
Malignant lymphoma, NOS 

Adenocarcinoma, NOS, metastatic 
Alveolar/bronchiolar carcinoma, metastatic 

Malignant lymphoma, NOS 

Thymoma, malignant 

#Spleen 

#Bronchial lymph node 

#Ileum 

#Thymus 

(49) 
8 (16%) 

(49) 
1 (2%) 

(34) 

(50) 
10 (20%) 
1 (2%) 

(49) 

1 (2%) 
(31) 

(45) 

(39) 
1 (2%) 

(50) 
7 (14%) 

(50)  

1 (2%) 

1 (4%) 
1 (4%) 

(26) 

(46) 

(22) 

CIRCULATORY SYSTEM 
*Eye 

#Spleen 

#Mesenteric lymph node 

#Heart  

*Pulmonary artery 

#Liver 

#Ovary 

Hemangiosarcoma 

Hemangioma 

Hemangioma 

Sarcoma, NOS 

Fibrous histiocytoma, metastatic 

Hemangiosarcoma 

Hemangioma 

(50) 

(50) 
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE I& THE TWO-YEAR 
INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

~ ~~ ~ _ _ _ _  

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM 
#Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Papilloma, NOS 

Squamous cell carcinoma 

#Forestomach 

*Rectum 

(48) (50) (50) 
3 (6%) 6 (12%) 2 (4%) 
1 (2%) 13 (26%) 36 (72%) 

1 (2%) 

1 (2%) 

(48) (50) (48) 

(49) (50) (50)  

URINARY SYSTEM 
None 

ENDOCRINE SYSTEM 
#Pituitary 

Carcinoma, NOS 
Adenoma, NOS 
Chromophobe adenoma 

#Adrenal medulla 
Carcinoma, NOS 
Adenoma, NOS 
Pheoc hromocytoma 

#Periadrenal tissue 
Fibrosarcoma, metastatic 

#Thyroid 
Follicular cell adenoma 

(45) (43) 
5 (11%) 3 (7%) 
2 (4%) 

(47) (49) 

1 (2%) 
1 (2%) 

(47) (49) 

(48) (48) 
1 (2%) 

1 (2%) 

(42) 
3 (7%) 
1 (2%) 
1 (2%) 

1 (2%) 
(49) 

(49) 

(48) 

REPRODUCTIVE SYSTEM 
*Mammary gland (49) (50) (50) 

Adenocarcinoma, NOS 1 (2%) 1 (2%) 
Adenosquamous carcinoma 1 (2%) 1 (2%) 
Fibrosarcoma 1 (2%) 

Leiomyoma 1 (2%) 
Leiomyosarcoma 1 (2%) 1 (2%) 
Endometrial stromal polyp 1 (2%) 

Papillary cystadenoma, NOS 1 (2%) 
Fibrous histiocytoma, metastatic 1 (2%) 
Mesothelioma, NOS 1 (2%) 

#Uterus (43) (44) (48) 

#Ovary (48) (49) (43) 

NERVOUS SYSTEM 
#Brain (48) (49) (50) 

Carcinoma, NOS, metastatic 1 (2%) 

SPECIAL SENSE ORGANS 
*Eye 

Sebaceous adenoma 
*Harderian gland 

Papillary carcinoma 
Adenoma, NOS 
Papillary adenoma 

Squamous cell papilloma 
*Ear 

(49) ( 5 0 )  (50) 

(49) (50) (50) 
1 (2%) 

1 (2%) 
1 (2%) 1 (2%) 

1 (2%) 1 (2%) 

1 (2%) 
(49) (50) (50) 

MUSCULOSKELETAL SYSTEM 
None 
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TABLE 82. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

BODY CAVITIES 
*Mediastinum (49) (50) 

*Peritoneal cavity (49) (50) 
Fibrosarcoma, metastatic 1 (2%) 

Hepatocellular carcinoma, invasive 

(50) 

(50) 
1 (2%) 

ALL OTHER SYSTEMS 
*Multiple organs 

Carcinosarcoma 
(49) (50) 

1 (2%) 
(50) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 
Accidentally killed, NOS 
Animal missexed 

50 
3 
8 

36 
2 
1 

50 
10 
7 

31 
2 

50 
11 
21 
17 
1 

TUMOR SUMMARY 
Total animals with primary tumors** 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors## 

Total animals with tumors uncertain-- 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

benign or malignant 
Total uncertain tumors 

27 
38 
13 
14 
22 
24 
4 
6 

35 
52 
14 
15 
31 
36 

2 
2 

1 
1 

43 
64 
10 
10 
41 
54 

8 
12 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically at this site 
# #  Secondary tumors: metastatic tumors or tumors invasive into a n  adjacent organ 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE: CHAMBER CONTROL

ANIMAL
NUMBER

WEEKS ON
STUDY

IlVtStiUftlENTAKI SISTEM

Sabacaoua adenoma
Malignant lymphoma, NOS

RESPIRATORY SY&l'KM
Lunga and bronchi

Hapatoeallular carcinoma, mataitatu
Alvaolar/bronchiolar adanoma
Alvaotar/bronchiolar carcinoma

Trachaa

HEMATOPOIETlC SYiflTH
Bono marrow
Splaan

Fibrouf hiatiocytoma, nn*tlg"^nt
Lymph nodo*
Thjrmua

CIRCULATORY 31B1EM
Haart

UllrEauVE UWFEU
Salivary gland
Uvar

Hapatoeollular adanoma
Hapatoeallular carcinoma
Fibrous hiauocytoma, "••I'f'^Ti^
Hamangioma
nemaogioaercoma

BUadoct
Gallbladder ft common bilo duet
Paacrwa

Stomach
Mart call tumor

Small int^tiiu
Adonocaranoma. NOS

Largo intaatina

UKlNAKi siaiEM

Unnary bladder

Pituitary
Adranal
Cortical adonoma

Thyroid
C -call carcinoma

Parathyroid

Mammary gland
Taatia

Intoratitial coll tumor
Proatat*

Brain

SPECIAL SENSE ORGANS
Hardonan gland

Papillary cyitadoaoeareinoma. NOS

ALL i/rrlEK yWl'EU!!
Multifla organ*, NOS

MaUgnant lymphoma, NOS

0 01 01 01 01 01 01 01 01 01 01 01 01 01 0] 01 01 01 01 01 01
0 4] 3 a 0 0 0 0 0 0 0) 0 1 1 1 1 1 1 1 1 1
7 4| 4l o| l] 21 3| 4J 5| 6| 3| 9| 0| l| 2\ 31 i| j| 6| 7| 8|

0 0 01 01 11 1! 11 11 11 1! II 11 11 11 11 11 11 11 11 11 11
S 9 9 9 0 01 0 0 0 0 0 01 0 0 0 0 0 0 0 0 0
9 7 8 | 8 | 4 | 4 J 4 J 4 l 4 i 4 ) 4 J 4 | 4 ] 4 l 4 | 4 l 4 l 4 | 4 | 4 | t |

X
X X

X
X X
X Xs +. + + +. + + + . + . + . + . + . + + . + . + . + . + . + . 4 + .

3 + + . + . + . 4 . + . + . 4 . 4 . 4 . 4 . + . + . + 4. + 4 . + , 4 + .

X
S 4 . - + . - - + . 4 . + + 4 . - 4 - 4 . + .
S + . _ 4 . 4 . + + 4 . 4 - + - 4 . 4 -

Of 01 01 0
1 2 2 2
9| 0| l| 2

11 1] 11 1
0 0 0 0
il *l il 4

+ . + . + . + .

* • + • - +

X X X X X
X X X

X

X

S + + + + + + + + + + + + + + + + + + t , +

S + . + > + 1 + + + 4 .4 . + 4 . 4 . + . 4 . + . + 4 . + . + * + .

S + . 4 . 4 . + 4. + 4 . + . 4 - 4 . 4 . 4 . 4 . 4 . 4 . - ( - 4 . 4 . * +
X X

S + . 4 . + , + . + + . + , 4 . - t . 4 . 4 . + . + . 4 . + + 4 . 4 . - l - 4 .

S + - N N N N N N N N N N N N + N N N N N + -
S + . + - + . + . 4 - + - + - 4 . + . + + . 4 > 4 - * - + 4 . + . + . - h 4 -

X
S 4 . + . + . + 4- + + -C + + - 4 . 4 . + . + . + + 4 .+ . + +

S N N N N N N N N N N N N N N N N N N N N
X

S N N N N N N N N N N N N N N N N N N N N

X X X

4> 4> 4> 4>

X

X— 4. -

N N N N
4> 4> 4> 4>

•f 4- +> *

+> + + +•

N N N N

N N N N

TiaaoaEi ally

X
N
S

Raquirad Tiaauo Not Examined Mleroacopically

Noeropor.l
Animal Ml

'. No Autolyau, No Uicraacooic Eiaminatioo

No Tiaau* Information Submitud
C Noeropay, No Hiatolofj Duo To Protocol
A Autolyau
M Animal Miaainc
B No Nacropay Ptrformod
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: CHAMBER
CONTROL (Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

IN^'EUlMENTAKY SYS1EM
Subcutaneous tissue

Sebaceous adenoma
Malignant lymphoma, NOS

RESPIRATORY SYSTEM
Lungs and bronchi

Hepatocellular carcinoma, metaatatic
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea

Bone marrow
Spleen

Fibrous histiocytoma, malignant
Lymph nodes
Tnymus

CIRCULATORY SYSTEM
Heart

iMt/EVl'lVE SYE^'&U
Salivary gland
Liver

Hepatocallular adenoma
Hepatocallular carcinoma
Fibrous histiocytoma, malignant
Hemangioma
Hemangioaarcoma

Bile duct
Gallbladder * common bile duct
Pancreas
Esophagus
Stomach

Mast call tumor
Small intaatina

Adanocaretnoma, NOS
Large intestine

UHINAJtY SYSTEM
Kidney
Urinary bladder

ENDOCRINE sV^E'si
Pituitary
Adrenal
Cortical adenoma

Thyroid
C-cell carcinoma

Parathyroid

Mammary (land
Testis

Interstitial cell tumor
Prostats

NERvOUa HY51LU
Brain

SP EUIAL SENSE ORGANS
Hardenan (land

Papillary cystadanoearcinoma, NOS

ALL OTHER ST/oVi'toa'S
Multiple organs. NOS

Malignant lymphoma, NOS

0 01 01 01 0 Of Of Of Of Of Of Of Of Of Of Of 01 01 Of Of 01 01 01 0 0
2 2 2 2 2 2 2 3\ 3\ 3\ 3 3 3 3 3 3 « 4 *l 4 4 « « « 5
3 4| 5] 6| 7 81 9| Of ll 2| 31 S| s| 1] g| 9| l| 2J 3| si si 7| 8| 9| 0

a ll 11 II 11 11 11 11 11 11 1 11 11 11 11 11 11 1] 11 1] 11 11 11 11 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 J 4 ) 4 l 4 l 4 | * l 4 i 4 | 4 l 4 | 4 l 4 | 4 | i | 4 ) 4 l 4 l 4 l 4 J 4 ) 4 | 4 | 4 l 4

X
X

X X

- + - - - - + + - + • - • * • • » • - • » • - • » • + - + - + • - - • » •

X X X X
X X X X

X X

X

X

_ + + . + __ + + + _ * +

N N N N N N N N N N N N N N N N N N N N N N N N N
> + - f - f + > > > > + + i f - f + + ^ 4 i + i - t » - t - + + -^ + -+|

+ + + + + + _ + 4. + + + * + + + + + + + + + 4. + +

+ + ^ + + + + + + + + + + + .. + + + > + . + + +.

N N N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N
X

TOTAL.
TISSUES
TUMORS

•49
1
2

49
2
3
4

49

49
49
1

25
25

49

49
49
12
7
1
2
1

49
•49
47
47
48

1
49

2
48

49
48

47
49

2
47
1

20

•49
49

1
48

49

•49
1

•49
1

• Anunala Nacropaud
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE: LOW DOSE

\NIMAL
VUMBER

WEEKSON
STUDY

IM'l'bULMENTAKT SISltM
Subcutantoui uitut

Sebactoua adtnoma

Lun(i and bronchi
HtpatoctUular carcinoma, mttanatic
Alvtolar/bronchiolar adtnoma
Alvtolar/bronchiolar carcinoma

Trachta

HEMATOPOlE'l'IO SVSTtM
Bona marrow
Splttn
Lymph nodta
Thytnua

CIRCULATORY ^VyTEhc
Heart
Htmannoma

Blood vtiatla
HtpatoctUular carcinoma, mttaatatic

Salivary (land
Livtr

HtpatoctUular adtnoma
HtpatoctUular carcinoma
Htmanfioma

Biltduct
Callbladdtr & common bilt don
Pancrtaa
Etophacua
Stomach
Small inUatint
Laxft inunint

Kidnty
Tubular ctll adtnocarctnoma

Unnarybladdar

ENDOCRINE SzaiGM
Pituitary
Carcinoma, NOS
Adtnoma. NOS

Adrtnal
Cortical adtnoma
Phtochromocytoma

Thyroid
Parathyroid

ntfrujOUCTlVE siSTbM
Mammary (land
Ttttia
Prottatt

NERVOUS sVtn'EM
Brain

SPECIAL SENSE ORGANS
Hardtnan (land

Papillary adtnoma

ALL UTHEK SISFlEMa
Multiplt ornna, NOS

HtpatoctUular carcinoma, mttanatic
Malignant lymphoma, NOS

0 01 01 01 01 01 01 01 01 01 01 01 01 01 01 0| 01 01 01 01 01 0 01 01 0
0 4 0 0 3 1 0 4 0 3 4 2 2 1 4\ 2 3 2 3 4 0 1 3 2 1
2 3\ 7\ 5| 1 2| 3| 5l 9| 0! 1 01 S\ S\ i] 6| »\ S\ 9| 6l si 1 ll 3| 6

01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 1
4 5 6 6 6 7 7 7 8 8 81 81 8 8 8 9 91 9 9 9 9 9 9 91 0
6| S\ 1 3| 61 4| 5| 9| S\ i\ i\ el 6\ 9| 9| 2| 2\ 6J 6| ?l 81 81 8| 9i 2

X X X X X
X

* - ^ A — +• — — — — + +• — — + + + — — — H * _ 4 . - f - f _
+ - A + - - * * _ _ _ 4. + + _

X
N N N N N N N N N N N N N N N N N N N N N N N N N

X X

X
X X X X X X X X X X X X X X X X X

X

+ N N + N N N N N + + - + N N N + + N N N + + N I - + -

. . . _ A - - | . - - + + - 4 . + - + + 4 . 4 - 4 - + 4 . - K - +

* A + 4 - + + + 4 . 4 . 4 . 4 . + + + + + + +
X
X

X

- - A + __ + _ + + _ + - _ + + + __ + + -

N N N N N N N N N N N N N N N N N N N S N N N N N

+ +A+ + + + + + + + + + + + + + + + + + +

N N N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N
X

X X X X X
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE
(Continued)

ANIMAL
NUMBER

WEEKSON
STUDY

l.NTEUUMENTAHY SYSTEM
Subcutaneoui UMU0

Sebaceous adenoma

RESPIRATORY SYSTEM
Lungi and bronchi

Hepatocelluiar carcinoma. metaatatic
Alveoiar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea

Bon* marrow
Spleen
Lymph nodea
Thymui

CIRCULATORY ^VSiKM
Heart

Hemanjioma
Blood veeaala

Hepatocellular carcinoma, metaatatic

UlCESTfVE s'Ys'ikM
Salivary (land
Liver

Hepatocailular adenoma
Hepauxellular carcinoma
Heraancioma

Bila duct
Gallbladder 4 common bile duet
Pancreaa
Eaophaffua
Stomach
Small mUituu
Lar(e tntaiune

URINARV SYSTEM
Kidnty
Tubular c«U «denocarnnoma

Urinary bladder

ENDOClUNE yVb'l'EM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Cortical adenoma
Pheochromocytoma

Thyroid
Parathyroid

KEPKUOUCTIVE SKMEM
Mammary (land
Teiua
Pnxtat*

NERVOUS SYSTEM
Brain

SPECIAL tlENyE ORGANS
Hardinan (land

Papillary adenoma

ALL OTHER SYsi'sada
Multiple ornna, NOS

HepatoceUular carcinoma. metajUUc
Mali(nant lympboma, NOS

0 01 01 01 0 0 0 01 01 0 0 0 01 01 01 0 01 01 0 01 01 01 01 01 0
0 0 0 1 1 1 1 1 11 2 2 2 21 2 31 3 3 3 3 i 41 41 il i 5
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X

X X
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X X X X X X X
X X X X X X X X
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X

X
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X X

TOTAL
TISSUES
TUMORS

•50
1

49
7
5
1

48

49
48
24
18

SO
1

•50
2

48
49
8

25
2

49
•50
48
45
44
42
39

49
1

46

41
1
1

48
1
1

48
15

•50
48
46

50

•50
1

•50
1
7

• AnimaJa Neeropaud
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE: HIGH DOSE

ANIMAL
VUMBER

WEEKS ON
STUDY

RESPIRATORY S1SIEM
Lungs and bronchi
Hepatocellular carcinoma, metaatatlc
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea

Bone marrow
Spleen

Sarcoma. NOS
Malignant lymphoma. NOS

Lymph nodea
Malignant lymphoma, NOS

Thymui

CIKCULATUHV yVUTEM
Heart
Blood veeaeU

Hepatocellular carcinoma, meUatatic

DIGESTIVE JSYiftEM
Salivary f land
Liver

Hepatocellular adenoma
Hepatocellular carcinoma
Hamanfioma

Bile duct
Gallbladder at common bile duct
Pancreaa
Esophagus

Small intestine
Large intestine

URINARI aiaiEM
Kidney
Unnary bladder

ENDOCRINE Sxtfl'EU
Pituitary
Adrenal

Cortical adenoma
Thyroid

Follicular cell adenoma
Parathyroid

Mammary (land
Testis
Prostate
Preputial/clitoral (land

Matt call tumor

(NERVOUS tJVSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan (land

Papillary cystedeoocamnoma, NOS

ALL OTHER UVsTEUS
Multiple organs, NOS
Fibrous hiatucytoma, malignant
Malignant lymphoma, NO?

0 0 01 01 0 01 0! 0 0 0 01 0 01 01
i 2 0 0 0 1 2 1 1 1 2 3 5 4
7 5 11 5J 8 4| 6| 3 3 1 01 8 Ol 9l

0 0| 01 01 01 01 01 0 0 01 0] 01 01 01
6 6 7 7 7 7 7 8 8 8 8 9 9 9
0 2| 31 3| 4| 7| 91 0 3 5J 9l 3| 4| 5|

X

— — — — — — +• 4- + _ + > _ ^
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N N N N N N N N N N N N N N

X
X X X X X X X X X

+ N N N N N + N + N N N + N

X

N N N N N N N N N N N N N N

N N N N N N N N N N N N N N
X

3 01 0 0 01 0 0| 0| 0 0 0
4 2 3 0 0 01 0 0 0 1
5| 4 6 2| 3 4| 6 7 9 0

01 1 1 11 11 11 11 11 11 11 1
9 0 0 0 0 0 0 0 0 0 0
71 0 3 3| 4| 4| 4i 4| i| 4| 4

X

X

X
— - f - f + - — — + + — - f *

-- + - 4. +. + + + +

N N N N N N N N N N N
X

X X X
X X X X X X

X

N + - N N N + - + 4 - - I - + +

X

N N N N N N N N N N N

N N N N N N N N N N N

N N N N N N N N N N N N N N

N N N N N N N N N N N N N N
X

N N N N N N N N N N N
X

N N N N N N N N N N N
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE
(Continued)

ANIMAL
VUMBER

WEEKS ON
STUDY

RESPIRATORY SY31CM
Lungs and bronchi

Hepatocellular carcinoma, metastauc
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea

HEMATOPOlEl'KJ ^WHSM
Bone marrow
Spleen

Sarcoma. NOS
Malignant lymphoma. NOS

Lymph nodea
Malignant lymphoma. NOS

Thymue

CIRCULATORY SYSTEM
Heart
Blood vemaeU

Hepatocellular carcinoma, mataiuuc

DIGESTIVE SIOTEM
Salivary gland
Liver
Hepatocellular adenoma
Hepatocellular carcinoma
Hamangioma

Bile duct
Gallbladder * common bile duct
Pancreaa
Eiophagua
Stomach
Small mtaaune
Large uitaatino

URINARY yVsTEU
Kidney
Urinary bladder

ENDOCRINE bzolEU
Pituitary
Adrenal
Cortical adenoma

Thyroid
Follicular cell adenoma

Parathyroid

REPRODUCTIVE SXSLEM
Mammary gland
Teetia
Proatata
preputiaVclitoral gland

Maat cell tumor

Brain

SPECIAL SENSE ORGANS
Hardenan gland

Papillary cystadaaoearetnoma. NOS

ALL OTHER EJYVl'e^MS
Multiple organa, NOS
Fibro"* hitHQtytom*., maUgnant
Malignant lymphoma. NOS*

0 01 01 Of 0 0 01 01 01 01 01 0 0 01 01 01 0| 01 01 01 0| 01 01 01 0
1 1 1 1 1 2 2 2 2 2 2 3 3 3 3 3 3 3 \ l\ 4J 4J i 4 4 4
2 5| 6| 7| 9 1 2| 3\ 7| 8| 9| 0 I 2| 3| il 5| 9| fl| l| 2| 3| s| 'r| 8

11 11 U 11 11 11 11 11 11 11 II 11 ll 11 1] 11 11 11 11 11 11 1| 11 11 1
o o o o o o o o o o q o o o \ w o o ffl w ffl o oj o ()| o

X
X X X
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X X X X X X X X X X X X X X X
X X X X X X X X X X X

X

- + * - - - - - * - - - + - _ _ + - + _ *

N N N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N

X

TOTAL
TISSUES
TUMORS

50
1
1
4

50

49
50
1
1

27
1

27

50
•50

1

48
50
19
26

2
50

•50
47
48
49
46
44

50
48

44
48

1
50

1
21

•50
48
44

•50
1

50

•50
1

•50
1
1

• Animala Necropeud
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE: CHAMBER CONTROL

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYbTEM
Subcutaneoua uaiue

Fibroua hiatiocytoma, malignant

RESPIRATORY SYSTEM
Lunga and bronchi

Alveolar/bronchiolar adenoma
Alveolar/bronchiolax carcinoma

Trachea

HE'MATOPOIEIU; stsf&M
Bone marrow
Spleen

Thymoma, mataiutic
Lymph nodea
Thymua

Thymoma, malignant

CIRCULATORY SYSTEM
Heart
Blood veaeela

Fibroua hiatioeytoma, metaatati

Salivary gland
Liver

Hepatocellular adenoma
Hepatoeellular carcinoma

Bile duet
Gallbladder * common bile duet
Pancreaa
Eaophagua
Stomach

Papilloma. NOS
SRUU! inteatine
Large mtaatine
Rectum
Squamoui cell carcinoma

URINAnz aia^EM
Kidney
Urinary bladder

ENDOCRINE yVsTEM
Pituitary
Carcinoma, NOS
Adenoma. NOS

Adrenal
Fibroearcoraa. metaatatic

Thyroid
Parathyroid

Mammary gland
Fibroearcoma

Utarua
Leiomyoaarcoma
Endometnal itromal polyp

Ovary
Fibroua hiatiocytoma. meuiutic
Hemangioma

NEK VOL1 S Ulb'icM
Brain
Carcinoma. NOS. metaitatie

SPECIAL SENSE ORGANS
Eye
nemangioaanoma

Hardenan gland
Adenoma. NOS

Ear
Squamoua cell papilloma

BODY CAVITIES

Fibroearcoraa. metaatatie

ALL OTHER SxalEUa
Multiple organa. NOS

Fibroua hiatiocytoma, malignant
Carcinoaareoma
Malignant lymphoma, NOS

0 0| 01 01 01 01 0 0 0 01 0 01 01 01 Of 0 0 01 01 01 0! 01 01 0] 0
4 21 4 1 3 « 0 1 3 4 2 2 2 3 0 0 0 0 0 0 0 0 1 1 1
1 2! 9l 81 8i 0| 7 6 2 8 3 il 5| il l| 2 3 41 5i 61 3i 9| 01 11 2

0 01 01 01 0 0 01 01 01 0 0 01 01 01 11 1 11 11 11 1! 1! 11 11 11 1
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3 41 8| S| 01 2 6| 31 6l : 9 91 91 9| 4J 4| 4| 4| 4J 4J 4| 4| 4) 4J 4
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N N N S N N N N N N N N N N N N N N N N N N N N N
X

N N N S N N N N N N N N N N N N N N N N N N N N N
X

X
X X X X

•*> Tiaaua Ezanunad Microacopieally
Raqmrad Tiaaua Not Examinad Microaeopically C

X Tumor Incidanca A
N Nacropay, No Autolyaia, No Microacopic Examination M
S Animal Muaaud B

No Tiaaua Information Submitted
Nacropay, No Hiatology Dua To Protocol
Autolyaia
Animal Miaaing
No Nacropay Performed
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: CHAMBER
CONTROL (Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

l.NTEUl/MENTARt SI9TEM
Subcutaneous tissue

Fibrous histiocytoma, malignant

RESPIRATORY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma
Alvtolar/bronetuolar carcinoma

Trachea,

HEMATOPOIETIC SYS'/EM
Bon* marrow
Spleen

Thymoma. metaatatic
Lymph nodts
Thyraus

Thymoma, malignant

CIRCl/LATORY S^STEihl
Htart
Blood veeaela

Fibroui hiatiocytoma. metaatatic

DKjESYIVK sYsTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma

Bile duct
Gallbladder It common bile duct
Pancreas
Esophagus
Stomach

Pspdloma. NOS
Small muitui*
Large inuctua
Rectum
Squamous cell carcinoma

URINAKi aisi^U
Kidney
Unnary bladder

ENDUCKinE SlitlEBl
Pituitary
Carcinoma. NOS
Adenoma, NOS

Adrenal
Fibrosareoma, metaatabc

Thyroid
Parathyroid

KEp'ttuuOCiivi aibi'tM
Mammary gland

Fibroaareoma
Uterus
Laiomyoaarcoma
Endometnal stromal polyp

Ovary
Fibrous hiauocytoma, metaataue
Hvmmafiooaa

NERVOUS yVVTcsl
Brain

Carcinoma. NOS, metastatic

SPECIAL SUNSB URUXNS
Eye

Htnunfioearcoma
Harderian gland
Adenoma, NOS

Ear
Squamous cell papdloma

buUV OAVITIEs
Mediaaunum
Fibroaarcoma, metastatic

ALL OTHER SYSTEMS
Multiple organ*. NOS

Fibrous hiauocytoma. malignant
Carcinoaarcoma
Malignant lymphoma, NOS

01 01 01 01 0 0 0 01 01 0 01 01 0 01 01 01 01 01 01 01 01 01 01 01 0
1 1 1 1 1 2 2 2 2 2 2 3 3 3 3 3 3 3 4J «J 4 4 ^ 4J 4\ 5
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X
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X X X X

TOTAL
TISSUES
TUMORS

•49
I

48
4
2

48

48
49
1

34
36
1

48
•49

1

47
48

3
1

48
•49
47
46
48

1
48
48

•49
1

48
48

46
5
2

47
1

48
18

•49
1

43
1
1

48
1
1

48
1

•49
1

•4»
1

•49
1

•49
1

•49
1
1
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE: LOW DOSE

ANIMAL
NUMBER

WEEKSON
STUDY

RESPIRATORY SKSltM
Lungi and bronchi

Hepatocellular carcinoma, metaitatic
Alvwlar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea

HEMATOPOlETlC SVb^VM
Bone marrow
Spleen

Hemangioma
Malignant lymphoma, NOS

Lymph oodee
Thymua

CIRCULATORY SYSTEM
Heart

UlUGsilVE SIBitfM
Salivary gland
Liver

Hepatoeellalar adenoma
Hepatocellular carcinoma
Hemangioearcoma

Bile duct
Gallbladder & common bile duet
Pancreaa
Eaophana
Stomach
Small inteetine

Malignant lymphoma, NOS
Large inteetine

URINARI 31 31 EM
Kidney
Urinary bladder

Pituitary
Carcinoma, NOS

Adrenal
Adenoma, NOS
Pheochroraocytoma

Thyroid
Follieular cell adenoma

Parathyroid

REPRODUCTIVE1 a'laic'M
Mammary gland
Adenocarcinoma, NOS
Adenoaquainoua carcinoma

Uterua
Leiomyoma
Laiomyoeareoma

Ovary
Papillary cyitadanoma, NOS
Meeotheuoma,NOS

NERVOUS 3I31T.it
Brain

SPECIAL SEr43E UKUAffS
Hardanan gland
Papillary adenoma

ALL OTttEK 3I31EMS
Multiplaorgana,NOS

Malignant lymphoma, NOS
Malig. lymphoma, hiatioeytic type

o oi oi oi o o o oi oi oi o oi oi oi oi oi o oi oi oi a oi oi oi o
3 « 1 4| 2 5 1 0 \ 3 \ a 2 i 1 2 4 2 3 2 3 0 0 0 0 0 0
7| 3\ 5l l| 5 0 1 2| 51 9| 7 2l 0| l| 5J 6] 2 o| 3\ l| 3 4| i| 6| 7

01 01 01 01 0 01 01 01 01 01 01 01 01 01 01 11 11 1 11 11 11 11 11 11 I
0 0 0 0 1 1 2 3\ 7 7 a 9 9 3 $ 0 0 0 0 0 0 0 0 0 0
5! 5| 7) 7) 1 «| 4| 4| 5l 6| 4J 0| l| «| 4| 0| l| 2 3\ «| *l 4| 4J 4| 4

X
X X
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X X X
X X X X X

X

X

X

.X

X

X

X

* * « . * * . + + * + + * + + ̂  * * + «. »> .*
N N N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE
(Continued)

AJTTHAL
NUMBER

WEEKS ON
STUDY

RESPIRATORY ST/s'iaM
Longs and bronchi
Hapatocellular carcinoma, metuuuc
Alveolar/bronchiolar adanoma
Alvaolar/bronchiolar carcinoma

Trachaa

HEMATOPOIETH; SISICM
Bona marrow
Splaan

Hamanfioma
Malignant lymphoma. NOS

Lymph nodaa
Tnymua

CIRCULATORY bYbTaM
Heart

UKrES^lVK SVsftfcM
Salivary (land
Livar

Hapatocallular adanoma
Hapatocallular carcinoma
Hamufioaarcoma

Biltduct
Gallbladder & common bilt duct
Pancnaa
Esophafua
Stomach
Small inUatua

Malignant lymphoma, NOS
Large inuatina

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCKINE STs'ltM
Pituitary
Carcinoma, NOS

Adnnml
Adenoma. NOS
Phiochromocytoma

Thyroid
FollicuUr call adanoma

Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland
Adanocarcuioma, NOS
Adtnoaquamoua carcinoma

Utarui
Laiomyoma
Leiomyoaarcoma

Ovary
Papillary cyitadanoma, NOS
Meaothalioma. NOS

NEKVOVJS STSlfcM
Brain

SPECIAL SENSE ORGANS
Hardtnao gland

Papillary adanoma

ALL oTHEri aVsTEMU
Multipit organa, NOS

Malignant lymphoma, NOS
Malig. lymphoma, hiatiocytic typt

- a "3| a ai si 01 oi o 01 ai ai a
0 0 1 1 1 1 1 1 1 2 2 \ 2
8 9\ 2 3 4| S\ 7| 8 9| l| 2\ 3

1! 11 I 1 M M M 1| M >| M 1
0 0 0 01 0 01 0 0 0 0 0 0
4) 4J 4| 4| 4| 4| 4| 4| 4J 4J 4J 4

X
X X X X X

+ + + + N - t - - ( - + N + + -t

01 SfUI 81 81 01 81 81 81 81 8] 81 8
21 2 3 3 3 3 3 3 4J 4 4] 4J 4
3| 9| 0| 1| 4| 6| 8| 9| 0| 4| 6| T| 8

1 11 11 11 1! 11 1| 11 11 11 11 11 11 1
0 0 0 0 0 0 0 0 0 0 0 0 0
H i l i i i l i l i l i l i l U i l i l i U

X

X

X
X

X X
X X X
X X

X X

- - - - + - - + - - t - - - *

X

X

X

X

+ + _ _ _ + _ _ _ _ _ - . + .

X

N N N N N N N N N N N N N N N N N N N N N N N M N
X

N N N N N N N N N N N N N N N N N N N N N N N H N
X X X X

I

TOTAL:
TISSUES
TUMORS

50
2
2
1

50

49
49

1
1

31
39

50

49
50
6

13
3

50
•50
49
44
50
46
1

4«

49
48

43
3

49
1
1

48
1

17

•50
1
I

44
1
1

49
1
1

49

•50
1

•SO
10
1

• Anunala Nacropaiad
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE: HIGH DOSE

\NIMAL
VUMBEB

WEEKSON
STLDY

let 1 itiUMENTARY SYSTEM
Skin

Squamoua ctll papilloma

RESPIRATORY 3YS1EM
Lunfi and bronchi
Adtnocarcmoma, XOS. matajtauc
Htpatoctllular carcinoma, mttaatatic
Alvtolar/bronchiolar adtnoma
Alvtolar/bronchiolar carcinoma
Sarcoma, NOS, mttanatic

Trachra

HEMATOPOlEllC UVsTEM
Bon« marrow
Splttn

Malignant lymphoma. NOS
Lymph nodaa
Adtnocarcinoma, NOS, mttutatic
Alvtolar/bronchiolar ca, mttaitauc
Htmanfioma

Thymua

CIRCULATORY SYSTEM
Htart

Sarcoma. NOS

Salivary f land
Livtr

HtpatoctUular adtnoma
Htpatoctllular carcinoma

Bila duct
Gallbladdar & common bila duct
Pancrtaa
Eaophafua

Small intaatina
Larf • intaatina

URINARY SYSTEM
Kidnty
Unnary bladdar

Pituitary
Carcinoma, NOS
Adtnoma, NOS
Chromophoba adtnoma

Adrtnal
Carcinoma. NOS

Thyroid
Parathyroid

REFKoDU(!TlVK SVs^E&l
Mammary (land
Adtnocarcinoraa. NOS
Adtnoaquamoua carcinoma

Utarua
Ovary

NERVOUS yv^nu
Brain

SPECIAL 3CIN3C UHCANS

Stbacaoua adaooma
Hardtrian (land
Papillary carcinoma
Adtnoma, NOS
Papillary adaooma

BODY cAVl'l'lliy
Ptnuntum
Htpaloctllular carcinoma, mvaaivt

ALL OTrlEK 3I3i'EI«3
Vfultiplt orfant. NOS

Malignant lymphoma. NOS

0 0 0 01 0[ 0 0 01 01 01 01 01 0 01 0! 01 01 01 01 0 01 01 0 0
1 1 3 2| 1 4 3 1 2 3 2 4^ 1 2 3 « 4j 2 3 3 4 3 1 1
2 6 2 0| 41 3 1 3\ 7\ i\ 9| S| 7 4J 6| T| g| S\ 9| 7 21 3| 1 5
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N N .......... + + + ..........

X
X

X
X
X

— — .... — . — . — . . . _ _ . . _ . . ^ _ _ 4
X

X

-. — _ — . — — . . _ . . — +

.

*

X

X
X X X X X X X X X X X X X X X

.

X

+ N + + N N N + + N N + N + N N + + N + K + N N +

X
X

X

X
X

.

N N + N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N V N N N N N N N N N N N
X X X X
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

iS FEcfUMENTArlV bYbTEM
Skin

Squamoui cell papilloma

RESPIRATORY SYSTEM
Lungi mnd bronchi

Adenocarcmoma. NOS. mataatatic
Hepatocelluiar carcinoma, metaitatie
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Sarcoma. NOS, metaatatu

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Malignant tymphoma. NOS
Lymph nodee

Adenocarcmoma. NOS, metaitatic
Alveolar/bronchiolar ca, metaitatic
Hemangioma

Thymua

CIRCULATORY SlstlCM
Heart
Sarcoma. NOS

iMuEsrlVE sYSTEM
Salivary (land
Uver

Hapatocallular adenoma
Hepatocelluiar carcinoma

Bile duct
Gallbladder ft common bile duct
Pancreu
Etophagua
Stomach
Small mteaUne
Large inleaUne

URINARY sVSTEU
Kidney
Urinary bladder

E.NUOCrlir»U t>Y5iaM
Pituitary

Carcinoma, NOS
Adenoma, NOS
Chromophobe adenoma

Adrenal
Carcinoma, NOS

Thyroid
Parathyroid

REPRODUCTIVE sVtfl'EM
Mammary (land

Adenocarcmoma, NOS
Ade noao.ua mom carcinoma

Utarua
Ovary

NERVOUS SYSTEM
Brain

SPECIAL SENSE U KUANS
Eye
Sebacaoua adenoma

Harderian (land
Papillary carcinoma
Adenoma. NOS
Papillary adenoma

BliuV CAV^TlES
Peritoneum
HepatocoUular carcinoma, invaaive

Multiple organa, NOS
Malignant lymphoma, NOS

01 01 01 0 01 01 01 01 01 01 01 01 01 01 01 01 01 0 01 01 01 01 01 01 0
41 1 4 2 4i 5 0 0 0 0 0 0| 0 0 0 1 2 2 2 2 3 3 3 4 4
0] 0| 9| 3 4| Ol l| 2 3| 4| 51 6| 7| 81 9| 8| 11 2 6\ »\ fl| 4| %\ \\ 6

1 11 11 11 1 11 I I 11 11 11 1] 11 1] 11 11 1] 11 1] 11 11 11 11 11 1] I
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
1 21 2| 3| 3 3| 4| 4| 4J 4J *] 4J 4J 4J «J 4J *J i| 4) 4| 4| «J <t| 4J 4

X

X X X X X X

X

X

X

X
X X X X X X X X X X X X X X X X X X X X

+ + + + <. + + + + + + + + + + + + 1. + + + * +
X X X

_ _ _ - _ + _ * _ + _ _ _ _ _ _ • « . _ + - _ _ _ - +

+ - t - * N N + * + - t - + N + + + N + + + N N + + + * N

N N N N N N N N N N N N N N + N N N N + N N N N N
X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

X
X

N N N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N
X X X

TOTAL
TISSUES
TUMORS

•50
1

50
1
7
1
2
1

50

48
50

1
26

1
1
1

22

SO
1

49
50

2
36
50

•50
49
49
48
46
46

50
47

42
3
1
I

49
1

48
23

•50
1
1

48
43

50

•50
1

•50
1
1
t

•50
I

•50
7

• Arumali Necropaiad
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APPENDIX C 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 

LESIONS IN RATS IN THE TWO-YEAR 

INHALATION STUDIES 

OF TETRACHLOROETHYLENE 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE 

HIGH DOSE CONTROL (CHAMBER) LOW DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Inflammation, suppurative 
Abscess, NOS 
Inflammation, chronic 
Hyperplasia, basal cell 
Hyperkeratosis 
Acanthosis 
Parakeratosis 

*Subcutaneous tissue 
Abscess, NOS 

(50) (50) (50) 
1 (2%) 1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
(50) (50) (50) 

RESPIRATORY SYSTEM 
*Nasal cavity 

Foreign body, NOS 
Mineralization 
Inflammation, NOS 
Inflammation, suppurative 
Hyperplasia, epithelial 
Metaplasia, squamous 

Foreign body, NOS 
Inflammation, NOS 
Inflammation, suppurative 
Hyperplasia, epithelial 
Metaplasia, squamous 

Inflammation, NOS 
Inflammation, suppurative 

Inflammation, NOS 
Hyperplasia, epithelial 

Foreign body, NOS 
Congestion, NOS 
Edema, NOS 
Hemorrhage 
Inflammation, NOS 
Inflammation, suppurative 
Inflammation, granulomatous focal 
Fibrosis 
Perivascular cuffing 
Necrosis, NOS 
Hyperplasia, alveolar epithelium 
Metaplasia, squamous 
Metaplasia, osseous 
Histiocytosis 

*Larynx 

#Trachea 

#Lung/bronchiole 

#Lung 

(50) 
2 (4%) 

34 (68%) 
11 (22%) 
10 (20%) 
5 (10%) 

(50) 

9 (18%) 

(48) 

2 (4%) 
(50) 

1 (2%) 
(50) 

4 (8%) 

1 (2%) 
1 (2%) 
2 (4%) 

1 (2%) 
7 (14%) 
1 (2%) 
2 (4%) 
8 (16%) 

(50) 
1 (2%) 

35 (70%) 
9 (18%) 

14 (28%) 
5 (10%) 
5 (10%) 

1 (2%) 
3 (6%) 

16 (32%) 

(50) 

(48) 
1 (2%) 
1 (2%) 

(47) 

(47) 
1 (2%) 
1 (2%) 
1 (2%) 
4 (9%) 

(50) 
1 (2%) 

34 (68%) 
7 (14%) 

11 (22%) 
5 (10%) 
5 (10%) 

(50) 

2 (4%) 
7 (14%) 
1 (2%) 
2 (4%) 

(49) 

1 (2%) 

1 (2%) 
2 (4%) 

(50) 

(50) 

1 (2%) 

4 (8%) 
4 (8%) 
1 (2%) 

2 (4%) 
7 (14%) 
1 (2%) 

3 ( 6 % )  

1 (2%) 
7 (15%) 

3 (6%) 

15 (30%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Hematopoiesis 
#Bone marrow 

Fibrosis 

(50) 

(48) 

(50) 

(46) 

(50) 

(48) 
1 (2%) 

4 (8%) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#Spleen (50) (50) (49) 

Fibrosis 6 (12%) 4 (8%) 4 (8%) 
Necrosis, NOS 3 (6%) 1 (2%) 
Hemosiderosis 1 (2%) 1 (2%1 
Metaplasia, osseous 1 (2%) 
Hematopoiesis 1 (2%) 1 (2%) 

#Mandibular lymph node (46) (44) (46) 

#Thoracic lymph node (46) (44) (46) 
Hyperplasia, NOS 8 (17%) 10 (23%) 12 (26%) 

Hemosiderosis 1 (2%) 1 (2%) 
Hyperplasia, NOS 1 (2%) 1 (2%) 

Hyperplasia, lymphoid 1 (2%) 

Leukocytosis, NOS 2 (4%) 1 (2%) 
Hematopoiesis 1 (2%) 

Hyperplasia, lymphoid 1 (2%) 

Hematopoiesis 2 (4%) 2 (4%) 

Degeneration, cystic 1 (3%) 

#Lung (50) (47) (50) 

#Liver (50) (50) (49) 

#Colon (41) (44) (45) 

#Adrenal (49) (49) (49) 

#Thymus (35) (34) (31) 

CIRCULATORY SYSTEM 
#Brain 

Thrombosis, NOS 
*Mediastinum 

Thrombosis, NOS 
#Splenic capsule 

Thrombosis, NOS 
#Mandibular lymph node 

Lymphangiectasis 
*Nasal cavity 

Thrombosis, NOS 
#Lung 

Thrombosis, NOS 
#Heart 

Mineralization 
Thrombosis, NOS 
Thrombus, organized 
Inflammation, NOS 
Fibrosis 
Necrosis, NOS 

*Blood vessel 
Thrombosis, NOS 
Inflammation, chronic 
Hypertrophy, NOS 

Thrombosis, NOS 

Perivasculitis 

#Liver 

#Testis 

(50) 

(50) 

(50) 

(46) 

(50) 

(50) 

(50) 

1 (2%) 

9 (18%) 

1 (2%) 

1 (2%) 
6 (12%) 
1 (2%) 
5 (10%) 

41 (82%) 
1 (2%) 

(50) 

1 (2%) 

1 (2%) 

2 (4%) 

(50) 

(50) 

(50) 

(50) 

(50) 

(44) 

(50) 

(47) 

(50) 

1 (2%) 

1 (2%) 

11 (22%) 

1 (2%) 

4 (8%) 

7 (14%) 
32 (64%) 

(50) 

3 (6%) 
1 (2%) 

(50) 

(49) 

(50)  

(50) 

(49) 

1 (2%) 

1 (2%) 

(46) 

(50) 

(50) 

(50) 

2 (4%) 

19 (38%) 

2 (4%) 

10 (20%) 

1 (2%) 
33 (66%) 
1 (2%) 

1 (2%) 

3 (6%) 

1 (2%) 

3 (6%) 

(50) 

(49) 

(50) 

DIGESTIVE SYSTEM 
*Oral mucosa 

Inflammation, NOS 
Inflammation, suppurative 
Erosion 
Hyperplasia, epithelial 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
*Tongue 

Foreign body, NOS 
Inflammation, granulomatous focal 
Hyperplasia, epithelial 

Foreign body, NOS 
Inflammation, NOS 
Inflammation, suppurative 

Inflammation, NOS 
Metaplasia, squamous 

Hemorrhage 
Inflammation, suppurative 
Inflammation, granulomatous focal 
Degeneration, NOS 
Degeneration, cystic 
Degeneration, lipoid 
Necrosis, NOS 
Basophilic cyto change 
Eosinophilic cyto change 
Clear cell change 
Hepatocytomegaly 
Angiectasis 
Regeneration, NOS 

#Liver/periportal 
Inflammation, NOS 
Fibrosis 

#Bile duct 
Hyperplasia, NOS 

#Pancreas 
Inflammation, NOS 
Atrophy, focal 
Atrophy, diffuse 

#Pancreatic acinus 
Focal cellular change 

#Stomach 
Ulcer, NOS 
Hyperplasia, epithelial 

Hemorrhage 
Ulcer, NOS 
Inflammation, suppurative 
Erosion 
Degeneration, cystic 

#Forestomach 
Inflammation, NOS 
Ulcer, NOS 
Inflammation, suppurative 
Hyperplasia, epithelial 

Inflammation, NOS 

Parasitism 

Parasitism 

*Tooth 

#Salivary gland 

#Liver 

#Glandular stomach 

#Small intestine 

#Colon 

"Rectum 

(50) 

(50) 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
2 (4%) 
6 (12%) 
8 (16%) 
7 (14%) 
4 (8%) 

22 (44%) 

2 (4%) 
1 (2%) 
3 (6%) 

(48) 

(50) 

(50) 

(50) 

(43) 
26 (52%) 

11 (26%) 
4 (9%) 

1 (2%) 
(43) 

(48) 

(48) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 
(48) 

2 (4%) 

1 (2%) 

10 (24%) 

4 (8%) 

(42) 

(41) 

(50) 

(50) 
1 (2%) 
1 (2%) 

(50) 
1 (2%) 
1 (2%) 

(48) 
1 (2%) 
3 (6%) 

1 (2%) 

2 (4%) 
5 (10%) 
7 (14%) 
3 (6%) 
4 (8%) 

19 (38%) 
1 (2%) 
2 (4%) 

8 (16%) 
1 (2%) 

1 (2%) 
1 (2%) 

36 (72%) 

(50) 

(50) 

(50) 

(46) 

5 (11%) 
4 (9%) 

(46) 

(49) 
1 (2%) 
1 (2%) 

(49) 

1 (2%) 
2 (4%) 

(49) 

1 (2%) 
1 (2%) 
2 (4%) 

(47) 

(44) 

(50) 
10 (23%) 

5 (10%) 

(50) 

1 (2%) 
(50) 

(48) 

2 (4%) 
(49) 

2 (4%) 
9 (18%) 
9 (18%) 

10 (20%) 
4 (8%) 

16 (33%) 

1 (2%) 

4 (8%) 

(49) 

(49) 

(46) 
30 (61%) 

1 (2%) 
11 (24%) 
1 (2%) 

(46) 

(49) 

(49) 

(49) 
4 (8%) 
5 (10%) 
1 (2%) 
6 (12%) 

(47) 

(45) 

(50) 
4 (9%) 

4 (8%) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

~~ ~~ ~~~~ 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

URINARY SYSTEM 
#Kidney (49) (49) (50) 

Cyst, NOS 1 (2%) 
Nephropathy 48 c w % i  49 (100%) 50 (100%) 
Infarct, NOS 1 (2%) 
Nuclear enlargement 1 (2%) 37 (76%) 47 (94%) 
Hyperplasia, tubular cell 3 (6%) 5 (10%) 

Mineralization 1 (2%) 1 (2%) 

Inflammation, suppurative 2 (4%) 
Hyperplasia, epithelial 1 (2%) 

Hemorrhage 1 (2%) 1 (2%) 
Inflammation, NOS 1 (2%) 
Inflammation, suppurative 1 (2%) 2 (4%) 
Inflammation, granulomatous focal 1 (2%) 
Hyperplasia, epithelial 1 (2%) 2 (4%) 

Inflammation, NOS 1 (2%) 

# Kidney/tubule (49) (49) (50) 

#Kidney/pelvis (49) (49) (50) 

#Urinary bladder (46) (48) (48) 

*Urethra (50) (50) (50) 

ENDOCRINE SYSTEM 

Cyst, NOS 
Degeneration, NOS 
Degeneration, cystic 
Pigmentation, NOS 
Hyperplasia, NOS 

Congestion, NOS 
Hemorrhage 
Degeneration, cystic 
Degeneration, lipoid 
Necrosis, NOS 

Hyperplasia, NOS 

Hyperplasia, NOS 

Cyst, NOS 
Degeneration, cystic 
Hyperplasia, C-cell 
Hyperplasia, follicular cell 

Hyperplasia, NOS 

Hyperplasia, NOS 

#Anterior pituitary 

#Adrenal 

#Adrenal cortex 

#Adrenal medulla 

#Thyroid 

#Parathyroid 

#Pancreatic islets 

(47) 
1 (2%) 

4 (9%) 

10 (21%) 

1 (2%) 
1 (2%) 

17 (35%) 

(49) 

(49) 

(49) 

(47) 

11 (22%) 

5 (10%) 

7 (15%) 
11 (23%) 

(39) 

(43) 
2 (5%) 

5 (12%) 

(47) 

4 (9%) 

10 (21%) 
(49) 

6 (12%) 

(49) 

(49) 

(48) 

5 (10%) 

14 (29%) 

1 (2%) 
3 (6%) 
8 (17%) 

(35) 

(46) 
1 (3%) 

1 (2%) 

(48) 

1 (2%) 
8 (17%) 
1 (2%) 

12 (25%) 
(49) 

2 (4%) 
11 (22%) 
1 (2%) 

7 (14%) 

12 (24%) 

(49) 

(49) 

(46) 

2 (4%) 
5 (11%) 
1 (2%) 

2 (6%) 

2 (4%) 

(34) 

(46) 

RE PRO DUCT1 VE SYSTEM 
*Mammary gland 

Galactocele 
Hyperplasia, NOS 

*Preputial gland 
Cystic ducts 
Inflammation, NOS 
Inflammation, suppurative 
Abscess, NOS 
Inflammation, pyogranulomatous 
Hyperplasia, epithelial 

(50) 
2 (4%) 

14 (28%) 

2 (4%) 
24 (48%) 
5 (10%) 
3 (6%) 

2 (4%) 

(50) 
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(50) (50) 
1 (2%) 

27 (54%) 21 (42%) 
(50) (50) 

1 (2%) 
21 (42%) 23 (46%) 
3 (6%) 1 (2%) 

1 (2%) 
1 (2%) 
4 (8%) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

REPRODUCTIVE SYSTEM (Continued) 
#Prostate (47) (45) (45) 

Inilammation, NOS 1 (2%) 
Inflammation, suppurative 18 (38%) 10 (22%) 8 (18%) 
Hyperplasia, epithelial 4 (9%) 2 (4%) 6 (13%) 

Dilatation, NOS 1 (2%) 

Inflammation, suppurative 14 (28%) 10 (20%) 
Abscess, NOS 1 (2%) 
Fibrosis 1 (2%) 

Minerali~ation 1 (2%) 2 (4%) 3 (6%) 
Atrophy, NOS 35 (70%) 38 (78%) 42 (84%) 
Hyperplasia, epithelial 1 (2%) 
Hyperplasia, interstitial cell 5 (10%) 6 (12%) 4 (8%) 

*Seminal vesicle (50) (50) (50) 

Inflammation, NOS 2 (4%) 1 (2%) 4 (8%) 
15 (30%) 

#Testis (50) (49) (50) 

NERVOUS SYSTEM 
#Brain 

Hemorrhage 
Necrosis, focal 
Hemosiderosis 
Cytoplasmic vacuolization 
Metaplasia, osseous 

*Olfactory sensory epithelium 
Inflammation, suppurative 

(50) (50) (50) 
2 (4%) 4 (8%) 1 (2%) 
2 (4%) 2 (4%) 
1 (2%) 

1 (2%) 
1 (2%) 

(50) (50) (50) 
2 (4%) 

SPECIAL SENSE ORGANS 
*Eye 

Hemorrhage 
Degeneration, NOS 

*Eye/cornea 
Inflammation, NOS 

*Eye/crystalline lens 
Mineralization 

*Lacrimal apparatus 
Inflammation, NOS 
Hyperplasia, epithelial 
Metaplasia, squamous 

Inflammation, suppurative 
*Nasolacrimal duct 

(50) 
1 (2%) 

1 (2%) 

8 (16%) 
(50) 

(50) 

(50) 

(50) 

(50) 
3 (6%) 
1 (2%) 
3 (6%) 

7 (14%) 
( 5 0 )  

(50) 

2 (4%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 

(50 )  
5 (10%) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
'Peritoneal cavity 

Inflammation, chronic 
Necrosis, fat  
Pigmentation, NOS 
Angiectasis 

(50) (50) (50) 
1 (2%) 
1 (2%) 3 (6%) 

1 (2%) 
1 (2%) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

_ _ ~  ~ ~ ~~~~~~ ~ 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

ALL OTHER SYSTEMS 
*Multiple organs 

Mineralization 
Inflammation, active chronic 

Epidermal inclusion cyst 
Inflammation, chronic 

Inflammation, chronic 

Tail 

Foot 

(50) (50) (50) 
1 (2%) 1 (2%)  

1 (2%) 

1 
1 

2 

SPECIAL MORPHOLOGY SUMMARY 
None 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically at this site 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLdENE 

~ ~ ~ ~ ~~ 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Inflammation, suppurative 
Abscess, NOS 

(50) 

RESPIRATORY SYSTEM 
*Nasal cavity 

Foreign body, NOS 
Inflammation, NOS 
Inflammation, suppurative 
Necrosis, NOS 
Hyperplasia, epithelial 
Metaplasia, squamous 

Inflammation, NOS 
Inflammation, suppurative 
Hyperplasia, epithelial 

Inflammation, NOS 
Inflammation, suppurative 
Hyperplasia, epithelial 

Hyperplasia, epithelial 

Congestion, NOS 
Edema, NOS 
Hemorrhage 
Inflammation, NOS 
Fibrosis 
Hyperplasia, alveolar epithelium 
Histiocytosis 

*Larynx 

#Trachea 

#Lunghronchiole 

#Lung 

(50) 
1 (2%) 

11 (22%) 
8 (16%) 

1 (2%) 
2 (4%) 

4 (8%) 
3 (6%) 
1 (2%) 

3 (6%) 

I (2%) 

1 (2%) 

1 (2%) 

1 (2%) 
2 (4%) 
2 (4%) 
5 (10%) 
3 (6%) 

(50) 

(50) 

(50)  

(50) 

(50) 

3 (6%) 
6 (12%) 
1 (2%) 
3 (6%) 
4 (8%) 

1 (2%) 
5 (10%) 
1 (2%) 

(50) 

(49) 

1 (2%) 

(49) 

(49) 
2 (4%) 
1 (2%) 
1 (2%) 

2 (4%) 
4 (8%) 
6 (12%) 

(50) 

12 (24%) 
5 (10%) 

2 (4%) 

5 (10%) 
3 (6%) 
1 (2%) 

2 (4%) 

(50) 

(49) 

(49) 

(49) 

1 (2%) 
7 (14%) 
2 (4%) 
1 (2%) 
4 (8%) 
6 (12%) 

HEMATOPOIETIC SYSTEM 
#Bone marrow 

Fibrosis 
#Spleen 

Hemorrhage 
Fibrosis 
Necrosis, NOS 
Hemosiderosis 
Hematopoiesis 

#Lymph node 
Hyperplasia, NOS 

#Mandibular lymph node 
Inflammation, suppurative 
Hyperplasia, NOS 

#Thoracic lymph node 
Inflammation, NOS 
Hemosiderosis 
Hyperplasia, NOS 

#Mesenteric lymph node 
Hemosiderosis 
Histiocytosis 

Hyperplasia, lymphoid 
#Lung 
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(47) 

(50) 
1 (2%) 

1 (2%) 
11 (22%) 
3 (6%) 

(47) 

(47 ) 
1 (2%) 
7 (15%) 

1 (2%) 
(47) 

116 

(48) 

(49) 

3 (6%) 
2 (4%) 

1 (2%) 
(44) 

(44) 

9 (20%) 
(44) 

2 (5%)  
1 (2%) 

(44) 

(49) 
1 (2%) 

(46) 

(49) 
1 (2%) 

1 (2%) 
3. (6%) 

7 (148) 
1 (2%) 

2 (4%) 
(45) 

(45) 

9 (20%) 
(45) 

(45) 



TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

~~ ~ - -  

HEMATOPOIETIC SYSTEM (Continued) 
#Liver (50) (50) (49) 

#Kidney (50) (49) (50) 

#Adrenal (50)  (49) (47) 

#Thymus (40) (39) (35)  

Leukocytosis, NOS 1 (2%) 
Hematopoiesis 1 (2%) 1 (2%) 1 (2%) 

Hematopoiesis 1 (2%) 

Hematopoiesis 1 (2%) 3 (6%) 

Degeneration, cystic 1 (3%) 3 (8%) 
Metaplasia, squamous 1 (3%) 

CIRCULATORY SYSTEM 
*Lacrimal apparatus (50) (50) (50) 

'Multiple organs (50) (50) (50) 

*Nasal cavity (50) (50) (50) 

#Heart  (50)  (50 )  (49) 

Thrombosis, NOS 1 (2%) 

Perivasculitis 1 (2%) 

Thrombosis, NOS 3 (6%) 10 (20%) 7 (14%) 

Mineralization 1 (2%) 
Thrombosis, NOS 1 (2%) 4 (8%) 2 (4%) 
Inflammation, NOS 14 (28%) 19 (38%) 18 (37%) 
Fibrosis 27 (54%) 28 (56%) 18 (37%) 

Inflammation, chronic 2 (4%) 
Hypertrophy, NOS 1 (2%) 

Thrombosis, NOS 1 (2%) 

*Blood vessel (50) (50) (50) 

#Liver (50) (50) (49) 

DIGESTIVE SYSTEM 
*Oral mucosa (50) (50) (50) 

Foreign body, NOS 1 (2%) 
Inflammation, suppurative 1 (2%) 1 (2%) 
Inflammation, chronic 1 (2%) 

Granuloma, foreign body 1 (2%) 
Hyperplasia, epithelial 1 (2%) 

Necrosis, focal 1 (2%) 

Inflammation, NOS 1 (2%) 3 (6%) 3 (6%) 
Hyperplasia, epithelial 1 (2%) 1 (2%) 3 (6%) 
Metaplasia, squamous 1 (2%) 6 (13%) 4 (8%) 

Inflammation, NOS 1 (2%) 1 (2%) 
Inflammation, suppurative 2 (4%) 
Inflammation, granulomatous focal 15 (30%) 14 (28%) 16 (33%) 
Degeneration, NOS 1 (2%) 3 (6%) 6 (12%) 
Degeneration, cystic 1 (2%) 
Degeneration, lipoid 8 (16%) 16 (32%) 8 (16%) 
Necrosis, NOS 3 (6%) 6 (12%) 5 (10%) 
Pigmentation, NOS 1 (2%) 3 (6%) 1 (2%) 
Basophilic cyto change 28 (56%) 25 (50%) 23 (47%) 
Eosinophilic cyto change 2 (4%) 
Clear cell change 1 (2%) 
Angiectasis 1 (2%) 
Regenerative nodule 1 (2%) 

Inflammation, NOS 1 (2%) 1 (2%) 1 (2%) 

*Tongue (50)  (50) (50) 

*Tooth (50) (50) (50) 

#Salivary gland (47) (48) (50)  

#Liver 150) (50) (49) 

#Liver/periportal (50) (50) (49) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#Bile duct (50) (50) (49) 

#Pancreas (50) (47) (46) 
Hyperplasia, NOS 6 (12%) 6 (12%) 3 (6%) 

Atrophy, focal 10 (20%) 4 (9%) 6 (13%) 
Atrophy, diffuse 3 (6%) 1 (2%) 

Focal cellular change 1 (2%) 1 (2%) 

Inflammation, NOS 1 (2%) 
Metaplasia, squamous 1 (2%) 

Hemorrhage 1 (2%) 
Inflammation, suppurative 1 (2%) 
Erosion 2 (4%) 2 (4%) 

Inflammation, NOS 2 (4%) 2 (4%) 
Ulcer, NOS 3 (6%) 4 (8%) 
Inflammation, suppurative 1 (2%) 1 (2%) 
Hyperplasia, epithelial 7 (14%) 5 (10%) 2 (4%) 

Parasitism 1 (2%) 

Parasitism 8 (17%) 8 (18%) 6 (14%) 

Parasitism 1 (2%) 1 (2%) 

Parasitism 1 (2%) 

#Pancreatic acinus (50) (47) (46) 

+Pharyngeal mucous gland (50) (50) (50) 

#Glandular stomach (49) (49) (48) 

#Forestomach (49) (49) (48) 

#Ileum (49) (49) (48) 

#Colon (46) (45) (42) 

*Rectum (50) (50) (50) 

*Anus (50) (50) (50) 

URINARY SYSTEM 
#Kidney (50) (49) (50) 

Cyst, NOS 1 (2%) 
Inflammation, suppurative 1 (2%) 
Inflammation, chronic focal 1 (2%) 
Nephropathy 46 (92%) 46 (94%) 47 (94%) 
Nephrosis, NOS 1 (2%) 

Hyperplasia, tubular cell 1 (2%) 
Nuclear enlargement 8 (16%) 20 (40%) 

ENDOCRINE SYSTEM 

Hyperplasia, NOS 

Cyst, NOS 
Degeneration, cystic 
Hyperplasia, NOS 

Fibrosis 
Degeneration, cystic 
Degeneration, lipoid 
Necrosis, NOS 

Cytologic alteration, NOS 
Hyperplasia, NOS 

Cytoplasmic vacuolization 
Hyperplasia, NOS 

Degeneration, cystic 
Hyperplasia, C-cell 

#Pituitary intermedia 

#Anterior pituitary 

#Adrenal 

#Adrenal cortex 

#Adrenal medulla 

#Thyroid 

Tetrachloroethylene, NTP TR 31 1 

(50) 

(50) 
1 (2%) 

1 (2%) 
21 (42%) 
13 (26%) 

(50) 

17 (34%) 
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(48) 

(48) 

29 (60%) 
13 (27%) 

1 (2%) 
1 (2%) 

16 (33%) 
1 (2%) 

1 (2%) 
6 (12%) 

(49) 

(49) 

(49) 

3 (6%) 

1 (2%) 
12 (25%) 

(48) 

(50) 

(50) 
1 (2%) 

1 (2%) 
30 (60%) 
11 (22%) 

(47) 

14 (30%) 
2 (4%) 

(47) 

11 (23%) 
(47) 

4 (9%) 
(46) 

15 (33%) 



TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM (Continued) 
#Parathyroid (27) (27) (34) 

#Pancreatic islets (50) (47) (46) 
Hyperplasia, NOS 1 (4%) 

Hyperplasia, NOS 2 (4%) 1 (2%) 

REPRODUCTIVE SYSTEM 
*Mammary gland (50) (50) (50) 

Galactocele 1 (2%) 
Fibrosis 1 (2%) 
Hyperplasia, NOS 34 (68%) 39 (78%) 37 (74%) 

Inflammation, suppurative 2 (4%) 1 (2%) 
Hyperplasia, focal 3 16%) 1 (2%) 

Dilatation, NOS 2 (4%) 
Cyst, NOS 1 (2%) 
Hematoma, NOS 1 (2%) 
Inflammation, suppurative 1 12%) 

Hyperplasia, NOS 1 (2%) 3 (6%) 

*Clitoral gland (50) (50) (50) 

#Uterus (49) (49) (50)  

#Cervix uteri (49) (49) (50) 

#Uterus/endometrium (49) (49) (50) 
Inflammation, suppurative 1 (2%) 
Hyperplasia, NOS 1 (2%) 2 (4%) 1 (2%) 
Hyperplasia, cystic 1 (2%) 

Cyst, NOS 1 (2%) 1 (2%) 2 (4%) 
Inflammation, chronic 1 (2%) 
Degeneration, cystic 1 (2%) 
Atrophy, NOS 10 (20%) 7 (14%) B (16%) 
Hyperplasia, granulosa cell 1 (2%) 
Hyperplasia, epithelial 1 (2%) 2 (4%) 3 (6%) 

#Ovary (49) (49) (50) 

NERVOUS SYSTEM 
#Braidmeninges 

#Brain 
Inflammation, NOS 

Hemorrhage 
Necrosis, focal 
Malacia 
Cytoplasmic vacuolization 

*Olfactory sensory epithelium 
Inflammation, suppurative 

(50) 

(50) 
1 (2%) 

2 (4%) 
1 (2%) 

(50) 

(50) (50) 

(50) (50) 
3 (6%) 2 (4%) 

1 (2%) 
1 (2%)  
1 (2%) 

1 (2%) 
(50) (50) 

SPECIAL SENSE ORGANS 
*Eye 

Degeneration, NOS 
*Eye/crystalline lens 

Mineralization 
*Lacrimal apparatus 

Dilatatiodducts 
Inflammation, NOS 
Fibrosis 
Metaplasia, squamous 

Inflammation, NOS 
Inflammation, suppurative 
Hyperplasia, NOS 

*Nasolacrimal duct 

1 (2%) 

3 (6%) 

1 (2%) 
0 (16%) 

(50) 

(50) 

(50) 

(50) 

2 (4%) 

2 (4%) 

1 (2%) 
6 (12%) 
1 (2%) 
3 (6%) 

(50)  

6 (12%) 
1 (2%) 

(50) 

(50) 

(50) 

1 (2%) 

1 (2%) 

2 (4%) 
6 (12%) 

5 (10%) 

1 (2%) 
10 (20%) 

(50)  
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

MUSCULOSKELETAL SYSTEM 
*Bone 

Osteosclerosis 
(50) (50) 

1 (2%) 

BODY CAVITIES 
*Peritoneal cavity (50) (50) (50) 

Inflammation, granulomatous focal 1 (2%) 1 (2%) 
Necrosis, fat  1 (2%) 2 (4%) 3 (6%)  
Hemosiderosis 1 (2%) 
Angiectasis 1 (2%)  

ALL OTHER SYSTEMS 
Adipose tissue 

Inflammation, NOS 1 
Inflammation, granulomatous focal 
Degeneration, NOS 1 
Pigmentation, NOS 

SPECIAL MORPHOLOGY SUMMARY 
None 

* Number of animals receiving complete necropsy examination; all gross lesions including masses exaimined microscopically. 
# Number of animals examined microscopically at this site 
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APPENDIX D 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 

LESIONS IN MICE IN THE TWO-YEAFL 

INHALATION STUDIES 

OF TETRACHLOROETHYLENE 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 50 50 
ANIMALS NECROPSIED 49 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 49 50 50 

INTEGUMENTARY SYSTEM 
*Skin (49) (50) (50) 

Abscess, NOS 1 (2%) 
Necrosis, focal 1 (2%) 
Atrophy, NOS 1 (2%) 2 (4%) 
Atrophy, focal 2 (4%) 
Hyperkeratosis 1 (2%) 
Acanthosis 1 (2%) 

Epidermal inclusion cyst 1 (2%) 
Abscess,NOS 2 (4%) 
Inflammation, chronic focal 1 (2%) 1 (2%) 
Inflammation, chronic diffuse 1 (2%) 
Granulation tissue 1 (2%) 

*Subcutaneous tissue (49) (50) 

RESPIRATORY SYSTEM 
*Nasal cavity (49) (50) (50) 

Hematoma, NOS 1 (2%) 
Empyema 1 (2%) 
Inflammation, chronic focal 30 (61%) 23 (46%) 30 (60%) 

Cyst, NOS 2 (4%) 

Edema, NOS 1 (2%) 

Inflammation, chronic focal 1 (2%) 1 (2%) 2 (4%) 

+Nasal gland (49 ) (50) (50) 

*Nasal septum (49) (50) (50) 

*Larynx (49) (50) (50) 

*Laryngeal gland (49) (50) (50) 

#Trachea (49) (48) (50) 
Cyst, NOS 4 (8%) 3 (6%) 

Inflammation, chronic focal 1 (2%) 
Hyperplasia, epithelial 1 (2%) 
Hyperplasia, pseudoepitheliomatous 1 (2%) 
Polyp, NOS 1 (2%) 
Metaplasia, squamous 1 (2%) 

Necrosis, focal 1 (2%) 

Cyst, NOS 15 (31%) 6 (12%) 
Inflammation, suppurative 1 (2%) 
Inflammation, acute 
Inflammation, acute focal 2 (4%) 
Inflammation, chronic focal 

Cytoplasmic aggregate, NOS 1 (2%) 

#Tracheal gland (49) (50) 
Cyst,  NOS 45 (92%) 32 (64%) 

#Bronchial mucous gland (49) (50) 

#Lung/bronchiole (49) (50) 
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(48) 
26 (54%) 

(49) 
3 (6%) 

1 (2%) 

1 (2%) 
(49) 

(50) 



TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

RESPIRATORY SYSTEM (Continued) 
#Lung 

Mineralization 
Emphysema, NOS 
Atelectasis 
Congestion, acute passive 
Edema, NOS 
Hemorrhage 
Inflammation, interstitial 
Inflammation, acute diffuse 
Fibrosis, diffuse 
Perivascular cuffing 
Hyperplasia, alveolar epithelium 
Bronchiolization 
Histiocytosis 

(49) (49) 
1 (2%) 
6 (12%) 

1 (2%) 
1 (2%) 8 (16%) 

3 (6%) 

1 (2%) 

2 (4%) 
1 (2%) 

2 (4%) 

1 (2%) 

(50) 

1 (2%) 

10 (20%) 
1 (2%) 
2 (4%) 
1 ' (2%) 

1 (2%) 
1 (2%) 

1 (2%) 

HEMATOPOIETIC SYSTEM 
*Skin 

#Bone marrow 
Mastocytosis 

Hemosiderosis 
Myelofibrosis 

Accessory structure 
Congestion, acute passiv 
Hematoma, NOS 
Necrosis, focal 
Atrophy, NOS 
Hyperplasia, lymphoid 
Hematopoiesis 

Histiocytosis 
Plasmacytosis 
Hyperplasia, lymphoid 

#Mandibular lymph node 
Hemosiderosis 
Histiocytosis 
Hyperplasia, lymphoid 
Mastocytosis 

Necrosis, focal 
Histiocytosis 
Hyperplasia, lymphoid 

#Mediastinal lymph node 
Plasmacytosis 
Hematopoiesis 

Histiocytosis 
Hyperplasia, lymphoid 
Hematopoiesis 

Erythrophagocytosis 
Hyperplasia, lymphoid 

Hematopoiesis 

Hyperplasia, lymphoid 

#Spleen 

#Lymph node 

#Bronchial lymph node 

#Mesenteric lymph node 

#Lung 

#Liver 

#Peyer's patch 

(49) 

(49) 

(49) 

1 (2%) 

6 (12%) 
1 (2%) 

1 (4%) 

3 (12%) 

1 (4%) 

2 (8%) 
1 (4%) 

(25) 

(25) 

(25) 

125) 

(25) 
1 (4%) 
3 (12%) 
1 (4%) 

(49) 

16 (33%) 

3 (6%) 

1 (2%) 

(49) 

(49) 
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(48) 
1 (2%) 
1 (2%) 

1 (2%) 
2 (4%) 
4 (8%) 

(24) 

(24) 

(24) 

(24) 

1 (4%) 
(24) 

(49) 

7 (14%) 

1 (2%) 

1 (2%) 

(49) 

(42) 

(50) 

(49) 
1 (2%) 
I (2%) 

(50) 

1 (2%) 
1 (2%) 
1 (2%) 
5 (10%) 
2 (4%) 

(27) 

1 (4%) 

(27) 

3 (11%) 
1 (4%) 

(27) 
1 (4%) 
1 (4%) 
1 (4%) 

1 (4%) 
(27) 

(27) 

1 (4%) 

1 (2%) 
11 (22%) 

1 (2%) 

(50) 

(50) 

(45) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#Kidney (49) (49) (501 

#Thymus (25) (18) (27) 
Hematopoiesis 1 (2%) 2 (4%) 

Cyst, NOS 1 (4%) 1 (4%) 

CIRCULATORY SYSTEM 
*Peritoneum 

Lymphangiectasis 
Perivasculitis 

Periarteritis 

Thrombosis, NOS 
Perivasculitis 

Thrombosis, NOS 
Congestion, acute passive 
Hemorrhage 
Inflammation, acute focal 
Inflammation, chronic 
Fibrosis 
Fibrosis, focal 
Degeneration, NOS 
Necrosis, NOS 
Necrosis, focal 

Inflammation, NOS 

Degeneration, mucoid 
Hemosiderosis 

"Aorta 
Inflammation, chronic focal 

*Coronary artery 
Inflammation, chronic focal 

*Pulmonary artery 
Periarteritis 

*Pulmonary vein 
Thrombosis, NOS 
Inflammation, chronic 

Thrombosis, NOS 

Perivasculitis 

*Larynx 

#Lung 

#Heart  

#Endocardium 

#Cardiac valve 

#Kidney 

#Testis 

(49) 
1 (2%) 
1 (2%) 

(49) 

(49) 

1 (2%) 
(49) 

(49) 

(49) 
30 (61%) 
2 (4%) 

1 (2%) 

1 (2%) 

1 (2%) 

(49) 

(49) 

(49) 

(49) 

(49) 

(49) 

(50) 

(50) 

(49) 

1 (2%) 

2 (4%) 
(50) 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 

17 (34%) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 
1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 

(49) 

(48) 

(50) 

(501 

(50) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 

(50) 

2 (4%) 

(50) 

(49) 

DIGESTIVE SYSTEM 

Deformity, NOS 
Inflammation, acute focal 
Abscess, NOS 
Inflammation, chronic focal 
Necrosis, focal 

*Periodontal tissues 
Inflammation, chronic diffuse 
Hyperplasia, focal 

Lymphocytic inflammatory infiltrate 
Inflammation, chronic focal 

*Root of tooth 

#Salivary gland 

(49) (50) (501 
1 (2%) 
1 (2%) 
2 (4%) 1 (2%) 1 (2%) 
3 (6%) 
3 (6%) 

1 (2%) 
1 (2%) 

(49) (50) (50) 

(49) (48) (48) 
12 (24%) 12 (25%) 12 (25%) 

1 (2%) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#Liver 

Cyst, NOS 
Edema, NOS 
Hemorrhage 
Inflammation, acute 
Inflammation, acute focal 
Inflammation, chronic focal 
Fibrosis, focal 
Degeneration, NOS 
Degeneration, lipoid 
Necrosis, NOS 
Necrosis, focal 
Inclusion, nuclear 
Cytoplasmic vacuolization 
Basophilic cyto change 
Focal cellular change 
Eosinophilic cyto change 
Cytoplasmic aggregate, NOS 
Hyperplasia, focal 
Angiectasis 
Regeneration, NOS 

#Liver/Kupffer cell 
Hyperplasia, focal 

*Gallbladder 
Cyst, NOS 

#Bile duct 
Hyperplasia, focal 

#Pancreas 
Lymp hocytic inflammatory infiltrate 
Degeneration, NOS 
Necrosis, NOS 
Focal cellular change 

#Stomach 
Erosion 

#Glandular stomach 
Mineralization 
Dilatation, NOS 
Cyst, NOS 
Inflammation, serous 
Inflammation, chronic focal 
Hyperplasia, focal 
Polyp, NOS 
Metaplasia, squamous 

#Forestomach 
Hyperplasia, pseudoepitheliomatous 
Hyperkeratosis 

#Intestinal villus 
Atrophy, NOS 

#Duodenum 
Inflammation, chronic focal 

#Ileum 
Hyperplasia, epithelial 

*Rectum 
Cyst, NOS 

(49) 

1 (2%) 
1 (2%) 

1 (2%) 

2 (4%) 

1 (2%) 

2 (4%) 

2 (4%) 

1 (2%) 
5 (10%) 

(49) 

(49) 

(49) 

(47) 

1 (2%) 

1 (2%) 
(48) 

(48) 
1 (2%) 
1 (2%) 
2 (4%) 

1 (2%) 

3 (6%) 
(48) 

(49) 

(49) 

(49) 

(49) 

1 (2%) 

1 (2%) 

(49) 
1 (2%) 

1 (2%) 
2 (4%) 

4 (8%) 
4 (8%) 
2 (4%) 
4 (8%) 
5 (10%) 

2 (4%) 
2 (4%) 
2 (4%) 
2 (4%) 

(49) 

(50) 

(49) 

(48) 

1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 

(44) 

(44) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

(44) 

(42) 

(42) 

(42) 

(50) 
2 (4%) 

(50) 

1 (2%) 
2 (4%) 

1 (2%) 
1 (2%) 
1 (2%) 
8 (16%) 
6 (12%) 
5 (10%) 

10 (20%) 
9 (18%) 
1 (2%) 

1 (2%) 
2 (4%) 
4 (8%) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 
(50 )  

(50) 

(50) 

(47) 
1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

2 (4%) 
1 (2%) 
1 (2%) 
2 (4%) 

2 (4%) 

(49) 

(49) 

(49) 

1 (2%) 
(45) 

(45) 

(45) 

(50) 

1 (2%) 

125 Tetrachloroethylene, NTP TR 311 



TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

URINARY SYSTEM 
#Kidney 

Cyst, NOS 
Hemorrhage 
Lymphocytic inflammatory infiltrate 
Inflammation, suppurative 
Nephrosis, NOS 
Glomerulosclerosis, NOS 
Necrosis, NOS 
Infarct, NOS 
Hyperplasia, tubular cell 

#Kidney/glomerulus 
Atrophy, focal 

#Kidney/tubule 
Mineralization 
Cast, NOS 
Necrosis, NOS 
Nuclear enlargement 
Eosinophilic cyto change 
Atrophy, focal 

Inflammation, suppurative 
Inflammation, acute focal 
Inflammation, acute/chronic 

#Urinary bladder 
Ulcer, NOS 
Inflammation, suppurative 
Inflammation, chronic 
Inflammation, chronic focal 
Inflammation, chronic diffuse 
Granulation tissue 
Hyperplasia, epithelial 

#Kidney/pelvis 

(49) 
3 (6%) 
4 (8%) 

38 (78%) 

22 (45%) 

1 (2%) 

1 (2%) 
(49) 

(49) 
1 (2%) 
3 (6%) 

4 (8%) 

1 (2%) 

1 (2%) 
(49) 

(48) 

1 (2%) 

1 (2%) 

(49) 
2 (4%) 
2 (4%) 

27 (55%) 

24 (49%) 
1 (2%) 

1 (2%) 
2 (4%) 

(49) 

(49) 

9 (18%) 
1 (2%) 

17 (35%) 

(49) 

1 (2%) 

(46) 

(50) 
1 (2%) 
5 (10%) 

28 (56%) 
2 (4%) 

28 (56%) 

1 (2%) 

4 (8%) 

1 (2%) 
(50) 

(50) 

15 (30%) 

46 (92%) 
1 (2%) 

(50) 

1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 
2 (4%) 

(48) 

ENDOCRINE SYSTEM 

Cyst, NOS 

Accessory structure 
Necrosis, NOS 
Atrophy, NOS 

#AdrenaUcapsule 
Hyperplasia, NOS 
Hyperplasia, focal 

#Adrenal cortex 
Cyst, NOS 
Fibrosis 
Degeneration, NOS 
Hyperplasia, NOS 
Hyperplasia, focal 

Cyst, NOS 
Degeneration, NOS 
Hyperplasia, focal 

Cyst, NOS 
Lymphocytic inflammatory infiltrate 
Hyperplasia, follicular cell 

#Parathyroid 
Cyst, NOS 

#Pituitary 

#Adrenal 

#Adrenal medulla 

#Thyroid 

(47) 

(49) 
2 (4%) 

1 (2%) 

1 (2%) 

40 (82%) 
1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 
3 (6%) 

2 (4%) 

(49) 

(49) 

(49) 

(47) 
3 (6%) 

1 (2%) 
(20) 

(48) 
27 (56%) 

(48) 
2 (4%) 

2 (4%) 

4 (8%) 
1 (2%) 

(48) 

(46) 

(15) 

(44) 

(49) 
2 (5%) 

1 (2%) 

(49) 
29 (59%) 

(49) 
3 (6%) 
2 (4%) 
2 (4%) 

1 (2%) 

1 (2%) 

3 (6%) 

1 (2%) 
1 (2%) 
1 (2%) 

2 (10%) 

(49) 

(50) 

(21) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Cystic ducts 
Inflammation, chronic focal 
Fibrosis, focal 
Hyperplasia, NOS 

Inflammation, suppurative 
Inflammation, chronic focal 
Necrosis, NOS 

Ulcer, NOS 
Inflammation, suppurative 
Abscess, NOS 
Necrosis, NOS 

*Preputial gland 
Cyst, NOS 
Inflammation, suppurative 
Abscess, NOS 
Inflammation, chronic diffuse 

Inflammation, suppurative 

Dilatation, NOS 
Inflammation, suppurative 
Hyperplasia, epithelial 

Mineralization 
Inflammation, acute suppurative 
Atrophy, NOS 
Atrophy, focal 
Atrophy, diffuse 
Hyperplasia, interstitial cell 

Inclusion, nuclear 

*Penis 

*Prepuce 

#Prostate 

*Seminal vesicle 

#Testis 

#Interstitial cell of Leydig 

(49) 
1 (2%) 
1 (2%) 
1 (2%) 
2 (4%) 

(49) 

(49) 

(49) 
3 (6%) 

2 (4%) 

(48) 

(49) 
1 (2%) 
1 (2%) 

(49) 
1 (2%) 

1 (2%) 
1 (2%) 

(49) 

(50) 

(50) 

(50) 

1 (2%) 

(50) 
2 (4%) 

(46) 

(50) 
1 (2%) 

1 (2%) 
1 (2%) 

4 (8%) 
1 (2%) 
1 (2%) 
4 (8%) 

1 (2%) 
(48) 

(50) 

(50) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 
2 (4%) 

4 (8%) 
1 (2%) 
1 (2%) 
1 (2%) 

(50) 

(50) 

(44) 

(50) 
3 (6%) 

1 (2%) 

1 (2%) 
1 (2%) 

(49) 

3 (6%)  
(49) 

NERVOUS SYSTEM 
#Braidmeninges 

#Fourth ventricle 

#Cerebrum 

#Brain 

Lymphocytic inflammatory infiltrate 

Dilatation, NOS 

Degeneration, NOS 

Gliosis 
Fibrosis, focal 
Cytoplasmic vacuolization 

#Braidthalamus 
Corpora amylacea 

*Olfactory sensory epithelium 
Atrophy, focal 

(49) 

(491 
1 (2%) 

(49) 

(49) 

(49) 

(49) 
18 (37%) 

1 (2%) 
1 (2%) 

11 (22%) 
(50) 

(50) 

(50) 

(50) 
25 (50%) 

1 (2%) 

SPECIAL SENSE ORGANS 
*Nasolacrimal duct 

Inflammation, suppurative 
Inflammation, chronic focal 
Inflammation, chronic diffuse 

Inflammation, chronic 
*Zymbal gland 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE I N  THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

MUSCULOSKELETAL SYSTEM 
*Skull 

*Sternum 

*Skeletal muscle 

*Cartilage, NOS 

*Perichondrium 

Hemorrhage 

Hematoma, NOS 

Fibrosis 

Necrosis, focal 

Hyperplasia, NOS 

BODY CAVITIES 
*Mediastinum 

Inflammation, suppurative 
Inflammation, chronic diffuse 

Inflammation, suppurative 
Abscess, NOS 
Inflammation, chronic diffuse 
Necrosis, fa t  

Inflammation, chronic focal 

*Peritoneum 

*Pleura 

(49) (50) (50) 
1 (2%) 

1 (2%) 

1 (2%) 1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 1 (2%) 

(49) (50) (50) 

(49) (50) (50) 

ALL OTHER SYSTEMS 
*Multiple organs 

Abscess, NOS 
(49) 

SPECIAL MORPHOLOGY SUMMARY 
Animal missexedho necropsy 
Autolnecropsyhisto perf 

1 
1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically at this site 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMAL8E MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 49 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 49 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Inflammation, acute focal 
Inflammation, chronic 
Inflammation, chronic focal 
Degeneration, NOS 
Necrosis, NOS 
Atrophy, NOS 
Hyperkeratosis 
Acanthosis 
Parakeratosis 

*Subcutaneous tissue 
Inflammation, chronic diffuse 

(49) (50) (50) 
1 (2%) 

1 (2%) 
1 (2%) 1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 

(49) (50) (50) 
1 (2%) 

RESPIRATORY SYSTEM 
*Nasal cavity 

Inflammation, chronic 
Inflammation, chronic focal 
Cytoplasmic aggregate, NOS 
Hyperplasia, focal 

*Nasal gland 
Cyst, NOS 

*Larynx 
Inflammation, chronic focal 
Fibrosis, focal 
Metaplasia, squamous 

*Laryngeal gland 
Cyst, NOS 

#Trachea 
Inflammation, chronic focal 
Hyperplasia, epithelial 
Metaplasia, squamous 

#Tracheal gland 
Cyst, NOS 

#Lung/bronchus 

#Bronchial mucous gland 
Cyst, NOS 

#Lung 
Mineralization 
Emphysema, NOS 
Congestion, acute passive 
Hemorrhage 
Inflammation, interstitial 
Inflammation, acute focal 
Inflammation, acute diffuse 
Pneumonia, interstitial chronic 
Inflammation, chronic focal 
Thrombophlebitis 
Fibrosis, focal 
Fibrosis, multifocal 
Fibrosis, diffuse 
Perivascular cuffing 
Hyperplasia, alveolar epithelium 
Histiocytosis 

Inflammation, chronic focal 

(49) 
1 (2%) 

28 (57%) 

(49) 

(49) 

(49) 

(48) 
2 (4%) 

1 (2%) 

(48) 

(48) 

(48) 

(48) 

33 (69%) 

5 (10%) 

1 (2%) 
2 (4%) 
1 (2%) 
3 (6%) 

1 (2%) 
2 (4%) 

2 (4%) 

1 (2%) 
1 (2%) 
2 (4%) 
1 (2%) 

(50) 

29 (58%) 
1 (2%) 
1 (2%) 

2 (4%) 
(50) 

(50) 

1 (2%) 

(50) 

(50) 
4 (8%) 

1 (2%) 
1 (2%) 

16 (32%) 
(50) 

(50) 

(50) 

(50) 
1 (2%) 

1 (2%) 
1 (2%) 
5 (10%) 
1 (2%) 
1 (2%) 

3 (6%) 

1 (2%) 

(50) 

24 (48%) 

(50) 

(50) 

(50) 

(50) 

12 (24%) 

1 (2%) 

2 (4%) 

2 (4%) 
6 (12%) 
1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 
2 (4%) 
1 (2%) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

H E MATOPO I ETIC SYSTEM 
#Brain 

*Multiple organs 
Hematopoiesis 

Erythrophagocytosis 
Hyperplasia, lymphoid 
Hematopoiesis 

Hyperplasia, NOS 
Myelofibrosis 
Hyperplasia, hematopoietic 
Hypoplasia, hematopoietic 

Necrosis, NOS 
Hemosiderosis 
Hyperplasia, lymphoid 
Hematopoiesis 

#Lymph node 
Inflammation, chronic 

#Mandibular lymph node 
Hemosiderosis 
Histiocytosis 
Hyperplasia, lymphoid 

Edema, NOS 
Inflammation, acute diffuse 
Hemosiderosis 
Histiocytosis 
Hyperplasia, lymphoid 

#Mediastinal lymph node 
Histiocytosis 
Plasmacytosis 

Hematopoiesis 

Leukemoid reaction 
Hyperplasia, lymphoid 

Hematopoiesis 

Hyperplasia, lymphoid 

Hematopoiesis 

Hematopoiesis 

Hematopoiesis 

Edema, NOS 
Inflammation, chronic 
Necrosis, NOS 
Atrophy, NOS 

#Bone marrow 

#Spleen 

#Bronchial lymph node 

#Mesenteric lymph node 

#Lung 

#Liver 

#Peyer’s patch 

#Kidney 

#Adrenal 

#Adrenal cortex 

#Thymus 

(48) 

(49) 

1 (2%) 
(48) 

30 (63%) 

(49) 

2 (4%) 
3 (6%) 
6 (12%) 

(34) 

(34) 
1 (3%) 

3 (9%) 

1 (3%) 
1 (3%) 
1 (3%) 

2 (6%) 

(34) 

(34) 

(34) 

(48) 
1 (2%) 

21 (44%) 

2 (4%) 
(48) 

(48) 

(48) 

(47) 

(47) 

(35) 

2 (4%) 

1 (2%) 

1 (3%) 

(49) 

(50) 
1 (2%) 

(49) 
1 (2%) 
30 (61%) 
1 (2%) 

(49) 
1 (2%) 

7 (14%) 
6 (12%) 

(31) 

(31) 

1 (3%) 
1 (3%) 

(31) 

(31) 
1 (3%) 

(31) 

(50) 
1 (3%) 

17 (34%) 

3 (6%) 
(50) 

(45) 

(49) 

(49) 

(49) 

(39) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (3%) 

(50) 

(50) 
1 (2%) 
4 (8%) 
2 (4%) 

(48) 

20 (42%) 

1 (2%) 
(50) 

3 (6%) 
17 (34%) 

1 (4%) 
(26) 

(26) 

1 (4%) 

(26) 

1 (4%) 

(26) 

1 (4%) 

1 (4%) 
(26) 

(50) 

7 (14%) 

4 (8%) 

1 (2%) 

4 (8%) 

(50) 

(46) 

(50) 

(49) 

(49) 

(22) 
1 (2%) 

1 (5%) 
1 (5%) 

1 (5%)  
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

CIRCULATORY SYSTEM 
#Lung (48) (50) (50) 

Thrombosis, NOS 1 (2%) 1 (2%) 
Perivasculitis 2 (4%) 

Thrombosis, NOS 1 (2%) 
Inflammation, acute 1 (2%) 
Inflammation, acute focal 1 (2%) 2 (4%) 
Inflammation, chronic 1 (2%) 
Inflammation, chronic focal 1 (2%) 2 (4%) 
Fibrosis 1 (2%) 
Necrosis, NOS 1 (2%) 

Inflammation, chronic focal 1 (2%) 

Degeneration, mucoid 17 (35%) 17 (34%) 7 (14%) 
Hemosiderosis 1 (2%) 2 (4%) 

Thrombus, organized 1 (2%) 

Periarteritis 1 (2%) 

Thrombosis, NOS 2 (4%) 
Periarteritis 1 (2%) 
Perivasculitis 1 (2%) 

#Heart  (48) (50) (50) 

#Heada t r ium (48) (50) (50) 

#Cardiac valve (48) (50) (50) 

#Kidney (48) (49) (50) 

#Urinary bladder (46) (48) (47) 

#Ovary (48) (49) (43) 

DIGESTIVE SYSTEM 
*Periodontal tissues (49) (50) (50) 

Abscess, NOS 1 (2%) 

Lymphocytic inflammatory infiltrate 6 (13%) 10 (20%) 10 (20%) 
Inflammation, chronic focal 2 (4%) 
Hemosiderosis 1 (2%) 

Mineralization 1 (2%) 
Cyst, NOS 1 (2%) 1 (2%) 2 (4%) 
Hemorrhage 1 (2%) 
Lymphocytic inflammatory infiltrate 1 (2%) 
Inflammation, acute focal 2 (4%) 1 (2%) 
Abscess, NOS 1 (2%) 
Inflammation, chronic focal 2 (4%) 3 (6%) 
Fibrosis, focal 1 (2%) 
Degeneration, NOS 1 (2%) 12 (24%) 
Degeneration, lipoid 2 (4%) 1 (2%) 
Necrosis, NOS 1 (2%) 3 (6%) 7 (14%) 
Necrosis, focal 2 (4%) 2 (4%) 2 (4%) 
Inclusion, nuclear 1 (2%) 2 (4%) 
Basophilic cyto change 1 (2%) 
Focal cellular change 1 (2%) 3 (6%) 
Eosinophilic cyto change 1 (2%) 2 (4%) 4 (8%) 
Cytoplasmic aggregate, NOS 2 (4%) 
Cytoplasmic lipid aggregate 1 (2%) 
Angiectasis 2 (4%) 
Histiocytosis 1 (2%) 

Inflammation, chronic focal 1 (2%) 
Fibrosis, focal 1 (2%) 

Dilatation, NOS 1 (2%) 
Hypertrophy, NOS 1 (2%) 

#Salivary gland (47) (49) (49) 

#Liver (48) (50) (50) 

#Hepatic capsule (48) (50) (50)  

*Gallbladder (49) (50) (50) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#Pancreas 

Cyst, NOS 
Inflammation, acute diffuse 
Inflammation, chronic focal 
Inflammation, chronic diffuse 
Necrosis, focal 
Focal cellular change 
Atrophy, NOS 
Hyperplasia, focal 

#Stomach 
Inflammation, acute focal 

#Glandular stomach 
Cyst, NOS 
Hyperplasia, focal 
Metaplasia, squamous 

Cyst, NOS 
Hyperkeratosis 

#Duodenum 
Inflammation, chronic focal 

#Ileum 
Amyloidosis 

*Perirectal tissue 
Inflammation, necrotizing 

*Anus 
Inflammation, suppurative 

#Forestomach 

(47) 

1 (2%) 
2 (4%) 
1 (2%) 

1 (2%) 

(48) 

(48) 
1 (2%) 
1 (2%) 

(48) 

1 (2%) 

1 (2%) 
(48) 

(48) 

(49) 

(49) 
1 (2%) 

(49) 
1 (2%) 

2 (4%) 

(50) 

(50) 
1 (2%) 

2 (4%) 

2 (4%) 
(50) 

5 (10%) 
(45) 

(45) 

(50) 
1 (2%) 

(50) 

(49) 

1 (2%) 

1 (2%) 

2 (4%) 
1 (2%) 
1 (2%) 

(48) 

(48) 
3 (6%) 

1 (2%) 

2 (4%) 
2 (4%) 

(48) 

(46) 

(46) 

(50) 

(50) 
1 (2%) 

URINARY SYSTEM 
#Kidney. 

Hydronephrosis 
Cyst, NOS 
Congestion, acute passive 
Hemorrhage 
Lymphocytic inflammatory infiltrate 
Plasma cell infiltrate 
Nephrosis, NOS 
Amyloidosis 
Hyperplasia, tubular cell 
Metaplasia, osseous 

# Kidney/glornerulus 
Atrophy, NOS 
Atrophy, focal 

# Kidneykubule 
Cast, NOS 
Nuclear enlargement 
Inclusion, nuclear 
Cytoplasmic crystalline aggregate 

Dilatation, NOS 

Lymphocytic inflammatory infiltrate 
Inflammation, chronic focal 
Inflammation, chronic diffuse 

#Kidney/pelvis 

#Urinary bladder 

(48) 
1 (2%) 

1 (2%) 
29 (60%) 

5 (10%) 

(48) 

(46) 
4 (9%) 
5 (11%) 

(49) 

2 (4%) 
26 (53%) 

14 (29%) 
1 (2%) 
1 (2%) 

(491 

(49) 
4 (8%) 

16 (33%) 
1 (2%) 
1 (2%) 

(49) 

(48) 
1 (2%) 

16 (33%) 

(50) 

2 (4%) 
2 (4%) 
5 (10%) 

27 (54%) 
1 (2%) 

25 (50%) 

1 (2%) 

1 (2%) 
1 (2%) 

15 (30%) 
38 (76%) 

(50) 

(50) 

(50) 

(47) 
1 (2%) 

1 (2%) 
4 (9%) 
1 (2%) 

Tetrachloroethylene, NTP TR 31 1 132 



TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMA.LE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 

Cyst, NOS 
Congestion, acute passive 
Hemorrhage 
Degeneration, NOS 
Hyperplasia, NOS 
Hyperplasia, focal 

Cyst, NOS 

Inclusion, nuclear 
Atypia, NOS 

Accessory structure 
Hemorrhage 
Necrosis, focal 
Angiectasis 

# AdrenaVcapsule 
Hyperplasia, NOS 

#Adrenal cortex 
Cyst, NOS 
Congestion, acute passive 
Hemorrhage 
Fibrosis 
Degeneration, NOS 
Necrosis, NOS 
Cytomegaly 
Hyperplasia, focal 
Vascularization 

#Adrenal medulla 
Cyst, NOS 

#Periadrenal tissue 
Inflammation, suppurative 

#Thyroid 
Cyst, NOS 
Hyperplasia, follicular cell 

#Thyroid follicle 
Inflammation, acute focal 

#Thyroid colloid 
Degeneration, NOS 

#Parathyroid 
Cyst, NOS 
Hyperplasia, NOS 

#Pituitary 

#Pituitary intermedia 

#Pituitary cell 

#Adrenal 

(45) 
1 (2%) 

1 (2%) 

1 (2%) 
3 (7%) 

1 (2%) 
(45) 

(45) 

(47) 

(47) 

(47) 
42 (89%) 

2 (4%) 

4 (9%) 
18 (38%) 
19 (40%) 

1 (2%) 

1 (2%) 

2 (4%) 

1 (2%) 

4 (8%) 
1 (2%) 

1 (2%) 

2 (4%) 

(47) 

(47) 

(48) 

(48) 

(48) 

(18) 

1 (6%) 

(43) 
1 (2%) 
1 (2%) 

3 (7%) 
7 (16%) 

(43) 

(43) 
1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 

41 (84%) 

3 (6%) 
1 (2%) 

26 (53%) 
27 (55%) 
1 (2%) 

(49) 

(49) 

(49) 

1 (2%) 

(49) 

(42) 

1 (2%) 

1 (2%) 
1 (2%) 
2 (5%) 

(42) 

(42) 

(49) 
1 (2%) 
2 (4%) 
1 (2%) 

(49) 

(49) 
44 (90%) 

2 (4%) 

1 (2%) 
22 (45%) 
23 (47%) 

1 (2%) 

(49) 

(49) 

(48) 

2 (4%) 

1 (2%) 

3 (6%) 
(48) 

(48) 

(23) 
1 (4%) 

REPRODUCTIVE SYSTEM 

Dilatatiodducts 

Hydrometra 
Hematoma, NOS 
Pyometra 
Abscess, NOS 
Necrosis, NOS 
Hyperplasia, epithelial 
Metaplasia, squamous 

Inflammation, chronic 

*Mammary gland 

AC U terus 

#Cervix uteri 

1 (2%) 
1 (2%) 
1 (2%) 

(43 ) 

133 

(50) (50)  

(44) (48) 
1 (2%) 

2 (5%) 
1 (2%) 

3 (6%) 
1 (2%) 

(48) 
2 (4%) 

(44) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

REPRODUCTIVE SYSTEM (Continued) 
#Uterus/endometrium (43) (44) (48) 

Cyst, NOS 1 (2%) 1 (2%) 
Inflammation, suppurative 2 (5%) 3 (6%) 
Inflammation, chronic 1 (2%) 1 (2%) 
Inflammation, chronic diffuse 1 (2%) 
Hyperplasia, NOS 1 (2%) 1 (2%) 
Hyperplasia, cystic 31 (72%) 36 (82%) 33 169%) 
Metaplasia, squamous 1 (2%) 

Mineralization 1 (2%) 
Inflammation, acute 1 (2%) 
Granuloma, NOS 1 (2%) 
Necrosis, focal 1 (2%) 
Cholesterol deposit 1 (2%) 
Histiocytosis 1 (2%) 

Lymphocytic inflammatory infiltrate 1 (2%) 
Inflammation, chronic focal 2 (4%) 
Inflammation, chronic diffuse 2 (4%) 

Cyst, NOS 
Corpus luteum cyst 1 (2%) 
Hemorrhage 1 (2%) 
Inflammation, necrotizing 1 (2%) 
Abscess, NOS 1 (2%) 5 (12%) 
Inflammation, chronic focal 1 (2%) 2 (4%) 
Inflammation, chronic diffuse 1 (2%) 
Necrosis, focal 1 (2%) 
Atrophy, NOS 1 (2%) 

#Uterus/myometrium (43) (44) (48) 

#Fallopian tube (43) (44) (48) 

#Ovary (48) (49) (43) 
12 (25%) 8 (16%) 10 (23%) 

NERVOUS SYSTEM 
#Braidmeninges 

Lymphocytic inflammatory infiltrate 
#Cerebral ventricle 

Dilatation, NOS 
#Ependyma lateral ventricle 

Perivascular cuffing 
#Cerebrum 

Cyst, NOS 
Perivascular cuffing 
Metaplasia, osseous 

Hemorrhage 
Perivascular cuffing 

#Braidthalamus 
Corpora amylacea 

#Cerebellum 
Perivascular c f l i n g  

*Olfactory sensory epithelium 
Cytoplasmic aggregate, NOS 

#Brain 
2 (4%) 

(48) 

(48) 

(48) 

(49) 

15 (31%) 

1 (2%) 

1 (2%) 

(49) 

(49) 

(49) 

(49) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

(49) 

1 (2%) 

10 (20%) 
(49) 

(49) 

(50) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE (Continued) 

CONTROL (CHAMBER) LOW DOSE HIGH DOSE 

SPECIAL SENSE ORGANS 

Microphthalmia 
Mineralization 

*Nasolacrimal duct 
Inflammation, suppurative 
Empyema 
Inflammation, chronic 
Hyperplasia, epithelial 

Hemorrhage 

*Eye 

*External ear  

(49) (50) 

1 (2%) 

1 (2%) 2 (4%) 
1 (2%) 
3 (6%) 

1 (2%) 1 (2%) 

(49) (50) 

(49) (50) 

(501 
1 (2%) 

(50) 
2 (4%) 
1 (2%) 

1 (2%) 

1 (2%) 
(50) 

MUSCULOSKELETAL SYSTEM 

Inflammation, chronic focal 
Fibrous osteodystrophy 

*Sternum 
Fibrous osteodystrophy 

*Skeletal muscle 
Inflammation, chronic 

*Costal cartilage 
Necrosis, focal 

*Skull (49) (50) (50) 
1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 

BODY CAVITIES 
*Mediastinum 

Inflammation, chronic focal 
Inflammation, chronic diffuse 
Inflammation chronic suppurative 
Inflammation, granulomatous focal 

Mineralization 
Lymphocytic inflammatory infiltrate 
Inflammation, acute focal 
Inflammation, acute diffuse 
Abscess, NOS 
Inflammation, chronic focal 
Inflammation, chronic diffuse 
Inflammation, chronic suppurative 
Necrosis, focal 

Inflammation, chronic 
Inflammation, chronic focal 
Granulation tissue 

"Peritoneum 

'Pleura 

(49) 
1 

1 
(49) 

1 

8 
5 

(49) 

(50) 
(2%) 1 (2%) 

1 (2%) 

(2%) 

(2%) 
(50) 

(16%) 
(10%) 

7 (14%) 
3 (6%) 

(50) 

1 (2%) 

(50) 

1 

(50) 

1 
1 
1 
1 
7 
4 
1 
1 

(50) 
2 

1 

(2%) 

(2%) 
(2%) 
(2%) 
(2%) 
(14%) 
(8%) 
(2%) 
(2%) 

(4%) 

(2%) 

ALL OTHER SYSTEMS 
*Multiple organs (49) (50) (50) 

Lymphocytic inflammatory infiltrate 1 (2%) 
Inflammation, chronic 1 (2%) 
Inflammation, chronic focal 2 (4%) 1 (2%) 
Inflammation, chronic diffuse 2 (4%) 

SPECIAL MORPHOLOGY SUMMARY 
No lesion reported 
Animal missexedho necropsy 

1 
1 

2 1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically a t  this site 
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APPENDIX E 

ANALYSES OF PRIMARY TUMORS IN RATS AND MICE 

IN THE TWO-YEAR INHALATION STUDIES OF 

TETRACHLOROETHYLENE 

137 Tetrachloroethylene, NTP TR 31 1 



TABLE E l .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR INHALATION 
STUDY OF TETRACHLOROETHYLENE 

Control 200 ppm 400 ppm 

Skin: Keratoacanthoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

3/50 (6%) 
10.1% 
1/23 (4%) 
89 
P =0.125N 
P = 0.071N 
P = 0.060N 

Skin: Squamous Cell Papilloma or Carcinoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b)  10.0% 
Terminal Rates (c) 1/23 (4%) 
Week of First Observation 95 
Life Table Tests (d) P=O.l12N 
Incidental Tumor Tests (d) P=0.081N 
Cochran-Armitage Trend Test (d) P = 0.060N 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 
Adjusted Rates (b)  
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

3/50 (6%) ( 
9.1% 
0/23 (0%) 
98 
P = 0.260 
P=0.423 
P = 0.412 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 28/50 (56%) 
Adjusted Rates (b) 64.6% 
Terminal Rates (c) 9/23 (39%) 
Week of First Observation 66 
Life Table Tests (d) P = 0.004 
Incidental Tumor Tests (d) P = 0.097 
Cochran-Armitage Trend Test (d) P=0.034 
Fisher Exact Test (d) 

Oral Cavity: Squamous Cell Papilloma or Carcinoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 2.7% 
Terminal Rates (c) 0/23 (0%) 
Week of First Observation 97 
Life Table Tests (d) P=0.133 
Incidental Tumor Tests (d) P=0.241 
Cochran-Armitage Trend Test (d) P=0.202 
Fisher Exact Test (d) 

Liver: Neoplastic Nodule 
Overall Rates (a)  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Tetrachloroethylene, NTP TR 31 1 

4/50 (8%) 
17.4% 
4/23 (17%) 
104 
P= 0.192 
P=0.285 
P=0.553 

138 

1/50 (2%) 
5.0% 
1/20 (5%) 
104 
P=0.368N 
P=0.329N 

P=0.309N 

1/50 (2%) 
5.0% 
1/20 (5%) 
104 
P=0.362N 
P = 0.367N 

P =  0.309N 

'e) 1/50 (2%) 
3.0% 
0/20 (0%) 
98 
P =  0.358N 
P=0.373N 

P = 0.309N 

37/50 (74%) 
80.1% 
11/20 (55%) 
53 
P = 0.046 
P=0.023 

P=O.O46 

1/50 (2%) 
5.0% 
1/20 (5%) 
104 
P=0.732 
P=0.723 

P=0.753 

7/50 (14%) 
30.6% 
5/20 (25%) 
91 
P=0.177 
P=0.195 

P=0.262 

0/50 (0%) 
0.0% 
0/12 (0%) 

P=0.231N 
P=0.114N 

P=0.121N 

0/50 (0%) 
0.0% 
0/12 (0%) 

P =  0.200N 
P=0.130N 

P=0.121N 

4/50 (8%) 
23.6% 
2/12 (17%) 
99 
P=0.301 
P=0.484 

P=0.500 

37/50 (74%) 
90.8% 
9/12 (75%) 
68 
P=0.004 
P=0.104 

P=0.046 

3/50 (6%) 
10.8% 
0/12 (0%) 
77 
P=0.232 
P=0.428 

P = 0.309 

4/49 (8%) 
30.8% 
3/12 (25%) 
103 
P=0.267 
P=0.330 

P=0.631 



TABLE E l .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR INIHALATION 
STUDY OF TETRACHLOROETHYLENE (Continued) 

Control 200 ppm 400 ppm 

Liver: Neoplastic Nodule or Hepatocellular Carcinoma 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 17.4% 
Terminal Rates (c) 4/23 (17%) 
Week of First Observation 104 
Life Table Tests (d) P=0.117 
Incidental Tumor Tests (d) P = 0.201 
Cochran-Armitage Trend Test (d) P=0.422 
Fisher Exact Test (d) 

Kidney: Tubular Cell Adenoma 
Overall Rates (a)  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

1/49 (2%) 
4.3% 
1/23 (4%) 
104 
P=0.242 
P = 0.350 
P = 0.407 

Kidney: Tubular Cell Adenoma or Adenocarcinoma 
Overall Rates (a )  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pituitary Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pituitary Gland: Carcinoma 
Overall Rates (a )  
Adjusted Rates (b)  
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pituitary Gland: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b)  
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

1/49 (2%) 
4.3% 
1/23 (4%) 
104 
P = 0.054 
P = 0.107 
P=0.138 

17/47 (36%) 
49.2% 
7/23 (30%) 
90 
P=0.185 
P=0.484N 
P=0.429N 

3/47 (6%) 
9.6% 
0123 (0%) 
99 
P=0.566N 
P=0.308N 
P=0.397N 

20147 (43%) 
54.2% 
7/23 (30%) 
90 
P = 0.209 
P = 0.352N 
P=0.346N 

139 

7/50 (14%) 
30.6% 
5/20 (25%) 
91 
P = 0.177 
P= 0.195 

P=0.262 

3/49 (6%) 
10.8% 
1/20 (5%) 
91 
P = 0.259 
P=0.296 

P=0.309 

(D 3/49 (6%) 
10.8% 
1/20 (5%) 
91 
P=0.259 
P = 0.296 

P=0.309 

12/47 (26%) 
50.9% 
9/20 (45%) 
90 
P = 0.357N 
P=0.293N 

P=0.186N 

2/47 (4%) 
7.3% 
1/20 (5%) 
86 
P=0.575N 
P = 0.514N 

P=0.500N 

14/47 (30%) 
56.5% 
10120 (50%) 
86 
P =0.326N 
P=0.233N 

P = 0.142N 

5/49 (10%) 
3!1.3% 
3/12 (25%) 
83 
P=0.168 
P=0.243 

P = 0.487 

2/50 (4%) 
12.7% 
1/12 (8%) 
102 
P=0.316 
P=0.376 

P=0.508 

4/50 (8%) 
2!1.4% 
2/12 (17%) 
83 
P = 0.070 
P=0.114 

P =0.187 

16/48 (33%) 
413.9% 
11’12 (8%) 
7 3 
P=0.238 
P=0.335N 

P = 0.470N 

21’48 (4%) 
7.4% 
0/12 (0%) 
8!5 
P = 0.657N 
P=0.376N 

P=0.490N 

18/48 (38%) 
5:3.6% 
1/12 (8%) 
7 :3 
P = 0.259 
P=0.210N 

P=0.385N 

Tetrachloroethylene, NTP TR 31 1 



TABLE E l .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR INHALATION 
STUDY OF TETRACHLOROETHYLENE (Continued) 

Control 200 ppm 400 ppm 

Adrenal  Gland: Pheochromocytoma 
Overall Rates (a)  22/49 (45%) 21/49 (43%) 
Adjusted Rates (b) 64.7% 70.0% 
Terminal Rates (c) 12/23 (52%) 12/20 (60%) 
Week of First Observation 89 82 
Life Table Tests (d) P=0.041 P = 0.420 
Incidental Tumor Tests (d) P=0.293 P=0.488 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P=0.500N 

P = 0.460 

Adrenal  Gland: Pheochromocytoma or Malignant Pheochromocytoma 
Overall Rates (a)  22/49 (45%) 21/49 (43%) 
Adjusted Rates (b) 64.7% 70.0% 
Terminal Rates (c) 12/23 (52%) 12/20 (60%) 
Week of First Observation 89 82 
Life Table Tests (d) P =  0.025 P = 0.420 
Incidental Tumor Tests (d) P =  0.212 P = 0.488 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.380 
P = 0.500N 

Thyroid Gland: C-cel l  Adenoma 
Overall Rates (a )  
Adjusted Rates (b)  
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid Gland: C-cel l  Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid Gland: C-cel l  Adenoma or Carcin 
Overall Rates (a)  
Adjusted Rates (b)  
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d)  

Pancrea t ic  Islets: Islet  Cell Adenoma 
Overall Rates (a)  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Tetrachloroethylene, NTP TR 31 1 

3/47 (6%) 3/48 (6%) 
11.5% 12.0% 
2/23 (9%) 1/20 (5%) 
99 99 
P=0.196 P=0.599 
P=0.329 P =  0.614 
P = 0.409 

P =  0.651N 

4/47 (9%) 6/48 (13%) 
16.4% 24.0% 
3/23 (13%) 3/20 (15%) 
103 98 
P=O.236N P =  0.288 
P =  0.139N P = 0.300 
P=0.083N 

P=0.384 

ioma 
7/47 (15%) 9/48 ( 19% ) 
27.0% 33.7% 
5/23 (22%) 4/20 (20%) 
99 98 
P=0.516 P=0.289 
P = 0.373N P = 0.300 
P=0.242N 

P=0.410 

3/43 (7%) 2/46 ( 4% ) 
13.6% 8.2% 
3/22 (14%) 1/20 ( 5 % )  
104 99 
P = 0.375N P = 0.546N 
P=0,297N P = 0.542N 
P = 0.200N 

P = @.468N 

140 

23/49 (47%) 
78.0% 
7/12 (58%) 
77 
P = 0.049 
P=0.356 

P=O.500 

24/49 (49%) 
92.4% 
5/12 (67%) 
77 
P=0.030 
P=0.259 

P = 0.429 

1/46 (9%) 
26.7% 
2/12 (17%) 
102 
P=0.225 
P=0.357 

P=0.488 

13/46 (0%) 
0.0% 
13/12 (0%) 

P=0.176N 
P= 0.124N 

P = 0.061 N 

84/46 (9%) 
'26.7% 
'2/12 (17%) 
102 
P = 0.613 
P=0.464N 

P=0.274N 

1/46 (2%) 
,3.1% 
11/12 (0%) 
!35 
P = 0.496N 
P = 0.438N 

iP=0.283N 



TABLE E l .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR INHALATION 
STUDY OF TETRACHLOROETHYLENE (Continued) 

Control 200 ppm 4100 ppm 

Preputial Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d)  
Cochran-Armitage Trend Test (d)  
Fisher Exact Test (d) 

Preputial Gland: Carcinoma 
Overall Rates ( a )  
Adjusted Rates ( b )  
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Preputial Gland: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d)  
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d)  
Fisher Exact Test (d) 

Testis: Interstitial Cell Tumor 
Overall Rates (a) 
Adjusted Rates(b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d)  

Brain: Glioma 
Overall Rates (a)  
Adjusted Rates (b) 
Terminal Rates ( c )  
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d)  
Fisher Exact Test td) 

All Sites: Mesothelioma 
Overall Rates (a )  
Adjusted Rates ( b )  
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d)  
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d)  

1/50 (2%) 3/50 (6%) 3/50 (6%) 
4.3% 11.2% :L9.8% 
1/23 (4%) 1/20 (5%) !Ul2 (17%) 
104 87 !3 9 
P=0.107 P=0.255 12 = 0.137 
P = 0.170 P = 0.285 IP = 0.1 64 

1P = 0.309 
P = 0.238 

P = 0.309 

2/50 (4%) 2/50 (4%) :3/50 (6%) 
8.0% 10.0% 15.0% 
1/23 (4%) 2/20 (10%) 1/12 (8%) 
103 104 r3 6 
P = 0.205 P=0.637 P=0.285 
P = 0.318 P=0.638 P = 0.467 
P = 0.406 

P=0.691 P=0.500 

3/50 (6%) 
12.2% 
2/23 (9%) 
103 
P=0.047 
P=0.112 
P = 0.195 

35/50 (70%) 
91.4% 
20123 (87%) 
69 
P < 0.001 
P = 0.012 
P=0.095 

5/50 (10%) 
20.6% 
3/20 (15%) 
87 
P = 0.277 
P=O.299 

P = 0.357 

39/49 (80%) 
97.5% 
19/20 (95%) 
82 
P=0.093 
P=0.047 

P=0.193 

86/60 (12%) 
33.0% 
3/12 (25%) 
86 
P=0.063 
P=0.139 

P = 0.243 

41/50 (82%) 
100.0% 
12/12 (100%) 
68 
P = 0.00 1 
P=0.024 

P=0.121 

1/50 ( 2 % )  0/50 (0%) 4/50 (8%) 
4.3% 0.0% 17.3% 
1/23 (4%) 0/20 (0%) 0/12 (0%) 
104 88 
P = 0.039 P=0.528N P=0.083 
P = 0.103 P = 0.528N P = 0.207 
P = 0.082 

P = 0.500N P=0.181 

2/50 (4%) 1/50 (2%) 3/50 (6%) 
6.3% 4.8% 15.3% 
1/23 (4%) 0120 (0%) 1/12 (8%) 
69 103 91 
P = 0.254 P=0.548N P=0.342 
P = 0.422 P = 0.46 1 N P=0.509 
P = 0.399 

P=0.500N P = 0.500 

141 Tetrachloroethylene, NTP TR 311 



TABLE E l .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR INHALATION 
STUDY OF TETRACHLOROETHYLENE (Continued) 

(a) Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the control incidence are  the P values associated with the trend test. Beneath the dosed group incidence are the 
P values corresponding to pairwise comparisons between that  dosed group and the controls. The life ?;able analysis regards 
tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause ofdeath. The' incidental tumor test 
regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates. 
A negative trend or lower incidence in a dosed group is indicated by (N).  
(e) A fibrosarcoma was also present in this animal. 
(0 A nephroblastoma and a lipoma were also observed in this group. 

Tetrachloroethylene, NTP TR 311 142 



TABLE E2. ANALYSIS OF PRIMARY TUMORS I N  FEMALE RATS I N  THE TWO-YEAR INHALATfON 
STUDY O F  TETRACHLOROETHYLENE 

Control 200 ppm 400 ppm 

Hematopoietic System: Mononuclear Cell Leukemia  
Overall Rates (a) 18/50 (36%) 30150 (60%) 
Adjusted Rates (b)  53.8% 7 1.4% 
Terminal Rates (c)  9/23 (39%) 10121 (48%) 
Week of First Observation 84 60 
Life Table Tests (d) P = 0.053 P=0.023 
Incidental Tumor Tests (d) P=0.012 P=0.013 
Cochran-Armitage Trend Test (d) P=0.018 
Fisher Exact Test (d) P=0.014 

Anterior Pi tui tary Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Anterior Pituitary Gland: Carc inoma 
Overall Rates (a )  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d)  

19/50 (38%) 21/48 (44%) 
55.6% 63.7% 
9/23 (39%) 10120 (50%) 
59 60 
P=0.471 P=0.304 
P=0.479 P = 0.345 
P=0.459 

P = 0.354 

4/50 (8%) 2/48 (4%) 
13.9% 5.6% 
2/23 (9%) 0120 (0%) 
87 90 
P = 0.422N P = 0.376N 
P=0.458N P = 0.357N 
P =0.417N 

P=0.359N 

Anterior Pituitary Gland: Adenoma o r  Carc inoma 
Overall Rates ( a )  23/50 (46%) 23/48 (48%) 
Adjusted Rates (b)  64.1% 65.8% 
Terminal Rates (c) 11/23 (48%) 10120 (50%) 
Week of First Observation 59 60 
Life Table Tests (d) P=0.529N P = 0.426 
Incidental Tumor Tests (d) P = 0.539 P = 0.493 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P = 0.505 

P = 0.540 

Adrenal  Gland: Pheochromocytoma or Malignant Pheochromocytoma 
Overall Rates (a) 1/50 (2%) ai49 (0%) 
Adjusted Rates (b) 4.3% 0.0% 
Terminal Rates (c) 1/23 (4%) 0121 (0%) 
Week of First Observation 104 
Life Table Tests (d) P = 0.176 P = 0.518N 
Incidental Tumor Tests (d) P=0.171 P = 0.518N 
Cochran-Armitage Trend Test (d) P=0.162 
Fisher Exact Test (d) P=0.505N 

Thyroid Gland: C-cel l  Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

3/46 (7%) 1/48 (2%) 
9.3% 4.8% 
0122 (0%) 1/21 (5%) 
89 104 
P = 0.587 P-0.331N 
P=0.511 P = 0.3 11N 
P = 0.595 

P = 0.292N 

2!9/50 (58%) 
66.3% 
10124 (42%) 
7’6 
I]= 0.053 
E’ = 0.014 

I’-0.022 

2!0/50 (40%) 
60.9% 
1.2124 (50%) 
76 
1’-0.514 
I’ = 0.5 13 

I’= 0.500 

3/50 (6%) 
110.5% 
2/24 (8%) 
135 
I? = 0.494N 
1?=0.533N 

1?=0.500N 

!23/50 (46%) 
68.2% 
14/24 (58%) 
‘7 6 
‘P=0.554N 
P=0.575 

P = 0.579 

3/47 (6%) 
11.4% 
2/23 (9%) 
95 
P=0.300 
P=0.292 

P=0.285 

3/46 (7%) 
9.8% 
1/23 (4%) 
89 
P = 0.650 
P = 0.547 

Pr0.662 

143 Tetrachloroethylene, NTP TR 311 



TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR INHALATION
STUDY OF TETRACHLOROETHYLENE (Continued)

Thyroid Gland: C-Cell Carcinoma
Overall Rates (a)
Adjusted Rates (b)
Terminal Rates (c)
Week of First Observation
Life Table Tests (d)
Incidental Tumor Tests (d)
Cochran-Armitage Trend Test (d)
Fisher Exact Test (d)

Thyroid Gland: C-Cell Adenoma or Carcinoma
Overall Rates (a)
Adjusted Rates (b)
Terminal Rates (c)
Week of First Observation
Life Table Tests (d)
Incidental Tumor Tests (d)
Cochran-Armitage Trend Test (d)
Fisher Exact Test (d)

Mammary Gland: Fibroadenoma
Overall Rates (a)
Adjusted Rates (b)
Terminal Rates (c)
Week of First Observation
Life Table Tests (d)
Incidental Tumor Tests (d)
Cochran-Armitage Trend Test (d)
Fisher Exact Test (d)

Mammary Gland: Adenoma or Fibroadenoma
Overall Rates (a)
Adjusted Rates (b)
Terminal Rates (c)
Week of First Observation
Life Table Tests (d)
Incidental Tumor Tests (d)
Cochran-Armitage Trend Test (d)
Fisher Exact Test (d)

Mammary Gland: Adenoma, Fibroadenoma, or
Overall Rates (a)
Adjusted Rates (b)
Terminal Rates (c)
Week of First Observation
Life Table Tests (d)
Incidental Tumor Tests (d)
Cochran-Armitage Trend Test (d)
Fisher Exact Test (d)

Clitoral Gland: Adenoma
Overall Rates (a)
Adjusted Rates (b)
Terminal Rates (c)
Week of First Observation
Life Table Tests (d)
Incidental Tumor Tests (d)
Cochran-Armitage Trend Test (d)
Fisher Exact Test (d)

Control

1/46 (2%)
3.8%
0/22 (0%)
103
P=0.596N
P=0.560
P = 0.602

4/46 (9%)
12.9%
0/22 (0%)
89
P = 0.567
P= 0.479
P=0.571

7/50(14%)
21.1%
3/23 (13%)
87
P = 0.457N
P=0.465N
P=0.436N

7/50(14%)
21.1%
3/23 (13%)
87
P = 0.541
P = 0.528
P = 0.563

Adenocarcinoma
8/50(16%)
25.1%
4/23(17%)
87
P = 0.459N
P = 0.453N
P = 0.442N

3/50 (6%)
11.3%
2/23 (9%)
98
P = 0.392N
P = 0.395N
P = 0.399N

200 ppm

4/48 (8%)
15.1%
2/21 (10%)
96
P = 0.168
P = 0.173

P = 0.194

5/48(10%)
19.6%
3/21 (14%)
96
P = 0.464
P= 0.490

P = 0.527

3/50 (6%)
10.3%
1/21 (5%)
96
P = 0.194N
P = 0.158N

P = 0.159N

3/50 (6%)
10.3%
1/21 (5%)
96
P = 0.194N
P = 0.158N

P = 0.159N

5/50(10%)
14.4%
1/21 (5%)
73
P = 0.318N
P = 0.262N

P = 0.277N

1/50 (2%)
4.8%
1/21 (5%)
104
P = 0.335N
P = 0.330N

P = 0.309N

400 ppm

1/46 (2%)
4.3%
1/23 (4%)
104
P=0.760N
P=0.737

P = 0.753

4/46 (9%)
13.9%
2/23 (9%)
89
P = 0.632
P = 0.525

P= 0.643

6/50(12%)
18.5%
2/24 (8%)
77
P = 0.517N
P=0.532N

P=0.500N

7/50 (14%)
20.8%
2/24 (8%)
77
P = 0.590
P = 0.575

P = 0.613

7/50 (14%)
20.8%
2/24 (8%)
77
P = 0.515N
P = 0.536N

P = 0.500N

2/50 (4%)
8.3%
2/24(8%)
104
P = 0.493N
P = 0.498N

P = 0.500N
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TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAIR INHALATION 
STUDY OF TETRACHLOROETHYLENE (Continued) 

400 ppm Control 200 ppm 

Clitoral Gland: Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d)  
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

2/50 (4%) 
6.4% 
1/23 (4%) 
84 
P = 0.588 
P = 0.567 
P = 0.594 

Clitoral Gland: Adenoma or Carcinoma 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates (b) 17.4% 
Terminal Rates (c) 3/23 (13%) 
Week of First Observation 84 
Life Table Tests (d) P=0.427N 
Incidental Tumor Testa (d) P=0.447N 
Cochran-Armitage Trend Test (d) P = 0.429N 
Fisher Exact Test (d) 

Uterus: Endometrial Stromal Polyp 
Overall Rates (a) 5/49 (10%) 
Adjusted Rates (b) 16.6% 
Terminal Rates (c) 2/23 (9%) 
Week of First Observation 96 
Life Table Tests (d) P=0.330 
Incidental Tumor Tests (d) P = 0.272 
Cochran-Armitage Trend Test (d) P = 0.340 
Fisher Exact Test (d) 

Uterus: Endometrial Stromal Polyp or Sarcoma 
Overall Rates (a )  5/49 (10%) 
Adjusted Rates (b) 16.6% 
Terminal Rates (c) 2/23 (9%) 
Week of First Observation 96 
Life Table Tests (d) P = 0.250 
Incidental Tumor Tests (d) P = 0.194 
Cochran-Armitage Trend Test (d) P=0.253 
Fisher Exact Test (d) 

3/50 (6%) 
9.3% 
1/21 (5%) 
85 
P = 0.475 
P-0.510 

P=0.500 

4/50 (8%) 
13.8% 
2/21 (10%) 
85 
P-0.541N 
P-0.512N 

P = 0.500N 

7/49 (14%) 
23.1% 
2/21 (10%) 
85 
P=0.345 
P=0.343 

P=0.380 

9/49 (18%) 
29.1% 
3/21 (14%) 
85 
P=0.177 
P = 0.170 

P- 0.1 94 

2/50 (4%) 
8.3% 
2/24 (8%) 
104 
P=0.691N 
P = 0.686 

P=0.691 

4/50 (8%) 
16.7% 
4/24(17%) 
104 
P=0.492N 
P=0.505N 

P=0.500N 

7/50 (14%) 
23.5% 
4/24 (17%) 
88 
P = 0.382 
P = 0.334 

P=0.394 

8/50 (16%) 
27.3% 
5/24(21%) 
88 
P = 0.283 
P=0.241 

P=0.290 

(a) Number of tumor-bearing animals/number of animals examined a t  the site 
(b) Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence a t  terminal kill 
(d) Beneath the control incidence are  the P values associated with the trend test. Beneath the dosed group incidence are the 
P values corresponding to pairwise comparisons between that  dosed group and the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill as  being (directly or indirectly) the cause of death. The incidental tumor test 
regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates. 
A negative trend or lower incidence in a dosed group is indicated by (N). 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR INHALATION 
STUDY OF TETRACHLOROETHYLENE 

~~ 

Control 100 ppm 200 ppm 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 3/49 (6%) 
Adjusted Rates (b) 6.5% 
Terminal Rates (c) 3/46 (7%) 
Week of First Observation 104 
Life Table Tests (d) P = 0.446N 
Incidental Tumor Tests (d) P =  0.378N 
Cochran-Armitage Trend Test (d) P=0.256N 
Fisher Exact Test (d) 

Lung: AlveolariSronchiolar Carcinoma 
Overall Rates (a) 4/49 (8%) 
Adjusted Rates (b) 8.7% 
Terminal Rates (c) 4/46 (9%) 
Week of First Observation 104 
Life Table Tests (d) P=0.390 
Incidental Tumor Tests (d) P=0.441 
Cochran-Armitage Trend Test id) P=0.573N 
Fisher Exact Test (d) 

Lung: AlveolariSronchiolar Adenoma or Carcinoma 
Overall Retes (a) 6/49 (12%) 
Adjusted Rates (b) 13.0% 
Terminal Rates (c) 6/46 (13%) 
Week of First Observation 104 
Life Table Tests (d) P=0.414 
Incidental Tumor Tests (d) P=0.502 
Cochran-Armitage Trend Test (d) P=0.423N 
Fisher Exact Test (d) 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 3/49 (6%) 
Adjusted Rates (b) 6.5% 
Terminal Rates (c) 3/46 (7%) 
Week of First Observation 104 
Life Table Tests (d) P=0.378 
Incidental Tumor Tests (d) P=0.496N 
Cochran-Armitage Trend Test (d)  P=0.558N 
Fisher Exact Test (d) 

Circulatory System: Hemangioma or Hemangiosarcoma 
Overall Rates ( a )  3/49 (6%) 
Adjusted Rates tb) 6.5% 
Terminal Rates (c) 3/46 (7%) 
Week of First Observation 104 
Life Table Tests (d) P =0.576N 
Incidental Tumor Tests (d) P =0.517N 
C,ochran-Armitage Trend Test (d) P=0.398N 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma 
Overall Rates ( a )  
Adjusted Rates ( b )  
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d,e) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test td) 

12/49 (24%) 
26.1% 
12/46 (26%) 
104 
P=0.004 
P = 0.008 
P=0.077 

5/49 (10%) 
18.3% 
4/25 (16%) 
89 
P=O.110 
P = 0.196 

P=0.357 

1/49 (2%) 
4.0% 
1/25 (4%) 
104 
P =0.401N 
P =  0.401N 

P=0.181N 

6/49 (12%) 
22.2% 
5/25 (20%) 
89 
P=0.220 
P=0.335 

P=0.620 

7/50 (1 4%) 
20.3% 
2/25 (8%) 
55 
P = 0.043 
P = 0.406 

P=0.167 

2/50 (4%) 
7.7% 
1/25 (4%) 
102 
P = 0.60 1 
P=0.638N 

P =  0.491N 

8/49 (16%) 
29.9% 
7/25 (28%) 
89 
P =0.419 
P = 0.542 

P=0.226N 

1/50 (2%) 
3.1% 
1/32 (3%) 
104 
P=0.442N 
P=0.442N 

P=0.301N 

4/50 (8%) 
12.0% 
3/32 (9%) 
103 
P = 0.440 
P=0.522 

P =0.63 1N 

!5/50(10%) 
15.1% 
4/32 (13%) 
103 
1P = 0.507 
1?=0.578 

I3=0.486N 

3/50 (6%) 
9.4% 
3/32 (9%) 
Ii 04 
1’=0.487 
I J =  0.487 

I1=0.652N 

:?/50 (4%) 
6.2% 
:!/32 (6%) 
104 
I’=0.662N 
IJ=0.662N 

I’ = 0.491 N 

19/50 (38%) 
56.4% 
17/32 (53%) 
73 
E’=0.005 
E’ = 0.0 12 

F’ = 0.109 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS I N  MALE MICE IN T H E  TWO-YEAR INHALATION 
STUDY OF TETRACHLOROETHYLENE (Continued) 

Control 100 ppm 200 ppm 

Liver: Hepatocellular Carc inoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d,D 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma or  Carc inoma 
Overall Rates (a )  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d,g) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

7/49 (14%) 25/49 (51%) 26/50 (52%) 
14.9% 58.3% 58.3% 
6/46 (13%) 8/25 (32%) 14/32 (44%) 
98 63 60 
P co.001 P < 0.001 P c 0.001 
P = 0.002 P = 0.01 6 P = 0.001 
P c 0.001 

PCO.001 P < 0.00 1 

17/49 (35%) 31/49 (63%) 41/50 (82%) 
36.1% 73.0% 89.0% 
16/46 (35%) 14/25 (56%) 27/32 (84%) 
98 63 60 
P<O.OOl P < 0.00 1 PCO.001 
P< 0.001 P = 0.026 P< 0.001 
P<O.OOl 

P = 0.004 P c 0.00 1 

(a)  Number of tumor-bearing animals/number of animals examined a t  the site 
(b) Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence a t  terminal kill 
(d) Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the 
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill a s  being (directly or indirectly) the cause of death. The incidental tumor test, 
which regards these lesions a s  nonfatal, lacks sensitivity because the unusually good survival in the control group creates 
unsatisfactory comparisons in the early time intervals. The Cochran-Armitage and Fisher exact tests compare directly the 
overall incidence rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) P vaIues determined with intervals of weeks 0-52 and 53.103 and week 104: 0.009,0.438,0.014 
(0 P values determined with intervals of weeks 0-52 and 53.103 and week 104: 0.003,0.021,0.001 
(g) P values determined with intervals of weeks 0-52 and 53-103 and week 104: <0.001,0.020, CO.001 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR1 INHALATION 
STUDY O F  TETRACHLOROETHYLENE 

Control 100 ppm 200 ppm 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a)  4/48 (8%) 

Terminal Rates (c) 4/36 ( 1 1 %) 
Week of First Observation 104 
Life Table Tests (d) P=0.252N 
Incidental Tumor Tests (d) P=0.112N 
Cochran-Armitage Trend Test (d) P=O.lOSN 
Fisher Exact Test (d) 

Adjusted Rates (b) 11.1% 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a)  6/48 (13%) 
Adjusted Rates (b) 16.7% 
Terminal Rates (c) 6/36 (17%) 
Week of First Observation 104 
Life Table Tests (d) P=  0.41 1N 
Incidental Tumor Tests (d) P =  0.216N 
Cochran-Armitage Trend Test (d) P = 0.162N 
Fisher Exact Test (d) 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a )  8/49(16%) 
Adjusted Rates (b)  19.4% 
Terminal Rates (c) 4/36 (11%) 
Week of First Observation 93 
Life Table Tests (d) P=0.193 
Incidental Tumor Tests (d) P=0.418N 
Cochran-Armitage Trend Test (d) P =  0.531N 
Fisher Exact Test (d) 

Circulatory System: Hemangiosarcoma 
Overall Rates (a)  1/49 (2%) 

Terminal Rates (c) 1/36 (3%) 
Week of First Observation 104 
Life Table Tests (d) P = 0.576N 
Incidental Tumor Tests (d) P =  0.576N 
Cochran-Armitage Trend Test (d) P=0.372N 
Fisher Exact Test (d) 

Adjusted Rates (b) 2.8% 

Circulatory System: Hemangioma or Hemangiosarcoma 
Overall Rates (a) 1/49 (2%)  
Adjusted Rates (b) 2.8% 
Terminal Rates (c) 1/36 (3%) 
Week of First Observation 104 
Life Table Tests (d) P = 0.386 
Incidental Tumor Tests (d) P=0.386 
Cochran-Armitage Trend Test (d)  P=0.603N 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma 
Overall Rates (a)  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

3/48 (6%) 
7.5% 
1/36 (3%) 
96 
P = 0.479 
P=0.325N 
P =  0.401N 

2/50 (4%) 
6.2% 
1/31 (3%) 
102 
P=0.403N 
P=0.396N 

P =  0.319N 

3/50 (6%) 
9.3% 
2/31 (6%) 
102 
P=0.317N 
P=0.311N 

P=0.223N 

13/50 (26%) 
35.2% 
8/31 (26%) 
34 
P=0.104 
P=0.159 

P=0.176 

3/50 (6%) 
9.7% 
3/31 (10%) 
104 
P=0.253 
P =  0.253 

P=0.316 

3/50 (6%) 
9.7% 
3/31 (10%) 
104 
P = 0.253 
P = 0.253 

P=0.316 

6/50 (12%) 
18.7% 
5/31 (16%) 
102 
P=0.182 
P = 0.193 

P=0.264 

1/50 (2%) 
2.4% 
W19 (0%) 
is 5 
P =  0.362N 
P=0.220N 

1P = 0.168N 

3/50 (6%) 
!3.5% 
1/19 (5%) 
6 7 
lP=0.524N 
1?=0.339N 

1?=0.223N 

13/50 (16%) 
29.4% 
4/19 (21%) 
6 4 
1’=0.268 
P =  0.485N 

lJ=0.590N 

060 (0%) 
0.0% 
0119 (0%) 

P =  0.627N 
EJ=0.627N 

11=0.495N 

1/50 (2%) 
51.3% 
1/19 (5%)  
104 
E’ = 0.6 13 
F’ = 0.6 1 3 

F’=0.748N 

2/50 (4%) 
6.1% 
0/19 (0%) 
78 
F’= 0.641N 
F’ = 0.2 13 N 

F’ = 0.48 1 N 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE I N  T H E  TWO-YEAR INHALATION 
STUDY OF TETRACHLOROETHYLENE (Continued) 

Control 100 p p m  200 p p m  

Liver: Hepatocellular Carcinoma 
Overall Rates (a )  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test td) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b)  
Terminal Rates (c) 
Week of First Observation 
Life Table Tests td) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d)  

Pituitary Gland: Carc inoma  
Overall Rates ( a )  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pituitary Gland: Adenoma or Carcinoma 
Overall Rates (a )  
Adjusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Harde r i an  Gland: Adenoma  or Carc inoma  (e) 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c)  
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test td) 
Fisher Exact Test (d)  

1/48 (2%) 
2.8% 
1/36 (3%) 
104 
P < 0.00 1 
P < 0.001 
P < 0.001 

4/48 (8%)  
10.1% 
2/36 ( 6 % )  
96 
P < 0.00 1 
P < 0.001 
P < 0.001 

5/45 (11%) 
14.7% 
5/34 ( 15%) 
104 
P=0.549 
P = 0.544N 
P=0.316N 

7/45 (16%) 
19.7% 
6/34 (18%) 
97 
P = 0.480 
P = 0.387N 
P=0.349N 

1/49 (2%) 
2.4% 
0/36 (0%) 
97 
P = 0.093 
P = 0.202 
P = 0.207 

13/50 (26%) 
35.5% 
8/31 (26%) 
76 
P<O.OOl 
P<O.OOl 

P<O.OOI 

17/50 (34%) 
46.7% 
12/31 (39%) 
76 
P<O.OOl 
P<O.OOI 

P=0.002 

3/43 (7%) 
9.7% 
3/31 (10%) 
104 
P=0.406N 
P=0.406N 

P = 0.383N 

3/43 (7%) 
9.7% 
3/31 (10%) 
104 
P = 0.200N 
P=0.193N 

P = 0.176N 

1/50 (2%) 
3.2% 
1/31 (3%) 
104 
P = 0.726 
P=0.726 

P= 0.747N 

36/50 (72%) 
91.7% 
16/19 (84%) 
67 
P<O.O01 
P.: 0.001 

p.:0.001 

38/50 (76%) 
92.2% 
16/19 (84%) 
67 
P*:o.oOl 
P .:0.001 

P.:o.oOl 

3/~62 (7%) 
151.4% 
2/17 (12%) 
102 
P = 0.573 
P =0.645N 

P =0.396N 

5/42(12%) 
20.5% 
2/17 (12%) 
8 U 
P=0.473 
P=0.462N 

P = 0.429N 

3/50 (6%) 
14.3% 
2/19 (1 1%) 
102 
P = 0.155 
P=0.325 

P=0.316 

( a )  Number oftumor-bearing animals/number of animals examined a t  the site 
(b) Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the control incidence a re  the P values associated with the trend test. Beneath the dosed group incidence a re  the 
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause ofdeath. The incidental tumor test 
regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates. 
A negative trend or lower incidence in a dosed group is indicated by (N).  
( e )  Includes adenoma, NOS, papillary adenoma, and papillary carcinoma 
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APPENDIX F 

HISTORICAL INCIDENCES OF TUMORS IN F344/N RATS 

AND B6C3F1 MICE RECEIVING NO TREATMENT 
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TABLE FI. HISTORICAL INCIDENCE OF LEUKEMIA IN MALE F344/N RATS RECEIVING NO 
TREATMENT (a) 

Study Inc idence  in Controls 

Historical Incidence for Chamber  Controls a t  Battelle Pacific Northwest Laboratories 

Propylene oxide 
Methyl methacrylate 
Propylene 
Dichloromethane 
Tetrachloroethylene 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

20150 
19/50 
16/50 
34/50 
2 815 0 

1171250 (46.8%) 
14.81% 

34/50 
16/50 

Overall Historical Incidence for Unt rea ted  Controls 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

58311,977 (29.5%) 
11.59% 

30150 
5/50 

(a) Data as of August 30,1985, for studies ofat  least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE F2. HISTORICAL INCIDENCE OF ADRENAL GLAND TUMORS IN MALE F344/N RATS 
RECEIVING NO TREATMENT (a) 

Incidence in Controls 
Pheochromocytoma Malignant Pheochromocytoma or 

Study Pheochromocytoma Malignant Pheochromocytoma 

Historical Incidence for Chamber Controls at Battelle Pacific Northwest Laboratories 

Propylene oxide 3148 
Methyl metacrylate 0149 
Propylene 2/50 
Dichloromethane 0150 
Tetrachloroethylene 0149 

0148 
0/49 
2/50 
0150 
0149 

TOTAL 
SD (b) 

51246 (2.0%) 21246 (0.8%) 
2.92% 1.79% 

Overall Historical Incidence for Untreated Controls 

TOTAL 42711,950 (21.9%) 3011,950 (1.5%) 
SD (b) 12.41% 2.00% 

Range (c) 
High 
Low 

3 1/49 
2/50 

4/49 
0/50 

3/48 
0149 
4150 
0150 
0149 

71246 (2.8%) 
3.95% 

45211,950 (23.2%) 
12.39% 

32149 
3/50 

(a) Data a s  of August 30,1985, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE F3. HISTORICAL INCIDENCE OF INTERSTITIAL CELL TUMORS OF THE TESTIS IN MALE 
F344/N RATS RECEIVING NO TREATMENT (a) 

Study Incidence in Controls 

Historical Incidence for Chamber Controls at Battelle Pacific Northwest Laboratories 

Propylene oxide 
Methyl methacrylate 
Propylene 
Dichloromethane 
Tetrachloroethylene 

TOTAL 
SD (b) 

29/49 
35/50 
37/50 
39/50 
35/50 

175/249 (70.3%) 
7.01% 

Overall Historical Incidence for Untreated Controls 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

(d) 1,729/1,949 (88.7%) 
7.48% 

49/50 
34/50 

(a) Data as of August 30,1985, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
(d) Total includes one malignant interstitial cell tumor 
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TABLE F4. HISTORICAL INCIDENCE OF KIDNEY TUBULAR CELL ADENOMAS IN MALE F344/N RATS 
RECEIVING NO TREATMENT (a) 

Study Incidence in Controls 

Historical Incidence for Chamber Controls at Battelle Pacific Northwest Laboratories 

Propylene oxide 
Methyl methacrylate 
Propylene 
Dichloromethane 
Tetrachloroethylene 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

0150 
0150 
0150 
0150 
1149 

11249 (0.4%) 
0.91% 

1/49 
0150 

Overall Historical Incidence for Untreated Controls 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

411,968 (0.2%) 
0.61% 

1/50 
0190 

~ 

(a) Data as of August 30,1985, for studies of at least 104 weeks. No malignant renal tubular cell tumors have been observed. 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE FS. HISTORICAL INCIDENCE OF PREPUTIAL GLAND TUMORS IN MALE :F344/N RATS 
RECEIVING NO TREATMENT (a) 

Incidence in Controls 
Adenoma Carcinoma or Adenoma, Carci,noma, 

Study Adenocarcinoma or Adenocarcinoma 

Historical Incidence for Chamber Controls at Battelle Pacific Northwest Laboratories 

Propylene oxide 0150 
Methyl methacrylate 3/50 
Propylene 0150 
Dichloromethane 0150 
Tetrachloroethylene 1/50 

0150 
2/50 
0150 
3/50 
2/50 

TOTAL 
SD (d) 

Range (e) 
High 
Low 

41250 (1.6%) 71250 (2.8%) 
2.61% 2.68% 

3/50 
0150 

3/50 
0150 

0150 
5/50 
0150 
3/50 
3/50 

111250 (4.4%) 
4.34% 

5/50 
0150 

Overall Historical Incidence for Untreated Controls 

TOTAL (d) 5011,977 (2.5%) (e) 6511,977 (3.3%) (d,e) 115/1,977 (5.8%) 
SD (d) 3.61% 2.95% 4.44% 

Range (e) 
High 
Low 

8/50 
0190 

5/50 
0150 

8/50 
0150 

(a )  Data as of August 30,1985, for studies of a t  least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
(d) Includes 48 adenomas, NOS, 1 papillary adenoma, and 1 cystadenoma, NOS 
(e) Includes 53 carcinomas, NOS, 2 squamous cell carcinomas, 8 adenocarcinomas, NOS, and 2 sebaceous adenocarcinomas 
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TABLE F6. HISTORICAL INCIDENCE OF BRAIN TUMORS IN MALE F344/N RATS RECEIVING NO 
TREATMENT (a) 

No. of Animals No. of 
Examined Tumors Diagnosis 

~~~~ ~ 

Historical Incidence for Chamber Controls at Battelle Pacific Northwest Laboratories 

Propylene oxide 
Propylene 
Tetrachloroethylene 
All others 

47 
50 
50 

100 

1 Glioma, NOS 
1 Astrocytoma 
1 Glioma, NOS 
0 

TOTAL 247 3 (1.2%) 

Overall Historical Incidence for Untreated Controls 

1,971 4 Glioma, NOS 
10 Astrocytoma 

2 Oligodendroglioma 
1 Granular cell tumor, benign 
2 Granular cell tumor, NOS 
1 Granular cell tumor, malignant 
2 Medulloblastoma 
1 Meningioma 

TOTAL (b)  16 (0.8%) 

(a) Data as of August 30,1985. Totals and range a re  for neuroglial cell tumors (glioma, astrocytoma, andl oligodendroglioma). 
Other tumors are reported for comparison purposes. 
tb) The gr9atest incidence observed in any control group is 3/50. 
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TABLE F7. HISTORICAL INCIDENCE OF LEUKEMIA IN FEMALE F344/N RATS RECEIVING NO 
TREATMENT (a) 

Study Incidence in Controls 

Historical Incidence for Chamber Controls at Battelle Pacific Northwest Laboratories 

Propylene oxide 
Methyl methacrylate 
Propylene 
Dichloromethane 
Tetrachloroethylene 

TOTAL 
SD ( b )  

14/50 
11/50 
13/49 
17/50 
18/50 

731249 129.3%) 
5.69% 

Range (c) 
High 
Low 

Overall Historical Incidence for Untreated Controls 

TOTAL 
SD (b )  

Range (c )  
High 
Low 

18/50 
11/50 

37512,021 (18.6%) 
6.55% 

19/50 
3/50 

(a) Data as ofAugust 30,1985, for studies of at least 104 weeks 
(b)  Standard deviation 
( c )  Range and SD are presented for groups of 35 or more animals. 
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TABLE F8. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN MALE B6C3F1 MICE 
RECEIVING NO TREATMENT (a) 

Study 
Incidence in Controls 

Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence for Chamber Controls at Battelle Pacific Northwest Laboratories 

Propylene oxide 
Methyl methacrylate 
Propylene 
Dichloromethane 
Tetrachloroethylene 

TOTAL 
SD tb) 

Range (c) 
High 
Low 

8/50 
9/50 
5/50 

10150 
12/49 

6/50 
8/50 
9/50 

13/50 
7/49 

441249 (17.7%) 431249 (17.3%) 
5.33% 5.36% 

12/49 
5/50 

13/50 
6/50 

14/50 
16/50 
14/50 
22/50 
17/49 

831249 (33.3%) 
6.60% 

22/50 
14/50 

Overall Historical Incidence for Untreated Controls 

TOTAL 22812,084 (10.9%) 42412,084 (20.3%) 62712,084 (30.1%) 
SD (b)  7.29% 6.85% 7.78% 

Range (c) 
High 
Low 

td) 22/50 
0149 

16/50 
4/50 

(e) 29/50 
8/50 

(a) Data as ofAugust 30,1985, for studies ofa t  least 104 weeks 
(b)  Standard deviation 
(c) Range and SD are  presented for groups of 35 or more animals. 
(d) Second highest incidence: 11/50 
(e) Second highest incidence: 20150 
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TABLE F9. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN FEMALE B6C3F! MICE
RECEIVING NO TREATMENT (a)

Incidence in Controls
Study Adenoma Carcinoma Adenoma or Carcinoma

Historical Incidence for Chamber Controls at Battelle Pacific Northwest Laboratories

Propylene oxide 1/50 2/50 3/50
Methyl methacrylate 7/50 0/50 7750
Propylene 0/50 2/50 2/50
Dichloromethane 2/50 1/50 3/50
Tetrachloroethylene 3/48 1/48 4/48

TOTAL 13/248(5.2%) 6/248(2.4%) 19/248(7.7%)
SD(b) 5.41% 1.67% 3.86%

Range (c)
High 7/50 2/50 7/50
Low 0/50 0/50 250

Overall Historical Incidence for Untreated Controls

TOTAL 91/2,080(4.3%) (d) 94/2,080(4.5%) (d) 181/2,080(8.7%)
SD(b) 4.23% 2.99% 4.85%

Range (c)
High 9/49 7/48 10^49
Low 0/50 0/50 0^50

(a) Data as of August 30,1985, for studies of at least 104 weeks
(b) Standard deviation
(c) Range and SD are presented for groups of 35 or more animals.
(d) One hepatoblastoma was also observed; the inclusion of this tumor would not affect the reported range.
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APPENDIX G

GENETIC TOXICOLOGY OF

TETRACHLOROETHYLENE
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TABLE GI. MUTAGENICITY OF TETRACHLOROETHYLENE IN SALMONELLA r w w M u R w M  

Stra in  Dose 
(yg/plate) 

Revertants/plate (a,b) 
- s9 +S9 (rat) + S9 (hamster) 

TA100 0 83 f 3.7 143 f 6.7 97 f 16.2 
3.3 82 f 5.2 167 f 17.9 105 f 1.3 

10 87 f 2.0 168 * 6.1 92 f 6.8 
33 79 f 1.7 156 f 10.5 102 f 14.5 

100 75 f 5.6 159 f 3.9 118 f 8.1 
333 70 f 7.0 93 f 4.1 77 f 2.6 

TA1535 

TA1537 

0 
3.3 

10 
33 

100 
333 

0 
3.3 

10 
33 

100 
333 

TA98 0 

10 
33 

100 
333 

3.3 

22 f 2.3 18 f 1.5 
15 f 0.7 15 f 2.0 
17 f 2.7 16 f 1.5 
19 f 2.6 14 f 2.3 
23 f 3.5 17 f 1.2 

Toxic 12 f 2.1 

7 f 0.9 7 f 0.3 
7 f 1.2 7 f 0.6 
8 f 3.0 11 f 2.2 
9 f 0.3 7 f 1.5 
7 f 2.6 8 f 0.9 
Toxic 7 k 0.3 

36 f 3.2 17 f 0.9 
15 f 2.6 39 f 1.5 
20 f 2.8 31 f 1.3 
16 f 2.2 36 f 7.3 
13 f 4.2 40 f 2.7 
10 f 0.5 31 f 2.1 

9 f 0.6 
9 f 0.6 
8 f 0.9 

10 f 0.7 
11 f 3.2 
8 f 1.8 

10 f 2.6 
7 f 0.3 

10 f 0.7 
14 f 1.2 
11 f 0.6 
6 f 0.0 

22 f ,3 .5  
24 f 2.6 
27 f 4.6 
29 f 3.2 
34 f 2.3 
26 f 1.7 

(a) The S9 fractions were prepared from the livers of Aroclor 1254-induced male Sprague-Dawley rats and male Syrian 
hamsters. Cells and study compound or solvent (dimethyl sulfoxide) were incubated for 20 minutes a t  37" C in the presence of 
either S9 or buffer. After the addition of soft agar, the contents of each tube were poured onto mininial medium, and the plates 
were incubated a t  37" C for 48 hours (Haworth et  al., 1983). The experiment was performed twice, each in triplicate; because 
the results were similar, data from only one experiment are shown. 
(b) Mean f standard error 
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TABLE G2. INDUCTION OF SISTER-CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS 
BY TETRACHLOROETHYLENE (a) 

- S9 (b) 
Dose SCE/Cell 

+ s9 (c) 
Dose S C E P ~  

DMSO (10 pl) 9.1 
Tetrachloroethylene 

16.4 
54.5 

164.0 

8.5 
8.9 
8.5 

Triethylenemelamine 50.6 
(0.015) 

DMSO (10 pl) 9.3 
Tetrachloroethylene 

80.36 
109.90 
124.60 

Cyclophosphamide 
(1.5) 

9.2 
8.6 
8.7 

29.'0 

(a )  SCE = sister-chromatid exchange; CHO = Chinese hamster ovary 
(b) In the absence of S9, CHO cells were incubated with study compound or solvent for 2 hours a t  37" C. Then BrdU was added, 
and incubation was continued for 24 hours. Cells were washed, fresh medium containing BrdU (10 phf) and colcemid (0.1 
pg/ml) was added, and incubation was continued for 2-3 hours. Cells were then collected by mitotic shake-off, treated for 3 
minutes with potassium chloride (75 mM), washed twice with fixative, and dropped onto slides and air-dried. Stainingwas by a 
modified technique (after Perry and Wolff, 1974; Goto et  al., 1978). 
(c) In the presence of S9, cells were incubated with study compound or solvent for 2 hours a t  37" C. Then cells were washed, and 
medium containing 10 pM BrdU was added. Cells were incubated for a further 26 hours, with colcemid (0.1 pg/ml) present for 
the final 2-3 hours. S9 was from the livers of Aroclor 1254-induced male Sprague-Dawley rats. 

TABLE G3. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER O'VARY CELLS 
BY TETRACHLOROETHYLENE (a) 

- 59 (b) -I. s9 (c) 
Dose AbsI100 Cells Dose Abs/100&& 

(pg/ml) (percent  cells w/abs) (pg/ml) (percent cells w/abs) 

DMSO (10 pl) 3 (1.0) 
Tetrachloroethylene 

17.0 
34.1 
68.1 

136.3 

5 (5.0) 
2 (2.0) 
l (3 .4)  
5 (5.0) 

Triethylenemelamine 23 (18.0) 
(0.5) 

DMSO (10 pl) 4 (4) 
Tetrachloroethylene 

17.0 
34.1 
68.1 

Cyclophosphamide 24(21:1 
(25) 

( a )  Abs = aberrations; CHO = Chinese hamster ovary 
(b) In the absence of S9, CHO cells were incubated with study compound or solvent for 8-10 hours a t  37' C. Cells were then 
washed, and fresh medium containing colcemid (0.1 p g h l )  was added. After a further 2-3 hours of incubation, cells were 
harvested by mitotic shake-off, fixed, and stained in 6% Giemsa. 
(c) In the presence of S9, cells were incubated with study compound or solvent for 2 hours a t  37°C. Cells were then washed, 
medium was added, and incubation was continued for 8-10 hours. Colcemid (0.1 pg/ml) was added for the last 2-3 hours of 
incubation; then cells were harvested and fixed as  above. S9 was from the livers ofAroclor 1254-induced male Sprague-Dawley 
rats. 
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TABLE G4. INDUCTION OF SEX-LINKED RECESSIVE LETHAL MUTATIONS I N  DROSOPHILA BY 
TETROCHLOROETHYLENE 

Route of Dose 
Exposure (ppm) Mating 1 Mating 2 Mating 3 Total (percent )  

No. of Lethalsmo. of X Chromosomes Tes ted  (a) 

Feeding 0 212,202 212,177 
4,000 312,166 312,145 

Injection 0 313,295 312,868 
1,000 413,233 212,879 

512,206 916,585 (0.14) 
112,238 716,549 (0.11) 

412,482 10/8,654 (0.12) 
1/2,374 718,485 (0.08) 

(a )  The sex-linked recessive lethal assay was performed essentially a s  described by Abrahamson antd Lewis (1971 ). Exposure by 
feeding was done by allowing 24-hour-old Can ton3  males to feed for 3 days on a solution of the study chemical dissolved in 5% 
sucrose. The study chemical dissolved in 0.7% sodium chloride was injected into 72-hour-old adult males a t  the base of the 
halteres at a volume sufficient to distend the abdomen (approximately 0.3 pl). Injected flies were alllowed to recover for 24 hours 
before being mated. Exposed males were mated to three Basc females for 3 days and given fresh females a t  2-day intervals to 
produce three broods of 3,2, and 2 days, after which the parents were discarded. Fl heterozygous females were crossed to their 
sibs and placed in individual vials. F1 daughters from the same parental males were kept together to identify clusters; none 
was found. After 17 days, presumptive lethal mutations were identified as vials containing no wild-type males; these were 
retested. Z values were - 0.4893 for feeding and -0.6897 for injection. Analysis ofthe data according to Margolin e t  al. (1983) 
showed tha t  the study chemical did not cause a significant increase in sex-linked recessive lethal mutations a t  the 5% level of 
significance. 
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TABLE 6 5 .  MUTACENICITY OF TETRACHLOROETHYLENE IN L5178YPI'K MOUSE: LYMPHOMA 
CELLS IN THE PRESENCE OF S9(a) 

Total Cloning Kelative Mutation F requency  
Compound Mutant  Clones Efficiency Total  Growth (mutants/l06 

(Dose) (percent)  (percent)  clonable cells) 

DMSO (1%) 75 86.5 100 29 
133 104.5 100 42 
106 107.2 100 33 
98 88.2 100 37 

3-Methylcholanthrene 
(2.5 pg/ml) 687 

617 
614 

Tetrachloroethylene 
(nVml) 

6.25 

12.50 

25.00 

50.00 

100.00 

90 
67 
92 

68 
44 

103 

108.3 
94.3 

108.5 

79.5 
81.0 
80.0 

62.3 
54.3 
80.2 

71 61.8 
100 82.0 
112 93.7 

78 
86 

128 
122 

103.2 
81.7 

78.0 
97.3 

69.8 21 1 
81.6 218 
82.1 189 

98.8 
85.7 
86.2 

50.4 
55.8 
67.4 

38 
28 
38 

36 
27 
43 

64.1 38 
61.7 41 
72.5 40 

77.2 
40.7 

8.4 
39.2 

25 
35 

55 
42 

(a )  Experiments were performed twice, and all doses were tested in duplicate or triplicate. The protocol was basically that  of 
Clive et al. (1979). Cells (6 x IOVml) were treated for 4 hours a t  37" C in medium, washed, resuspended in medium, and 
incubated for 48 hours a t  37" C. After expression, 3 X 106 cells were plated in medium supplemented with trifluorothymidine 
for selection ofcells that  were mutant a t  the thymidine kinase (TK) locus, and 600 cells were plated in nonselective medium to 
determine the percentage of viable cells. S9 was prepared from the livers of Aroclor 1254-induced male F/344 rats. 
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TABLE G6. MUTAGENICITY OF TETRACHLOROETHYLENE IN L5178Y/TK+/- MOUSE LYMPHOMA 
CELLS IN T H E  ABSENCE OF S9 (a) 

Compound 
Total Cloning Relative Mutation Frequency  

Mutant  Clones Efficiency Total Growth  (mutantd l06  
(percent) (percent )  clonable cells) 

DMSO (1%) 

Ethyl methanesulfonate 
(250 yg/ml) 

Tetrachloroethylene 
(nl/ml) 

12.5 

25.0 

50.0 

75.0 

150.0 

61 
78 
74 

976 
947 

50 
69 
80 

76 
94 
91 

54 
76 
71 

64 
50 
82 

66 
79 
95 

93.0 
100.8 
101.5 

79.8 
96.2 

57.8 
70.8 
72.3 

79.0 
103.8 
95.5 

70.8 
96.5 
63.3 

71.0 
53.7 
74.8 

84.2 
75.8 
75.3 

100 
100 
100 

76.5 
92.1 

70.7 
72.1 
62.0 

57.5 
64.5 
64.4 

45.2 
64.1 
35.8 

38.9 
30.4 
30.9 

37.9 
32.3 
25.0 

22 
26 
24 

408 
328 

29 
32 
37 

32 
30 
32 

25 
26 
37 

30 
31 
37 

26 
35 
42 

(a) Experiments were performed twice, all doses were tested in triplicate. Because the results were similar, data from only one 
experiment are shown. The protocol was basically that ofClive e t  al. (1979). Cells (6 X lO5/ml) were treated for 4 hours a t  37°C 
in medium, washed, resuspended in medium, and incubated for 48 hours a t  37" C . After expression, 3 X 106 cells were plated in 
medium supplemented with trifluorothymidine for selection of cells that  were mutant a t  the thymidine! kinase (TK) locus, and 
600 cells were plated in nonselective medium to determine the percentage of viable cells. 
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167 Tetrachloroethylene, NTP TR 31 1 



APPENDIX H. CHEMICAL CHARACTERIZATION 

I. Identity and Purity Determinations of Tetrachloroethylene Performed by the 
Analytical Chemistry Laboratory 

A. Lot no. TA03116F-01 

1. Physical properties 

a. Boiling point: Determined Literature values 
118.8"-119" C (Dupont 
900 DTA) (Dreisbach, 1959) 
118.8" f 0.3"C a t  
733 mm (visual, micro 
boiling point) 

120.97" C a t  760 mm 

b. Index of refraction: 
n2':1.50180 D n2':1.5038 f 0.0003(6) D 

(Ecki3rt, 1923) 

c. Density: 
di;:1.6143 k O.OOOZ(S) g/ml d24:1.613 (Gallant, 

1966') 

d. Appearance: Clear colorless liquid 

2. Spectral data 

a. Infrared 

Instrument: 

Cell: 

Beckman IR-12 

0.015 and 0.05 mm 
liquid cell, sodium chloride 
windows 

Results: 

Tetrachloroethylene, NTP TR 31 1 

See Figure 6 
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Cons:istent with 
literaiture spectrum 
(Sadtler Standard 
Spect,ra) 



'--- 
-
-
L
-
'
 

:
-
 

--.I 
-- - 

.
 

0
 

z 

z 0
 

F: z 0 rn 
cp 
C 

W ET 
C ET 
Lc 
z n

 

I
 

cd 
W
 

169 
Tetrachloroethylene, NTP TR 3 11 



APPENDIX H. CHEMICAL CHARACTERIZATI0:N 

Deter min ed 
b. Ultraviolet/visible 

_. Literature values 

Instrument: Cary 118 

Solvent: Methanol 

Results: No absorbance between 
350 and 800 nm a t  a 
concentration of 1.6 mg/ml. 
No maximum between 284 structure. 
and 350 nm but a gradual 
increase in absorbance 
toward the solvent cutoff 
a t  284 nm. 

No literature reference 
found. Spectrum 
consistent with 

c. Nuclear magnetic resonance 

Instrument: Varian HA-100 

Solvent: Neat, tetramethylsilane 
added 

Assignments: No peaks observed 

3. Water analysis (Karl Fischer): 0.0068% k 0.0009(6)% 

4. Elemental analysis 

Element C Cl 

Theory 14.48 85.52 

Determined 14.62 85.37 
14.48 85.31 

5. Gas chromatography 

Instrument: Tracor MT 220 
Detector: Flame ionization 
Inlet temperature: 170" C 
Detector temperature: 250" C 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

a. System 1 

Column: GP 20% SP2100/0.1 Carbowax 1500 on 100/120 Supelcoport, 1.8 m X 4 
mm ID, glass 
Oven temperature program: 100°C for 5 minutes; then 100"-170°C a t  
10" C/minute 

Results: Major peak and two impurities 

Retention Time Area 
Retention Relative to (percent of 

Peak No. Time (min) Maior Peak maioir Desk) 

1 0.6 
2 1.9 
3 2.3 

0.26 10.007 
0.84 10.008 
1.00 1010 

b. System2 

Column: 0.2% Carbowax 1500 on 80/100 Carbopack C, 1.8 m X 4 mm ID, glass 
Oven temperature program: 50" C for 5 minutes; then 50"-170" C a t  10" C/minute 

Results: Major peak and three impurities 

Retention Time A.rea 
Retention Relative to (percent of 

Peak No. Time (min) Maior Peak maior peak) 

1 1.1 
2 1.3 
3 11.8 
4 13.1 

0.09 0.001 
0.10 < 0.001 
0.90 0.004 
1.00 100 

6. Conclusions: The results of the elemental analyses agreed with the theoretical values. 
Gas chromatography with one system indicated two impurities with areas  totaling 
0.015% of the major peak. A second system indicated three impurities with areas  
totaling <0.006% of the major peak. The infrared and nuclear magnetic resonance 
spectra were consistent with the structure. 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

B. Lot no. TA03116F-Ol--Special bulk puri ty  verification 

1. Gas chromatography 

Instrument:  Varian 3700 
Detector: Flame ionization 
Column: GP 20% SP2100/0.1% Carbowax 1500 on 100/120 Supelcoport, 1.8 m X 2 mm 
ID, glass 
Inlet temperature:  249" C 
Detector temperature:  299" C 
Carr ie r  gas: Nitrogen, 32 ml/min 
Oven tempera ture  program: 70" C for 5 minutes, then 10" C/minute to 170" C 
Sample injected: 5 p1 of a neat solution to detect and quantitate imlpurities; 5 p1 of a 1% 
and 0.5% (v/v) solution to establish detector response linearity 

Results: A major peak preceded by two impurities, each with a relative area of 0.003%. 

Retention Time Area 
Retention Relative to (percent  of 

P e a k  No. Time (min) Maior Peak  maior peak)  

1 0.6 
2 4.0 
3 4.8 

0.12 0.003 
0.82 0.003 
1.00 100 

2. Inf ra red  spectroscopy 

Instrument:  Beckman IR-12 
Cell: Silver chloride, 0.025 mm path length 

Results: The infrared spectrum (Figure 7) was consistent with a literature spectrum 
(Sadtler Standard Spectra) and identical to a previously determined spectrum of the 
same lot. 

3. Conclusions: The infrared spectrum was consistent with a literature spectrum. Gas 
chromatography with a GP 20% SP2100/0.1% Carbowax 1500 column, detected a major 
peak preceded by two impurities each with a relative area of 0.003%.. No decrease in the 
purity of lot no. TA03116F-01 was observed since the original analysis. 
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APPENDIX H. CHEMICAL CHARACTERIZATIObN 

C. Lot no. TAO8190D 

1. Appearance: 

2. Spectral data 

a. Infrared 

Instrument: 

Cell: 

Results: 

Clear colorless liquid 

Determined 

Perkin-Elmer 283 

Thin film between silver 
chloride plates 

See Figure 8 

b. Ultraviolet/visible 

Instrument: Cary 219 

Solvent: Methanol 

Results: No absorbance between 
800 and 350 nm at a 
concentration of 1% (v/v). 
No maximum from 350 to 
215 nm but a gradual 
increase in absorbance 
toward 215 nm a t  a 
concentration of 0.0001% (v/v). 

- Literature values 

Co'nsistent with litera- 
tuire spectrum (Sadtler 
Standard Spectra) 

No literature reference 
found. Spectrum 
consistent with struc- 
ture of tetrachloro- 
ethylene. 

c. Nuclear magnetic resonance 

Instrument: Varian EM360-A 

Solvent: Neat, tetramethylsilane 
added 

Assignments: There were no peaks in the No literature reference 
spectrum other than the found. Consistent with 
standard peak and side band. structure. 
The absence of peaks would 
be expected from a molecule 
containing no hydrogen atoms. 

3. Water analysis (Karl Fischer): 0.0039% k O.OOOl(S)% 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

4. Elemental analysis 

Element C Cl 

Theory (T) 14.48 85.52 

Determined (D) 14.42 85.55 
14.48 85.43 

Pe rcen t  D/T 99.79 99.96 

5. Gas  chromatography 

Instrument:  Varian 3700 
Detector: Flame ionization 
Inlet  temperature:  200" C 
Detector temperature:  250" C 

a. System 1 

Column: 20% SP2100/0.1% Carbowax 1500 on 100/120 Supelcoport, 1.8 m X 4 mm 
ID, glass 
Oven t empera tu re  program: 50" C for 5 minutes; then 50"-17'0°C a t  10" C/minute 
Carr ie r  gas: Nitrogen, 70 ml/minute 
Samples  injected: Neat liquid (4 pl) and solution of 1.0% (v/v) tetrachloroethylene 
in o-dichlorobenzene to detect impurities and quantitate the major peak. 

Results: Major peak (retention time--9.3 minutes) with no impurities observed with 
an area 1 0.01% of the major peak area. (One impurity was observed before the 
major peak but had an area < 0.01% of the major peak area.) 

b. Sys tem2  

Oven t empera tu re  program: 50" C for 5 minutes; then 50"-200" C a t  10" C/minute 
Samples  injected: Neat liquid (3 p1) and solution of 1.0% (v/v) tetrachloroethylene 
in o-dichlorobenzene to detect impurities and quantitate the maljor peak. 

Results: Major peak (retention time--16.0 minutes) with no impurities observed 
with an area 2 0.01% of the major peak area. 

6. Conclusions: The results of the elemental analyses for carbon and chlorine were in 
agreement with the theoretical values. Karl Fischer analysis indicated 0.0039% k 
O.OOOl(S)% water. Gas chromatography with two systems indicated only a major peak 
with no impurities observed having an area 20.01% of the major peak. The infrared, 
ultraviolet/visible, and nuclear magnetic resonance spectra are  consistent with the 
structure of tetrachloroethylene. 
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APPENDIX H. CHEMICAL CHARACTE:RIZATION 

II. Chemical Stability Study of Lot No. TA03116F-02 Performed by the  Analytical 
Chemistry Laboratory (a) 

A. Sample storage: Samples of tetrachloroethylene were stored in tightly screw-capped vials 
for 2 weeks at - 20", 5", 25", or 60" C. 

B. Analytical method: Gas  chromatography 

Instrument:  Bendix 2500 with Hewlett-Packard 3380A automatic integrator 
Detector: Flame ionization 
Column: Chromosorb 102,100/120 mesh, glass, 1.8 m X 4 mm ID 
Inlet  temperature:  250" C 
Detector temperature:  255" C 
Oven temperature:  230" C 
Compound retention time: 6.1 minutes 

C. Results 

Relative Average Percent  
Storape Tempera ture  ComDound Recovered 

- 20" c 
5" c 

25" C 
60" C 

99.7 f 5.4 
96.8 f 5.4 

100.9 k 5.4 
106.8 f. 5.4 

D. Conclusion: Tetrachloroethylene is stable when stored for 2 weeks at temperatures up to 
60" C. 

(a) This stability study was performed as a part of the characterization of tetrachloroethylene for a gavage study. The results 
of this study were considered to determine the storage conditions ofthe bulk chemical in the inhalation studies. 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

III. Chemical Stability Study of Lot No. TAO819OD Performed by the Study 
Laboratory 

A. Storage conditions: Bulk chemical, room temperature 
Reference chemical, - 20" C 

B. Analytical methods 

1. Gas chromatography 

Instrument: Hewlett-Packard 5830 or 5840A 
Column: 20% SP2100/0.1% Carbowax 1500 on lOOl120 mesh Supelcoport, 1.7 m X 4 
mm ID, glass 
Detector: Flame ionization 
Oven temperature: 90" C, isothermal 
Carrier gas: Helium 
Sample injection: 0.1 p1 neat 

2. Infrared spectroscopy 

Instrument: Beckman Acculab 6 or 8 
Cell: Neat liquid between sodium chloride plates 

C. Results 

1. Gas chromatography 

Area Percent Purity (a) 
Date Lot Number Reference Bulk ChemhJ 

12/10/80 
0 111 418 1 
04/23/81 
0 81 1 418 1 
1210 1/81 
0411 4/82 
08/11/82 
12/08/82 
02/10/83 

TA03116F-01 
TA03116F-01 
TA03 116F-01 
TA03116F-01 
TA03116F-01 
TA08190D 
TAO819OD 
TAO819OD 
TA08190D 

99.99 
99.99 
99.90 
99.99 
99.99 
99.96 
99.96 
99.97 
99.96 

99.99 
99.99 
99.89 
99.98 
99.94 
99.08 

(b) 99.97 
99.98 
99.98 

(a) Three determinations were averaged. 
(b) Five determinations were averaged. 

2. Infrared spectroscopy: All bulk chemical spectra were consistent with those of the 
reference sample that was stored a t  - 20" C and with spectra supplied by the analytical 
chemistry laboratory. 

D. Conclusion: No significant degradation of the study material occurred during the studies. 
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APPENDIX I 

GENERATION AND MEASUREMENT OF 

CHAMBER CONCENTRATIONS AT 

BATTELLE PACIFIC NORTHWEST LABORATORIES 
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APPENDIX I. GENERATION AND MEASUREMENT 

I. Vapor  Generat ion System 

The liquid to be vaporized was contained in a 1.6-liter stainless steel reservoir that  was housed in 
a vapor hood within the exposure room. The liquid was pumped from this reservoir to a stainless 
steel cylinder covered with a glass fiber wick from which the liquid was vaporized (Decker et al., 
1982). An 80-watt heater and a temperature-sensing element were incorporated within the 
cylinder. The heater maintained the vaporizer at 110' k 2" C. The surface temperature of the 
vaporizer was slightly less than this temperature. Each cylindrical vaporizer was positioned in 
the fresh air  duct leading directly into the exposure chamber to minimize rnaterial loss due to 
condensation on duct walls (Figure 9). 

II. Vapor  Concentrat ion Monitoring 

A Hewlett-Packard Model 5840 gas chromatograph equipped with a flame ionization detector, a 
10% UCW 982 or Chromosorb WAW DMCS 80400 packed column, and an  iiutomatic sampling 
valve were used to monitor the concentration of tetrachloroethylene in the chambers. All 
chambers and the room air were sampled approximately twice during ea.ch exposure hour. 
Starting on the 278th exposure day, hexane in nitrogen was added to the sampling sequence to 
establish instrumental performance. The calibration of the monitoring gas chromatograph was 
confirmed and corrected as necessary by periodic assay of grab samples from the chambers 
analyzed on a second gas chromatograph. 

Weekly concentrations are  graphically presented in Figures 10-13. 

III. Vapor Concentrat ion Uniformity in Chamber  

Uniformity of vapor concentration in  each exposure chamber was measured periodically 
throughout the study with a portable photoionization detector (Model PI201, HNU Systems, Inc., 
Newton, MA). The standard deviations of the normalized average concentrations did not exceed 
k 7%. 
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RESULTS OF SEROLOGIC ANALYSES 

187 Tetrachloroethylene, NTP TR 31 1 



APPENDIX J. SEROLOGIC ANALYSES 

1. Methods 

Rodents used in the Bioassay Program of the National Toxicology Program are  produced in optimally 
clean facilities to eliminate potential pathogens that may affect test results. 

Data from animals surviving 24 months were collected from 5/50 randomly selected control animals 
of each sex and species. The blood from each animal was collected and clotted, and the serum was 
separated. The serum was cooled on ice and shipped to Microbiological Associiates’ Comprehensive 
Animal Diagnostic Service for determination of the antibody ti ters.  The following tests were 
performed: 

Hemagglutination 
Inhibition 

Complement 
Fixation -- ELISA 

Mice PVM (pneumonia virus of mice) M.Ad. (mouse adenovirus) MHV (mouse 
Reo 3 (reovirus type 3) LCM (lymphocytic hepatitis virus) 
GDVII (Theiler’s choriomeningitis virus) 

encephalomyelitis virus) 
Poly (polyoma virus) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
Sendai 

Rats PVM 
Sendai 
KRV (Kilham rat  virus) 
H-1 (Toolan’s H-1 virus) 

RCV (rat coronavirus) 

II. Results 

TABLE J1. MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE TWO-YEAR 
INHALATION STUDIES OF TETRACHLOROETHYLENE 

Interval 
(months) 

No. of 
Animals 

Positive Serologic 
Reaction for 

RATS 

24 

MICE 

24 

7/10 
3/10 
1/10 

3/10 
3/10 

PVM 
Sendai 
RCV 

PVM 
MHV 

(a) Blood samples were taken from control animals (5/sex) just before they were killed and sent t o  Microbiological Associates, 
Inc. (Bethesda, MD) for the Animal Disease Screening Program. 
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APPENDIX K 

INGREDIENTS, NUTRIENT COMPOSITION, AND 

CONTAMINANT LEVELS IN 

NIH 07 RAT AND MOUSE RATION 

Pelleted Diet: December 1980 to January 1.983 

(Manufactured by Zeigler Bros., Inc., Gardners, PA) 
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TABLE K1. INGREDIENTS OF NIH 01 RAT AND M U S E  RATION (a) 

Percen t  by Weight Ingredien ts  (b) 

Ground #2 yellow shelled corn 
Ground hard winter wheat 
Soybean meal (49% protein) 
Fish meal (60% protein) 
Wheat middlings 
Dried skim milk 
Alfalfa meal (dehydrated, 17% protein) 
Corn gluten meal (60% protein) 
Soy oil 
Brewer's dried yeast 
Dry molasses 
Dicalcium phosphate 
Ground limestone 
Salt 
Premixes (vitamin and mineral) 

24.50 
23.00 
12.00 
10.00 
10.00 
5.00 
4.00 
3.00 
2.50 
2.00 
1.50 
1.25 
0.50 
0.50 
0.25 

(a) NIH, 1978; NCI, 1976 
(b) Ingredienta should be ground to psaa through a U.S. Stamlard Screen No. 16 before being mixed. 

TABLE K2. VITAMINS AND MINERAL8 IN NIH 87 RAT AND MOUSE RATIOhl(a) 

Amount  Source  

Vitamins 

A 
D3 
K; 
d-a-Tocopheryl acetate 
Choline 
Folic acid 
Niacin 
d-Pantothenic acid 
Riboflavin 
Thiamine 

Pyridoxine 
Biotin 

B12 

Minerals 

Iron 
Manganese 
Zinc 
Copper 
Iodine 
Cobalt 

5,500,000 IU 
4,600,000 IU 

2.8 g 
20,000 IU 

560.0 g 
2.2 g 
30.0 g 
18.0 g 

10.0 g 

1.7 g 
140.0 mg 

3.4 

4,000 pg 

120.0 g 

16.0 g 
60.0 g 

4.0 g 
l.4g 
0.4 g 

Stabilized vitamin A palmitcite or acetate 
D-activated animal sterol 
Menadione activity 

Choline chloride 

d-Calcium pantothenate 

Thiamine mononitrate 

Pyridoxine hydrochloride 
d-Biotin 

Iron sulfate 
Manganous oxide 
Zinc oxide 
Copper sulfate 
Calcium iodate 
Cobalt carbonate 

(a) Per ton (2,000 lb) of finished product 
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TABLE K3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION (a) 

Nutrient Mean Range Number of Samples 

Crude protein (percent by weight) 
Crude fat  (percent by weight) 
Crude fiber (percent by weight) 
Ash (percent by weight) 

23.85 f 0.78 
5.02 f 0.44 
3.31 f 0.23 
6.44 k 0.44 

Essential Amino Acids (percent of total diet) 

Arginine 
Cystine 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Tyrosine 
Valine 

Essential Fatty Acids (percent of total diet) 

Linoleic 
Linolenic 
Arachidonic 

1.260 
0.395 
1.175 
0.553 
0.908 
1.905 
1.250 
0.310 
0.967 
0.834 
0.175 
0.587 
1.085 

2.37 
0.308 
0.008 

Vitamins 

Vitamin A (IU/kg) 
Vitamin D (IU/kg) 6,300 
a-Tocopherol (ppm) 37.6 
Thiamine (ppm) 16.8 f 2.0 
Riboflavin (ppm) 6.9 

Pantothenic acid (ppm) 30.2 
Pyridoxine (ppm) 7.2 

Biotin (ppm) 0.24 
Vitamin B12 (ppb) 12.8 
Choline (ppm) 3,315 

10,917 f 1,876 

Niacin (ppm) 75 

Folic acid (ppm) 2.1 

Minerals 

Calcium (percent) 1.25 f 0.15 
Phosphorus (percent) 0.98 k 0.06 
Potassium (percent) 0.809 
Chloride (percent) 0.557 
Sodium (percent) 0.304 
Magnesium (percent) 0.172 
Sulfur (percent) 0.278 
Iron (ppm) 41 8 
Manganese (ppm) 90.8 
Zinc (ppm) 55.1 
Copper (ppm) 12.68 
Iodine (ppm) 2.58 
Chromium (ppm) 1.86 
Cobalt (ppm) 0.57 

22.7-25.3 
4.2-5.7 
2.9-3.8 

5.7-7.43 

1.21-1.3 1 
0.39-0.40 
1.15-1.20 

0.530-0.576 
0.88 1-0.934 

1.85-1.96 
1.20-1.30 

0.306-0.314 
0.960-0.974 
0.827-0.840 
0.17 1-0.1 78 
0.566-0.607 

1.05-1.12 

8,210-15,000 

31.1-44.0 
14.0-21.0 
6.1-7.4 
65-85 

29.8-30.5 
5.6-8.8 
1.8-2.4 

0.21-0.27 
10.6-15.0 

3,200-3,430 

0.81-1.69 
0.88-1.10 

0.772-0.846 
0.479-0.635 
0.258-0.349 
0.166-0.177 
0.270-0.285 

409-426 
86.0-95.5 
54.2-56.0 

9.65-15.70 
1.52-3.64 
1.79-1.93 
0.49-0.65 

24 
24 
24 
24 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

24 
1 
2 

23 
2 
2 
2 
2 
2 
2 
2 
2 

24 
24 
2 
2 
2 
2 
2 
2 
2 

(a) One or two batches of feed analyzed for nutrients reported in this table were manufactured in January and/or April 1983. 
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TABLE K4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 

Contaminant  
Mean 2 Standard 

Deviation Range  Number  of Samplea 

Arsenic (ppm) 
Cadmium (ppm) (a) 
Lead (ppm) 
Mercury (ppm) (b) 
Selenium (ppm) 

Aflatoxins (ppb) (a,b) 

Nitrate nitrogen (ppm) (c) 
Nitrite nitrogen (ppm) (c) 
BHA (ppm) (d) 
BHT (ppm) (d) 

Aerobic plate count (CFU/g) (e) 
Aerobic plate count (CFU/g) to 
Coliform (MPN/g) (g) 
Coliform (MPNlg) (h) 
E. coli (MPN/g) (i) 

Total nitrosamines (ppb) Q,k) 
Total nitrosamines (ppb) Q,l)  
N-Nitrosodimethylamine (ppb) (i,k) 
N-Nitrosodimethylamine (ppb) (iJ) 
N-Nitrosopyrrolidine (ppb) 

Pest ic ides  (ppm) 

a-BHC (a,m) 
0-BHC (a) 
y-BHC-Lindane (a) 
S-BHC (a) 
Heptachlor (a) 
Aldrin (a )  
Heptachlor epoxide (a) 
DDE (a) 
DDD (a) 
DDT (a) 
HCB (a) 
Mirex (a) 
Methoxychlor (a,n) 
Dieldrin (a) 
Endrin (a)  
Telodrin (a) 
Chlordane (a) 
Toxaphene (a) 
Estimated PCB’s (a) 
Ronnel (a) 
Ethion (a) 
Trithion (a) 
Diazinon (a,n) 
Methyl parathion (a) 
Ethyl parathion (a) 
Malathion ( 0 )  
Endosulfan I (a) 
Endosulfan II (a) 
Endosulfan sulfate (a) 

0.48 f 0.17 
co.10 

1.00 f 0.74 
C 0.05 

0.29 k 0.07 

c 10 

9.22 f 3.62 
2.16 f 1.53 
6.68 f 4.95 
3.45 f 2.56 

40,567 f 29,431 
77,617 f 183,824 

16.6 f 22.9 
80.2 f 236.3 

<3 

4.63 f 4.19 
27.15 f 64.36 

3.43 f 3.96 
25.71 f 64.90 

1.06 f 0.49 

<0.01 
C0.02 
co.01 
<0.01 
co.01 
co.01 
co.01 
co.01 
<0.01 
<0.01 
<0.01 
<0.01 
< 0.05 
<0.01 
co.01 
<0.01 
<0.06 
eo.1 
c0.2  
<0.01 
c0.02 
<0.06 
co.1 
<0.02 
<0.02 

0.10 f 0.07 
<0,01 
<0.01 
<0.03 

0.29.1.06 

0.42-3.37 

0.13-0.40 

C5.0-< 10.0 

3.8 -17.0 
0.4 -6.9 

C0.4 - 17.0 
0.9 -12.0 

4,900 - 88,000 
4,900 - 930,000 

< 3 - 9 3  
e 3  - 1,100 

0.8 - 18.6 
0.8 -273.2 
0.8 - 16.5 
0.8 - 272 
0.3 -2.9 

0.09 03/26/81) 

0.2 (U27181) 

CO.06-0.27 

24 
24 
24 
24 
24 

24 

24 
24 
24 
24 

23 
24 
22 
24 
24 

21 
24 
21 
24 
24 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
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TABLE K4.  CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (Continued)  

(a)  All values were less than the detection limit, given in the table as the mean. 
(b) Detection limit reduced from 10 ppb to 5 ppb after 7/81 
(c) Source of contamination: Alfalfa, grains, and fish meal 
(d) Source of contamination: Soy oil and fish meal 
(e) Mean, standard deviation, and range exclude one very high value of 930,000 obtained for the batch produced on 12/22/82. 
(0 Mean, standard deviation, and range include the high value listed in footnote c. 
(g) Excludes one very high value of 1,100 obtained for the batch produced on 12/16/80 and one high value of 460 obtained for the 
batch produced on 9/23/82. 
(h) Includes the high values listed in footnote e 
(i) All values were less than 3 MPN/g (MPN = most probable number). 
c j )  All values were corrected for percent recovery. 
(k) Mean, standard deviation, and range exclude three very high values in the range of 115-273.2 ppb for batches produced on 
112618 1, 2/23/81, and 4/27/81. 
(1) Mean, standard deviation, and range include the very high values given in footnote i. 
(m) BHC = hexachlorocyclohexane or benzene hexachloride 
(n) There was one observation above the detection limit. The value and the date it was obtained are  given under the range. 
( 0 )  Thirteen batches contained more than 0.05 ppm. 
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APPENDIX L 

DATA AUDIT SUMMARY 
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APPENDIX L. DATA AUDIT SUMMARY 

The experimental data, documents, and pathology materials from the NTP inhalation toxicology and 
carcinogenesis studies of tetrachloroethylene in F344/N rats and B6C3F1 mice were examined for 
completeness, consistency, and accuracy and for procedures consistent with Good Laboratory Practice 
regulations. The experiments, conducted between February 1981 and February 1983 at Battelle 
Pacific Northwest Laboratories, Richland, Washington, were initiated before the NTP required com- 
pliance with Good Laboratory Practice regulations. The audit was conducted Miarch 18-22, 1985, by 
the Dynamac Corporation. The following people were involved in the audit: L. Keifer, Ph.D.; J. 
Plautz, M.S.; R. Schueler, D.V.M.; M. Perreault, B.S.; C. Sexsmith, B.S.; and E. Zurek. An additional 
participant was M. Shoaf (Pathology Associates, Inc). Subsequently, the Halogenated Solvents In- 
dustry Alliance sponsored a third-party audit that  was conducted by personnel from Clements Asso- 
ciates on November 18-20, 1985. To provide further clarification of issues raised, a supplemental 
audit  was conducted for the NTP on May 29, 1986, by C. Sexsmith, B.S., E.  Zurek; and  L. 
Plankenhorn, B.S., of Dynamac Corporation. 

Reports for the two audits conducted by the NTP are  on file at the NIEHS, Research Triangle Park, 
North Carolina. The combined audits consisted of a n  indepth review of the {data and pathology 
materials collected during the conduct of the study as well as review of the correspondence. For the 
inlife toxicology data, the review involved examination of 100% of the records on animal receipt and 
husbandry, mortality, environmental conditions, and dosing. Body weight and clinical observation 
data were examined for 10% of the animals. For the chemistry data, all of the available records con- 
cerning receipt, initial analysis, and stability testing by Midwest Research Instiitute (MRI) were ex- 
amined. In addition, records pertaining to receipt, bulk chemical analysis, generation of chamber 
concentrations, exposure chamber monitoring, and gas chromatographic calibration by the study 
laboratory were examined. The audit of the pathology materials included review of 100% of the Indi- 
vidual Animal Data Records for correlation between gross and microscopic diagnoses and clerical 
errors, examination of the wet tissues of 10% of the animals for unidentified potential lesions and cor- 
rect identification, correlation of slides and tissue blocks for all control and high dose groups, and 
verification of the reported pathologic findings on a 10% sample of the animals. 

Review of the inlife data and documents revealed that recordkeeping was not adways complete and 
consistent for clinical signs, palpable masses, lesions involving eyes or skin, and observations of ani- 
mal security. Records for animal security were made four times daily. Some animals escaped from 
and were returned to their cages, primarily during the first 12 months of exposures. All of the study 
records were reviewed in detail and analyzed by observation period within each1 day to evaluate the 
possibility that any animals were misidentified. Individual animals were identified by an ear tag 
that was unique for both the animal and the chemical being studied; a backup c,age mapping system 
was used to identify animals without an ear tag. 

In the rat  study, there were 134 documented incidents of loose animals. Animals were identified by 
ear tags in 121 of these incidents. Of the 13 other incidents, 5 involved rats loose within specific 
chambers and 4 involved only a single animal loose on a given day, where the dose group, if not the in- 
dividual animal number, could be verified. On only 1 day where four rats were n’oted as “out of cage,” 
is there no record verifying either individual animal or group identity. Three rats were documented 
as being “out on floor” on three different study days; in each incident, the loose animal was identified 
by ear tag and returned to its group and cage. 

Similarly, the likelihood of transposition of mice between dose groups was determined to be remote 
upon detailed analysis of the documents. A total of 50 mice were loose on 32 days. In 46 of these inci- 
dents, the individual animals were identified by ear tag. The remaining four incidents involved mice 
loose within specific chambers. One mouse was out on the floor, identified by ear tag, and returned to 
its group and cage. 
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APPENDIX L. DATA AUDIT SUMMARY 

A complete review of the analytical chemistry data revealed that all documents were present except 
the original chromatograms from MRI analyses. Other records showed that the study material was 
received and was used to generate exposure atmospheres of loo-, 200-, and 400-ppm target concen- 
trations. Records showed that the bulk chemical was reanalyzed as required. The chemical-use log 
showed that bulk chemical was regularly withdrawn to refill the vapor generator. 

Review of the pathology data revealed that bags of wet tissue were present for all animals on which a 
necropsy was performed; 80183 wet tissue bags examined contained correct identifcation (ear tags 
were not present for one rat  and two mice); and questionable slide/block matches were noted for five 
mouse slides. Seven instances of gross observations suggesting lesions in the liver rind spleen of rats 
were found. Review of the potential lesions for these animals by NTP pathology support staff indica- 
ted that the gross observations did not represent missed tumors. Nine gross observations suggesting 
undiagnosed or untrimmed potential lesions in nontarget organs were identified in mice. After 
examination of slides and wet tissues, the number of new diagnoses was not considered to be suf- 
ficient to influence the interpretation of the study results. Four cases of untrimmed potential lesions 
in mice were found. Residual livers from non-tumor-bearing mice were reviewedl for possible un- 
trimmed tumors. Any tumors found were examined microscopically, and the data were included in 
the pathology tables. 

In conclusion, the audit revealed certain problems in the conduct and documentation of these experi- 
ments. Any discrepancies that might have influenced the results of the studies were resolved, and, 
where necessary, the data tables were corrected. Other findings that were considered not to affect the 
interpretation of the studies were not necessarily pursued to final resolution but art? identified in the 
NTP audit reports. The study data, documents, and materials a t  the NTP Archives support the data 
and interpretations presented in this Technical Report. 

"U.S. GOVERNMENT PRINTING OFFICE: 1986-181-296141198 197 Tetrachloroethylene, NTP TR 31 1 


	TOXICOLOGY AND CARCINOGENESIS
STUDIES OF
TETRACHLOROETHYLENE
(PERCHLOROETHYLENE)
(CAS NO. 127-18-4)
IN F344/N RATS AND B6C3F1 MICE
(INHALATION STUDIES)
	CONTENTS
	ABSTRACT
	CONTRIBUTORS
	PEER REVIEW PANEL
	SUMMARY OF PEER REVIEW COMMENTS
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	PROCUREMENT AND
CHARACTERIZATION OF
TETRACHLOROETHYLENE
	GENERATION AND MEASUREMENT OF
CHAMBER CONCENTRATIONS
	SINGLE-EXPOSURE STUDIES
	FOURTEEN-DAY STUDIES
	THIRTEEN-WEEK STUDIES
	TWO-YEAR STUDIES
	Study Design
	Source and Specifications of Animals
	Animal Maintenance
	Clinical Examinations and Pathology
	Statistical Methods


	III. RESULTS
	RATS
	SINGLE-EXPOSURE STUDIES
	FOURTEEN-DAY STUDIES
	THIRTEEN- WEEK STUDIES
	TWO-YEAR STUDIES
	Body Weights and Clinical Signs
	Survival
	Pathology and Statistical Analyses of
Results


	MICE
	SINGLE-EXPOSURE STUDIES
	FOURTEEN-DAY STUDIES
	THIRTEEN-WEEK STUDIES
	TWO-YEAR STUDIES
	Body Weights and Clinical Signs
	Survival
	Pathology and Statistical Analyses of
Results



	IV. DISCUSSION AND CONCLUSIONS
	V. REFERENCES
	TABLES
	TABLE 1. CHEMICAL AND PHYSICAL PROPERTIES OF TETRACHLOROETHYLENE
	TABLE 2. GENERATION OF CHAMBER CONCENTRATIONS IN THE INHALATION STUDIES OF
TETRACHLOROETHYLENE
	TABLE 3. SUMMARY OF CHAMBER CONCENTRATIONS DURING THE TWO-YEAR INHALATION
STUDIES OF TETRACHLOROETHYLENE
	TABLE 4. DISTRIBUTION OF MEAN DAILY CONCENTRATIONS DURING THE TWO-YEAR
INHALATION STUDIES OF TETRACHLOROETHYLENE
	TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE INHALATION
STUDIES OF TETRACHLOROETHYLENE
	TABLE 6. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE SINGLE-EXPOSURE
INHALATION STUDIES OF TETRACHLOROETHYLENE
	TABLE 7. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE FOURTEEN-DAY
INHALATION STUDIES OF TETRACHLOROETHYLENE
	TABLE 8. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK
INHALATION STUDIES OF TETRACHLOROETHYLENE
	TABLE 9. SEVERITY OF LIVER AND LUNG CONGESTION IN RATS IN THE THIRTEEN-WEEK
INHALATION STUDIES OF TETRACHLOROETHYLENE
	TABLE 10. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR INHALATION
STUDIES OF TETRACHLOROETHYLENE
	TABLE 11. SURVIVAL OF RATS IN THE TWO-YEAR INHALATION STUDIES OF
TETRACHLOROETHYLENE
	TABLE 12. ANALYSIS OF MONONUCLEAR CELL LEUKEMIA IN RATS IN THE TWO-YEAR
INHALATION STUDIES OF TETRACHLOROETHYLENE
	TABLE 13. CLASSIFICATION OF MONONUCLEAR CELL LEUKEMIA IN RATS IN THE TWO-YEAR INHALATION STUDIES OF TETRACHLOROETHYLENE
	TABLE 14. ANALYSIS OF RENAL LESIONS IN RATS IN THE TWO-YEAR INHALATION STUDIES
OF TETRACHLOROETHYLENE
	TABLE 15. ANALYSIS OF GLIOMAS IN MALE RATS IN THE TWO-YEAR INHALATION STUDY
OF TETRACHLOROETHYLENE
	TABLE 16. ANALYSIS OF TESTICULAR INTERSTITIAL CELL LESIONS IN MALE IRATS IN THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE
	TABLE 17. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE SINGLE-EXPOSURE
INHALATION STUDIES OF TETRACHLOROETHYLENE
	TABLE 18. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FOURTEEN-DAY INHALATION STUDIES OF TETRACHLOROETHYLENE
	TABLE 19. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK
INHALATION STUDIES OF TETRACHLOROETHYLENE
	TABLE 20. INCIDENCE AND SEVERITY OF LIVER AND KIDNEY LESIONS IN MICE IN THE
THIRTEEN-WEEK INHALATION STUDIES OF TETRACHLOROETHYLENE
	TABLE 21. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR INHALATION STUDIES OF TETRACHLOROETHYLENE
	TABLE 22. SURVIVAL OF MICE IN THE TWO-YEAR INHALATION STUDIES OF TETRACHLOROETHYLENE
	TABLE 23. NUMBER OF MICE WITH NONNEOPLASTIC LESIONS OF THE KIDNEY IN THE TWO-YEAR INHALATION STUDIES OF TETRACHLOROETHYLENE
	TABLE 24. ANALYSIS OF LIVER TUMORS IN MICE IN THE TWO-YEAR INHALATION STUDIES OF
TETRACHLOROETHYLENE
	TABLE 25. COMPARATIVE INCIDENCES OF STAGE-THREE MONONUCLEAR CELL LEUKEMIA IN
RATS IN THE TWO-YEAR INHALATION STUDIES OF TETRACHLOROETHYLENE
	TABLE 26. LIFE TABLE ANALYSIS OF THE INCIDENCES OF STAGE-THREE MONONUCLEAR CELL
LEUKEMIA IN RATS IN THE TWO-YEAR INHALATION STUDIES OF TETRACHLOROETHYLENE
	TABLE 27. CUMULATIVE INCIDENCES OF MONONUCLEAR CELL LEUKEMIA IN FEMALE RATS IN
THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE

	FIGURES
	FIGURE 1. GROWTH CURVES FOR RATS EXPOSED TO TETRACHLOROETHYLENE
BY INHALATION FOR TWO YEARS
	FIGURE 2. KAPLAN-MEIER SURVIVAL CURVES FOR RATS EXPOSED TO
TETRACHLOROETHYLENE BY INHALATION FOR TWO YEARS
	FIGURE 3. GROWTH CURVES FOR MICE EXPOSED TO TETRACHLOROETHYLENE
BY INHALATION FOR TWO YEARS
	FIGURE 4. KAPLAN-MEIER SURVIVAL CURVES FOR MICE EXPOSED TO
TETRACHLOROETHYLENE BY INHALATION FOR TWO YEARS
	FIGURE 5. KAPLAN-MEIER CURVES FOR STAGE-THREE LEUKEMIA INCIDENCE
IN RATS EXPOSED TO TETRACHLOROETHYLENE BY INHALATION FOR TWO
YEARS
	FIGURE 6. INFRARED ABSORPTION SPECTRUM OF TETRACHLOROETHYLENE (LOT NO. TA03116F-01)
	FIGURE 7. INFRARED ABSORPTION SPECTRUM OF TETRACHLOROETHYLENE (LOT NO. TA03116F-01)
	FIGURE 8. INFRARED ABSORPTION SPECTRUM OF TETRACHLOROETHYLENE (LOT NO. TA08190D)
	FIGURE 9. TETRACHLOROETHYLENE VAPOR GENERATION SYSTEM
	FIGURE 10. WEEKLY MEAN CONCENTRATION OF TETRACHLOROETHYLENE FOR RATS EXPOSED AT 200 PPM IN THE TWO-YEAR INHALATION STUDIES 
	FIGURE 11. WEEKLY MEAN CONCENTRATION OF TETRACHLOROETHYLENE FOR RATS EXPOSED AT 400 PPM IN THE TWO-YEAR INHALATION STUDIES  
	FIGURE 12. WEEKLY MEAN CONCENTRATION OF TETRACHLOROETHYLENE FOR MICE EXPOSED AT 100 PPM IN THE TWO-YEAR INHALATION STUDIES   
	FIGURE 13. WEEKLY MEAN CONCENTRATION OF TETRACHLOROETHYLENE FOR MICE EXPOSED AT 200 PPM IN THE TWO-YEAR INHALATION STUDIES    

	APPENDIXES
	APPENDIX A SUMMARY OF THE INCIDENCE OF NEOPLASMS IN RATS IN THE TWO-YEAR INHALATION STUDIES OF TETRACHLOROETHYLENE 
	TABLE A1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR
INHALATION STUDY OF TETRACHLOROETHYLENE
	TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR
INHALATION STUDY OF TETRACHLOROETHYLENE
	TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE
	TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE

	APPENDIX B SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MICE IN THE TWO-YEAR INHALATION STUDIES OF TETRACHLOROETHYLENE

	TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN TIHE TWO-YEAR
INHALATION STUDY OF TETRACHLOROETHYLENE
	TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR
INHALATION STUDY OF TETRACHLOROETHYLENE
	TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE
	TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE

	APPENDIX C SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN RATS IN THE TWO-YEAR INHALATION STUDIES OF TETRACHLOROETHYLENE

	TABLE C1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE
	TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE

	APPENDIX D SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MICE IN THE TWO-YEAR INHALATION STUDIES OF TETRACHLOROETHYLENE

	TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE
TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE
	TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE

	APPENDIX E ANALYSES OF PRIMARY TUMORS IN RATS AND MICE IN THE TWO-YEAR INHALATION STUDIES OF TETRACHLOROETHYLENE

	TABLE E1. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE
	TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR INHALATfON
STUDY OF TETRACHLOROETHYLENE
	TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR INHALATION
STUDY OF TETRACHLOROETHYLENE
	TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR INHALATION STUDY OF TETRACHLOROETHYLENE

	APPENDIX F HISTORICAL INCIDENCES OF TUMORS IN F344/N RATS AND B6C3F1 MICE RECEIVING NO TREATMENT

	TABLE F1. HISTORICAL INCIDENCE OF LEUKEMIA IN MALE F344/N RATS RECEIVING NO TREATMENT
	TABLE F2. HISTORICAL INCIDENCE OF ADRENAL GLAND TUMORS IN MALE F344/N RATS
RECEIVING NO TREATMENT
	TABLE F3. HISTORICAL INCIDENCE OF INTERSTITIAL CELL TUMORS OF THE TESTIS IN MALE
F344/N RATS RECEIVING NO TREATMENT
	TABLE F4. HISTORICAL INCIDENCE OF KIDNEY TUBULAR CELL ADENOMAS IN MALE F344/N RATS
RECEIVING NO TREATMENT
	TABLE F5. HISTORICAL INCIDENCE OF PREPUTIAL GLAND TUMORS IN MALE F344/N RATS RECEIVING NO TREATMENT
	TABLE F6. HISTORICAL INCIDENCE OF BRAIN TUMORS IN MALE F344/N RATS RECEIVING NO
TREATMENT
	TABLE F7. HISTORICAL INCIDENCE OF LEUKEMIA IN FEMALE F344/N RATS RECEIVING NO
TREATMENT
	TABLE F8. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN MALE B6C3F1 MICE
RECEIVING NO TREATMENT
	TABLE F9. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN FEMALE B6C3F1 MICE RECEIVING NO TREATMENT

	APPENDIX G GENETIC TOXICOLOGY OF TETRACHLOROETHYLENE

	TABLE G1. MUTAGENICITY OF TETRACHLOROETHYLENE IN SALMONELLA TYPHIMURIUM
	TABLE G2. INDUCTION OF SISTER-CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS
BY TETRACHLOROETHYLENE
	TABLE G3. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS BY TETRACHLOROETHYLENE
	TABLE G4. INDUCTION OF SEX-LINKED RECESSIVE LETHAL MUTATIONS IN DROSOPHILA BY TETRACHLOROETHYLENE
	TABLE G5. MUTACENICITY OF TETRACHLOROETHYLENE IN L5178Y/TK+/- MOUSE LYMPHOMA CELLS IN THE PRESENCE OF S9
	TABLE G6. MUTAGENICITY OF TETRACHLOROETHYLENE IN L5178Y/TK+/- MOUSE LYMPHOMA
CELLS IN THE ABSENCE OF S9

	APPENDIX H
CHEMICAL CHARACTERIZATION OF
TETRACHLOROETHYLENE
	APPENDIX I
GENERATION AND MEASUREMENT OF
CHAMBER CONCENTRATIONS AT
BATTELLE PACIFIC NORTHWEST LABORATORIES
	APPENDIX J RESULTS OF SEROLOGIC ANALYSES

	TABLE J1. MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE TWO-YEAR
INHALATION STUDIES OF TETRACHLOROETHYLENE

	APPENDIX K INGREDIENTS, NUTRIENT COMPOSITION, AND CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION

	TABLE K1. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION
	TABLE K2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION
	TABLE K3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION
	TABLE K4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION

	APPENDIX L
DATA AUDIT SUMMARY


