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HEXACHLOROETHANE 

CAS NO. 67-72-1 

c2c16 Molecular weight 236.7 

Synonyms: carbon hexachloride; ethane hexachloride; hexachlorethane; hexachloroethylene; 
1,1,1,2,2,2-hexachloroethane; perchloroethane 

Trade names: Avlothane; Distokal; Distopan; Distopin; Egitol; Falkitol; Fasciolin; Mottenhexe; 
Phenohep 

ABSTRACT 

Hexachloroethane is used in organic synthesis as  a retarding agent in fermentation, as a camphor 
substitute in nitrocellulose, in pyrotechnics and smoke devices, in explosives, and as a solvent. In 
previous long-term gavage studies with B6C3F1 mice and Osborne-Mendel rats (78 weeks of exposure 
followed by 12-34 weeks of observation), hexachloroethane caused increased incidences of hepatocel- 
lular carcinomas in mice (NC1 TR 68). However, survival of low and high dose rats was reduced com- 
pared with that of vehicle controls, and the effects on rats were inconclusive. Therefore, additional 
toxicology and carcinogenesis studies were conducted in F344/N rats by administering hexachloro- 
ethane (approximately 99% pure) in corn oil by gavage to groups of males and females for 16 days, 13 
weeks, or 2 years. Genetic toxicology studies were conducted in Salmonella typhimurium and in Chi- 
nese hamster ovary (CHO) cells. Urinalysis was performed in conjunction with the 13-week studies. 

Sixteen-Day Studies: In the 16-day studies (dose range, 187-3,000 mg/kg), all rats that received 1,500 
or 3,000 mg/kg and 1/5 males and 215 females that received 750 mg/kg died before the end of the stud- 
ies. Final mean body weights of rats that received 750 mg/kg were 25% lower than that of vehicle 
controls for males and 37% lower for females. Compound-related clinical signs seen at 750 mg/kg or 
more included dyspnea, ataxia, prostration, and excessive lacrimation. Other compound-related ef- 
fects included hyaline droplet formation in the tubular epithelial cells in all dosed males and tubular 
cell regeneration and granular casts in the tubules a t  the corticomedullary junction in the kidney in 
males receiving 187 and 375 mg/kg. 

Thirteen-Week Studies: In the 13-week studies (dose range, 47-750 mg/kg), 5/10 male rats and 2/10 
female rats that received 750 mg/kg died before the end of the studies. The final mean body weight of 
male rats that received 750 mg/kg was 19% lower than that of vehicle controls. Compound-related 
clinical signs for both sexes included hyperactivity a t  doses of 94 mg/kg or higher and convulsions at  
doses of 375 or 750 mg/kg. The relative weights of liver, heart, and kidney were increased for exposed 
males and females. Kidney lesions were seen in all dosed male groups, and the severity increased 
with dose. Papillary necrosis and tubular cell necrosis and degeneration in the kidney and hemor- 
rhagic necrosis in the urinary bladder were observed in the five male rats that received 750 mg/kg 
and died before the end of the studies; a t  all lower doses, hyaline droplets, tubular regeneration, and 
granular casts were present in the kidney. No chemical-related kidney lesions were observed in fe- 
males. Foci of hepatocellular necrosis were observed in several male and female rats a t  doses of 188 
mg/kg or higher. 
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Dose selection for the 2-year studies was based primarily on the lesions of the kidney in males and of 
the liver in females. Studies were conducted by administering hexachloroethane in corn oil by ga- 
vage at 0, 10, or 20 mg/kg body weight, 5 days per week, to groups of 50 male rats. Groups of 50 fe- 
male rats were administered 0,80, or 160 mg/kg on the same schedule. 

Body Weight and Survival in the Two-year Studies: Mean body weights of high dose rats were 
slightly (5%-9%) lower than those of vehicle controls toward the end of the studies. No significant dif- 
ferences in survival were observed between any groups of rats (male: vehicle control, 31/50; 10 
mg/kg, 29/50; 20 mg/kg, 26/50; female: vehicle control, 32/50; 80 mg/kg, 27/50; 160 mg/kg, 32/50). 

Nonneoplastic and Neoplastic Effects in the Two-year Studies: Incidences of kidney mineralization 
(vehicle control, 2/50; low dose, 15/50; high dose, 32/50) and hyperplasia of the pelvic transitional epi- 
thelium (0150; 7/50; 7/50) were increased in dosed male rats. Renal tubule hyperplasia was observed 
at  an increased incidence in high dose male rats (260; 4/50; 11/50). These lesions have been described 
as characteristic of the hyaline droplet nephropathy that is associated with an accumulation of liver- 
generated aap-globulin in the cytoplasm of tubular epithelial cells. The severity of nephropathy was 
increased in high dose male rats (moderate vs. mild), and the incidences and severity of nephropathy 
were increased in dosed females (22150; 42/50; 45/50). The incidences of adenomas (1150; 2/50; 4/50), 
carcinomas (0150; 0150; 3/50), and adenomas or carcinomas (combined) (1150; 2/50; 7/50) of the renal 
tubule were also increased in the high dose male group. One of the carcinomas in the high dose group 
metastasized to the lung. No compound-related neoplasms were observed in females. 

The incidence of pheochromocytomas of the adrenal gland in low dose male rats was significantly 
greater than that in vehicle controls (15150; 28/45; 21/49), and the incidences for both dosed groups 
were greater than the mean historical control incidence (28% f 11%). 

Genetic Toxicology: Hexachloroethane was not mutagenic in S .  typhimurium strains TA98, TA100, 
TA1535, or TA1537 when tested with and without exogenous metabolic activation. In CHO cells, 
hexachloroethane did not induce chromosomal aberrations with or without metabolic activation but 
did produce sister chromatid exchanges in the presence of exogenous metabolic activation. 

Audit: The data, documents, and pathology materials from the 2-year studies of hexachloroethane 
have been audited. The audit findings show that the conduct of the studies is documented adequately 
and support the data and results given in this Technical Report. 

Conclusions: Under the conditions of these 2-year gavage studies, there was clear evidence of carcino- 
genic activity* of hexachloroethane for male F344/N rats, based on the increased incidences of renal 
neoplasms. The marginally increased incidences of pheochromocytomas of the adrenal gland may 
have been related to hexachloroethane administration to male rats. There was no evidence of carcino- 
genic activity of hexachloroethane for female F344/N rats administered 80 or 160 mg/kg by gavage for 
103 weeks. 

The severity of nephropathy and incidences of linear mineralization of the renal papillae and hyper- 
plasia of the transitional epithelium of the renal pelvis were increased in dosed male rats. The inci- 
dences and severity of nephropathy were increased in dosed female rats. 

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 6. 
A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 9. 
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SUMMARY OF THE TWO-YEAR GAVAGE AND GENETIC TOXICOLOGY STUDIES OF
HEXACHLOROETHANE

Male F344/N Rats Female F344/N Rats

Doses
0,10, or 20 mg/kg hexachloroethane in corn oil, 5 d/wk

Body weights in the 2-year study
High dose slightly less than vehicle controls

Survival rates in the 2-year study
31/50; 29/50; 26/50

Nonneoplastic effects
Kidney mineralization, hyperplasia of the pelvis, tubule
hyperplasia; increased severity of nephropathy at the high dose

Neoplastic effects
Renal neoplasms (1/50; 2/50; 7/50)

Level of evidence of carcinogenic activity
Clear evidence

Other considerations
Adrenal gland pheochromocytomas
(15/50; 28/45; 21/49)

Genetic toxicology
Salmonella

(gene mutation)
Negative with and
without S9

0,80, or 160 mg/kg hexachloroethane in corn oil, 5 d/wk

High dose slightly less than vehicle controls

32/50; 27/50; 32/50

Increased incidence and severity of nephropathy

None

No evidence

CHO Cells in Vitro
SCE

Negative without S9;
positive with S9

Aberration
Negative with and
without S9
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY 

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of 
the evidence for conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence 
of neoplasia than control animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are 
conducted under a limited set of conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals 
under t&e conditions of the study and indicate that exposure to the chemical has the potential for hazard to humans. Other 
organizations, such as  the International Agency for Research on Cancer, assign a strength of evidence for conclusions based on 
an examination of all available evidence including: animal studies such as  those conducted by the NTP, epidemiologic studies, 
and estimates of exposure. Thus, the actual determination of risk to humans from chemicals found to be carcinogenic in labora- 
tory animals requires a wider analysis that extends beyond the purview ofthese studies. 

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength ofthe evi- 
dence observed in each experiment: two categories for positive results ("Clear Evidence" and "Some Evidence"); one category 
for uncertain findings ("Equivocal Evidence"); one category for no observable effects ("No Evidence"); and one category for ex- 
periments that because ofmajor flaws cannot be evaluated ("Inadequate Study"). These categories of interpretative conclusions 
were first adopted in June 1983 and then revised in March 1986 for use in the Technical Reports series to incorporate more 
specifically the concept of actual weight of evidence of carcinogenic activity. For each separate experiment (male rats, female 
rata, male mice, female mice), one of the following quintet is selected to describe the findings. These categories refer to the 
strength of the experimental evidence and not to either potency or mechanism. 

Clear Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a dose-related 
(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked 
increase of benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress 
to malignancy. 

0 Some Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a chemically 
related increased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less 
than that required for clear evidence. 

Equivocal Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a mar- 
ginal increase of neoplasms that may be chemically related. 

0 No Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing no chemically re- 
lated increases in malignant or benign neoplasms. 

Inadequate Study of Carcinogenic Activity is demonstrated by studies that because of major qualitative or quanti- 
tative limitations cannot be interpreted a s  valid for showing either the presence or absence of carcinogenic activity. 

When aconclusion statement for a particular experiment is selected, consideration must be given to key factors that would ex- 
tend the actual boundary of an individual category of evidence. This should allow for incorporation of scientific experience and 
current understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be 
on the borderline between two adjacent levels. These considerations should include: 

The adequacy of the experimental design and conduct; 
0 Occurrence of common versus uncommon neoplasia; 

Progression(or lack thereon from benign to malignant neoplasia as well as  from preneoplastic to neoplastic lesions; 
Some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it 
is impossible to identify the difference. Therefore, where progression is known to be a possibility, the most prudent 
course is to assume that benign neoplasms of those types have the potential to become malignant; 
Combining benign and malignant tumor incidences known or thought to represent stages of progression in the same or- 
gan or tissue; 

0 Latency in tumor induction; 
0 Multiplicity in site-specific neoplasia; 

Metastases; 
Supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments 
(same lesion in another sex or species); 

0 The presence or absence ofdose relationships; 
The statistical significance of the observed tumor increase; 
The concurrent control tumor incidence as  well as  the historical control rate and variability for a specific neoplasm; 
Survival-adjusted analyses and false positive or false negative concerns; 

0 Structure-activity correlations; and 
0 In some cases, genetic toxicology. 
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SUMMARY OF PEER REVIEW COMMENTS 
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 

HEXACHLOROETHANE 

On October 3,1988, the draft Technical Report on the toxicology and carcinogenesis studies of hexa- 
chloroethane received public review by the National Toxicology Program Board of Scientific Coun- 
selors’ Technical Reports Review Subcommittee and associated Panel of Experts. The review meeting 
was held a t  the National Institute of Environmental Health Sciences, Research Triangle Park, NC. 

Dr. W.C. Eastin, NIEHS, began the discussion by reviewing the experimental design, results, and 
proposed conclusions (clear evidence of carcinogenic activity for male rats, no evidence of carcinogenic 
activity for female rats). 

Dr. Popp, a principal reviewer, agreed with the conclusion for female rats but thought that the conclu- 
sion for male rats should be reduced to some evidence of carcinogenic activity, based on the incidences 
of renal neoplasms (one in the vehicle controls vs. two in the low dose group and seven in the high 
dose group) and on hyaline droplet nephropathy and its likely relationship to the renal tubular cell 
neoplasms. In his opinion, the high dose for male rats was too low, being below the lowest dose evalu- 
ated in the 13-week study. Dr. Eastin replied that the choice of the high dose for male rats reflected 
the fact that there was toxicity even a t  the lowest dose used in the 13-week studies. Dr. J. Huff, 
NIEHS, commented that when all dosed groups have significant lesions in the 13-week studies, the 
Program considers doing another short-term study; for this chemical, the decision was not to repeat 
the 13-week studies. Dr. Popp stated that the portion of the Discussion that dealt with hyaline drop- 
Let nephropathy could have been better organized; further, he believed that the ~2~-globul in  concept 
is more widely supported than is indicated in the Discussion. He recommended that a final vote on 
the Report be deferred pending revision of the discussion. 

Dr. Mirer, the second principal reviewer, agreed with the conclusions and thought that the increased 
incidences of pheochromocytomas in male rats were more supportive than was indicated. He opined 
that the treatment of the u2p-globulin hypothesis in the Discussion was appropriate but that  
reference to the hypothesis should be deleted from the Abstract. He felt that the appearance of renal 
toxicity in female rats should receive more discussion, especially since such toxicity was not seen in 
an earlier study with d-limonene. 

Dr. McKnight, the third principal reviewer, agreed with the conclusions. She asked for more specific 
descriptions in the text of how certain pathology evaluations and statistical analyses were performed. 

In ensuing discussion, Dr. Garman and Dr. Gallo said that the statement associating renal ne- 
phropathy with ~2~-globul in  should remain in the Abstract. Dr. Perera pointed out analogies with is- 
sues concerning the role of the protein as discussed by the Panel in the review of the Technical Report 
on d-limonene (NTP TR 347), April 18, 1988, and she read from relevant sections of the minutes of 
that review. She noted that there was a consensus by the Panel that the statement about azp-globulin 
be retained in the Abstract but no mention be made of the uniqueness to male rats of the a2p-globulin- 
associated nephropathy. Dr. Perera felt that the Panel had concluded that the relationship between 
the protein and nephropathy was fairly well established but that the correlation with tumorigenicity 
was not established. Dr. Ashby suggested that the current Report on hexachloroethane include a 
statement that the induction of hyaline droplets in the kidney in male rats may or may not provide 
insight into a possible nonmutagenic mechanism. 

In response to the proposal by Dr. Popp that the Report be deferred to allow major revision in the Dis- 
cussion on hyaline droplet nephropathy, Dr. Huff asked that action on the Report not be delayed but 
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SUMMARY OF PEER REVIEW COMMENTS (Continued) 

suggested that a revised Discussion be mailed to Panel members for their comments and approval. 
Dr. Eastin stated that the revision would consider the major points made by the Panel. This course of 
action was acceptable to Dr. Popp. 

Dr. Mirer moved that the Technical Report on hexachloroethane be accepted with the revisions as dis- 
cussed, with retention of the statement on asp-g1obulin in the Abstract, and with the conclusions as 
written for male rats, clear evidence of carcinogenic activity, and for female rats, no evidence of car- 
cinogenic activity. Dr. McKnight seconded the motion, which was approved by five members (Drs. 
Gallo, Garman, Klaassen, McKnight, and Mirer) with two dissenting members (Drs. Newberne and 
Popp) and two abstaining (Drs. Ashby and Gold). 
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I. INTRODUCTION

Physical and Chemical Properties
Production
Use and Exposure
Occurrence
Absorption, Distribution, and Metabolism
Short-Term Toxicity
Long-Term Toxicity and Carcinogenicity
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HEXACHLOROETHANE 

CAS NO. 67-72-1 

c2c16 Molecular weight 236.7 

Synonyms: carbon hexachloride; ethane hexachloride; hexachlorethane; hexachloroethylene; 
1,1,1,2,2,2-hexachloroethane; perchloroethane 

Trade names: Avlothane; Distokal; Distopan; Distopin; Egitol; Falkitol; Fasciolin; Mottenhexe; 
Phenohep 

Physical and Chemical Properties 

Hexachloroethane is a colorless, crystalline sub- 
stance with a camphoraceous odor, a low vapor 
pressure (0.21 mm mercury at 32.7" C), and a 
sublimation temperature of 186" C. It is soluble 
in alcohol, benzene, chloroform, ether, and oils 
but is relatively insoluble in water (5 mg/100 ml 
water at 22" C) (Archer, 1979; Torkelson and 
Rowe, 1981; CRC, 1982-83; Merck, 1983). 

Production 

Chlorination of tetrachloroethylene in the pres- 
ence of ferric chloride a t  100"-140°C is the com- 
mercial process used to produce hexachloroeth- 
ane (Hardie, 1964). Photochemical chlorination 
of tetrachloroethylene under pressure and below 
60" C is a patented method for producing hexa- 
chloroethane (Archer, 1979). Hexachloroethane 
is apparently not manufactured as an end-use 
product in the United States (NIOSH, 1978; San- 
todonato et al., 1985). However, it does occur as 
a minor by-product in the chlorination processes 
of saturated and unsaturated two-carbon hydro- 
carbons (Archer, 1979). Current estimates on 
the production of hexachloroethane were not 
found. In 1977, an estimated 1-10 million kilo- 
grams was produced (USEPA, 19771, and U.S. 
imports in 1976 were 730,000 kg (U.S. Depart- 
ment of Commerce, 1977). 

Use and Exposure 

Hexachloroethane has been used a s  a moth 
repellent, a plasticizer for cellulose esters, a de- 
gassing agent for magnesium, a component of 
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extreme pressure lubricants, an  ignition sup- 
pressant in combustible liquids , a retardant in 
fermentation processes, a component of subma- 
rine paints, a n  additive to fire-extinguishing 
fluids, and a rubber vulcanizing accelerator 
(Hardie, 1964). This compound has been used in 
veterinary practice as an  anthelmintic in live- 
stock (Merck, 1983); it is an  effective treatment 
for Fasciola hepatica in dairy cows (Randell and 
Bradley, 1980). A National Institute for Occupa- 
tional Safety and Health (NIOSH) survey lists 
the real estate, paper and allied products, lum- 
ber and wood products, and amusement and rec- 
reation services industries as those that use 
hexachloroethane (NIOSH, 1978). Workers who 
use this chemical include cleaning people, mill- 
wrights, machine operators , plumbers and pipe- 
fitters, and electricians. The U.S. Army re- 
portedly uses relatively large amounts in pyro- 
technics and smoke devices (Weeks et al., 1979). 
In a n  occupational hazard survey conducted 
from 1972 to 1974, it was estimated that about 
1,500 workers were potentially exposed to hexa- 
chloroethane (NIOSH, 1974). Occupational 
health standards for exposure to atmospheric 
hexachloroethane require that exposure not ex- 
ceed an  8-hour time-weighted average of 10 
mg/m3 (1 ppm) (OSHA, 1976). 

Occurrence 

Hexachloroethane has been found in river wa- 
ter, drinking water, industrial effluent water, 
and effluent from sewage treatment plants that 
use chlorination (Kleopfer, 1976; Shackelford 
and Keith, 1976; Suffet et al., 1976; Kraybill, 



I. INTRODUCTION 

1983; Rivera et al., 1987). Hexachloroethane 
also was detected in waste streams and stack 
emissions of incinerators burning pesticide- 
related wastes (Travis et al., 1986). However, 
only one sample of surface water from 204 sites 
in the vicinity of heavily industrialized areas 
contained hexachloroethane at  detectable levels 
(Ewing et al., 1977). In 1981, the findings of a 
collaborative study undertaken by the National 
Cancer Institute, U.S. Department of Energy, 
Mitre Corporation, and SRI International identi- 
fied hexachloroethane as a contaminant in 
drinking water (Kraybill, 1983). Chemical anal- 
ysis of the organic phase of Love Canal chemical 
dump site leachate showed a small amount of 
hexachloroethane (0.66% of total of organic 
phase) (Silkworth et al., 1986). 

In 1976, an  initial list of 671 potential airborne 
pollutants was developed (Fuller et al., 1976). 
From this list, only 77, including hexachloro- 
ethane, have actually been measured in ambient 
air (Helmes et al., 1982; Kraybill, 1983). Class 
and Ballschmiter (1987) analyzed several atmos- 
pheric halocarbons in air samples from sampling 
sites distant from inhabited areas in the region 
of the North and South Atlantic and the Indian 
Oceans and estimated that the emissions of 
hexachloroethane into the northern hemisphere 
were less than 1 kiloton per year and that the 
tropospheric lifetime was very long. 

Absorption, Distribution, and Metabolism 

Hexachloroethane administered orally (500, 
750, or 1,000 mg/kg, 15% w/v in olive oil and 
emulsified in water) to Scottish Blackface and 
Cheviot cross or castrated male sheep (15-23 kg) 
was readily absorbed, reaching a maximum con- 
centration in the systemic circulation at 24 
hours (Fowler, 1969). At 24 hours, the concen- 
tration of hexachloroethane was 2.3-2.6 times 
greater in plasma than in erythrocytes. The 
compound was distributed widely throughout 
the body, with the highest concentrations found 
in fat and the lowest in muscle. By 15 minutes 
after administration, hexachloroethane was 
found in the bile, and in venous blood 27 minutes 
after dosing; the concentrations in bile were 8-10 
times greater than those in blood. More than 
80% of the total fecal hexachloroethane (1-2 mg) 
was excreted in the 24 hours after administra- 
tion, and little was detected in urine. Increases 
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in blood activities of sorbitol dehydrogenase, 
glutamate dehydrogenase, and ornithine car- 
bamoyl transferase were observed. Tetrachloro- 
ethylene and pentachloroethane were detected 
in the hexane extracts of venous blood after oral 
hexachloroethane administration, and both 
were also detected in feces and urine. The 
water-soluble fractions were not assayed. These 
metabolites were also produced in vitro after ad- 
dition of hexachloroethane to fresh liver slices 
prepared from sheep. 

When 500 mg/kg [14C]hexachloroethane was 
given orally to rabbits, only 5% of the radioac- 
tivity was excreted in the urine within 3 days; 
metabolites included di- and trichloroethanol, 
mono-, di- and trichloroacetic acid, and oxalic 
acid (Jondorf et al., 1957). Between 14% and 
24% of the dose was expired unchanged or as car- 
bon dioxide, tetrachloroethylene, or 1,1,2,2-tet- 
rachloroethane; the rest was retained in the car- 
cass. Bray et al. (1952) reported that there was 
no spontaneous liberation of chloride ions from 
hexachloroethane in an  in vitro sodium chloride 
phosphate buffer solution but that a considera- 
ble percentage of the chlorine was released after 
rabbit liver extract was added. Gorzinski et al. 
(1985) fed diets containing hexachloroethane at 
doses of 0, 1,15, or 62 mg/kg body weight per day 
to groups of 10 F344 rats of each sex for 16 
weeks. The kidney was identified as a target or- 
gan, based on dose-related increased kidney 
weights, on tubular atrophy and degeneration in 
males and females, and on hypertrophy and/or 
dilation observed in males. Male rats were more 
sensitive than females to the nephrotoxic effects 
of hexachloroethane. Clearance of hexachloro- 
ethane followed first-order kinetics, suggesting 
to the authors that metabolic pathways and ex- 
cretory functions were not saturated at 62 
mg/kg. 

Short-Term Toxicity 

Several reviews have been published which dis- 
cuss the toxicity of chloroethanes in general or 
hexachloroethane in particular (IARC, 1979; 
Parker e t  al.,  1979; Canada Safety Council, 
1981). The intraperitoneal LD50 of hexachloro- 
ethane is 4.5 g/kg body weight for mice (Baganz 
et al., 1961) and 2.9 g/kg for male Sprague Daw- 
ley rats (Weeks et al., 1979). For rats, the oral 
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LD50 was reported to be 5.9-6.0 g/kg (Thorpe, 
1965; Broome and Jones, 1966). Weeks et al. 
(1979) reported LD50 values of 5.2 g/kg (males) 
and 4.5 g/kg (females) in corn oil and 7.7 g/kg 
(males) and 7.1 g/kg (females) in methylcellulose 
for Sprague Dawley rats and 5.0 g/kg for male 
Hartley guinea pigs. The oral LD50 for rabbits 
was greater than 1,000 mg/kg, and the dermal 
LD50 determined on shaved rabbits wrapped 
with a water paste of hexachloroethane for 24 
hours was greater than 32,000 mg/kg. Barsoum 
and Saad (1934) reported that 4,000 mg/kg hexa- 
chloroethane given by subcutaneous injection to 
rabbits and 325 mg/kg given by intravenous in- 
jection to dogs was lethal, but dogs survived an 
oral dose of 6 g/kg. However, a dose of 6 g/kg was 
lethal to cats over a 2-day period (Plotnikov and 
Sokolov, 1947, in ACGIH, 1980). Male rats were 
reported to survive 2.6 g/kg for 24 hours  
(Reynolds and Yee, 1968). 

Rats exposed by inhalation a t  a concentration of 
5,900 ppm for 8 hours showed severe toxic signs, 
including staggering gait and reduced body 
weight gain over the 14-day observation period, 
and two of six died (Weeks et al., 1979). No toxic 
effects were observed when the exposure concen- 
tration was reduced to 260 ppm. No effects on 
body weights or organ weights or gross patho- 
logic effects related to hexachloroethane were 
observed in rats, quail, pigs, or dogs exposed by 
inhalation a t  15 or 48 ppm, and no behavioral ef- 
fects were noted. Liver degeneration and necro- 
sis occurred in rabbits administered hexachloro- 
ethane in 5% aqueous methylcellulose by gavage 
a t  320 or 1,000 mg/kg for 12 days, but these ef- 
fects were not seen at  100 mg/kg. Blood potassi- 
um and glucose concentrations were signif- 
icantly reduced at the higher doses. Results of 
other blood analyses, including serum glutamic- 
oxaloacetic transaminase, serum glutamic-pyru- 
vic transaminase, blood urea nitrogen, alkaline 
phosphatase, and bilirubin, were not affected a t  
any of the doses tested. Binz (1894, cited in 
ACGIH, 1980) found that administration of oral 
doses of 1-1.4 g/kg caused weakness, staggering 
gait, and twitching muscles in dogs. Dogs devel- 
oped tremors, ataxia, hypersalivation, severe 
head bobbing, and facial muscular fasciculations 
when exposed by inhalation at 260 ppm, 6 hours 
per day, 5 days per week €or 6 weeks (Weeks et 
al., 1979). 
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Hexachloroethane caused central nervous sys- 
tem effects in cattle treated for fluke infestations 
(Bywater, 1955) and affected the nervous system 
and caused hepatic dysfunction and damage in 
sheep (Fowler, 1969). Vainio et  al. (1976) re- 
ported that a single dose of 2.5 g/kg body weight 
reduced hepatic microsomal mono-oxygenase ac- 
tivities in rats by 50%. Gorzinski et al. (1985) 
fed diets containing hexachloroethane to CDF 
F344 rats for 110 days at concentrations that re- 
sulted in doses of 0, 1, 15, or 62 mg/kg body 
weight per day. In females, pathologic changes 
included slight renal tubular atrophy and degen- 
eration a t  the highest dose. Male rats had in- 
creased kidney weights at 62 mg/kg and tubular 
atrophy, degeneration, and/or dilatation a t  15 
and 62 mg/kg. In addition, males had a n  in- 
creased urinary excretion of uroporphyrins a t  
the two highest doses and of creatinine and 6- 
aminolevulinic acid a t  all doses. In male New 
Zealand white rabbits given oral doses of 0, 100, 
320, or 1,000 mg/kg in methylcellulose for 12 
days, dose-related liver degeneration and necro- 
sis and toxic tubular nephrosis of the convoluted 
tubules were observed in the 320 and 1,000 
mg/kg groups (Weeks e t  a l . ,  1979). These 
changes were not observed in rabbits receiving 
100 mg/kg or in the vehicle controls. 

Crystalline hexachloroethane (0.1 g) caused 
moderate corneal opacity, ir i t is ,  and  severe 
swelling and discharge in 5/6 of male New Zea- 
land white rabbits when applied to the cornea 
and allowed to remain overnight (Weeks et al., 
1979). No adverse signs were seen 72 hours 
later. Application of crystalline hexachloroeth- 
ane (0.5 g) to intact and abraded rabbit skin did 
not cause skin irritation; a water paste of hexa- 
chloroethane caused slight redness that was ab- 
sent 72 hours after exposure. No potential for 
sensitization was apparent when hexachloroeth- 
ane was applied to the skin of male Hartley gui- 
nea pigs. 

Screening smokes are used to obscure vision and 
hide targets from view in military operations. 
Separate groups of 42 female Sprague Dawley 
rats (60-80 days old) were exposed to white 
smoke generated from mixtures of either 7 g ti- 
tanium dioxide-hexachloroethane for up to 10 
minutes or 0.5 g zinc-hexachloroethane for 2.5 
minutes in an  inhalation chamber operated in 
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the static mode (Karlsson et al.,  1986). No 
deaths occurred in 42 rats exposed to titanium 
dioxide-hexachloroethane compared with 7/42 in 
the group exposed to zinc-hexachloroethane. It 
is not clear if hexachloroethane contributed to 
the deaths of study animals. 

Weeks et al. (1979) exposed groups of 25 male 
and 25 female Sprague Dawley rats, 4 male 
beagle dogs, 10 male Hartley guinea pigs, and 20 
male and female Coturnix japonica quail  to 
hexachloroethane vapor a t  concentrations of 15, 
48, or 260 ppm or to control air for 6 hours per 
day, 5 days per week for 6 weeks. At the highest 
concentration, one dog, two guinea pigs, and two 
rats died, and clinical signs of effects on neurobe- 
havior were observed in dogs and rats. Quail 
showed no clinical signs of toxicity or body 
weight changes. No gross pathologic changes 
were seen in any animals killed 12 weeks after 
termination of exposure. 

Long-Term Toxicity and Carcinogenicity 

Osborne-Mendel rats and B6C3F1 mice of each 
sex were exposed to technical-grade hexachloro- 
ethane by gavage in corn oil in long-term studies 
(NCI, 1978a). The chemical was administered to 
groups of 50 male and 50 female animals of each 
species 5 days per week intermittently for 44 of 
78 weeks in rats and continuously for 78 weeks 
in mice, followed by an  observation period of 33 
or 34 weeks for rats and 12 or 13 weeks for mice. 
The time-weighted-average doses were 212 and 
423 mg/kg per day for male and female rats and 
590 and 1,179 mg/kg per day for male and fe- 
male mice. There were 20 male and 20 female 
vehicle controls (corn oil only) and 20 male and 
20 female untreated controls for each species. 
Mortality was significantly increased in  the 
dosed rat groups compared with vehicle controls 
(male: vehicle control, 9/20; low dose, 42/50; 
high dose, 40150; female: 6/20; 23/50; 26/50) but 
not in mice. Toxic tubular nephropathy was ob- 
served in all groups of dosed animals, charac- 
terized by degeneration, necrosis, and regenera- 
tive epithelial cells in rats and degeneration of 
convoluted tubule epithelium in mice. Hexa- 
chloroethane caused increased incidences of hep- 
atocellular carcinomas in dosed mice of each sex 
(male: untreated control, 1/18; vehicle control, 
3/20; low dose, 15/50; high dose, 31/49; female: 

0118; 2/20; 20150; 15/49). No evidence for carci- 
nogenicity was provided for rats of either sex; 
however, early deaths may have reduced the 
sensitivity of these studies and could have ob- 
scured carcinogenic effects. Because of the early 
deaths in rats, a dosing regimen was established 
after 23 weeks of dosing whereby 1 week without 
dosing was followed by 4 weeks of dosing for the 
remainder of the 78-week dosing period. With 
the exception of renal lesions, the inflammatory, 
degenerative, and proliferative lesions seen in 
control and dosed rats were similar in number 
and kind. A toxic tubular cell nephropathy was 
associated with compound administration. This 
lesion was not observed in control rats of either 
sex, but it occurred in 22/49 low dose males, 
33/50 high dose males, 9/50 low dose females, 
and 29/49 high dose females. 

Aquatic Toxicity 

The 48-hour LC50 for hexachloroethane was de- 
termined to be 2.9 mg/liter for the freshwater 
daphnid or water flea (Daphnia magna) (Richter 
et al., 1983). Hexachloroethane added to sea- 
water bathing sea urchin (Arbacia punctulata) 
embryos was found to inhibit the incorporation 
of tritiated thymidine. Incorporation of exoge- 
nously administered radiolabeled thymidine 
was considered to be a measure of DNA synthe- 
sis and therefore cell division (Jackim and 
Nacci, 1984). The median effective toxicity val- 
ue of hexachloroethane on sea urchin embryos 
(EC50= 8.31 mg/liter) is similar to median lethal 
values (LC50) in standard short-term toxicity 
studies with freshwater species, i.e., fathead 
minnow (Pimephales promelas) and water flea 
(D. magna) (Nacci and Jackim, 1985). 

Reproductive Effects and Teratogenicity 

Hexachloroethane (260 and 500 mg/kg) adminis- 
tered orally from day 6 through day 16 of gesta- 
tion caused tremors and body weight gain de- 
pressions in Sprague Dawley rat  dams (Weeks et 
al., 1979). Although development was slowed in 
fetuses from dosed dams, no teratogenic effect 
was observed. 

Genetic Toxicology 

Hexachloroethane was not mutagenic with or 
without exogenous metabolic activation at doses 
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up to 10 mg/plate (Simmon and Kauhanen, 
1978 Kinae et al., 1981; Haworth et al., 1983) 
(see Table 14). Hexachloroethane did not induce 
mitotic recombination in Saccharomyces cere- 
visiae (Simmon and Kauhanen, 1978) or chromo- 
somal aberrations in cultured Chinese hamster 
ovary (CHO) cells in either the presence or ab- 
sence of S9 (Galloway et al., 1987) (see Table 16). 

The only reported genetic effect from hexa- 
chloroethane treatment was induction of sister 
chromatid exchanges (SCEs) in CHO cells at 
concentrations of 330 pg/ml in the presence of 
Aroclor 1254-induced male Sprague Dawley rat  
liver S9 (Galloway et al., 1987) (see Table 15). 

Tetrachloroethylene and pentachloroethane, 
two metabolites of hexachloroethane, have been 
tested in bacterial mutagenicity tests, again 
with negative results (Greim et al . ,  1975; 
Henschler, 1977; Bartsch et al., 1979; Haworth 
et al., 1983). Callen et al. (1980) reported gene 
conversion and mitotic recombination in S. cere- 
visiae D7 after treatment with tetrachloro- 
ethylene at  concentrations up to 8.2 mM, but 
subsequent studies by Bronzetti e t  al. (1983) 
with the same and higher doses did not confirm 
these results. Also, tetrachloroethylene did not 
induce unscheduled DNA synthesis in human 
lymphocytes (Perocco et al., 1983), sex-linked re- 
cessive lethal mutations in Drosophila (Valencia 
et al., 19851, or chromosomal aberrations and 
SCEs in CHO cells (Galloway et al., 1987). A 
positive response was reported for SCEs in the 
CHO cell test for pentachloroethane in the 
absence of S9 only. Some cell cycle delay was 

observed at the doses that elicited the positive 
response, indicating a toxic effect of the chemical 
on the cells; no induction of chromosomal aber- 
rations occurred in CHO cells exposed to penta- 
chloroethane (Galloway et al., 1987). Both pen- 
tachloroe thane and tetrachloroethylene were 
positive without exogenous metabolic activation 
in the mouse L5178Y lymphoma test for induc- 
tion of trifluorothymidine resistance (NTP un- 
published results). 

Study Rationale 

Hexachloroethane was nominated to the NTP by 
the National Institute for Occupational Safety 
and Health for evaluation of carcinogenicity and 
mutagenicity because of worker exposure. 

In  the studies of the long-term effects of 
hexachloroethane in B6C3F1 mice and Osborne- 
Mendel rats (NCI, 1978a), hexachloroethane 
caused increased incidences of hepatocellular 
carcinomas in mice; the results in rats were not 
definitive because hexachloroethane adversely 
affected survival, and early deaths could have 
obscured a carcinogenic effect. Further, the ex- 
posure duration was only 78 weeks for this neg- 
ative rat study, and control groups contained 
only 20 animals. Therefore, to better evaluate 
the effects of hexachloroethane exposure in a 
second species, toxicology and carcinogenesis 
studies were conducted in F344/N rats of each 
sex. The gavage route of exposure was selected 
so that a precise dose could be delivered and to 
allow for a comparison with the previous long- 
term studies in Osborne-Mendel r a t s  and  
B6C3F1 mice (NCI, 1978a). 
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II. MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF
HEXACHLOROETHANE

Hexachloroethane was obtained in one lot (lot
no. H013080) from Hummel Chemical Co.
(South Plainfield, NJ). Purity and identity anal-
yses were conducted at Midwest Research Insti-
tute (MRI) (Kansas City, MO). MRI reports on
the analyses performed in support of the hexa-
chloroethane studies are on file at the National
Institute of Environmental Health Sciences.

The study chemical was identified as hexachlo-
roethane by infrared (Figure 1), ultraviolet/visi-
ble, and nuclear magnetic resonance spectrosco-
py. The infrared spectrum was consistent with
that expected for the structure and with the lit-
erature spectra (Sadtler Standard Spectra), ex-
cept for a small peak in the sample spectrum at
about 1,380 cm-1 which was not present in the
literature spectrum. The ultraviolet/visible
spectrum was consistent with that expected for
the structure of hexachloroethane; there were no
maxima, but an increase in absorbance was ob-
served toward the solvent cutoff. No peaks were
observed in the nuclear magnetic resonance
spectrum, a finding consistent with the
structure.

The purity of the lot studied was determined by
elemental analysis, Karl Fischer water analysis,
and gas chromatography. Cumulative data indi-
cated that lot no. H013080 was greater than 99%
pure. Gas chromatographic analysis was per-
formed with flame ionization detection and

either a 20% SP2100/0.1% Carbowax 1500 col-
umn (system 1) or a 10% Carbowax 20M-TPA
column (system 2). The water content was
0.017%. The results of elemental analysis for
carbon and chlorine were in agreement with the-
oretical values. No impurities with areas 0.1%
or greater than the major peak area were de-
tected by gas chromatographic system 1; system
2 detected a group of unresolved impurities with
a combined area 0.18% that of the major peak.

Stability studies, performed by gas chromatog-
raphy with the same column as that described
above for system 1 and with 0.16% dodecane as
the internal standard, indicated that hexachlo-
roethane was stable as a bulk chemical when
kept for 2 weeks at temperatures of up to 60° C,
although extensive sublimation occurred at that
temperature. The bulk chemical was reanalyzed
every 4 months over the course of the studies by
gas chromatographic analysis with the same col-
umn as described in system 2. No deterioration
of the study material was seen by the study lab-
oratory over the course of the studies. Therefore,
it is concluded that the hexachloroethane study
material remained stable during the studies.

PREPARATION AND
CHARACTERIZATION OF
DOSE MIXTURES

The appropriate amounts of hexachloroethane
and corn oil were homogenized for 3 minutes at
medium speed with a Brinkman Polytron® (w/v
for the 13-week and w/w for the 2-year studies)
to give the desired concentrations (Table 1).

TABLE 1. PREPARATION AND STORAGE OF DOSE MIXTURES IN THE GAVAGE STUDIES OF
HEXACHLOROETHANE

Thirteen-Week Studies Two-Year Studies

Preparation
Appropriate amounts of hexachloroethane and corn oil homogenized
with a Brinkman Polytron* at medium speed for 3 min

Maximum Storage Time
2wk

Storage Conditions
4° C in serum vials

Same as 13-wk studies

2wk

0° ± 5° C in serum vials
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II. MATERIALS AND METHODS

Each lot of corn oil used in these studies was
analyzed for peroxide content before its first use
and at 1-month intervals thereafter by the Of-
ficial Method of the American Oil Chemists' So-
ciety (Mehlenbacher et al., 1972). The maxi-
mum allowable level of peroxide in NTP studies
is 3 meq/kg. The lots of corn oil used for the di-
methoxane study were determined to contain
less than 3 meq/kg peroxide. The stability of
hexachloroethane in corn oil (100 mg/ml) was
determined by gas chromatography performed
with flame ionization detection on a 1% SP1000
column after dilution with hexane containing
trichloroethane as an internal standard. The
chemical was found to be stable in corn oil for at
least 14 days in the dark at room temperature or
for 3 hours when exposed to light and air. Dur-
ing the 13-week studies, hexachloroethane/corn
oil mixtures were stored at 4° C for up to 2
weeks. During the 2-year studies, the dose mix-

tures were stored at 0° ± 5° C for up to 2 weeks.

Periodic analysis of hexachloroethane/corn oil
dose mixtures was conducted at the study and
analytical chemistry laboratories by diluting the
dose mixtures with hexane containing 1,1,2-tri-
chloroethane as an internal standard followed
by gas chromatographic analysis. The study lab-
oratory analyzed dose mixtures two times
during the 13-week studies (Table 2) and at ap-
proximately 8-week intervals during the 2-year
studies (Table 3). The hexachloroethane mix-
tures were formulated within ± 10% of the tar-
get concentrations approximately 98% (51/52) of
the time throughout the 2-year studies. Results
of referee analysis performed periodically at the
analytical chemistry laboratory were generally
in good agreement with those from the study
laboratory (Table 4).

TABLE 2. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE THIRTEEN-WEEK GAVAGE
STUDIES OF HEXACHLOROETHANE

Date Mixed

Concentration of Hexachloroethane in
Corn Oil for Target Concentration (mg/ml)

Target Determined (a)

(a) Results of duplicate analysis

Determined as a
Percent of Target

04/06/81

04/08/81
04/07/81
04/06/81
06/01/81

9
19
36
38
75

150
9

19
38
75

150

9.0
17.9
35.3
38.1
75.4

148.9
8.7

17.95
37.05
75.7

149.8

100
94
98

100
102
99
97
95
97

101
100
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TABLE 3 .  RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OF 
HEXACHLOROETHANE 

Date Mixed 

Concentration of Hexachloroethane in Corn o i l  
for Target Concentration (mdml) (a) 

2 4 16 32 

03/29/82 
05/18/82 
09/08/82 

1011 3/82 
12/29/82 
01/19/83 
03/16/83 
03/18/83 
06/15/83 
06/29/83 

(d) 10/12/83 
11/02/83 
0111 1/84 
03/05/84 

ogrni1a2 

2.07 
2.1 1 
1 .a9 

2.00 
_ _  
I .a9 
2.02 

(b) 1.69 
(c) 1.93 

1.99 
1.90 
1.87 
2.04 
2.04 
2.07 

4.05 
3.86 
4.11 

3.92 
3.78 
3.92 
4.00 

3.82 
3.78 
3.77 
4.03 
4.09 
4.12 

__ 

-_ 

15.40 
14.94 

14.96 
15.28 
15.26 
15.54 
15.54 

15.24 
15.83 
16.04 
16.03 

_ _  

_ _  

15.22 
15.72 

31.54 
30.58 

29.96 
30.54 
31.46 
31.67 
32.08 

29.54 
32.02 
30.62 
31.43 
30.61 
32.47 

.- 

_ _  

Mean (mg/ml) 1.97 3.94 15.46 31.12 

Coefficient of variation (percent) 5.8 3.4 2.3 2.8 

Number of samples 13 13 13 13 

Standard deviation 0.115 0.132 0.363 0.877 

Range (mg/ml) 1.69-2.10 3.77-4.12 14.94- 16.04 29.54-32.47 

(a)  Results ofduplicate analysis 
(b) Out of specifications; not used in the studies. 
(c) Remix; not included in the mean. 
(d) Beginning on 10/12/83, dose mixtures were prepared on a milligram per gram basis. Reported concentrations have been 
divided by 1.09 or 1.10 (32 mg/ml mixtures only) to compensate for the different method of reporting. 

TABLE 4. RESULTS OF REFEREE ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE 
STUDIES OF HEXACHLOROETHANE 

Determined Concentration (mdml) 
Study Referee 

Date Mixed Target Concentration (mg/ml) Laboratory (a) Laboratory (b) 

03/29/82 
10/13/82 
06/15/83 
11/02/83 

2 
4 

32 
(c) 17.29 

2.07 2.08 
3.92 4.18 

29.54 31.4 
(c) 17.47 (c) 17.0 

(a) Results ofduplicate analysis 
(b) Results of triplicate analysis 
(c) Reported in milligrams per gram 
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II. MATERIALS AND METHODS 

SIXTEEN-DAY STUDIES 

F344/N rats were obtained from Harlan Indus- 
tries, Inc. (males) or Charles River Breeding 
Laboratories (females) and held for 20 days 
(males) or 21 days (females) before the studies 
began. The rats were approximately 7-8 weeks 
old when placed on study. 

Groups of five rats of each sex were administered 
0, 187,375,750, 1,500, or 3,000 mg/kg hexachlo- 
roethane in corn oil by gavage for 12 doses over 
16 days. Animals were housed five per cage. 
Water and feed were available ad libitum. The 
rats were observed two times per day and 
weighed on days 0, 7, and 14 and at  the end of 
the studies. A necropsy was performed on all 
animals. Further experimental details are sum- 
marized in Table 5 .  

THIRTEEN-WEEK STUDIES 

Thirteen-week studies were conducted to eval- 
uate the cumulative toxic effects of repeated ad- 
ministration of hexachloroethane and to deter- 
mine the doses to be used in the 2-year studies. 

Four- to five-week-old male and female F344/N 
rats were obtained from Charles River Breeding 
Laboratories, observed for 14 days, and then as- 
signed to dose groups so that the average cage 
weights were approximately equal for all ani- 
mals of the same sex. Rats were approximately 
6-7 weeks old when placed on study. 

Groups of 10 rats of each sex were administered 
0, 47, 94, 188, 375, or 750 mg/kg hexachloro- 
ethane in corn oil by gavage, 5 days per week for 
13 weeks. Rats were housed five per cage. Feed 
and water were available ad libitum. Further 
experimental details are summarized in Table 5. 

Animals were observed two times per day; mori- 
bund animals were killed. Individual animal 
weights were recorded one time per week. At 
the end of the 13-week studies, survivors were 
killed. A necropsy was performed on all animals 
except those excessively autolyzed or canni- 
balized. Tissues and groups examined are listed 
in Table 5. At the end of the 13-week studies, 
urine from each animal was collected over a cold 
pack (1"-3" C) for 18-24 hours. 
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TWO-YEAR STUDIES 

Study Design 

Groups of 50 male rats were administered 0, 10, 
or 20 mg/kg hexachloroethane in corn oil by ga- 
vage, 5 days per week for 103 weeks. Groups of 
50 female rats were administered 0, 80, or 160 
mg/kg on the same schedule. 

Source and Specifications of Animals 

The male and female F344/N rats used in these 
studies were produced under strict barrier condi- 
tions a t  Charles River Breeding Laboratories 
under a contract to the Carcinogenesis Program. 
Breeding stock for the foundation colony a t  the 
production facility originated at  the National In- 
stitutes of Health Repository. The rats shipped 
for study were progeny of defined microflora- 
associated parents that were transferred from 
isolators to barrier-maintained rooms. Animals 
were shipped to the study laboratory at  5 weeks 
of age. Male rats were quarantined at the study 
laboratory for 15 days and females for 14 days. 
Thereafter, a complete necropsy was performed 
on five animals of each sex to assess their health 
status. The rodents were placed on study a t  7 
weeks of age. The health of the animals was 
monitored during the course of the studies ac- 
cording to the protocols of the NTP Sentinel Ani- 
mal Program (Appendix Cl. 

Animal Maintenance 

Animals were housed five per cage. Cages were 
rotated during the studies. Feed and water were 
available ad libitum. 

Clinical Examinations and Pathology 

All animals were observed two times per day, 
and clinical signs were recorded a t  least one 
time per month. Body weights were recorded 
one time per week for the first 14 weeks of the 
studies and one time every 4 weeks thereafter. 
Mean body weights were calculated for each 
group. Animals found moribund and those sur- 
viving to the end of the studies were humanely 
killed. A necropsy was performed on all animals 
including those found dead. Some tissues were 



TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES O F  
HEXACHLOROETHANE 

Sixteen-Day 
Studies 

Thirteen-Week 
Studies 

Two-year 
Studies 

EXPERIMENTAL DESIGN 

Size of Study Groups 
5 males and 5 females 

Doses 
0,187,375,750,1,500, or 3.000 mgkg 
hexachloroethane in corn oil by 
gavage; dose vol--5 mlkg  

Date of First Dose 
Male- 12/30/80; female--1/13/81 

Date of Last Dose 
Male--1/14/81; female--1/28/81 

Duration of Dosing 
12 doses over 16 d 

10 males and 10 females 

0,47,94,188,375, or 750 mgkg 
hexachloroethane in corn oil by 
gavage; dose vol--5 mlkg  

Male--4/8/81; female--4/22/81 

Male--717/81 or 7/9/81; 
female--7/20/81 or 7/22/81 

5 d/wk for 13 wk 

Type and Frequency of Observation 
Observed 2 X d; weighed 1 X wk Observed 2 X d; weighed 1 X wk, 3-4 d 

before scheduled kill, and a t  necropsy 

Necropsy, Histologic Examinations, and Supplemental Studies 
Necropsy performed on all animals Necropsy performed on all animals; the 

following tissues examined histologi- 
cally for all vehicle controls and high 
dose females, 5 high dose males, and 
all males receiving 375 mg/kg: adrenal 
glands, brain, cecum, colon, duodenum, 
esophagus, eyes (ifgrossly abnormal), 
gross lesions and tissue masses with 
regional lymph nodes, heart, ileum, 
jejunum, kidney, liver, lungs and main- 
stem bronchi, mammary gland, mandib- 
ular and mesenteric lymph nodes, nasal 
cavity and turbinates, pancreas, para- 
thyroid glands, pharynx (if grossly ab- 
normal), pituitary gland, preputial or 
clitoral gland, prostate/testes/seminal 
vesicles or ovaries/uterus, rectum, 
salivary glands, skin, spleen, sternebrae 
including marrow, stomach, thymus, 
thyroid gland, trachea, and urinary 
bladder. Kidney examined in the 47,94, 
and 188 mg/kg male groups, liver in the 
94 and 188 mg/kg male groups, and liver 
and kidney in the 47,94,188, and 375 
mg/kg female groups. Urinalysis per- 
formed; organ weights recorded at 
necropsy 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and Species 
F344/N rats F344/N rata 
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50 males and 50 females 

Male--0, 10, or 20 mgkg hexachloroethane 
in corn oil by gavage; female--0,80, or 160 
mgkg; dose vol--5 mlkg  

Male--4/1/82: female--4/7/82 

Male--3/22/84; female--3/28/84 

5 d/wk for 103 wk 

Observed 2 X d; weighed initially, 1 X wk 
for 14 wk, and then 1 X mo 

Necropsy performed on all animals; the 
following tissues examined histologically 
for vehicle control and high dose groups: 
abnormal regional lymph nodes, adrenal 
glands, bone marrow, brain, colon, costo- 
chondral junction, duodenum, esophagus, 
heart, ileum, jejunum, kidney, larynx, liver, 
lungs and bronchi, mammary gland, man- 
dibular and mesenteric lymph nodes, pan- 
creas, parathyroid glands, pituitary gland, 
prostate/testes/seminal vesicles or ovaries/ 
uterus, salivary glands, skin, spleen, stom- 
ach, thymus, thyroid gland, tissue masses, 
trachea, and urinary bladder. Additional 
tissues examined in the vehicle control 
and high dose female groups include ante- 
rior cervical spinal cord, sciatic nerve, and 
thoracolumbar spinal cord. Tissues exam- 
ined in the low dose groups include adrenal 
glands (males), gross lesions, kidney, pitui- 
tary gland, and thyroid gland 

F344/N rats 
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TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES O F  
HEXACHLOROETHANE (Continued) 

Sixteen-Day 
Studies 

Thirteen-Week 
Studies 

Two-year 
Studies 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Animal Source 
Male--Harlan Industries (Indi- 
anapoiii, IN); female--Charles (Kingston, NY) 
River Breeding Laboratories 
(Kingston, NY) 

Study Laboratory 
EG&G Mason Research Institute 

Method of Animal Identification 
Ear punch Ear punch 

Time Held Before Study 
Male-20 d; female-21 d 

Age When Placed on Study 
7-8 wk 

Charles River Breeding Laboratories 

EG&G Mason Research Institute 

14 d 

Male-6-7 wk; female-7 wk 

Age When Killed 
9-10wk M a l e 4 0  wk;female--20 wk 

Necropsy Dates 
Male--1/15/81; female--1/29181 Male--7/8/81-7/10/8 1; 

Method of Animal Distribution 
Assigned to groups such that for a 
given sex and species all cage 
weights were approximately equal 

Feed 
NIH 07 Rat and Mouse Ration 
(Zeigler Bros., Inc., Gardners, PA); 
available ad libitum 

Bedding 
Aspen Bed (American Excelsior, 
Baltimore, MD) 

Water 

female-712 1/81 -7/23/8 1 

Same as 16-d studies 

Same as 16-d studies 

Same as 16-d studies 

Charles River Breeding Laboratories 
(Portage, MI) 

EG&G Mason Research Institute 

Ear punch 

Male-15 d; female-14 d 

7 wk 

Male-112 wk;female--111-112 wk 

Male--4/2184-4/5184; 
female--4/6184-4/18/84 

Assigned to cages according to one table of 
random numbers and then to groups accord- 
ing to another table of random numbers 

Same as 16-d studies 

Same as  16-d studies 

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

Same as 16-d studies; city water 
Altered through a 5-g filter 

Same as  13-wk studies 

Cages 
Polycarbonate (Lab Products, Inc., 
Rochelle Park, NJ) 

Same as 16-d studies Same as  16-d studies 

Cage Filters 
Nonwoven fiber (Snow Filtration, 
Cincinnati, OH) 

Nonwoven fiber sheet (Lab Products, 
Rochelle Park, NJ, or Snow Filtration, 
Cincinnati, OH) 

Same as 13-wk studies 

Animals per  Cage 
5 5 

Other Chemicals on Study in the Same Room 
None None 
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TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF 
HEXACHLOROETHANE (Continued) 

Sixteen-Day 
Studies 

Thirteen-Week 
Studies 

Two-year 
Studies 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Animal Room Environment 
Temp-22.2'-25.6" C; hum--37%-61%; 
fluorescent light 12 h/d; 12-15 room 
air change& 

Temp--mean, 21.5" C; range, 17.2'- 
23.8" C; hum-mean, 57%; range, 42%- 
77%; fluorescent light 12 h/d; > 12 
room air changed changed 

Temp--mean, 23.3'C; range, 18'-27' C; 
hum-mean, 43%; range, 3%-68%; 
fluorescent light 12 Wd; 14.9 room air 

excessively autolyzed or missing, and thus, the 
number of animals from which particular organs 
or tissues were examined microscopically varies 
and is not necessarily equal to the number 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, em- 
bedded in paraffin, sectioned, and stained with 
hematoxylin and eosin. Histopathologic exami- 
nation of tissues was performed according to an  
"inverse pyramid" design (McConnell, 1983a,b). 
That is, complete histopathologic examinations 
(Table 5 )  were performed on all high dose and 
vehicle control animals and on low dose animals 
dying through month 21 of the study. In addi- 
tion, histopathologic examinations were per- 
formed on all grossly visible lesions in all dose 
groups. Potential target organs for chemically 
related neoplastic and nonneoplastic effects 
were identified as adrenal glands (male), kidney, 
pituitary gland, and thyroid gland from the 
short-term studies or the literature and were de- 
termined by examination of the pathology data; 
these target organs/tissues in the lower dose 
group were examined histopathologically. 

When the pathology evaluation was completed 
by the laboratory pathologist and the pathology 
data entered into the Toxicology Data Manage- 
ment System, the slides, paraffin blocks, and re- 
sidual wet tissues were sent to the NTP Archives 
for inventory, slide/block match, and wet tissue 
audit. The slides, individual animal data rec- 
ords, and pathology tables were sent to a n  inde- 
pendent quality assessment laboratory. The 
individual animal records and tables were com- 
pared for accuracy, slides and tissue counts were 
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verified, and histotechnique was evaluated. All 
tumor diagnoses, all target tissues, and all tis- 
sues from a randomly selected 10% of the ani- 
mals were evaluated by a quality assessment 
pathologist. The quality assessment report and 
slides were submitted to the Pathology Working 
Group (PWG) Chairperson, who reviewed all 
target tissues and those about which there was a 
disagreement between the  laboratory a n d  
quality assessment pathologists. 

Representative slides selected by the Chairper- 
son were reviewed by the PWG, which included 
the laboratory pathologist, without knowledge of 
previously rendered diagnoses. When the con- 
sensus diagnosis of the PWG differed from that 
of the laboratory pathologist, the laboratory pa- 
thologist was asked to reconsider the original di- 
agnosis. This procedure has been described, in 
part, by Maronpot and Boorman (1982) and  
Boorman et al. (1985). The final diagnoses rep- 
resent a consensus of contractor pathologists and 
the NTP Pathology Working Group. For subse- 
quent analysis of pathology data, the diagnosed 
lesions for each tissue type are combined accord- 
ing to the guidelines of McConnell et al. (1986). 

Nonneoplastic lesions in the adrenal glands and 
kidneys were examined by the quality assess- 
ment pathologist and PWG because they were 
considered par t  of the  toxic effect of t h e  
chemical. 

Statistical Methods 

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 
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II. MATERIALS AND METHODS 

survival analyses a t  the time they were found to 
be dead from other than natural causes; animals 
dying from natural 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 de- 
tected, additional analyses using these proce- 
dures were carried out to determine the time 
point at which significant differences in the sur- 
vival 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 a t  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: The majority of 
tumors in this study were considered to be in- 
cidental to the cause of death or not rapidly le- 
thal. Thus, the primary statistical method used 
was a logistic regression analysis, which as- 
sumed that the diagnosed tumors were dis- 
covered as the result of death from an unrelated 
cause and thus did not affect the risk of death. 
In this approach, tumor prevalence was modeled 
as a logistic function of chemical exposure and 
time. Both linear and quadratic terms in time 
were incorporated initially, and the quadratic 
term was eliminated if it did not significantly 
enhance the fit of the model. The dosed and 
vehicle control groups were compared on the ba- 
sis of the likelihood score test for the regression 
coefficient of dose. This method of adjusting for 
intercurrent mortality is the prevalence analy- 
sis of Dinse and Lagakos (1983), further de- 
scribed and illustrated by Dinse and Haseman 
(1986). When tumors are incidental, this com- 
parison of the time-specific tumor prevalences 
also provides a comparison of the time-specific 

tumor incidences (McKnight and Crowley, 
1984). 

In addition to logistic regression, alternative 
methods of statistical analysis were used, and 
the results of these tests are summarized in the 
appendixes. These include the life table test 
(Cox, 1972; Tarone, 19751, appropriate for 
rapidly lethal tumors, and the Fisher exact test 
and the Cochran-Armitage trend test (Armitage, 
1971; Gart et al., 19791, procedures based on the 
overall proportion of tumor-bearing animals. 

Tests of significance include pairwise compari- 
sons of each dosed group with vehicle controls 
and a test for an overall dose-response trend. 
Continuity-corrected tests were used in the anal- 
ysis of tumor incidence, and reported P values 
are one-sided. The procedures described above 
also were used to evaluate selected nonneoplas- 
tic lesions. (For further discussion of these sta- 
tistical methods, see Haseman, 1984.) 

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 et al., 1984, 1985) are 
included for those tumors appearing to show 
compound-related effects. 

Analysis of Continuous Variables: For the he- 
matologic, serum chemical, and relative organ 
weight data, the nonparametric multiple com- 
parison procedures of Dunnett (1980) and Willi- 
ams (1971, 1972) were used to assess the sig- 
nificance of pairwise differences between dosed 
and vehicle control groups. Jonckheere’s test 
(Jonckheere, 1954) was used to evaluate the sig- 
nificance of dose-response trends. 

GENETIC TOXICOLOGY 

Salmonella Protocol: Testing was performed as 
reported by Ames et al. (1975) with modifica- 
tions listed below and described in greater detail 
by Haworth et al. (1983). Hexachloroethane was 
sent to two testing laboratories as coded aliquots 
from Radian Corporation (Austin, TX). The 
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II. MATERIALS AND METHODS 
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study chemical was incubated with the Salmo- 
nella typhimurium tester strains (TA98, TA100, 
TA1535, and TA1537) either in buffer or S9 mix 
(metabolic activation enzymes and cofactors 
from Aroclor 1254-induced male Sprague Daw- 
ley rat or Syrian hamster liver) for 20 minutes a t  
37" C before the addition of soft agar supple- 
mented with L-histidine and D-biotin and subse- 
quent plating on minimal glucose agar plates. 
Incubation was continued for an  additional 48 
hours. 

Hexachloroethane was tested in duplicate in all 
four strains a t  each laboratory. Each test con- 
sisted of triplicate plates of concurrent positive 
and negative controls and of a t  least five doses of 
the study chemical. The high dose was limited 
by toxicity or solubility but did not exceed 10 
mg/plate. 

A positive response was defined as a reproduci- 
bIe, dose-related increase in histidine-indepen- 
dent (revertant) colonies in any one straidacti- 
vation combination. An equivocal response was 
defined as an increase in revertants which was 
not dose related, not reproducible, or of insuffi- 
cient magnitude to support a determination of 
mutagenicity. A response was considered nega- 
tive when no increase in revertant colonies was 
observed after chemical treatment. 

Chinese Hamster Ovary Cytogenetics Assays: 
Testing was performed as reported by Galloway 
et al. (1985, 1987) and is described briefly below. 
Hexachloroethane was sent to the laboratories 
as  coded aliquots from Radian Corporation (Aus- 
tin, TX). The study chemical was tested in cul- 
tured Chinese hamster ovary (CHO) cells for in- 
duction of sister chromatid exchanges (SCEs) 
and chromosomal aberrations both in the pres- 
ence and absence of Aroclor 1254-induced male 
Sprague Dawley rat liver S9 and cofactor mix. 
Cultures were handled under gold lights to pre- 
vent photolysis of bromodeoxyuridine (BrdU)- 
substituted DNA. Each test consisted of concur- 
rent solvent and positive controls and of a t  least 
three doses of the study chemical; the high dose 
was limited by toxicity or solubility but did not 
exceed 5 mg/ml. 

In the SCE test without S9, CHO cells were incu- 
bated for 26 hours with the study chemical in 
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McCoy's 5A medium supplemented with 10% fe- 
tal bovine serum, L-glutamine (2 mM), and anti- 
biotics. BrdU was added 2 hours after culture 
initiation. After 26 hours, the medium contain- 
ing the study chemical was removed and re- 
placed with fresh medium plus BrdU and colce- 
mid, and incubation was continued for 2 more 
hours. Cells were then harvested by mitotic 
shake-off, fixed, and stained with Hoechst 33258 
and Giemsa. In the SCE test with S9, cells were 
incubated with the chemical, serum-free me- 
dium, and S9 for 2 hours. The medium was then 
removed and replaced with medium containing 
BrdU and no study chemical; incubation pro- 
ceeded for an additional 26 hours, with colcemid 
present for the final 2 hours. Harvesting and 
staining were the same as for cells treated with- 
out s9. 

In the chromosomal aberration test without S9, 
cells were incubated in McCoy's 5A medium 
with the study chemical for 8 hours; colcemid 
was added, and incubation was continued for 2 
hours. The cells were then harvested by mitotic 
shake-off, fixed, and stained with Giemsa. For 
the chromosomal aberration test with S9, cells 
were treated with the study chemical and S9 for 
2 hours, after which the treatment medium was 
removed and the cells were incubated for 10 
hours in fresh medium, with colcemid present 
for the final 2 hours. Cells were harvested in the 
same manner as for the treatment without S9. 

For the SCE test, if significant chemical-induced 
cell cycle delay was seen, incubation time was 
lengthened to ensure a sufficient number of 
scorable cells. The harvest time for the chromo- 
somal aberration test was based on the cell cycle 
information obtained in the SCE test; if cell 
cycle delay was anticipated, the incubation peri- 
od was extended approximately 5 hours. 

Cells were selected for scoring on the basis of 
good morphology and completeness of karyotype 
(21 f 2 chromosomes). All slides were scored 
blind, and those from a single test were read by 
the same person. For the SCE test, 50 second-di- 
vision metaphase cells were usually scored for 
frequency of SCEs per cell from each dose; 100 
first-division metaphase cells were scored a t  
each dose for the chromosomal aberration test. 
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II. MATERIALS AND METHODS 

Classes of aberrations included simple (breaks 
and terminal deletions), complex (rearrange- 
ments and translocations), and other (pulverized 
cells, despiralized chromosomes, and cells con- 
taining 10 or more aberrations). 

Statistical analyses were conducted on both the 
slopes of the dose-response curves and the indi- 
vidual dose points. An SCE frequency 20% 
above the concurrent solvent control value was 
chosen as a statistically conservative positive 
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response. The probability of this level of differ- 
ence occurring by chance at  one dose point is less 
than 0.01; the probability for such a chance oc- 
currence a t  two dose points is less than 0.001. 
Chromosomal aberration data are presented as 
percentage of cells with aberrations. As'  with 
SCEs, both the dose-response curve and individ- 
ual dose points were statistically analyzed. A 
statistically significant (P < 0.003) trend test or 
a significantly increased dose point (P< 0.05) 
was sufficient to indicate a chemical effect. 
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III. RESULTS: RATS

SIXTEEN-DAY STUDIES

All rats that received 1,500 or 3,000 mg/kg and
1/5 males and 2/5 females that received 750
mg/kg died before the end of the studies (Ta-
ble 6). The final mean body weights of rats that
received 750 mg/kg were 25% lower than that of
vehicle controls for males and 37% lower for fe-
males. Compound-related clinical signs seen at

750 mg/kg or more included dyspnea, ataxia,
prostration, and excessive lacrimation. Com-
pound-related effects observed microscopically
included hyaline droplet formation in the cyto-
plasm of the renal tubular epithelium in all
dosed males and tubular cell regeneration and
eosinophilic granular casts of cell debris in the
tubule lumina at the corticomedullary junction
in the kidney at 187 and 375 mg/kg.

TABLE 6. SURVIVAL AND MEAN BODY WEIGHTS OF BATS IN THE SIXTEEN-DAY GAVAGE
STUDIES OF HEXACHLOROETHANE

Dose
(mg/kg)

Survival (a)
Mean Body Weights (grams)

Initial (b) Final Change (c)
Final Weight Relative

to Vehicle Controls
(percent)

MALE

0
187
375
750

1,500
3,000

FEMALE

5/5
5/5
5/5

(d) 4/5
(e) 0/5
(g)0/5

130 ±7
130 ±5
13017
130 ±4
130 ±5
130 ±6

188 ±7
193 ± 5
182 ±5
141 ± 5

(f)
(f)

+ 58 ± 2
+ 63 ± 1
+ 52 ±3
+ 1 4 ± 2

(f>
(f)

103
97
75
(f)
(0

0
187
375
750

1,500
3,000

5/5
5/5
5/5

(h) 3/5
(j)0/5
(k)0/5

136 ±2
135 ±2
135 ±3
136 ±3
135 ±2
135 ±3

164 ±4
162 ±4
154 ±4

(i) 104 ± 4
(ft
(f)

+ 28 ±2
+ 27 ±3
+ 19 ± 1
-35 ±3

(f)
(f)

99
94
63
(f)
(0

(a) Number surviving/number initially in the group
(b) Initial group mean body weight ± standard error of the mean. Subsequent calculations are based on animals surviving to
the end of the study.
(c) Mean body weight change of the survivors ± standard error of the mean
(d) Day of death: 6
(e) Day of death: 4,5,6,6,8
(f) No data are reported due to 100% mortality in this group.
(g) Day of death: 2,3,3,3,4
(h) Day of death: 5,15
(i) Data for three animals; a fourth animal was alive at day 14 when the rest were weighed, but its weight was not reported,
(j) Day of death: 3,3,5,5,5
(k) Day of death: 3,4,5,5,5
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III. RESULTS: RATS 

THIRTEEN-WEEK STUDIES 

Five of 10 male rats and 2/10 female rats that re- 
ceived 750 mg/kg died before the end of the stud- 
ies (Table 7). The final mean body weights of 
rats that received 750 mg/kg were 19% lower 
than that of vehicle controls for males and 4% 
lower for females. Compound-related clinical 
signs included postgavage hyperactivity for both 
sexes at doses of 94 mg/kg or more and convul- 
sions at 375 or 750 mg/kg; the week of first ap- 
pearance decreased with increased dose. In- 
creased relative organ weights at 750 mg/kg 
included liver, heart, kidney, and brain for 
males and females (Table 8). Kidney changes 
were seen in all dosed male groups (9/10 at the 
lowest dose), and the severity increased with 
dose. At the highest dose, only the five male rats 
that died before the end of the study were ex- 
amined microscopically. All five had renal  
papillary necrosis and degeneration and necrosis 
of the renal tubular epithelium. Other changes 
seen in the kidney in male rats at this dose and 

all lower doses were identical to those observed 
in the 16-day study and consisted of hyaline 
droplet formation, tubular regeneration, and tu- 
bular casts. The rounded to crystalloid-shaped 
hyaline droplets were present in tubular cells 
throughout the cortex of the kidney and were 
characterized by epithelial cells with a n  in- 
creased basophilic staining of the cytoplasm. 
Tubule lumina at the corticomedullary junction 
were slightly distended by the eosinophilic gran- 
ular casts. Hepatocellular necrosis was observed 
in 2/5 males and 8/10 females at 750 mg/kg, 1/10 
males and 4/10 females at 375 mg/kg, and 2/10 
females at 188 mg/kg. These.foca1 areas of ne- 
crosis were centrilobular and contained a mini- 
mal inflammatory cell infiltrate. Hemorrhagic 
necrosis of the urinary bladder was seen in 5/5 
males that received 750 mg/kg. Urinalysis indi- 
cated findings consistent with the histopatho- 
logic changes in the kidney of dosed male rats 
(fine and coarse granular casts accompanied by 
cellular casts and epithelial cells). These same 
changes were not seen in female rats. 

TABLE 7. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF HEXACHLOROETHANE 

Dose 
(mg/kg) 

Survival (a) 
Mean Body Weights (grams) 

Initial (b) Final Change (c) 
Final Weight Relative 
to Vehicle Controls 

(percent) 

MALE 

0 
47 
94 
188 
375 
750 

FEMALE 

0 
47 
94 
188 
375 
750 

10110 
10110 
10/10 
10/10 
10110 

(d) 5110 

10110 
1011 0 
1011 0 
1011 0 
10110 

(e) 8110 

120 f 2 344f 7 +224 f 7 
120 f 2 354 f 8 +234 f 7 
119 2 2 352k 4 +233f 5 
120 k 2 356f 6 +236 k 6 
119 f 2 330 f 5 +211 f 4 
119 f 2 279f 14 +160 f 14 

110 f 1 
110 f 1 
111 f 1 
110 f 1 
110 f 1 
111 f 2 

214f 4 +104+ 3 
219f 3 +lo9 f 2 
220 * 2 +109f 3 
210k 3 +loo f 2 
213 f 4 +lo3 k 3 
206 f 3 +95f 2 

103 
102 
103 
96 
81 

102 
103 
98 
100 
96 

(a) Number surviving/number initially in group 
(b) Initial group mean body weight f standard error ofthe mean. Subsequent calculations are based on animals surviving to 
the end of the study. 
(c) Mean body weight change of the survivors f standard error of the mean 
(d) Week ofdeath: 7.7.8.12.12 
(e) Two animals died during week 13 a h r  the final body weights had been taken. 
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TABLE 8. ORGAN WEIGHT TO BODY WEIGHT RATIOS FOR RATS IN THE THIRTEEN-WEEK 
GAVAGE STUDIES OF HEXACHLOROETHANE (a) 

Vehicle 
Organ Control 47 mg/kg 94 mgntg 188 mg/kg 375 mg/kg 750 mg/kg 

MALE 

Number weighed (b) 10 

Bodyweightk) 340 f 7.6 

Liver 35.8 f 0.61 
Brain 6.0 f 0.30 
Heart 2.8 f 0.04 
Kidney 3.0 f 0.05 
Lung 4.2 f 0.21 
Right testis 4.2 f 0.05 
Thymus 0.8 f 0.04 

FEMALE 

Number weighed (b) 10 

Body weight (c) 206 f 3.7 

Liver 32.2 f 0.56 
Brain 8.7 f 0.17 
Heart 2.9 f 0.04 
Kidney 3.1 f 0.04 
Lung 4.2 f 0.09 
Thymus 1.1 f 0.05 

10 

349 f 8.8 

37.3 f 0.37 
5.7 f 0.17 
2.8 f 0.04 
3.8 f 0.37 
4.6 f 0.40 
4.8 f 0.38 

(00.8 f 0.06 

10 

210 k 3.9 

33.4 f 0.63 
8.6 f 0.14 
3.0 +- 0.05 
3.2 f 0.05 
4.1 f 0.09 
1.1 f 0.05 

10 10 9 5 

343 f 5.9 348 f 5.9 319 f 4.00 (d)262 f 13.5 

36.0 f 0.71 (d)39.1 f 0.62 (d)42.5 f 0.74 (d)46.3 f 0.95 
5.7 f 0.10 5.8 f 0.23 6.3 f 0.21 (d)7.2 f 0.31 
2.9 f 0.07 (e13.2 f 0.17 (d)3.3 -+ 0.18 (e13.2 f 0.10 

(e)4.1 f 0.27 (d)4.7 f 0.44 (d)5.2 f 0.35 (d)4.7 f 0.28 
4.4 f 0.48 3.9 f 0.22 3.9 f 0.15 4.9 f 0.50 
4.3 f 0.10 4.4 f 0.17 4.7 f 0.05 (d)5.3 f 0.21 
0.6 f 0.02 (g)0.8 f 0.10 0.7 f 0.04 (h)0.6 f 0.06 

10 10 10 8 

208 f 2.6 200 f 2.9 203 f 4.3 ( d l 8 9  f 3.8 

(e)34.3 f 0.39 (d)36.3 f 0.44 (d)42.0 f 0.60 (d)52.4 f 0.88 
8.6 f 0.10 9.0 f 0.14 9.0 f 0.15 (d,i)9.5 f 0.17 
3.0 f 0.03 3.0 f 0.04 3.1 f 0.07 (d)3.4 f 0.07 
3.2 f 0.07 3.2 f 0.06 (d)3.6 f 0.05 (d)4.1 f 0.10 
4.2 f 0.10 4.1 f 0.06 4.2 f 0.08 4.5 f 0.13 

(01.1 f 0.04 1.0 f 0.06 1.1 f 0.07 (d)0.8 f 0.05 

(a) Mean f standard error (in milligrams per gram except as noted); P values vs. the vehicle controls by Williams’ test or 
Dunnett’s test (Williams, 1971,1972; Dunnett, 1980). 
(b) Except as noted 
( c )  Absolute body weight (in grams) f standard error 
(d) P<O.Ol 
(e) P<0.05 
(0 Nine animals were weighed. 
(g) Eight animals were weighed. 
(h) Three animals were weighed. 
(i) Ten animals were weighed. 

Dose Selection Rationale: Doses for the 2-year TWO-YEAR STUDIES 

Body Weights and Clinical Signs studies were based on observations in the- 13- 
week studies of dose-related kidney changes in 
males at all doses (lowest dose, 47 mg/kg) and 
hepatocellular necrosis in females (188 mg/kg 
and higher). Hexachloroethane doses selected 
for rats for the 2-year studies were 10 or 20 
mg/kg for males and 80 or 160 mg/kg for fe- 
males, administered in corn oil by gavage, 5 
days per week. citable. 

Mean body weights of high dose male rats were 
5%-6% lower than those of vehicle controls after 
week 81; mean body weights of high dose female 
rats were 5%-9% lower than those of vehicle con- 
trols between week 41 and week 101 (Table 9 
and Figure 2). Dosed female rats were hyperex- 
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TABLE 9. MEAN BODY WEIGHTS OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF 
HEXACHLOROETHANE (a) 

WWkS Vehicle Control Low Dose High Dose 
on Av. W+ No. Av. W+ W t  (percent of No. Av. Wt. W t  (percent of No. 

Study (pami)  Weighed (grams) vehicle controls) Weighed (grams) vehicle controls) Weighed 

MALE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
17 
21 
25 
29 
33 
37 
41 
45 
49 
53 
57 
61 
85 
69 
73 
77 
81 
85 
89 
99 
97 

101 
104 

FEMALE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
17 
21 
25 
29 
3.9 
37 
41  
45 
49 
53 
57 
61 
85 
69 
73 
77 
81 
85 
W 
9s 
97 

101 
104 

189 
212 
237 
264 
281 
298 
313 
330 
339 
348 
357 
365 
374 
382 
401 
422 
441 
453 
472 
487 
500 
513 
516 
524 
534 
540 
547 
547 
542 
542 
541 
543 
540 
532 
518 
510 
499 

125 
149 
161 
171 
179 
184 
190 
196 
200 
203 
209 
213 
215 
218 
225 
233 
240 
246 
256 
264 
274 
282 
297 
303 
317 
327 
336 
340 
344 
353 
357 
358 
360 
382 
364 
363 
358 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 

(n) 48 
49 
49 
49 
49 
48 
48 
47 
47 
47 
47 
46 
46 
43 
43 
40 
36 
35 
32 

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 
48 
47 
44 
40 
36 
34 
32 

174 
204 
230 
256 
275 
291 
307 
322 
33 1 
341 
349 
356 
367 
374 
392 
413 
433 
445 
462 
479 
492 
506 
509 
512 
524 
531 
535 
532 
527 
527 
522 
523 
518 
513 
503 
492 
483 

128 
149 
161 
171 
178 
185 
190 
195 
200 
206 
209 
211 
214 
219 
225 
234 
240 
246 
256 
265 
273 
281 
294 
301 
,313 
321 
328 
331 
329 
338 
341 
344 
348 
346 
346 
345 
34s 

10 mg/kg 

95 
96 
97 
97 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
99 
99 
98 
98 
98 
98 
97 
97 
97 
96 
96 
96 
96 
97 
96 
97 

80 mg/kg 

102 
100 
100 
100 
99 

101 
100 
99 

100 
101 
100 
99 

100 
100 
100 
100 
100 
100 
101 
100 
100 
100 
99 
99 
99 
98 
98 
97 
96 
96 
96 
96 
97 
96 
95 
95 
96 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
so 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
48 
48 
48 
48 
47 
47 
46 
45 
40 
37 
36 
33 
31 

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 
49 
48 
48 
47 
45 
42 
40 
31 
29 
27 

178 
208 
235 
259 
276 
293 
305 
324 
331 
341 
352 
356 
366 
373 
389 
412 
434 
443 
459 
475 
489 
502 
502 
511 
520 
525 
526 
528 
522 
523 
515 
515 
507 
499 
492 
480 
471 

125 
146 
159 
168 
175 
182 
187 
194 
197 
203 
207 
210 
213 
217 
223 
229 
234 
238 
248 
259 
259 
267 
282 
287 
298 
304 
310 
310 
314 
322 
324 
326 
326 
335 
333 
336 
346 

mekg 

97 
98 
99 
98 
98 
98 
97 
98 
98 
98 
99 
98 
98 
98 
97 
98 
98 
96 
97 
98 
98 
98 
97 
98 
97 
97 
96 
97 
96 
96 
95 
95 
94 
94 
95 
94 
94 

160 a g k g  

100 
98 
99 
98 
98 
99 
98 
99 
99 

100 
99 
99 
99 

100 
99 
98 
98 
97 
97 
96 
95 
95 
95 
95 
94 
93 
92 
91 
91 
91 
91 
91 
91 
93 
91 
W 
97 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
46 
48 
48 
48 
46 
45 
45 
42 
39 
38 
34 
32 
29 
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 
49 
49 
46 
46 
46 
46 
42 
42 
36 
36 
35 
33 

(,a) One animal wns not weighed. 
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FIGURE 2. GROWTH CURVES FOR RATS ADMINISTERED 
HEXACHLOROETHANE IN CORN OIL BY GAVAGE FOR TWO YEARS 
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III. RESULTS: RATS 

Survival 

Estimates of the probabilities of survival for 
male and female rats administered hexachloro- 
ethane at the doses used in these studies and for 
vehicle controls are shown in Table 10 and in the 
Kaplan and Meier curves in Figure 3. No signif- 
icant differences in survival were observed be- 
tween any groups of either sex. 

Pathology and Statistical Analyses of 
Results 

This section describes the significant or notewor- 
thy changes in the incidences of rats with neo- 
plastic or nonneoplastic lesions of the kidney 
and adrenal gland. 

Summaries of the incidences of neoplasms and 
nonneoplastic lesions, individual animal tumor 
diagnoses, statistical analyses of primary tu- 
mors that occurred with an incidence of at least 
5% in at least one animal group, and historical 
control incidences for the neoplasms mentioned 
in this section are presented in Appendixes A 
and B for male and female rats, respectively. 

TABLE 10. SURVIVAL O F  RATS IN THE TWO-YEAR GAVAGE STUDIES OF HEXACHLOROETHANE 

Vehicle ControI 10 mg/kg 20 mgflrg 80 w m 3  160 mg/kg 

MALE (a) 

Animals initially in study 

Natural deaths 
Moribund kills 
Accidentally killed 
Animals surviving until study 

Survival Pvalues (b) 

FEMALE (a) 

Animals initially in study 

Natural deaths 
Moribund kills 
Accidentally killed 
Animals e w i v i n g  until study 

Survival Pvalues (b) 

termination 

termination 

50 

2 
16 
1 

31 

0.290 

50 

4 
14 
0 

32 

0.955 

50 50 

6 4 
14 19 
1 1 

29 26 

0.806 0.332 

50 50 

2 3 
20 15 

1 0 

27 32 

0.498 0.959 

(a) First day of termination period: male-733; female-73 1 
(b) The result of the life table trend test is in the vehicle control column, and the resulta of the life table pairwise comparisons 
with the vehicle controls are in the dosed columns. 
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FIGURE 3. KAPLAN-MEIER SURVIVAL CURVES FOR RATS ADMINISTERED 
HEXACHLOROETHANE IN CORN OIL BY GAVAGE FOR TWO YEARS 
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III. RESULTS: RATS 

Kidney: Renal tubule hyperplasia and neoplasia 
were observed at greater incidences in dosed 
male rats (Table 11). The combined incidence of 
adenomas or carcinomas in the high dose males 
was significantly greater than that in the vehi- 
cle controls. All the carcinomas and one of the 
adenomas, also in a high dose male, were seen 
grossly; one of the carcinomas metastasized. Mi- 
croscopically, tubular hyperplasia and neoplasia 
represented a morphologic continuum. Hyper- 
plasia consisted of tubules that were slightly en- 
larged (up to approximately twice the normal 
diameter) and contained increased numbers of 
tubular epithelial cells that were stratified and 
filled the tubular lumens. Adenomas were 
larger than the hyperplasia and ranged in size 
from less than 1 mm up to approximately 4 mm. 
Adenomas were discrete masses consisting of 
variably sized, solid nests of cells and occasional 
tubular structures separated by a sparse fibro- 
vascular stroma. The adenomas were composed 
of moderately large, somewhat pleomorphic epi- 
thelial cells with round-to-ovoid nuclei with a 
prominent nucleolus and eosinophilic granular 
to clear vacuolated cytoplasm. One adenoma 
consisted of enlarged cells with prominent 
eosinophilic cytoplasmic granules characteristic 
of renal “oncocytoma.” The histogenesis of the 

oncocytoma is uncertain but may be derived 
either from the proximal tubule or collecting 
ducts of the kidney. Carcinomas were larger 
masses, up to 1 cm or more in diameter, and con- 
sisted of sheets of pleomorphic epithelial cells 
that ,  in some tumors, surrounded a central  
cystic area. Nephropathy was observed in near- 
ly all males, but the severity was slightly in- 
creased in dosed males relative to vehicle con- 
trols; the overall average severity was mild in 
vehicle controls and mild to moderate in dosed 
males (Table 12). The incidences of nephropathy 
were also increased in dosed females (vehicle 
control, 22/50; low dose, 42/50; high dose, 45/50), 
and the severity of nephropathy was significant- 
ly (PcO.01) increased in dosed females relative 
to vehicle controls; the overall average severity 
was minimal in vehicle controls and minimal to 
mild in dosed females. Nephropathy in each sex 
consisted of tubular cell degeneration and regen- 
eration, tubular dilatation and atrophy, glo- 
merulosclerosis, interstitial fibrosis, and chronic 
inflammation. Linear mineralization of the re- 
nal papillae (2/50; 15/50; 32/50) and hyperplasia 
of the pelvic transitional epithelium (0150; 7/50; 
7/50) were increased in dosed males. The inci- 
dences of these lesions were not increased in fe- 
males by chemical administration. 

TABLE 11. RENAL OR RENAL TUBULE LESIONS IN MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF HEXACHLOROETHANE (a) 

Hyperplasia 

Adenoma 

Overall Rates 

Overall Rates 

Carcinoma 
Overall Rates 

Adenoma or Carcinoma (c) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Tests 
Logistic Regression Tests 

2/50 (4%) 4/50 (8%) (b) 11/50 (22%) 

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

0150 (0%) 0/50 (0%) 3/50 (6%) 

1/50 (2%) 
2.6% 
0/31 (0%) 
654 
P = 0.009 
P=O.O11 

2/50 (4%) 7/50 (14%) 
5.9% 23.7% 
0129 (0%) 5/26 (19%) 
677 636 
P = 0.497 
P = 0.500 

P = 0.020 
P = 0.026 

(a) The statistical analyses used are discussed in Section II  (Statistical Methods) and Table A3 (footnotes). 
(b) P<O.Ol vs. vehicle controls 
(c)Historical incidence of renal tubular cell neoplasms (combined) at study laboratory (mean It SD): 11300 (0.3% & 0.8%); 
historical incidence in NTP studies: 10/1.943 (0.5% k 0.9%) 

37 Hexachloroethane, NTP TR 361 



TABLE 12. NUMBER OF RATS WITH VARIOUS DEGREES OF SEVERITY OF NEPHROPATHY IN THE 
TWO-YEAR GAVAGE STUDIES OF HEXACHLOROETHANE (a) 

Male Female 
Severity of Vehicle 10 20 Vehicle 80 160 

Nephropathy Control msntg mgflrs Control mgntg mgntg (b) 

None (0) 2 2 3 28 8 5 
Minimal (1) 4 3 4 10 17 12 
Mild (2) 26 21 13 10 23 25 
Moderate (3) 11 10 16 2 2 7 
Marked (4) 7 14 14 0 0 0 

severity (c) 2.34 f 0.14 2.62 f 0.15 (d)2.68 f 0.16 0.72 f 0.13 (d1.38 f 0.11 (e) 1.69 f 0.12 
Overall 

(a) F a y  animals were examined in each group. 
(b) One female with nephropathy was not graded. 
(c) Mean f standard error 
(d) P<0.05 vs. vehicle controls 
(e) P<O.Ol vs. vehicle controls 

Adrenal Gland: Pheochromocytomas occurred 
at  an  increased incidence in low dose male rats 
and, to a lesser extent, in high dose male rats, 
relative to vehicle controls. Malignant pheo- 
chromocytomas occurred in one vehicle control, 
two low dose, and one high dose male rats, and 
two complex pheochromocytomas occurred in 
high dose male rats. Pheochromocytomas were 
circumscribed masses of altered adrenal medul- 
lary cells that  lacked the normal orderly ar-  
rangement in small packets separated by a 
sparse fibrovascular stroma. The cells were ar- 
ranged in large soIid clusters or irregular 
branching cords. The cells had small hyper- 
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chromatic nuclei or slightly enlarged vesicular 
nuclei with prominent nucleoli. The cytoplasm 
of the cells was often more basophilic than that 
of normal cells. The malignant pheochromocyto- 
mas consisted of anaplastic pleomorphic cells 
that obliterated the adrenal gland. Since com- 
plex pheochromocytomas are simply variants of 
the usual pheochromocytomas which contain 
nervous tissue in addition to adrenal medullary 
cells, these neoplasms were combined with the 
others for purposes of analysis. The incidence of 
pheochromocytomas in low dose male rats was 
significantly greater than that in the vehicle 
control group (Table 13). 
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TABLE 13. ADRENAL MEDULLARY LESIONS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
HEXACHLOROETHANE 

Vehicle Control 10 mg/kg 20 mgnts 

Focal Hyperplasia 
Overall Rates 

Pheochromocytoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Testa 
Logistic Regression Tests 

Complex Pheochromocytoma 

Malignant Pheochromocytoma 

Overall Rates 

Overall Rates 

6/50 (12%) 4/45 (9%) 10/49 (20%) 

14/50 (28%) 26/45 (58%) 19/49 (39%) 
37.8% 76.1% 56.3% 
9/3 1 (29%) 20/28 (71%) 12/26 (46%) 
637 578 577 
P= 0.064 P = 0.006 P = 0.091 
P= 0.089 P = 0.002 P=0.133 

0150 (0%) 0145 (0%) 2/49 (4%) 

1/50 (2%) 2/45 (4%) 1149 (2%) 

Pheochromocytoma or Complex or Malignant Pheochromocytoma (a) 
Overall Rates 15/50 (30%) 28/45 (62%) 21/49 (43%) 
Adjusted Rates 40.7% 82.1% 62.5% 
Terminal Rates 10/31(32%) 22/28 (79%) 14/26 (54%) 

Life Table Tests P = 0.038 P=0.003 P=0.058 
Logistic Regression Testa P=0.051 P<O.OOl P = 0.086 

Day of First Observation 637 578 577 

(a )  Historical incidence a t  study laboratory (mean f SD): 75/300 (25% f 7%); historical incidence in NTP studies: 54311,937 
(28% & 11%) 
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III. RESULTS: GENETIC TOXICOLOGY 

Hexachloroethane, tested with a preincubation 
protocol at concentrations up to 10 mg/plate, was 
not mutagenic in  Salmonella typhimurium 
strains TA98, TA100, TA1535, or TA1537; all 
strains were tested with or without Aroclor 
1254-induced male Sprague Dawley rat or Syri- 
an  hamster liver S9 (Table 14; Haworth e t  al., 
1983). In cytogenetic tests with cultured Chi- 
nese hamster ovary (CHO) cells, no induction of 
chromosomal aberrations was observed after 
treatment with up to 500 pg/ml hexachloro- 
ethane in the absence of S9 or 1,000 pg/ml in the 
presence of Aroclor 1254-induced male Sprague 

Dawley rat liver S9 (Table 15; Galloway e t  al., 
1987). In these tests, treatment with hexachlo- 
roethane caused a considerable delay in cell 
cycle time, indicating toxicity. Also, precipita- 
tion of the study chemical occurred at several 
concentrations. Hexachloroethane did not in- 
duce sister chromatid exchanges (SCEs) in CHO 
cells in the absence of S9; with S9, doses of 330 
pg/ml hexachloroethane and above resulted in a 
significant increase in SCEs as well as toxicity, 
as evidenced by cell cycle delay; precipitation of 
hexachloroethane occurred at all doses of 330 pg/ 
ml and above (Table 16; Galloway et al., 1987). 
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TABLE 14. MUTAGENICITY OF HEXACHLOROETHANE IN SALMONELLA TYPHIMUKIUM (a)

Revertants/Plate (b)
Strain Dose

(ug/plate)

Study performed at

TA100 0
10
33

100
333

1,000

Trial summary
Positive control (c)

TA1535 0
10
33

100
333

1,000

Trial summary
Positive control (c)

TA1537 0
1

33
100
333

1,000

Trial summary
Positive control (c)

TA98 0
10
33

100
333

1,000

Trial summary
Positive control (c)

Study performed at

TA100 0
100
333.3

1,000
3,333.3

10,000

Trial summary
Positive control (c)

TA1535 0
100
333.3

1,000
3,333.3

10,000

Trial summary
Positive control (c)

Trial 1
-S9

Trial 2
+ S9

Trial 1
(hamster)

Trial 2
+ 89

Trial 1
(rat),.

Trial 2

Case Western Reserve University

122 ± 2.3
141 ± 3.8
142 ± 1.5
131 ± 10.2
134 ± 4.0
135 ± 11.5

Negative
381 ± 7

7± 0.5
4 ± 0.7
4 ± 0.3
4 ± 0.3
4 ± 0.9
3± 0.6

Negative
121 ± 3.8

3± 0.0
2 ± 0.7
2 ± 1.3
2 ± 0.6
2 ± 0.3
2 ± 1.0

Negative
323 ± 24.4

20 ± 1.2
23 ± 6.4
21 ± 0.6
37 ± 5.1
29 ± 7.0
21 ± 3.6

Negative
102 ± 6.7

153 ± 4.7
147 ± 9.9
143 ± 11.5
138 ± 6.9
156 ± 6.9
146 ± 5.9

Negative
470 ± 16.8

10 ± 1.2
11 ± 2.6
11 ± 3.2
8± 1.2
5± 0.6
7± 2.5

Negative
157 ± 6.1

5± 1.5
4 ± 0.6
5± 2.5
4 ± 0.7
5± 0.9
5± 0.9

Negative
185 ± 52.1

15 ± 2.3
12 ± 3.2
17 ± 1.0
12 ± 2.8
17 ± 3.2
12 ± 2.1

Negative
83 ± 10.7

156 ± 4.5
165 ± 2.9
154 ± 3.2
170 ± 3.1
176 ± 12.2
170 ± 9.2

Negative
745 ± 19.9

7± 0.0
8± 1.5
8± 1.8
9 ± 0.7
5 ± 1.2
8± 1.5

Negative
110 ± 17.0

6 ± 0.6
4 ± 1.2
5 ± 1.5
5± 1.2
3± 1.5
2 ± 1.2

Negative
55 ± 16.5

24 ± 3.0
27 ± 4.7
23 ± 3.2
23 ± 1.8
30 ± 0.9
28 ± 6.7

Negative
757 ± 35.8

191 ± 5.6
203 ± 5.5
195 ± 7.4
215 ± 6.8
222 ± 4.4
213 ± 3.5

Negative
545 ±113.1

12 ± 1.9
18 ± 3.2
14 ± 3.2
16 ± 2.9
10 ± 1.9
12 ± 2.3

Negative
98 ± 14.1

8± 1.2
9 ± 2.1
7 ± 0.0
6 ± 0.6
8± 3.4
6+ 2.2

Negative
89 ± 23.8

15 ± 1.2
15 ± 2.0
13 ± 0.9
13 ± 0.6
11 ± 4.3
15 ± 1.8

Negative
519 ± 57.2

199 ± 13.5
194 ± 2.0
192 ± 0.6
210 ± 6.7
201 ± 11.9
217 ± 12.1

Negative
572 ± 88.8

7± 1.0
5+ 0.6
3 ± 0.9
5± 1.5
7 ± 1.9
4± 1.9

Negative
61 ± 3.0

6± 0.7
6 + 0.6
3± 0.6
4 ± 1.5
2 ± 0.9
2 ± 0.3

Negative
20 ± 4.2

28 ± 6.4
24 ± 2.2
23 ± 3.1
20 ± 1.5
23 ± 0.0
19 ± 2.4

Negative
322 ± 22.7

170 ± 18.5
169 ± 3.5
175 ± 6.7
182 ± 9.6
190 ± 13.7
192 ± 9.3

Negative
362 ± 20.0

11 ± 1.2
13 ± 2.5
9 ± 3.5

11 ± 1.5
13 ± 2.2
9 ± 2.5

Negative
91 ± 8.1

7 ± 0.7
8± 0.7
9 ± 2.7
6 ± 1.5
6± 2.2

10 ± 1.9

Negative
55 ± 28.3

14 ± 0.9
13 ± 0.7
15 ± 2.5
16 ± 3.5
14 ± 1.5
16 ± 3.8

Negative
339 ± 10.4

SRI International

91 + 3.5
79 ± 8.7
76 ± 6.7
75 ± 3.5
82 ± 9.8
80 ± 5.0

Negative
375 ± 8

24 ± 2.1
17 ± 2.6
21 ± 2.2
13 ± 2.4
12 ± 2.0
10 ± 2.3

Negative
381 ± 11.9

97 ± 3.2
93 ± 7.2

100± 4.6
104 ± 4.6
101 ± 2.0
108 ± 1.8

Negative
263 ± 22.9

25 ± 2.6
23 ± 3.4
23 ± 3.1
22 ± 1.9
21 ± 2.3
20 ± 1.9

Negative
334 ± 52.4

102 ± 5.1
95 ± 6.8
92 ± 4.6
88 ± 4.4
87 ± 2.8
96 ± 8.3

Negative
1,503 ± 33.8

11 ± 0.7
8± 0.3

11 ± 2.5
7 ± 0.9

14 ± 4.4
9 ± 2.1

Negative
364 ± 13.8

133 ± 2.2
104 ± 4.8
116± 5.3
104 ± 5.7
101 ± 5.3
111 ± 1.7

Negative
1,563 ± 23.4

10 ± 1.2
10 ± 2.4
10 ± 3.2
10 ± 2.5
12 ± 2.1
9 ± 2.5

Negative
424 ± 16.7

110 ± 1.2
99 ± 1.0
84 ± 2.7
95 ± 8.5
92 ± 3.2
99 ± 2.1

Negative
884 ± 38.2

14 ± 1.2
10 ± 1.5
8± 0.7
9 ± 1.5
9 ± 2.0
8± 0.3

Negative
213 ± 9.6

104 ± 5.3
114 ± 4.6
97 ± 12.2
82 ± 2.3
94 ± 11.6
95 ± 11.0

Negative
867 ± 37.5

12 ± 2.6
11 ± 2.2
7 ± 1.2
7 ± 0.9
9 ± 2.3
9 ± 1.5

Negative
288 ± 3.7
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TABLE 14. MUTAGENICITY OF HEXACHLOROETHANE IN SALMONELLA TYPHlMURlUM (Continued) 

RevertantslPlate (b) 
Strain Dose - 59 t 59 (hamster) t S 9  (rat) 

(pdplate) Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 

TA1537 0 
100 
333.3 

1,000 
3,333.3 

10,000 

Trial summary 
Positive control (c) 

TAW 0 
100 
333.3 

1,000 
3,333.3 

10,000 

Trial summary 
Positive control (c) 

19 f 2.6 
7 f 0.3 
9 f 1.2 

10 f 2.4 
9 f 1.7 

11 f 0.9 

Negative 
154 f 41.5 

37 f 3.5 
28 f 1.2 
23 f 5.2 
28 f 1.2 
26 f 4.8 
28 f 2.5 

Negative 
420 f 8.4 

12 f 2.5 25 k 2.2 
12 f 1.7 7 f 0.6 
12 f 2.5 10 f 2.3 
12 f 1.9 10 f 3.5 
18 f 1.8 10 f 4.1 
10 f 1.8 11 f 2.1 

Negative Negative 
729 f105.3 510 f 40.2 

21 f 3.5 49 f 2.6 
20 f 1.0 45 f 4.1 
21 f 1.3 33 f 5.9 
20 f 0.3 33 f 3.8 
22 f 3.5 32 f 6.3 
33 f 2.3 48 f 9.3 

Negative Negative 
373 f 9.1 1,210 f 11.8 

34 f 1.5 
24 f 1.7 
31 f 2.6 
27 f 5.3 
23 f 3.4 
19 f 1.3 

Negative 
462 f 13.5 

43 f 1.7 
37 k 1.0 
35 f 1.5 
39 f 0.3 
37 f 3.5 
48 f 6.6 

N e g a t i v e 
1,528 f 6.1 

21 f 4.3 26 f 1.7 
10 f 1.7 17 f 2.2 
10 k 2.5 15 f 0.3 
10 f 1.2 
8 f 1.3 

11 * 1.0 

Negative 
231 f 41.9 

42 f 5.5 
58 f 6.8 
43 f 9.4 
47 i 2.2 
39 f 3.8 
37 f 3.3 

Negative 
517 f 27.4 

17 f 0.3 
12 f 2.0 
12 f 1.7 

Negative 
293 f 9.6 

35 f 4.0 
20 f 3.5 
21 f 5.3 
22 f 6.1 
19 f 2.4 
32 f 3.5 

Negative 
698 f 37.4 

(a) The detailed protocol is presented in Haworth et al. (1983). Cells and study compound or solvent (dimethyl sulfoxide) were 
incubated in the absence of exogenous metabolic activation (-S9) or with Aroclor 1254-induced S9 from male Syrian hamster 
liver or male Sprague Dawley rat  liver. High dose was limited by toxicity or solubility but did not exceed 10 mg/plate; 
0 Wplate dose is the solvent control. 
(b) Revertants are presented as mean f standard error from three plates. 
(c) Positive control; 2-aminoanthracene was used on all strains in the presence of S9. In the absence of metabolic activation, 4- 
nitro-o-phenylenediamine was used with TA98, sodium azide was used with TA100 and TA1535, and 9-aminoacridine was used 
with TA1537. 
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TABLE 15. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY 
CELLS BY HEXACHLOROETHANE (a) 

No. of SCEs1 Relative 
Compound Dose Total Chromo- No. of Chromo- SCEs/ Hours SCEs/Cell 

(pg/ml) Cells somas SCEs some Cell in BrdU (percent) (b) 

- 59 (c)--Summary: Negative 

Dimethyl sulfoxide 

Hexachloroethane 10 
33 

100 
(d) 330 

Mitomycin C 0.005 

*SD (0 
Trial 1--Summary: Positive 

Dimethyl sulfoxide 

Hexachloroethane 100 
(d) 330 

1,000 

Cyclophosphamide 1.5 

Trial !&-Summary: Positive 

Dimethyl sulfoxide 

Hexachloroethane (d) 400 
600 
800 

1,000 

Cyclophosphamide 1.5 

50 1,044 432 0.41 

50 1,046 446 0.43 
50 1,042 47 1 0.45 
50 1,042 482 0.46 _ _  -_ _ _  0 

25 520 675 1.30 

50 1,043 48 1 0.46 

50 1,043 47 1 0.45 
50 1,048 622 0.59 
50 1,042 682 0.65 

25 522 801 1.53 

50 1,042 435 0.42 

50 1,032 585 0.57 
50 1,044 627 0.60 

50 1,048 638 0.61 

25 520 889 1.71 

_ _  _ _  _- 0 

8.6 25.7 

8.9 25.7 
9.4 25.7 
9.6 25.7 
-- (e)33.0 

27.0 25.7 

9.6 25.7 

9.4 25.7 
12.4 (e)33.2 
13.6 (e)33.2 

32.0 25.7 

8.7 25.3 

11.7 (e)35.8 
12.5 (e)35.8 
-- (e135.8 

12.8 (e)35.8 

35.6 25.3 

_ _  
103.5 
109.3 
111.6 _ _  
314.0 

_ _  
97.9 

129.2 
141.7 

333.3 

_ _  
134.5 
143.7 

147.1 

409.2 

_ _  

(al Study performed a t  Litton Bionetics, Inc. SCE = sister chromatid exchange; BrdU = bromodeoxyuridine. A detailed de- 
scription of the SCE protocol is presented by Galloway et  al. (1987). Briefly, Chinese hamster ovary cells were incubated with 
study compound or solvent (dimethyl sulfoxide) as described in (c) and (D below and cultured for sufficient time to reach second 
metaphase division. Cells were then collected by mitotic shake-off, fixed, air dried, and stained. 
(b) SCEs/cell of culture exposed to study chemical relative to those of culture exposed to solvent 
(c) In the absence of S9. Chinese hamster ovary cells were incubated with study compound or solvent for 2 hours at 37' C. Then 
BrdU was added, and incubation was continued for 24 hours. Cells were washed, fresh medium containing BrdU and colcemid 
was added, and incubation was continued for 2-3 hours. 
(d) Precipitate observed a t  this and all higher concentrations 
(e) Because some chemicals induce a delay in the cell division cycle, harvest times are occasionally extended to maximize the 
proportion of second division cells available for analysis. 
(0 In the presence of S9, cells were incubated with study compound or solvent for 2 hours at 37' C. Cells were then washed, and 
medium containing BrdU was added. Cells were incubated for a further 26 hours, with colcemid present for the final 2-3 hours. 
S9 was from the liver of Aroclor 1254-induced male Sprague Dawley rata. 
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TABLE 16. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS 
BY HEXACHLOROETHANE (a) 

-S9 (b) +s9 (c) 
Dose Total No. of Absl Percent  Dose Total No. of Abs/ Percent 

(j@ml) Cells Abs Cell Cells (pg/ml) Cells Abs Cell Cells 
with Abs with Abs 

Trial 1--Harvest time: 20 hours (d) 

Dimethyl sulfoxide 
50 0 

Hexachloroethane 
150 50 1 
250 50 1 
500 25 1 

Summary: Negative 

Mitomycin C 
0.065 25 9 

Trial %Harvest time: 20 hours (d) 

Dimethyl sulfoxide 
100 6 

Hexachloroethane 
(e)200 100 29 

300 50 3 
a00 50 0 

Summary: Equivocal 

Mitomycin C 
0.065 50 9 

Trial 3-Harvest time: 21.5 hours (d) 

Dimethyl sulfoxide 
100 2 

Hexachloroethane 
200 100 1 
250 100 6 
300 100 3 

Summary: Negative 

Mitomycin C 
0.062 50 25 

0.00 

0.02 
0.02 
0.04 

0.36 

0.06 

0.29 
0.06 
0.00 

0.18 

0.02 

0.01 
0.06 
0.03 

0.50 

0.0 

2.0 
2.0 
4.0 

28.0 

5.0 

16.0 
6.0 
0.0 

18.0 

2.0 

1 .o 
6.0 
3 .O 

36.0 

Trial 1--Harvest time: 20.3 hours (d) 

Dimethyl sulfoxide 
100 6 

Hexachloroethane 
(e)800 100 4 

900 100 10 
1,000 100 2 

Summary: Negative 

Cyclophosphamide 
15 50 52 

Trial 2-Harvest time: 20.0 hours (d) 

Dimethyl sulfoxide 
100 3 

Hexachloroethane 
(e)800 100 9 

900 100 4 
1,000 100 2 

Summary: Negative 

Cyclophosphamide 
10 50 14 

0.06 6.0 

0.04 4.0 
0.10 7.0 
0.02 2.0 

1.04 44.0 

0.03 3 .O 

0.09 5.0 
0.04 4.0 
0.02 2.0 

0.28 24.0 

(a) Study performed a t  Litton Bionetics, Inc.; Abs = aberrations. A detailed presentation of the technique for detecting chromo- 
somal aberrations is found in Galloway et  al. (1987). Briefly, Chinese hamster ovary cells were incubated with study compound 
or solvent (dimethyl sulfoxide) as indicated in (b) and (c). Cells were arrested in first metaphase by addition of colcemid and 
harvested by mitotic shake-off, fixed, and stained in 6% Giemsa. 
(b) In the absence of S9, 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 was added for an additional 2-3 hours followed by harvest. 
(c) In the presence of S9, cells were incubated with study compound or solvent for 2 hours a t  37OC. Cells were then washed, me- 
dium was added, and incubation was continued for 8-10 hours. Colcemid was added for the last 2-3 hours of incubation before 
harvest. S9 was from the liver of Aroclor 1254-induced male Sprague Dawley rats. 
(d) Because of significant chemically induced cell cycle delay, incubation time prior to addition of colcemid was lengthened to 
provide sufficient metaphases at harvest. 
(e) Precipitate observed a t  this and all higher concentrations 
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IV. DISCUSSION AND CONCLUSIONS 

Doses of hexachloroethane selected for the 2- 
year studies were based primarily on the kidney 
lesions in male rats and the liver lesions in fe- 
male rats which were observed in the 13-week 
studies. In the 2-year studies, mean body 
weights of chemically exposed males were never 
more than 6% lower than those of vehicle con- 
trols, survival of the dosed groups was similar to 
that of vehicle controls, and there were no clini- 
cal signs of hexachloroethane toxicity. There 
were no compound-related malignant neoplasms 
in low dose male rats. Survival of female rats 
was similar to that of vehicle controls. There 
were no chemical-related neoplasms in females, 
but there was a dose-related increase in the inci- 
dence and severity of nephropathy. In addition, 
some high dose female rats were observed to be 
hyperactive after dosing, and body weights of 
the high dose females remained about 9% lower 
than those of the vehicle controls after week 69. 
The presence of clinical signs of minimal toxicity 
in some high dose animals and lower body 
weight gain indicate that higher doses of hexa- 
chloroethane would not have been well tolerated 
by female rats. These data suggest that  the 
doses selected for the 2-year studies were appro- 
priate for evaluating the long-term effects of 
hexachloroethane exposure. 

In the current study, hexachloroethane exposure 
in male rats caused a dose-related increased in- 
cidence in renal tubule hyperplasia (vehicle con- 
trol, 2/50; low dose, 4/50; high dose, 11/50) and 
adenomas (1150; 2150; 4/50); there were three 
carcinomas in the high dose group, one of which 
metastasized. The historical incidence of renal 
tubular cell neoplasms in corn oil vehicle control 
male F344/N rats in National Toxicology Pro- 
gram (NTP) studies is 1011,943 (0.5% k 0.9%; 
Table A4a), and neoplasms with this frequency 
of background occurrence are considered rare. 
Taken together, these data were considered 
strong enough to provide clear, ra ther  than 
some, evidence of carcinogenic activity of hexa- 
chloroethane in male rats. 

Incidences of pheochromocytomas were also in- 
creased in dosed male rats (vehicle control, 
15/50; low dose, 28/45; high dose, 21/49). Al- 
though there was a marginally significant posi- 
tive trend, only the incidence of pheochromocy- 
tomas in the low dose males was statistically 

different from that in the vehicle controls. The 
incidence of pheochromocytomas in groups of 
historical control F344/N rats is highly variable, 
but the incidences in rats given 10 and 20 mg/kg 
hexachloroethane were greater than the mean 
historical control incidence (62% and 43% vs. 
28% k 11%). However, none of the  other 
chlorinated ethanes studied by the National 
Cancer Institute (NCI) or the NTP caused in- 
creased incidences of pheochromocytomas (NCI, 
1977a, 1978b,c,d,e; NTP, 1983, 1989a). There- 
fore, it was unclear whether the marginally 
increased incidences of pheochromocytomas in 
male rats were related to hexachloroethane 
administration. 

Several chlorinated ethanes and chlorinated 
ethylenes have been found to produce cancer in 
laboratory animals. A review of more than 230 
two-year studies by the NC1 and NTP identified 
two chemical classes that commonly produced 
nonneoplastic chronic renal disease in rodents: 
aromatic amines and organohalides (Kluwe et  
al., 1984). Renal neoplasms were most often pro- 
duced by the organohalides, especially the halo- 
genated hydrocarbons. In studies reported by 
NC1 (NCI, 1976a, 1977b, 1978a,b,c), the pattern 
of response to 78 weeks of exposure to chloro- 
ethanes and chloroethylenes was an  increase in 
hepatocellular carcinomas in B6C3F1 mice with 
little or no carcinogenicity apparent in Osborne- 
Mendel rats. The results of these earlier carci- 
nogenicity studies have been summarized (Weis- 
burger, 1977) and reviewed (IARC, 1979). How- 
ever, the interpretation of carcinogenic effects in 
rats in those studies was complicated by the fact 
that the exposure regimens employed generally 
shortened the survival of the animals. For ex- 
ample, in the NC1 hexachloroethane gavage 
study with Osborne-Mendel rats (time-weight- 
ed-average doses of 212 and 423 mg/kg per day 
for each sex), there was a significant association 
between increased dose and accelerated mor- 
tality (NCI, 1978a). Although these data clearly 
indicated that the rat  kidney was the target or- 
gan of hexachloroethane exposure, i.e., dose- 
related nonneoplastic renal lesions in males and 
females, the absence of increased neoplasm inci- 
dences could have been a consequence of the ani- 
mals’ not having lived long enough for neo- 
plasms to develop. This concept is supported by 
the current hexachloroethane studies in which 
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IV. DISCUSSION AND CONCLUSIONS 

survival of exposed F344/N rats was similar to 
that of vehicle controls; both dose-related renal 
nephropathy in males and females and a n  in- 
creased incidence of renal neoplasms in males 
were observed. 

Renal effects in rats have also been reported in 
long-term studies with other chlorinated hydro- 
carbons. In a long-term strain comparison 
study, male and female ACI, August, Marshall, 
and Osborne-Mendel rats were given 0, 500, or 
1,000 mg/kg trichloroethylene in corn oil by ga- 
vage (NTP, 1988). Trichloroethylene adminis- 
tration caused renal tubular cell cytomegaly and 
toxic nephropathy in each sex of all four strains. 
Although the studies were considered to be in- 
adequate studies of carcinogenicity because of 
chemically induced toxicity, increased inci- 
dences of renal tubular cell neoplasms were ob- 
served in three of the four strains of rats. In a 
2-year gavage study of epichlorohydrin-free tri- 
chloroethylene, reduced survival caused the 
study to be judged inadequate in male F344/N 
rats (NTP, 1989a). Nevertheless, trichloroeth- 
ylene-dosed male rats had renal tubular cell tu- 
mors (untreated control, 0/49; vehicle control, 
0/49; low dose, 2/49; high dose, 3/49), and 
nephropathy was observed in rats of each sex. In 
2-year inhalation studies in F344/N rats, tetra- 
chloroethylene exposure (200 or 400 ppm, equiv- 
alent to 311 or 622 mg/kg per day) was asso- 
ciated with renal tubular cell karyomegaly in 
male and female rats and renal tubular cell hy- 
perplasia and adenomas or adenocarcinomas in 
males (NTP, 1986). 

The similar toxic effects of chlorinated hydrocar- 
bons could be related to their metabolism. Mito- 
ma et al. (1985) reported that 29% of a 500 
mg/kg dose of [14Clhexachloroethane orally ad- 
ministered to male Osborne-Mendel rats was 
metabolized. Tetrachloroethylene and penta- 
chloroethane were two major metabolites found 
after in vitro hexachloroethane exposure to he- 
patic microsomal cytochrome P450 preparations 
from male Sprague Dawley rats (Nastainczyk et 
al., 1982). These same two metabolites were de- 
tected in the urine of mice (Mitoma et al., 1985) 
and in the blood, bile, and urine of sheep after an 
oral dose of hexachloroethane and also after in 
vitro exposure of hexachloroethane to fresh 
sheep liver slices (Fowler, 1969). 

47 

Although the kidney was the target organ in 
both sexes, there was a difference in the kidney 
response between male and female rats in the 
current hexachloroethane studies. In the 13- 
week studies, renal papillary necrosis and de- 
generation and necrosis of the renal tubular epi- 
thelium were observed in the highest dose males 
(750 mg/kg) that died before the end of the study. 
Hyaline droplet formation, tubular regenera- 
tion, and tubular casts were observed a t  all doses 
(lowest dose, 47 mg/kg). No renal lesions of simi- 
lar severity were observed in females. In the 2- 
year study, males had increased severity of ne- 
phropathy at  doses of 10 and 20 mg/kg and in- 
creased incidences of renal tubule neoplasms at 
20 mg/kg, whereas females were observed to 
have increased incidences and severity of ne- 
phropathy, but no renal tubule neoplasms a t  80 
and 160 mg/kg. Differences in the kidney re- 
sponse to hexachloroethane between male and 
female F344 rats were reported by Gorzinski et 
al. (1985). After 16 weeks of dietary exposure at 
concentrations equivalent to 1, 15, or 62 mg/kg 
hexachloroethane per day, male rats had renal 
tubular atrophy, degeneration, hypertrophy, 
and/or dilatation a t  the highest two doses, 
whereas females had only very slight renal tu- 
bular atrophy and degeneration a t  the highest 
dose. The difference between male and female 
rats suggests that  hexachloroethane toxicity 
may be, a t  least in part, mediated by a sex- 
specific physiologic component. 

The renal lesions in male rats in the current 13- 
week hexachloroethane studies include a n  in- 
creased number of hyaline droplets (crystallized 
protein) in the epithelial cells of the proximal 
convoluted tubules, granular casts in the tu- 
bules at the junction of the inner and outer 
stripe of the outer medulla, and an  increased in- 
cidence and severity of nephropathy (e.g., tubu- 
lar degenerative and regenerative changes). 
These lesions were similar to those observed in 
male rats after 13 weeks of exposure to several 
other compounds studied by the NTP, including 
d-limonene (NTP, 1989b), dimethyl methylphos- 
phonate (NTP, 1987a), and 1,4-dichlorobenzene 
(NTP, 1987b). Similar renal lesions have also 
been reported for a variety of other compounds, 
including decalin (Kanerva e t  al., 1987a,b,c; 
Stone et al., 1987a,b), unleaded gasoline (Kitch- 
en, 1984), 2,2,4-trimethylpentane (Short et al., 
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1986,1987), and other hydrocarbon solvents and 
fuels (Halder et al., 1984). 

In long-term studies, the organs affected by ex- 
posure to these compounds varied between 
species and sex and from chemical to chemical, 
but similar toxic kidney lesions were consis- 
tently produced in male rats in each case, In 
male rats given d-limonene, dimethyl methyl- 
phosphonate, 1 ,Cdichlorobenzene, or unleaded 
gasoline, there was an  increased severity of 
chronic nephropathy (a spontaneous age-related 
disease of rats), linear deposits of mineral (cal- 
cium) in the renal medulla, and variable num- 
bers of renal tubular cell tumors. 

The underlying cause for the male rat-specific 
nature of the kidney lesions in animals exposed 
to some hydrocarbon compounds has been attrib- 
uted to the accumulation of a low molecular 
weight protein, aap-globulin (Alden et al. , 1984; 
Short et al., 1986; Stonard et al., 1986; Golds- 
worthy et al., 1988). The comparative pathobi- 
ology of the azp-globulin nephropathy syndrome 
has recently been reviewed by Swenberg and co- 
workers (Swenberg et  al. , 1989). a2p-Globulin is 
synthesized in the liver under multihormonal 
control and secreted into the blood, where it is 
readily filtered through the glomeruli of the kid- 
ney (Roy and Neuhaus, 1967; Vandoren et al., 
19781, and partially reabsorbed in the proximal 
tubule (Trump et al., 1984). Short-term expo- 
sure to decalin, unleaded gasoline, or trimethyl- 
pentane (Charbonneau et al., 1987) produced an 
accumulation of asp-globulin in epithelial cell 
phagolysosomes, primarily in the P2 segment of 
the nephron, which appears microscopically as 
hyaline droplets. In short-term studies of d- 
limonene, the NTP observed similar dose- 
related increased hyaline droplet formation and 
azp-globulin concentration in the kidney of male 
F344/N rats; moreover, a2 - lobulin was shown 
to be present in the hyaline droplets (NTP, 
1.989b). 

p.g 

The mechanism of action giving rise to rat kid- 
ney tubular cell cytotoxicity may not be the 
same for all chemicals, but the similarity in the 
pattern of renal effects caused by several hydro- 
carbon solvents and fuels suggests a common 
chain of events leading to male rat-specific renal 
tubular cell necrosis and nephropathy. There- 

fore, information obtained from studies with 
other hydrocarbon solvents and fuels that pro- 
duce these sequelae of events in the kidney is 
probably relevant to the current hexachloro- 
ethane studies and to the understanding of the 
association between protein accumulation and 
renal tumorigenesis. For example, the re- 
versible binding of a chemical or its metabolite 
to azP-globulin within the kidney, as reported by 
Lock et  al. (1987) for trimethylpentane, may 
somehow affect urinary excretion or decrease 
lysosomal catabolism of this protein, leading to 
its accumulation in the tubular epithelium. Ac- 
cumulation of aZp-globulin was accompanied by 
tubular cell degeneration and granular casts 
consisting of necrotic cell debris in the tubule lu- 
mina in the current 13-week hexachloroethane 
studies and in studies of other chemicals in this 
group cited earlier. Results of biochemical stud- 
ies also support the histologic evidence that re- 
generation of the tubular epithelium occurs in 
response to cell necrosis. Trimethylpentane, 
tetrachloroethylene, and pentachloroethane ex- 
posure caused an  increased rate of cell replica- 
tion in the P2 segment of the nephron, and an  in- 
crease in DNA synthesis in this segment was 
shown by an increased incorporation of [SHIthy- 
midine into the renal DNA of male rats exposed 
to these solvents or to lJ4-dichlorobenzene 
(Charbonneau et al., 1987,1989; Goldsworthy et 
al., 1988). 

The reason for the difference in the response of 
the kidney in male and female rats to hexachlo- 
roethane exposure is  not clear but may be 
related to the sex differences in urinary proteins. 
Proteinuria has been shown to be under hor- 
monal control. Roy and Neuhaus (1967) showed 
that in male Sprague Dawley rats, azp-globulin 
was produced in the liver and was the major uri- 
nary protein, whereas in females, this protein 
appeared to be absent. Vandoren et al. (1983) re- 
ported that a protein similar to male aap-globu- 
lin was found in the urine of female Wistar rats; 
however, the isoelectric point and mobility of 
this protein on sodium dodecyl sulfate/poly- 
acrylamide gel electrophoresis differed from the 
isoelectric point and mobility of the urinary asp- 
globulin from male rats, but there were no im- 
munologic differences and only minor differ- 
ences were found in amino acid composition. 
a2p-Globulin was also present in the kidney of 
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F344/N rats of each sex, but the concentration 
(per milligram total protein) was four times 
greater in males than in females (NTP, 1989b). 

Roy and Neuhaus (1967) showed that ovariec- 
tomized Sprague Dawley female rats injected 
with testosterone propionate excreted a new pro- 
tein that migrated electrophoretically in the 
same position as azp-globulin; and when male 
rats were given injections of estradiol dipropi- 
onate, the excretion of azp-globulin was  abol- 
ished. In addition, Vandoren et al. (1983) re- 
ported estrogen treatment suppressed only the 
male form of the protein in Wistar rats. It has 
also been reported that other hormones influ- 
ence synthesis of this protein and that andro- 
gens and glucocorticoids are the major inducers. 
Curiously, androgens stimulate a2p-globulin 
production in male and female rats, whereas 
glucocorticoids induce this protein in males only 
(Vandoren et al., 1978). 

The function of these urinary proteins is not 
known; however, Caviaggioni e t  al .  (1987) 
showed that a pyrazine-binding protein from bo- 
vine olfactory mucosa is markedly homologous 
to male rat urinary aaP-globulin. These investi- 
gators suggested that male rat urinary proteins 
act as  carriers of volatile pheromones. Other 
species also have proteins belonging to the a2p- 
globulin superfamily. For example, human 
apolipoprotein D from plasma was recently se- 
quenced and was shown to have a high degree of 
homology to retinol-binding protein and other 
members of the azP-globulin protein superfami- 
iy. This protein was obtained from cloned adult 
human liver DNA, but it can apparently be pro- 
duced in other organs, since apolipoprotein D 
mRNA has been detected in human liver, intes- 
tine, pancreas, kidney, placenta, adrenal gland, 
spleen, and fetal brain tissue (Drayna et  al., 
1986). In addition, rat androgen-dependent epi- 
didymal protein has been shown to have a signif- 
icant homology to human serum retinol-binding 
protein and rat  azp-globulin (Brooks, 1987). 
Phagolysosomes containing crystallized proteins 
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with associated renal tubule cell damage were 
also reported in humans and experimental ani- 
mals with proteinuric conditions caused by in- 
creased glomerular filtration of the light-chain 
portion of the immunoglobulins (Clyne e t  al., 
1974), lysozyme (Osserman and Azar, 19691, and 
lysine (Madsen et al., 1976; Males et al., 1984). 

Although all of the above data point to some as- 
sociation between the accumulation of az,-glob- 
ulin, hyaline droplet formation, and renal tu- 
morigenesis in male rats, the nature of this 
relationship is not clear. Other chlorinated hy- 
drocarbons have produced chemical-related ne- 
phropathy and renal neoplasms without hyaline 
droplet formation, (NTP, 1986,1988). 

Whatever the mechanism, genetic toxicity does 
not appear to be a factor involved in the produc- 
tion of renal neoplasms by hexachloroethane. 
Hexachloroethane was not mutagenic in Sal- 
monella (Simmon and Kauhanen, 1978; Kinae 
et al., 1981; Haworth et al., 1983; see Table 14) 
and did not induce chromosomal aberrations in 
Chinese hamster ovary cells, but it did produce a 
significant increase in sister chromatid ex- 
changes (Galloway et al., 1987; see Table 15). 
The lack of mutagenic activity in Salmonella 
and the lack of a potentially DNA-reactive 
chemical structure (Ashby and Tennant, 1988) 
indicate that hexachloroethane is a chemical 
that increases neoplasm incidences through a 
process that probably does not involve mutation 
induction. 

The experimental and tabulated data for the 
NTP Technical Report on hexachloroethane 
were examined for accuracy, consistency, com- 
pleteness, and compliance with Good Laboratory 
Practice regulations. As summarized in Appen- 
dix E, the audit revealed no major problems with 
the conduct of the studies or with collection and 
documentation of the experimental data. No dis- 
crepancies were found that influenced the final 
interpretation of the results of these studies. 
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Under the conditions of these 2-year gavage 
studies, there was clear evidence of carcinogenic 
activity* of hexachloroethane for male F344/N 
rats, based on the increased incidences of renal 
neoplasms. The marginally increased inci- 
dences of pheochromocytomas of the adrenal 
gland may have been related to hexachloro- 
ethane administration to male rats. There was 
no evidence of carcinogenic activity of hexachlo- 

roethane for female F344/N rats administered 
80 or 160 mgikg by gavage for 103 weeks. 

The severity of nephropathy and incidences of 
linear mineralization of the renal papillae and 
hyperplasia of the transitional epithelium of the 
renal pelvis were increased in dosed male rats. 
The incidences and severity of nephropathy were 
increased in dosed female rats. 

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 6. 
A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 9, 

Hexachloroethane, NTP TR 361 50 



V. REFERENCES 

51 Hexachloroethane, NTP TR 361 



V. REFERENCES 

1. Alden, C.L.; Kanerva, R.L.; Ridder, G.; Stone, 
L.C. (1984) The pathogenesis of the nephrotoxic- 
ity of volatile hydrocarbons in the male rat. 
Mehlman, M.A., Ed.: Renal Effects of Petroleum 
Hydrocarbons. Princeton, NJ: Princeton Scien- 
tific Publishers, Inc., pp. 107-120. 

2. American Conference of Government Indus- 
trial Hygienists (ACGIH) (1980) Documentation 
of the Threshold Limit Values, 4th ed. 

3. Ames, B.N.; McCann, J.; Yamasaki, E. (1975) 
Methods for detecting carcinogens and muta- 
gens with the Salmonella/mammalian-micro- 
some mutagenicity test. Mutat. Res. 31:347-364. 

4. Archer, W.L. (1979) Hexachloroethane. Kirk- 
Othmer Encyclopedia of Chemical Technology, 
Vol. 5, 3rd ed. New York: John Wiley & Sons, 
II~c., pp. 738-740. 

5.  Armitage, P. (1971) Statistical Methods in 
Medical Research. New York: John Wiley & 
Sons, Inc., pp. 362-365. 

6. Ashby, J.; Tennant, R.W. (1988) Chemical 
structure, Salmonella mutagenicity and extent 
of carcinogenicity as indicators of genotoxic car- 
cinogenesis among 222 chemicals tested in ro- 
dents by the U.S. NCI/NTP. Mutat. Res. 204:17- 
115. 

7. Baganz, H.;  Perkow, W.; Lim, G.T.; Meyer, F. 
(1961) Studies on the toxicity of alkylated and 
chlorinated ethanes and ethenes. Arzneimittel- 
forschung 11:902-905. 

8. Barsoum, G.S.; Saad, K. (1934) Relative toxic- 
ity of certain chlorine derivatives of the ali- 
phatic series. J. Pharm. Pharmacol. 7:205-214. 

9 .  Bartsch, H. ;  Malaveille, C.; Barbin, A.; 
Planche, G. (1979) Mutagenic and alkylating 
metabolites of halo-ethylenes, chlorobutadienes 
and dichlorobutenes produced by rodent or hu- 
man liver tissues. Evidence for oxirane forma- 
tion by P450-linked microsomal monooxy- 
genases. Arch. Toxicol. 41:249-277. 

10. Binz (1894), cited in American Conference of 
Government Industrial Hygienists (ACGIH) 
(1980) Documentation of the Threshold Limit 
Values, 4th ed. 

11. Boorman, G.A.; Montgomery, C.A., Jr.; Eus- 
tis, S.L.; Wolfe, M.J.; McConnell, E.E.; Hardisty, 
J.F. (1985) Quality assurance in pathology for 
rodent carcinogenicity studies. Milman, H.;  
Weisburger, E., Eds.: Handbook of Carcinogen 
Testing. Park Ridge, NJ: Noyes Publications, 
pp. 345-357. 

12. Bray, H.G.; Thorpe, W.V.; Vallance, D.K. 
(1952) The liberation of chloride ions from or- 
ganic chloro compounds by tissue extracts. Bio- 
chemistry 5 l : 193-20 l .  

13. Bronzetti, G.; Bauer, C.; Corsi, C.; Del Carra- 
tore, R.; Galli, A.; Nieri, R.; Paolini, M. (1983) 
Genetic and biochemical studies on perchloro- 
ethylene in vitro and i n  uiuo. Mutat. Res 
116:323-331. 

14. Brooks, D.E. (1987) The major androgen- 
regulated secretory proteins of the rat  epididy- 
mis bear sequence homology with members of 
the azP-globulin superfamily. Biochem. Int. 
141235-240. 

15. Broome, A.W.; Jones, W.G.M. (1966) A new 
drug for the treatment of fascioliasis in sheep 
and cattle. Nature 210:744-745. 

16. Bywater, H.E. (1955) The toxicity of hexa- 
chloroethane. Vet. Rec. 67:282. 

17. Callen, D.F.; Wolf, C.R.; Philpot, R.M. (1980) 
Cytochrome P-450 mediated genetic activity and 
cytotoxicity of seven halogenated aliphatic hy- 
drocarbons in Saccharomyces cerevisiae.. Mutat. 
Res. 77.75-63. 

18. Canada Safety Council (1981) Chloro- 
ethanes. Data Sheet. Occupational Safety and 
Health. Ottawa, Ontario: Occupational Section, 
Canada Safety Council. 21 p. 

Hexachloroethane, NTP TR 361 52 



V. REFERENCES 

19. Cavaggioni, A.; Sorbi, R.T.; Keen, J.N.; Pap- 
pin, D.J.C.; Findlay, J.B.C. (1987) Homology be- 
tween the pyrazine-binding protein from nasal 
mucosa and major urinary proteins. FEBS Lett. 
2 12: 225-228. 

20. Charbonneau, M.; Short, B.G.; Lock, E.A.; 
Swenberg, J.A. (1987) Mechanism of petroleum- 
induced sex-specific protein droplet nephropathy 
and renal cell proliferation in Fischer-344 rats: 
Relevance to humans. Hemphill, D.D., Ed.: 
Trace Substances in Environmental Health, Vol. 
21. Columbia, MO: University of Missouri, pp. 
263-273. 

21. Charbonneau, M.; Strasser, J . ;  Lock, E.A.; 
Turner, M.J.; Swenberg, J.A. (1989) 1,4-Dichlo- 
robenzene-induced nephrotoxicity : Similarity 
with unleaded gasoline (UG)-induced renal ef- 
fects. Bach, P.H.; Lock, E.A., Eds.: Nephrotoxic- 
ity: Extrapolation from in Vitro to in Vivo and 
from Animals to Man. New York: Plenum 
Press. 

22. Class, T.; Ballschmiter, K. (1987) Global 
baseline pollution studies. X. Atmospheric 
halocarbons: Global budget estimations for tet- 
rachloroethane, 1,2-dichloroethane , 1,1,2,2-tet- 
rachloroethane, hexachloroethane and hexa- 
chlorobutadiene. Estimation of the hydroxyl 
radical concentrations in the troposphere of the 
northern and southern hemisphere. Fresenius 
Z. Anal. Chem. 327:198-204. 

23. Clyne, D.H.; Brendstrup, L.; First, M.R.; 
Pesce, A.J.; Finkel, P.N.; Pollak, V.E.; Pirani, 
C.L. (1974) Renal effects of intraperitoneal 
kappa chain injections. Lab. Invest. 31:131. 

24. Cox, D.R. (1972) Regression models and life 
tables. J. R. Stat. SOC. B34:187-220. 

25. CRC Handbook of Chemistry and Physics 
(1982-83). Ethane, hexachloro or perchloro 
ethane. Boca Raton, FL: CRC Press, p. C-288. 

26. Dinse, G.E.; Haseman, J.K. (1986) Logistic 
regression analysis of incidental-tumor da ta  
from animal carcinogenicity experiments. Fun- 
dam. Appl. Toxicol. 6:44-52. 

53 

27. Dinse, G.E.; Lagakos, S.W. (1983) Regression 
analysis of tumour prevalence data. J. R. Stat. 
SOC. C32~236-248. 

28. Drayna, D.; Fielding, C.; McLean, J.; Baer, 
B.; Castro, G.; Chen, E.; Comstock, L.; Henzel, 
W.; Kohr, W.; Rhee, L.; Wion, K.; Lawn, R. 
(1986) Cloning and expression of human apolipo- 
protein D cDNA. J. Biol. Chem. 261:16535- 
16539. 

29. Dunnett, C.W. (1980) Pairwise multiple com- 
parisons in the unequal variance case. J .  Am. 
Stat. Assoc. 75:796-800. 

30. Ewing, B.B.; Chian, E.S.K.; Cook, J.C.; 
Evans, C.A.; Hopke, P.K.; Perkins, E.G. (1977) 
Monitoring to Detect Previously Unrecognized 
Pollutants in Surface Water. EPA-560/6-77-015. 
Washington, DC: U.S. Environmental Protec- 
tion Agency. 75 p. 

31. Fowler, J.S.L. (1969) Some hepatotoxic ac- 
tions of hexachloroethane and its metabolites in 
sheep. Br. J .  Pharmacol. 35:530-542. 

32. Fuller, B.; Hushon, J.; Kornreich, M.; Quel- 
lette, L.; Thomas, L.; Walker, P. (1976) Pre- 
liminary Scoring of Selected Organic Air Pollut- 
ants. Report prepared by Mitre Corporation. 
EPA-450/3-7708. U.S. Environmental Protec- 
tion Agency. 

33. Galloway, S.M.; Bloom, A.D.; Resnick, M.; 
Margolin, B.H.; Nakamura,  F . ;  Archer, P.; 
Zeiger, E. (1985) Development of a standard pro- 
tocol for in vitro cytogenetic testing with Chi- 
nese hamster ovary cells: Comparison of results 
for 22 compounds in two laboratories. Environ. 
Mutagen. 7:l-51. 

34. Galloway, S.M.; Armstrong, M.J.; Reuben, 
C.; Colman, S.; Brown, B.; Cannon, C.; Bloom, 
A.D.; Nakamura, F.; Ahmed, M.; Duk, S.; Rim- 
PO, J.; Margolin, B.H.; Resnick, M.A.; Anderson, 
B.; Zeiger, E. (1987) Chromosome aberrations 
and sister chromatid exchanges in Chinese ham- 
ster ovary cells: Evaluations of 108 chemicals. 
Environ. Molec. Mutagen. lO(Suppl.10):1-175. 

Hexachloroethane, NTP,TR 361 



V. REFERENCES 

35. Gart, J.J.; Chu, K.C.; Tarone, R.E. (1979) 
Statistical issues in interpretation of chronic 
bioassay tests for carcinogenicity. J .  Natl. 
Cancer Inst. 62:957-974. 

36. Goldsworthy, T.L.; Lyght, 0.; Burnett, V.L.; 
Popp, J.A. (1988) Potential role of alpha-2p- 
globulin, protein droplet accumulation, and cell 
replication in the renal carcinogenicity of rats 
exposed to trichloroethylene, perchloroethylene, 
and pentachloroethane. Toxicol. Appl. Pharma- 
col. 96:367-379. 

37. Gorzinski, S.J.; Nolan, R.J.; McCollister, 
S.B.; Kociba, R.J.; Mattsson, J.L. (1985) Sub- 
chronic oral toxicity, tissue distribution and 
clearance of hexachloroethane in the rat. Drug 
Chem. Toxicol. 8:155-169. 

38. Greim, H.; Bonse, G.; Radwan, 2.; Reichert, 
D.; Henschler, D. (1975) Mutagenicity in vitro 
and potential carcinogenicity of chlorinated 
ethylenes as a function of metabolic oxirane for- 
mation. Biochem. Pharmacol. 24:2013-2017. 

39. Halder, C.A.; Warne, T.M.; Hatoum, N.S. 
(1984) Renal toxicity of gasoline and related pe- 
troleum naphthas in male rats. Mehlman, M.A.; 
Hemstreet, G.P., III; Thorpe, J.J; Weaver, N.K., 
Eds.: Renal Effects of Petroleum Hydrocarbons, 
Vol. VII. Advances in Modern Environmental 
Toxicology. Princeton, NJ: Princeton Scientific 
Publishers, Inc., pp. 73-88. 

40. Hardie, D.W.F. (1964) Chlorocarbons and 
chlorohydrocarbons. Hexachloroethane. Kirk- 
Othmer Encyclopedia of Chemical Technology, 
Vol. 5 ,  2nd ed. New York: John Wiley & Sons, 
Inc., pp. 166-170. 

41. Haseman, J.K. (1984) Statistical issues in 
the design, analysis and interpretation of 
animal carcinogenicity studies. Environ. Health 
Perspect. 58:385-392. 

42. Haseman, J.K.;  Huff, J.; Boorman, G.A. 
(1984) Use of historical control data in carcino- 
genicity studies in rodents. Toxicol. Pathol. 
12: 126- 135. 

Hexachloroethane, NTP TR 361 54 

43. Haseman, J.K.; Huff, J.; Rao, G.N.; Arnold, 
J.; Boorman, G.A.; McConnell, E.E. (1985) Neo- 
plasms observed in untreated and corn oil ga- 
vage control groups of F344/N r a t s  a n d  
(C57BU6N X C3H/HeN)F1 (B6C3F1) mice. J. 
Natl. Cancer Inst. 75:975-984. 

44. Haworth, S.; Lawlor, T.; Mortelmans, K.; 
Speck, W.; Zeiger, E. (1983) Salmonella muta- 
genicity test results for 250 chemicals. Environ. 
Mutagen. Suppl. 1:3-142. 

45. Helmes, C.T.; Atkinson, D.L.; Sigman, C.C.; 
Thompson, K.L.; Kelsey, M.I.; Kraybill, H.F.; 
Munn, J.I. (1982) Evaluation and classification 
of the potential carcinogenicity of organic a i r  
pollutants. J. Environ. Sci. Health [Al 17:321- 
390. 

46. Henschler, D. (1977) Metabolism and muta- 
genicity of halogenated olefins: A comparison of 
structure and activity. Environ. Health Per- 
spect. 21 :61-64. 

47. International Agency for Research on Cancer 
(IARC) (1979) Hexachloroethane. Some Halo- 
genated Hydrocarbons. IARC Monographs on 
the Evaluation of the Carcinogenic Risk of 
Chemicals to Humans, Vol. 20. Lyon, France: 
World Health Organization, IARC, pp. 476-476. 

48. Jackim, E.; Nacci, D. (1984) A rapid aquatic 
toxicity assay utilizing labeled thymidine in- 
corporation in sea urchin embryos. Environ. 
Toxicol. Chem. 3:631-636. 

49. Jonckheere, A. (1954) A distribution-free k- 
sample test against ordered alternatives. Bio- 
metrika 41:133-145. 

50. Jondorf, W.R.; Parke, D.V.; Williams, R.T. 
(1957) The metabolism of [14C]hexachloro- 
ethane. Biochem. J.  65:14P-l5P. 

51. Kanerva, R.L.; McCracken, M.S.; Alden, 
C.L.; Stone, L.C. (1987a) Morphogenesis of deca- 
lin-induced renal alterations in the male rat .  
Food Chem. Toxicol. 2553-61. 



V. REFERENCES 

52. Kanerva, R.L.; Ridder, G.M.; Stone, L.C.; Al- 
den, C.L. (1987b) Characterization of sponta- 
neous and decalin-induced hyalin droplets in 
kidneys of adult male rats. Food Chem. Toxicol. 
25:63-82. 

53. Kanerva, R.L.; Ridder, G.M.; Lefever, F.R.; 
Alden, C.L. (19874 Comparison of short-term re- 
nal effects due to oral administration of decalin 
or d-limonene in young adult male Fischer-344 
rats. Food Chem. Toxicol. 25:345-353. 

54. Kaplan, E.L.; Meier, P.  (1958) Nonpara- 
metric estimation from incomplete observations. 
J .  Am. Stat. Assoc. 53:457-481. 

55. Karlsson, N.; Cassel, G.; Fangmark, I . ;  Berg- 
man, F. (1986) A comparative study of the acute 
inhalation toxicity of smoke from TiO2-hexa- 
chloroethane and Zn-hexachloroethane pyro- 
technic mixtures. Arch. Toxicol. 59:160-166. 

56. Kinae, N.; Hashizume, T.; Makita, T.;  
Tomita, I.; Kimura, I.; Kanamori, H. (1981) 
Studies on the toxicity of pulp and paper mill ef- 
fluents. II. Mutagenicity of the extracts of the 
liver from spotted sea trout (Nibea mitsukurii). 
Water Res. 15:25-30. 

57. Kitchen, D.N. (1984) Neoplastic renal effects 
of unleaded gasoline in Fischer 344 rats. Mehl- 
man, M.A.; Hemstreet, G.P., III; Thorpe, J.J.; 
Weaver, N.K., Eds: Renal Effects of Petroleum 
Hydrocarbons, Vol. VII. Advances in Modern 
Environmental Toxicology. Princeton: Prince- 
ton Scientific Publishers, Inc., pp. 65-71. 

58. Kleopfer, R.D. (1976) Analysis of drinking 
water for organic compounds. Keith, L.H., Ed.: 
Identification and Analysis of Organic Pollu- 
tants in Water. Ann Arbor: Ann Arbor Science 
Publishers, pp. 399-416. 

59. Kluwe, W.M.; Abdo, K.M.; Huff, J. (1984) 
Chronic kidney disease and organic chemical ex- 
posures: Evaluations of causal relationships in 
humans and experimental animals. Fundam. 
Appl. Toxicol. 42389-901. 

55 

60. Kraybill, H.F. (1983) Assessment of human 
exposure and health risk to environmental con- 
taminants in the atmosphere and water with 
special reference to cancer. J. Environ. Sci. 
Health, Part C. Environ, Carcinog. Rev. 1:175- 
232. 

61. Lock, E.A.; Charbonneau, M.; Strasser, J.; 
Swenberg, J .A . ;  Bus, J .S.  (1987) 2,2,4-Tri- 
methylpentane (TMP)-induced nephrotoxicity. 
II. The reversible binding of a TMP metabolite 
to a renal protein fraction containing c12~-globu- 
lin. Toxicol. Appl. Pharmacol. 91:182-192. 

62. Madsen, K.; Bode, F.; Ottosen, P.D.; Bau- 
mann, K.; Maunsbach, A. (1976) Effect of basic 
amino acids on kidney protein uptake and struc- 
ture of the proximal tubule. J. Ultrastruct. Res. 
57:22. 

63. Males, C.D; Racusen, L.C.; Soley, K.; Whel- 
ton, A. (1984) Nephrotoxicity of lysine and of a 
single dose of aminoglycoside in rats given ly- 
sine. J.  Clin. Med. 103:660. 

64. Maronpot, R.R.; Boorman, G.A. (1982) Inter- 
pretation of rodent hepatocellular proliferative 
alterations and hepatocellular tumors in chemi- 
cal safety assessment. Toxicol. Pathol. 10:71-80. 

65. McConnell, E.E. (1983a) Pathology require- 
ments for rodent two-year studies. I. A review 
of current procedures. Toxicol. Pathol. 11:60-64. 

66. McConnell, E.E. (1983b) Pathology require- 
ments for rodent two-year studies. II. Alterna- 
tive approaches. Toxicol. Pathol. 11:65-76. 

67. McConnell, E.E.; Solleveld, H.A.; Swenberg, 
J.A.; Boorman, G.A. (1986) Guidelines for com- 
bining neoplasms for evaluation of rodent carci- 
nogenesis studies. J. Natl. Cancer Inst. 76:283- 
289. 

68. McKnight, B.; Crowley, J. (1984) Tests for 
differences in tumor incidence based on animal 
carcinogenesis experiments. J. Am. Stat. Assoc. 
79:639-648. 

Hexachloroethane, NTP TR 361 



V. REFERENCES 

69. Mehlenbacher, V.C.; Hopper, T.H.; Sallee, 
E.M.; Link, W.E., Eds. (1972) Official and Ten- 
tative Methods of the American Oil Chemists 
Society, 3rd ed. rev. Champaign, IL. 

70. The Merck Index (1983) 10th ed. Hexa- 
chloroethane. Rahway, NJ: Merck & Co., Inc., 
11. 677. 

71. Mitoma, C.; Steeger, T.; Jackson, S.E.;  
Wheeler, K.P.; Rogers, J .H. ;  Milman, H.A. 
(1985) Metabolic disposition study of chlorinated 
hydrocarbons in rats and mice. Drug Chem. 
Toxicol. 8:183-194. 

72. Nacci, D.E.; Jackim, E. (1985) Rapid aquatic 
toxicity assay using incorporation of tritiated- 
thymidine into sea urchin, Arabacia punctulata, 
embryo: Evaluation of toxicant exposure proce- 
dures. Bahner, R.C.; Hansen, D.J., Eds.: Aqua- 
tic Toxicology and Hazard Assessment, Eighth 
Symposium. Philadelphia: American Society 
f'or Testing and Materials, ASTM Special Tech- 
nical Publication No. 891, pp. 382-394. 

73. Nastainczyk, W.; Ahr, H.; Ulrich, V. (1982) 
The mechanism of the reductive dehalogenation 
of polyhalogenated compounds by microsomal 
cytochrome P450. Adv. Exp. Med. Biol. 
Y 36A:799-808. 

74. National Cancer Institute (NCI) (1976a) Bio- 
assay of Trichloroethylene for Possible Carcino- 
genicity. NC1 Technical Report No. 2. U.S. De- 
partment of Health, Education, and Welfare, 
Public Health Service, National Institutes of 
Health, Bethesda, MD. 137 p. 

'75. National Cancer Institute (NCI) (1976b) 
Guidelines for Carcinogen Bioassay in Small Ro- 
dents. NC1 Technical Report No. 1. U.S. De- 
partment of Health, Education, and Welfare, 
Public Health Service, National Institutes of 
Health, Bethesda, MD. 65 p. 

76. National Cancer Institute (NCI) (1977a) Bio- 
assay of l,l,l-Trichloroethane for Possible Car- 
cinogenicity. NC1 Technical Report No. 3. U.S. 
Department of Health, Education, and Welfare, 
Public Health Service, National Institutes of 
Health, Bethesda, MD. 70 p. 

Hexachloroethane, NTP TR 361 

77. National Cancer Institute (NCI) (1977b) Bio- 
assay of Tetrachloroethylene for Possible Carci- 
nogenicity. NC1 Technical Report No. 13. U.S. 
Department of Health, Education, and Welfare, 
Public Health Service, National Institutes of 
Health, Bethesda, MD. 85 p. 

78. National Cancer Institute (NCI) (1978a) Bio- 
assay of Hexachloroethane for Possible Carcino- 
genicity. NC1 Technical Report No. 68. U.S. De- 
partment of Health, Education, and Welfare, 
Public Health Service, National Institutes of 
Health, Bethesda, MD. 46 p. 

79. National Cancer Institute (NCI) (1978b) Bio- 
assay of 1,1,2,2-Tetrachloroethane for Possible 
Carcinogenicity. NC1 Technical Report No. 27. 
U.S. Department of Health, Education, and Wel- 
fare, Public Health Service, National Institutes 
of Health, Bethesda, MD. 82 p. 

80. National Cancer Institute (NCI) (1978~)  Bio- 
assay of 1,1,2-Trichloroethane for Possible Car- 
cinogenicity. NC1 Technical Report No. 74. U.S. 
Department of Health, Education, and Welfare, 
Public Health Service, National Institutes of 
Health, Bethesda, MD. 87 p. 

81. National Cancer Institute (NCI) (1978d) Bio- 
assay of l ,l-Dichloroethane for Possible Carci- 
nogenicity. NC1 Technical Report No. 66. U.S. 
Department of Health, Education, and Welfare, 
Public Health Service, National Institutes of 
Health, Bethesda, MD. 87 p. 

82. National Cancer Institute (NCI) (1978e) Bio- 
assay of 1,2-Dichloroethane f'or Possible Carci- 
nogenicity. NC1 Technical Report No. 55.  U.S. 
Department of Health, Education, and Welfare, 
Public Health Service, National Institutes of 
Health, Bethesda, MD. 103 p. 

83. National Institute for Occupational Safety 
and Health (NIOSH) (1974) National Occupa- 
tional Hazard Survey Volume I Survey Manual. 
DHEW (NIOSH) Publication No. 74-127. U.S. 
Department of Health, Education, and Welfare, 
Public Heal th  Service, Center  for Disease 
Control. 



V. REFERENCES 

84. National Institute for Occupational Safety 
and Health (NIOSH) (1978) Chloroethanes: Re- 
view of Toxicity. NIOSH Current Intelligence 
Bulletin 27. DHEW (NIOSH) Publication No. 
78-181. U.S. Department of Health, Education, 
and Welfare, Public Health Service, Center for 
Disease Control. 

85. National Institutes of Health (NIH) (1978) 
Open Formula Rat and Mouse Ration (NIH-07). 
Specification NIH-11-1335. U.S. Department of 
Health, Education, and Welfare, Public Health 
Service, National Institutes of Health, Bethesda, 
MD. 

86. National Toxicology Program (NTP) (1983) 
Carcinogenesis Studies of 1,1,1,2-Tetrachloro- 
ethane in F344/N Rats and B6C3F1 Mice. NTP 
Technical Report No. 237. U.S. Department of 
Health and Human Services, Public Health Ser- 
vice, National Institutes of Health, Bethesda, 
MD. 146p. 

87. National Toxicology Program (NTP) (1986) 
Toxicology and Carcinogenesis Studies of Tetra- 
chloroethylene (Perchloroethylene) in F344/N 
Rats and B6C3F1 Mice (Inhalation Studies). 
NTP Technical Report No. 311. U.S. Depart- 
ment of Health and Human Services, Public 
Health Service, National Institutes of Health, 
Research Triangle Park, NC. 197 p. 

88. National Toxicology Program (NTP) (1987a) 
Toxicology and Carcinogenesis Studies of Di- 
methyl Methylphosphonate in F344/N Rats and 
B6C3F1 Mice. NTP Technical Report No. 323. 
U.S. Department of Health and Human Ser- 
vices, Public Health Service, National Institutes 
of Health, Research Triangle Park, NC. 172 p. 

89. National Toxicology Program (NTP) (1987b) 
Toxicology and Carcinogenesis Studies of '1,4-Di- 
chlorobenzene in F344/N Rats and B6C3F1 Mice. 
NTP Technical Report No. 319. U.S. Depart- 
ment of Health and Human Services, Public 
Health Service, National Institutes of Health, 
Research Triangle Park, NC. 198 p. 

57 

90. National Toxicology Program (NTP) (1988) 
Toxicology and Carcinogenesis Studies of Tri- 
chloroethylene in Four Strains of Rats. NTP 
Technical Report No. 273. U.S. Department of 
Health and Human Services, Public Health Ser- 
vice, National Institutes of Health, Research 
Triangle Park, NC. 299 p. 

91. National Toxicology Program (1989a) Tox- 
icology and Carcinogenesis Studies of Trichloro- 
ethylene in F344/N Rats and B6C3F1 Mice. 
NTP Technical Report No. 243. U.S. Depart- 
ment of Health and Human Services, Public 
Health Service, National Institutes of Health, 
Research Triangle Park, NC (in press). 

92. National Toxicology Program (NTP) (1989b) 
Toxicology and Carcinogenesis Studies of d-Li- 
monene in F344/N Rats and B6C3F1 Mice. NTP 
Technical Report No. 347. U.S. Department of 
Health and Human Services, Public Health Ser- 
vice, National Institutes of Health, Research 
Triangle Park, NC (in preparation). 

93. Occupational Safety and Health Administra- 
tion (OSHA) (1976). General Industry Stan- 
dards (CFR 29:1910). U.S. Department of Labor. 

94. Osserman, E.F.; Azar, H.A. (1969) Renal tu- 
bular lesions secondary to lysozyme in human 
and rat monocytic leukemia. Fed. Proc. 28:619 
(abst.). 

95. Parker, J.C.; Casey, G.E.; Bahlman, L.J.; 
Leidel, N.A.; Rose, D.; Stein, H.P.; Thomas, 
A.W.; Lane, J.M. (1979) Chloroethanes: Review 
of toxicity. Am. Ind. Hyg. Assoc. J. 40:A-46 to 

96. Perocco, P.; Bolognesi, S.; Alberghini, W. 
(1983) Toxic activity of seventeen industrial sol- 
vents and halogenated compounds on human 
lymphocytes cultured in uitro. Toxicol. Lett. 

97. Plotnikov and Sokolov (1947), cited in 
American Conference of Government Industrial 
Hygienists (ACGIH) (1980) Documentation of 
the Threshold Limit Values, 4th ed. 

A-60. 

16:69-75. 

Hexachloroethane, NTP TR 361 



V. REFERENCES 

98. Randell, W.F.; Bradley, R.E. (1980) Effects of 
hexachloroethane on the milk yields of dairy 
cows in north Florida infected with Fasciola 
hepatica. Am. J. Vet Res. 41:262-263. 

99. Reynolds, E.S.; Yee, A.G. (1968) Liver paren- 
chymal cell injury. VI. Significance of early 
glucose 6-phosphatase suppression and transi- 
ent calcium influx following poisoning. Lab. 
Invest. 19:273-281. 

100. Richter, J.E.; Peterson, S.F.; Kleiner, C.F. 
(.1983) Acute and chronic toxicity of some chlori- 
nated benzenes, chlorinated ethanes, and tetra- 
chloroethylene to Daphnia magna. Arch. En- 
viron. Contam. Toxicol. 12:679-684. 

101. Rivera, J.; Ventura, F.; Caixach, J.; De 
Torres, M.; Figueras, A. (1987) GUMS, HPLC 
and FAB mass spectrometric analysis of organic 
micropollutants in Barcelona’s water supply. 
Intern. J. Environ. Anal. Chem. 29:15-35. 

102. Roy, A.K.; Neuhaus, O.W. (1967) An- 
drogenic control of a sex-dependent protein in 
the rat. Nature 214:618-620. 

103. Sadtler Standard Spectra. IR No. 4546. 
Philadelphia: Sadtler Research Laboratories. 

104. Santodonato, J . ;  Bosch, S.; Meylan, W.; 
Becker, J.; Neal, M. (1985) Monograph on Hu- 
man Exposure to Chemicals in the Workplace: 
Hexachloroethane. NC1 Contract NO1-CP- 
26002-03. Syracuse, NY: Syracuse Research 
Corp., Center for Chemical Hazard Assessment. 

105. Shackelford, W.M.; Keith, L.H. (1976) Fre- 
quency of Organic Compounds Identified in Wa- 
ter. EPA-600/4-76-062. Athens, GA: U.S. En- 
vironmental Protection Agency, p. 119. 

106. Short, B.G.; Burnett, V.L.; Swenberg, J.A. 
(1986) Histopathology and cell proliferation in- 
duced by 2,2,4-trimethylpentane in the male rat 
kidney. Toxicol. Pathol. 14:194-203. 

107. Short, B.G.; Burnett, V.L.; Cox, M.G.; Bus, 
J.S.; Swenberg, J.A. (1987) Site specific renal cy- 
totoxicity and cell proliferation in male rats ex- 
posed to petroleum hydrocarbons. Lab. invest. 
57: 564-577. 

108. Silkworth, J .B.;  Tumasonis, C.; Briggs, 
R.G.; Narang, AS.; Narang, R.S.; Rej, R.; Stein, 
V.; McMartin, D.N.; Kaminsky, L.S. (1986) The 
effects of Love Canal soil extracts on maternal 
health and fetal development in rats. Fundam. 
Appl. Toxicol. 7:471-485. 

109. Simmon, V.F.; Kauhanen, K. (1978) In 
Vitro Microbiological Mutagenicity Assays of 
Hexachloroethane. Report (LSU-5612). 13 p. 

110. Stonard, M.D.; Phillips, P.G.N.; Foster, 
J.R.; Simpson, M.G.; Lock, E.A. (1986) a2u- 
Globulins: Measurement in rat kidney following 
administration of 2,2,4-trimethylpentane9 Tox- 
icology 41:161-168. 

111. Stone, L.C.; McCracken, M.S.; Kanerva, 
R.L.; Alden, C.L. (1987a) Development of a 
short-term model of decalin inhalation nephro- 
toxicity in the male rat. Food Chem. Toxicol. 
25:35-41. 

112. Stone, L.C.; Kanerva, R.L.; Burns, J.L.; Al- 
den, C.L. (1987b) Decalin-induced nephrotoxici- 
ty: Light and electron microscopic examination 
of the effects of oral dosing on the development of 
kidney lesions in the rat. Food Chem. Toxicol. 
25:43-52. 

113. Swenberg, J.A.; Short, B.; Borghoff, S.; 
Strasser, J.; Charbonneau, M. (1989). The com- 
parative pathobiology of azp-globulin nephropa- 
thy. Toxicol. Appl. Pharmacol. 97:35-46. 

114. Suffet, I.H.; Brenner, L.; Radziul, J . V .  
(1976) GUMS identification of trace organic 
compounds in Philadelphia waters. Keith, L.H., 
Ed.: Identification and Analysis of Organic Pol- 
lutants in Water. Ann Arbor, MI: Ann Arbor 
Science, pp. 375-397. 

115. Tarone, R.E. (1975) Tests for trend in life 
table analysis. Biometrika 62:679-682. 

116. Thorpe, E. (1965) Chemotherapy of experi- 
mental Fascioliasis in the albino rat. J. Comp. 
Pathol. Therap. 75:45-53. 

Hexachloroethane, NTP TR 361 58 



V. REFERENCES 

117. Torkelson, T.R.; Rowe, V.K. (1981) Halo- 
genated aliphatic hydrocarbons containing 
chlorine bromine and iodine. Clayton, G.D.; 
Clayton, F.E., Eds.: Patty’s Industrial Hygiene 
and Toxicology, Vol. 2B, 3rd rev. ed. New York: 
John Wiley & Sons, Inc., pp. 3433-3601. 

118. Travis, C.C.; Holton, G.A.; Etnier, E.L.; 
Cook, C.; O’Donnell, F.R.; Hetrick, D.M.; Dixon, 
E. (1986) Assessment of inhalation and inges- 
tion population exposures from incinerated haz- 
ardous wastes. Environ. Int. 12:533-540. 

119. Trump, B.F.; Jones, T.W.; Heatfield, B.M. 
(1984) The biology of the kidney. Mehlman, 
M.A.; Hemstreet, G.P., III; Thorpe, J.J.; Weaver, 
N.K.,  Eds.: Renal Effects of Petroleum Hydro- 
carbons, Vol. VII. Advances in Modern Environ- 
mental Toxicology. Princeton, NJ: Princeton 
Scientific Publishers, Inc. 

120. U.S. Department of Commerce (1977) US 
Imports for Consumption and General Imports, 
TSUSA Commodity by Country of Origin,  
FT246/Annual 1976. Washington, DC: Bureau 
of the Census, p. 230. 

121. U.S. Environmental Protection Agency 
(USEPA) (1980) Computer printout of nonconfi- 
dential production data from TSCA inventory. 

122. Vainio, H.; Parkki, M.G.; Marniemi, J. 
( 1976) Effects of aliphatic chlorohydrocarbons on 
drug-metabolizing enzymes in rat liver in uiuo. 
Xenobiotica 6:599-604. 

Ei 9 

123. Valencia, R.; Mason, J.M.; Woodruff, R.C.; 
Zimmering, S. (1985) Chemical mutagenesis 
testing in Drosophila: III. Results of 48 coded 
compounds tested for the National Toxicology 
Program. Environ. Mutagen. 7:325-348. 

124. Vandoren, G.; Van Baelen, H.; Verhoeven, 
G.; De Moor, P. (1978) Relationship between the 
pituitary gland and gonadal steroids: Involve- 
ment of a hypophysial factor in reduced aa,-glob- 
ulin and increased transcortin concentrations in 
rat serum. J. Endocrinol. 78:31-38. 

125. Vandoren, G.; Mertens, B.; Heyns, W.; Van 
Baelen, H.; Rombauts, W.; Verhoeven, G. (1983) 
Different forms of a2,-globulin in male and fe- 
male rat  urine. Eur. J.  Biochem. 134:175-181. 

126. Weeks, M.H.; Angerhofer, R.A.; Bishop, R.; 
Thomasino, J.; Pope, C.R. (1979) The toxicity of 
hexachloroethane in laboratory animals. Am. 
Ind. Hyg. Assoc. J. 40:187-199. 

127. Weisburger, E.K. (1977) Carcinogenicity 
studies on halogenated hydrocarbons. Environ. 
Health Perspect. 21:7-16. 

128. Williams, D.A. (1971) A test for differences 
between treatment means when several dose 
levels are compared with a zero dose control. 
Biometrics 27:103-117. 

129. Williams, D.A. (1972) The comparison of 
several dose levels with a zero dose control. Bio- 
metrics 28: 5 19-53 l .  

Hexachloroethane, NTP TR 361 



09 19£ HI dXN '



APPENDIX A 

SUMMARY OF LESIONS IN MALE RATS IN 

THE TWO-YEAR GAVAGE STUDY OF 

HEXACHLOROETHANE 

PAGE 

TABLE A l  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO- 
YEARGAVAGE STUDY OF HEXACHLOROETHANE 62 

TABLE A2 INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF HEXACHLOROETHANE 66 

ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF HEXACHLOROETHANE 78 

HISTORICAL INCIDENCE OF RENAL TUBULAR CELL TUMORS IN MALE F344/N 
RATS ADMINISTERED CORN OIL BY GAVAGE 82 

TABLE A3 

TABLE A4a 

TABLE A4b HISTORICAL INCIDENCE OF ADRENAL GLAND MEDULLARY TUMORS IN MALE 
F344/N RATS ADMINISTERED CORN OIL BY GAVAGE 83 

TABLE A5 SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS 
IN THE TWO-YEAR GAVAGE STUDY OF HEXACHLOROETHANE 84 

61 Hexachloroethane, NTP TR 361 



TABLE Al .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OFHEXACHLOROETHANE 

~~~~ ~~~ ~ ~~ ~ ~ 

Vehicle Control Low Dose High Dose 

Animals initially in study 
Animals removed 
Animals examined histopathologically 

50 
50 
50 

50 
50 
50 

50 
50 
50 

ALIMENTARY SYSTEM 
Intestine large, colon 

Mesothelioma, NOS 
Intestine small, duodenum 

Adenocarcinoma 
Leiomyosarcoma 
Mesothelioma, NOS 

Intestine small, ileum 
Leiomyosarcoma 
Leukemia mononuclear 
Mesothelioma, NOS 

Fibrosarcoma, metastatic, skin 
Hepatocellular carcinoma 
Leukemia mononuclear 
Neoplastic nodule 

Mesothelioma malignant 
Mesothelioma, NOS 
Sarcoma 

Adenoma 
Mesothelioma malignant 
Mesothelioma, NOS 
Acinus, adenoma 

Palate, papilloma squamous 

Papilloma squamous 

Leukemia mononuclear 

Papilloma squamous 

Liver 

Mesentery 

Pancreas 

Pharynx 

Stomach, forestomach 

Stomach, glandular 

Tongue 

(50) 

(50) 

1 (2%) 

(49) 

1 (II%) 

(50) 

1 ('2%) 
13 (26%) 
1 (2%) 

1 (2%) 

*(50) 

(50) 

1 (2%) 

*(50) 

(48) 

*(50) 
1 (2%) 

1 (2%) 

1 (2%) 
11 (22%) 
1 (2%) 

2 (4%) 
1 (2%) 

(50) 

*(50) 

(50) 

1 (2%) 

1 (2%) 
*(50) 

(49) 

(49) 

*(50) 

CARDIOVASCULAR SYSTEM 
Heart 

Leukemia mononuclear 
Schwannoma malignant 

(50) *(50) (50) 
1 12%) 2 (4%) 4 (8%) 
1 1:2%) 

ENDOCRINE SYSTEM 
Adrenal gland 

Adrenal gland, cortex 

Adrenal gland, medulla 

Pheochromocytoma benign 

Leukemia mononuclear 

Leukemia mononuclear 
Pheochromocytoma malignant 
Pheochromocytoma complex 
Pheochromocytoma benign 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
Adenoma 
Carcinoma 

Parathyroid gland 
Adenoma 

(41) 

(50) 

(50) 

(45) 

1 (2%) 

2 (4%) 

18 (40%) 
7 (16%) 

2 (4%) 

1 (2%) 

*(50) 

*(50) 

(50) 

(50) 

(49) 

1 (2%) 
2 (4%) 
15 (31%) 
4 (8%) 

(50) 

2 (4%) 

1 (2%) 
(43) 
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TABLE Al .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF HEXACHLOROETHANE (Continued) 

Vehicle Control Low Dose High Dose 

ENDOCRINE SYSTEM (Continued) 

Leukemia mononuclear 
Pars distalis, adenoma 

Leukemia mononuclear 
C-cell, adenoma 
C-cell, carcinoma 
Follicular cell, adenoma 
Follicular cell, carcinoma 

Pituitary gland 

Thyroid gland 

(49) (50) (48) 
1 (2%) 

24 (49%) 22 (44%) 16 (33%) 
(49) (50) (50) 

1 (2%) 
6 (12%) 9 (18%) 5 (10%) 
3 (6%) 

1 (2%) 

2 (4%) 
1 (2%) 

2 (4%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Epididymis 

Mesothelioma malignant 
Mesothelioma, NOS 

Preputial gland 
Adenoma 
Carcinoma 
Bilateral, adenoma 

Mesothelioma, NOS 

Mesothelioma malignant 
Mesothelioma, NOS 
Bilateral, interstitial cell, adenoma 
Interstitial cell, adenoma 

Prostate 

Testes 

(50) 

(49) 

1 (2%) 
32 (65%) 
11 (22%) 

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

2 (4%) 
1 (2%) 

*(50) 

"(50) 

*(50) 
2 (4%) 
1 (2%) 

36 (72%) 
5 (10%) 

(50) 

4 (8%) 

2 (4%) 
1 (2%) 
1 (2%) 

1 (2%) 

5 (10%) 
42 (84%) 

3 (6%) 

(49) 

(48) 

(50) 

HEMATOPOIETIC SYSTEM 

Leukemia mononuclear 

Mediastinal, leukemia mononuclear 
Pancreatic, leukemia mononuclear 

Leukemia mononuclear 

Leukemia mononuclear 

Leukemia mononuclear 
Mesothelioma, NOS 

Leukemia mononuclear 
Thymoma benign 

Bone marrow 

Lymph node 

Lymph node, mandibular 

Lymph node, mesenteric 

Spleen 

Thymus 

(50) 

(50) 
4 (8%) 

2 (4%) 

(45) 

(50) 

(49) 

8 (18%) 

11 (22%) 

13 (27%) 
1 (2%) 

6 (13%) 
(47) 

*(50) 

*(50) 
6 (12%) 
1 (2%) 

3 (6%) 

5 (10%) 

14 (28%) 
1 (2%) 

1 (2%) 

*(50) 

*(50) 

*60) 

*(50) 

(49) 

(50) 
1 (2%) 

3 (6%) 
3 (6%) 

9 (20%) 

11 (23%) 

11 (22%) 

2 (546) 
2 (5%) 

(44) 

(48) 

(50) 

(43) 

INTEGUMENTARY SYSTEM 

Adenocarcinoma 
Fibroadenoma 
Fibroadenoma, multiple 
Lipoma 

Basal cell adenoma 
Basal cell carcinoma 
Keratoacanthoma 
Papilloma squamous 
Squamous cell carcinoma 

Mammary gland 

Skin 

(33) 
1 (3%) 
6 (18%) 
1 (3%) 

(48) 

1 (2%) 
6 (13%) 
1 (2%) 
1 (2%) 

*(50) (23) 
1 (4%) 

6 (12%) 1 (4%) 

1 (2%) 

1 (2%) 

5 (10%) 5 (10%) 
1 (2%) 

*60) (50) 

1 (2%) 
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TABLE Al.  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF HEXACHLOROETHANE (Continued) 

Vehicle Control Low Dose High Dose 

INTEGUMENTARY SYSTEM 
Skin (Continued) (48) *(50) (50) 

Trichoepithelioma 1 (2%) 
Subcutaneous tissue, fibroma 6 (13%) 3 (6%) 2 (4%) 
Subcutaneous tissue, fibrosarcoma 2 (4%) 3 (6%) 2 (4%) 
Subcutaneous tissue, lipoma 1 (2%) 1 (2%) 

MUSCULOSKELETAL SYSTEM 
Bone 

Osteosarcoma 
Skeletal muscle 

Leukemia mononuclear 
Lipoma 
Mesothelioma malignant 
Mesothelioma, NOS 

(50) *(50) (50) 

*(50) *(50) '(50) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 2 (4%) 

NERVOUS SYSTEM 
Brain (50) *(50) (50) 

Astrocytoma malignant 1 (2%) 
Leukemia mononuclear 2 (4%) 
Cranial nerve, schwannoma malignant 1 (2%) 

Leukemia mononuclear 1 (2%) 
Spinal cord *(50) *(50) '(50) 

RESPIRATORY SYSTEM 
L w 3  

Alveolar/bronchiolar adenoma 
Carcinoma, metastatic, kidney 
Leukemia mononuclear 

Leukemia mononuclear 
Nose 

(50) *(50) (50) 
4 (8%) 2 (4%) 

1 (2%) 
10 (20%) 7 (14%) 9 (18%) 

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

SPECIAL SENSES SYSTEM 
Harderian gland 

Adenoma 
Zymbal gland 

Carcinoma 

URINARY SYSTEM 

Adenoma 
Leukemia mononuclear 
Renal tubule, adenoma 
Renal tubule, carcinoma 

Leukemia mononuclear 
Mesothelioma, NOS 

Kidney 

Urinary bladder 

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

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

3 (6%) 

1 (2%) 1 (2%) 
2 (4%) 

(47) *(50) (46) 

SYSTEMIC LESIONS 
Multiple organs 

Leukemia mononuclear 
Mesothelioma, NOS 
Mesothelioma malignant 

*(50) *(50) *(50) 
13 (26%) 15 (30%) 11 (22%) 

1 (2%) 1 (2%) 5 (10%) 
2 (4%) 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF HEXACHLOROETHANE (Continued)

Vehicle Control Low Dose High Dose

ANIMAL DISPOSITION SUMMARY
Animals initially in study
Terminal sacrifice
Moribund
Accident
Dead
Gavage death

TUMOR SUMMARY
Total animals with primary neoplasms **

Total primary neoplasms
Total animals with benign neoplasms

Total benign neoplasms
Total animals with malignant neoplasms

Total malignant neoplasms
Total animals with secondary neoplasms ***

Total secondary neoplasms
Total animals with neoplasms--

uncertain benign or malignant
Total uncertain neoplasms

50
31
16
1
2

48
149
48

118
24
30

1
6

50
29
14
1
6

49
161
49

134
22
26
1
1

1
6

50
26
19

4
1

48
141
48

107
22
29
1
1

5
20

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically.
** Primary tumors: all tumors except secondary tumors
*** Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE
STUDY OF HEXACHLOROETHANE: VEHICLE CONTROL

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum

Leiomyosarcoma
Intestine small, ileum

Leukemia mononuclear
Intestine small, jejunum
Liver

Hepatocellular carcinoma
Leukemia mononuclear
Neoplastic nodule

Mesentery
Mesothehoma, NOS

Pancreas
Mesothehoma, NOS

Salivary glands
Stomach
Stomach, forestomach
Stomach, glandular

Leukemia mononuclear

CARDIOVASCULAR SYSTEM
Heart

Leukemia mononuclear
Schwannoma malignant

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex

Leukemia mononuclear
Adrenal gland, medulla

Leukemia mononuclear
Pheochromocytoma malignant
Pheochromocytoma benign
Bilateral, pheochromocytoma benign

Islets, pancreatic
Adenoma

Parathyroid gland
Pituitary gland

Pars distahs, adenoma
Thyroid gland

C cell, adenoma
C cell, carcinoma
Folhcular cell, carcinoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Epididymis

Mesothehoma, NOS
Preputial gland

Adenoma
Prostate
Seminal vesicle
Testes

Mesothehoma, NOS
Bilateral, interstitial cell, adenoma
Interstitial cell, adenoma

HEMATOPOIETIC SYSTEM
Bone marrow

Leukemia mononuclear
Lymph node

Mediastinal, leukemia mononuclear
Lymph node, mandibular

Leukemia mononuclear
Lymph node, mesentenc

Leukemia mononuclear
Spleen

Leukemia mononuclear
Mesothehoma, NOS

Thymus
Leukemia mononuclear

O O O O O O O O O O O O O O O O l l l l l l l t l
2 5 5 7 8 8 8 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0
2 1 8 6 2 4 5 0 1 2 3 3 4 6 6 9 2 3 4 5 5 5 5 5 5

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
3 0 7 7 7 5 9 9 8 1 2 4 1 1 6 8 3 0 8 1 1 2 2 2 3
1 5 5 4 3 5 5 4 1 5 5 5 3 4 5 4 5 4 5 1 2 1 2 3 2

+ + + + + & + + + + + + + + + + + + + + + + + +

X
X X X X X X

X

X ,

X

+ + + + + + + + + + + + + + + + + + + + + + + + +

X

X

X X X X
X X

M M M M M M + + + M + + + + + M M + + + + + + + +

X X X X X X X X X X X
M + + + + + + + + + + + + + + + + + + + + + + + +

X X X X
X X

X

+ M + + + 4 - + + + + + + + + + + + + + + + + + + +

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

+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +

X X
+ M + +M+M. + + + + + + + + + + + + + + + + + +

X X

X X X X X

X X X X X X

+ + + + + + + + + + + + + + + + + + MM + + + + +
X X X

+ Tissue examined microscopically
Not examined

- Present but not examined microscopically
I Insufficient tissue

M Missing
A. Autolysis precludes examination
X Incidence of listed morphology
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL
(Continued)

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SVSTEM
Esophagus
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum

Leiomy osa rcoma
Intestine small, ileum

Leukemia mononuclear
Intestine small, jejunum
Liver

Hepatocellular carcinoma
Leukemia mononuclear
Neoplastic nodule

Mesentery
Mesothelioma, NOS

Pancreas
Mesothelioma, NOS

Salivary glands
Stomach
Stomach, forestomach
Stomach, glandular

Leukemia mononuclear

CARDIOVASCULAR SYSTEM
Heart

Leukemia mononuclear
Schwannoma malignant

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex

Leukemia mononuclear
Adrenal gland, medulla

Leukemia mononuclear
Pheochromocytoma malignant
Pheochromocytoma benign
Bilateral, pheochromocytoma benign

Islets, pancreatic
Adenoma

Parathyroid gland
Pituitary gland

Pars distahs, adenoma
Thyroid gland

C cell, adenoma
C cell, carcinoma
Follicular cell, carcinoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Epididymis

Mesothelioma, NOS
Preputial gland

Adenoma
Prostate
Seminal vesicle
Testes

Mesothelioma, NOS
Bilateral, interstitial cell, adenoma
Interstitial cell, adenoma

HEMATOPOIETIC SYSTEM
Bone marrow

Leukemia mononuclear
Lymph node

Mediastmat, leukemia mononuclear
Lymph node, mandibular

Leukemia mononuclear
Lymph node, mesentenc

Leukemia mononuclear
Spleen

Leukemia mononuclear
Mesothelioma, NOS

Thymus
Leukemia mononuclear

0̂
5

0
3
3

+
-^
+

+
+
+

+

+
+

+
+
+

+

4.

+

+
+

+

1 1 1 1
0 0 0 0
5 5 5 5

0 0 0 0
3 4 4 4
4 1 2 3

+ + + +
4 - 4 - 4 - 4 -
4 - 4 - 4 - 4 -

4 - 4 - 4 - 4 -

X

4 - 4 - 4 - 4 -
4 - 4 - 4 - 4 -
4 - 4 - 4 - 4 -

4 - 4 - 4 - 4 -

4 - 4 - 4 - 4 -
4 - 4 - 4 - 4 -

4 - 4 - 4 - 4 -

X
X X

X

X

1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5 5 5 5 5

0 0 0 0 0 0 0 0 0 0 0 1
5 5 5 6 6 6 6 7 7 8 8 0
1 2 3 1 2 3 4 1 2 2 3 3

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

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - - I -

X X X X

4 - 4 - 4 - 4 - 4 - 4 - M 4 - 4 - 4 - 4 - 4 -

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

+ 4 - 4 - 4 - + + + + + + + +

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -

X X X
X

X

X X X X X X X

X
X

1 1 1 1 1
0 0 0 0 0
6 6 6 6 6

0 0 0 0 0
2 4 5 9 9
4 4 4 1 2

4- 4- 4- 4- 4-
4 - 4 - 4 - 4 - 4 -

4 - 4 - 4 - 4 - 4 -

X

X

4 - 4 - 4 - 4 - 4 -

4 - 4 - 4 - 4 - 4 -

4- 4- M 4- 4-

4- 4- 4- 4- 4-

X

4 - 4 - 4 - 4 - 4 -

X X

4 - 4 - 4 - 4 - 4 -
X

4 - 4 - 4 - 4 - 4 -
4 - 4 - 4 - 4 - 4 -
X X X
4 - 4 - 4 - 4 - 4 -

1 1
0 0
6 6

0 1
9 0
3 1

4- 4-
4- 4-
4- 4-

X

X

4-
X

4- 4-
X

4- 4-
4- 4-
4- 4-

4- 4-

+ +

+ 4-

4- 4-

4- 4-
X

4- 4-

1
0
6

1
0
2

4-
4-
4-

4-
4-

4-

4-
4-

4-

4-
4-

4-

4-
4-

4-

4-
X
-f

+

+

+
+
+

X

+

+

+

+

+

+

4 - 4 - 4 - 4 -

4 - 4 - 4 - 4 -
X

X X X
X

4 - 4 - 4 - 4 -
X

4 - 4 - 4 - 4 -

4- 4- M +
X

4 - 4 - 4 - 4 -
X

4 - 4 - 4 - 4 -
X

4 - 4 - 4 - 4 -

4 - 4 - 4 - 4 - 4 - 4 - 4 - M 4 - 4 - 4 - 4 -

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -

X X X X X X X X
X X X

X
4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -

X X X
4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -

X X X

X X X X

4 - 4 - 4 - 4 - 4 - 4 - 4 - + 4 - 4 - M 4 -
X

4 - 4 - 4 - 4 - 4 -

4 - 4 - 4 - 4 - 4 -

X X X

4 - 4 - 4 - 4 - 4 -
X

4 - 4 - 4 - 4 - 4 -

X

X
4 - 4 - 4 - 4 - 4 -

X

4 - 4 - 4 - 4 - 4 -
X

4- 4-
X

4- 4-

4- 4-
X
X

X

4- 4-
X

4- 4-

X

X
4- 4-

X
X

4- 4-
X

4-

4-

4-
-)-
4-

X

4-

4-

4-

4-

TOTAL
TISSUES
TUMORS

50
50
49
50
50
50
50
1

49
1

49
50
1

13
1
1
1

50
1

50
50
48
50
1

50
1
1

50
50
1

50
1
1

11
3

50
2

41
49
24
49
6
3
1

49
1

46
1

50
50
49
1

32
11

50
4

50
2

45
8

50
11
49
13
1

47
6
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL
(Continued)

WEEKS ON
STUDY

CARCASS
ID

INTEGUMENTARY SYSTEM
Mammary gland

Adenocarcmoma
Fibroadenoma
Fibroadenoma, multiple

Skin
Basal cell carcinoma
Keratoacanthoma
Papilloma squamous
Squamous cell carcinoma
Subcutaneous tissue, fibroma
Subcutaneous tissue, fibrosarcoma
Subcutaneous tissue, lipoma

MUSCULOSKELETAL SYSTEM
Bone

Osteosarcoma
Skeletal muscle

Lipoma
Mesothelioma, NOS

NERVOUS SYSTEM
Brain

Astrocytoma malignant
Cranial nerve, schwannoma malignant

Spinal cord

RESPIRATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Leukemia mononuclear

Nose
Leukemia mononuclear

Trachea

SPECIAL SENSES SYSTEM
Ear
Eye
Zymbal gland

Carcinoma

URINARY SYSTEM
Kidney

Renal tubule, adenoma
Unnary bladder

Leukemia mononuclear

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
2 5 5 7 8 8 8 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0
2 1 8 6 2 4 5 0 1 2 3 3 4 6 6 9 2 3 4 5 5 5 5 5 5

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
3 0 7 7 7 5 9 9 8 1 2 4 1 1 6 8 3 0 8 1 1 2 2 2 3
1 5 5 4 3 5 5 4 1 5 5 5 3 4 5 4 5 4 5 1 2 1 2 3 2

X X X
X

+ + - t - - t - - t - - t - M - t - + M + + + + + + + + + + -t- + + 1- +
X

X
X

X X
X

X

X
+ + +

X

+ + t + + - t - < - + + -f + + + -H + T + + + + + + + 1- +

X
I

X X
X X X X

X

+
+ -r + -f

+
X

X

X

Hexachloroethane, NTP TR 361 68



TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL
(Continued)

WEEKS ON
STUDY

CABCASS
ID

INTEGUMENTARY SYSTEM
Mammary gland

Adenocarcinoma
Fibroadenoma
Fibroadenoma, multiple

Skin
Basal cell carcinoma
Keratoacanthoma
Papilloma squamous
Squamous cell carcinoma
Subcutaneous tissue, fibroma
Subcutaneous tissue, fibrosarcoma
Subcutaneous tissue, lipoma

MUSCULOSKELETAL SYSTEM
Bone

Osteosarcoma
Skeletal muscle

Lipoma
Mesothelioma, NOS

NERVOUS SYSTEM
Brain

Astrocytoma malignant
Cranial nerve, schwannoma malignant

Spinal cord

RESPIRATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Leukemia mononuclear

Nose
Leukemia mononuclear

Trachea

SPECIAL SENSES SYSTEM
Ear
Eye
Zymbal gland

Carcinoma

URINARY SYSTEM
Kidney

Renal tubule, adenoma
Urinary bladder

Leukemia mononuclear

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6

~F1J — FIT" 0 ~F"'inr 0 T"0' TJ" 0 0 0 0 1 0 0 0 0 0 0 1 1
3 3 4 4 4 5 5 5 6 6 6 6 7 7 8 8 0 2 4 5 9 9 9 0 0
3 4 1 2 3 1 2 3 1 2 3 4 1 2 2 3 3 4 4 4 1 2 3 1 2

MM+ + + + + + + + + +M + + + + + M + + M M M +
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

+
+

TOTAL
TISSUES
TUMORS

33
1
6
1

48
1
6
1
1
6
2
1

50
1
4
1
1

50
1
1

50
4

10
50
1

50

1
5
2
1

50
1

47
1
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE
STUDY OF HEXACHLOROETHANE: LOW DOSE

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Intestine large
Intestine large, cecum
Intestine large, colon

Mesothehoma, NOS
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum

Leiomyosarcoma
Intestine small, jejunum
Liver

Fibrosarcoma, metastatic, skin
Leukemia mononuclear
Neoplastic nodule

Mesentery
Mesothehoma malignant
Mesothehoma, NOS

Pancreas
Adenoma
Mesothehoma malignant
Mesothehoma, NOS
Acinus, adenoma

Salivary glands
Pharynx

Palate, papllloma squamous
Stomach
Stomach, forestomach

Papllloma squamous
Stomach, glandular
Tongue

Papllloma squamous

CARDIOVASCULAR SYSTEM
Heart

Leukemia mononuclear

ENDOCRINE SYSTEM
Adrenal gland

Pheochromocytoma benign
Adrenal gland, cortex
Adrenal gland, medulla

Pheochromocytoma malignant
Pheochromocytoma benign
Bilateral, Pheochromocytoma benign

Islets, pancreatic
Adenoma

Parathyroid gland
Adenoma

Pituitary gland
Leukemia mononuclear
Parsdistahs, adenoma

Thyroid gland
Leukemia mononuclear
C cell, adenoma
C cell, carcinoma
Folhcular cell, adenoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Epididymis

Mesothehoma malignant
Mesothehoma, NOS

Preputial gland
Adenoma
Carcinoma

Prostate
Seminal vesicle
Testes

Mesothehoma malignant
Mesothehoma, NOS
Bilateral, interstitial cell, adenoma
Interstitial cell, adenoma

HEMATOPOIETIC SYSTEM
Bone marrow
Lymph node

Mediastinal, leukemia mononuclear
Pancreatic, Leukemia mononuclear

Lymph node, mandibular
Leukemia mononuclear

Lymph node, mesentenc
Leukemia mononuclear

Spleen
Leukemia mononuclear
Mesothehoma, NOS

Thymus
Uukemia mononuclear

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 5 7 8 8 8 8 8 8 8 8 9 9 9 9 9 9
9 3 0 0 3 6 6 8 8 9 9 0 2 5 7 8 8

1 1 1 1 1 1 1 1 1 2 1 1 1 1 2 1 1
4 1 6 3 1 9 1 1 5 0 9 3 2 9 0 8 9
5 5 5 5 4 5 3 2 5 5 4 4 5 3 4 5 2

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

X
+ + + + + + + M 4 - + +

+ + + + + + + + + AA+ +

+ + M + + + 4- + + + + +
+ + + + + + + + + + + + + + +

X X X X X X

+

X

X
X

+ + + + + + + + + + + + + +
+

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

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

X
X

+ + 4- + + A + + + + + + +
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
+ + + + + + + + + + + + + + 4- +

X X X X X X
X

+ + M + + + 4 - + +M + M + +x

1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0
1 2 4 4 5 5 5 5

1 2 1 1 1 1 1 1
2 0 2 6 2 2 3 3
4 3 3 4 1 2 1 2

+
+
+

+
+ + + + +

X X
X

+ + +
X X

+ + + +
X

X

X

+ +
+ +

+ +

+ + + + + + + +

+ M + + + + + +
X

X X X X X
X

+ + + +

X X X X

X

+
X

+ +
X

+ + + +
+ + + + 4
X X

X X X X X

X X
X

+ +

+
X

+ + + + +
X X X X

Hexachloroethane, NTP TR 361 70



TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Intestine targe
Intestine large, cecum
Intestine large, colon

Mesothehoma, NOS
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum

Leiomyosarcoma
Intestine small, jejunum
Liver

Fibrosarcoma, metastatic, skin
Leukemia mononuclear
Neoplastic nodule

Mesentery
Mesothehoma malignant
Mesothehoma, NOS

Pancreas
Adenoma
Mesothehoma malignant
Mesothehoma, NOS
Acinus, adenoma

Pharynx
Palate, papilloma squamous

Salivary glands
Stomach
Stomach, forestomach

Papilloma squamous
Stomach, glandular
Tongue

Papilloma squamous

CARDIOVASCULAR SYSTEM
Heart

Leukemia mononuclear

ENDOCRINE SYSTEM
Adrenal gland

Pheochromocytoma benign
Adrenal gland, cortex
Adrenal gland, medulla

Pheochromocytoma malignant
Pheochromocytoma benign
Bilateral, pheochromocytoma benign

Islets, pancreatic
Adenoma

Parathyroid gland
Adenoma

Pituitary gland
Leukemia mononuclear
Pars distahs, adenoma

Thyroid gland
Leukemia mononuclear
C cell, adenoma
C cell, carcinoma
Folhcular cell, adenoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Epididymis

Mesothehoma malignant
Mesothehoma, NOS

Preputial gland
Adenoma
Carcinoma

Prostate
Seminal vesicle
Testes

Mesothehoma malignant
Mesothehoma NOS
Bilateral, interstitial cell, adenoma
Interstitial cell, adenoma

HEMATOPOIETIC SYSTEM
Bone marrow
Lymph node

Mediastmal, leukemia mononuclear
Pancreatic, leukemia mononuclear

Lymph node, mandibular
Leukemia mononuclear

Lymph node, mesentenc
Leukemia mononuclear

Spleen
Leukemia mononuclear
Mesothehoma, NOS

Thymus
Leukemia mononuclear

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

3 1 1 2 3 4 1 2 3 4 1 2 3 1 2 3 4 5 1 2 3 4 1 1 2

+
•f
+

+

X
X X X X X

+

-f +

X
+
X

+ + +
+ +
X
+ + +

+
X

•(- -t-

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
-t-

+ + + + + +•

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

M

TOTAL
TISSUES
TUMORS

13
14
12
13
1

12
16
15
14
1

14
31
1

13
1
5
2
1

18
1
1
1
3
1
1

13
19
18
1

19
2
i

15
2

50
1

50
45

2
18
7

17
2

40
1

50
1

22
50
1
9
2
1

14
1
1

17
2
1

13
23
46

2
1

36
5

13
31
6
1

23
3

15
5

28
14
1

11
1
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

INTEGUMENTARY SYSTEM
Mammary gland

Fibroadenoma
Lipoma

Skm
Basal cell adenoma
Keratoacanthoma
Papilloma squamous
Tnchoepithehoma
Subcutaneous tissue, fibroma
Subcutaneous tissue, fibrosarcoma
Subcutaneous tissue, hpoma

MUSUULOSKELETAL SYSTEM
Bone
Skeletal muscle

Leukemia mononuclear
Mesothehoma malignant

NERVOUS SYSTEM
Brain

Leukemia mononuclear
Spinal cord

Leukemia mononuclear

RESPIRATORY SYSTEM
Lung

Leukemia mononuclear
Nose

Leukemia mononuclear
Trachea

SPECIAL SENSES SYSTEM
Eye
Hardenan gland

Adenoma

URINARY SYSTEM
Kidney

Leukemia mononuclear
Renal tubule, adenoma

Urinary bladder

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
4 5 7 8 8 8 8 8 8 8 8 9 9 9 9 9 9 0 0 0 0 0 0 0 0
9 3 0 0 3 6 6 8 8 9 9 0 2 5 7 8 8 1 2 4 4 5 5 5 5

4 1 6 3 1 9 1 1 5 0 9 3 2 9 0 8 9 2 0 2 6 2 2 3 3
5 5 5 5 4 5 3 2 5 5 4 4 5 3 4 5 2 4 3 3 4 1 2 1 2

+ + M + M M M + + + M + + + + + +
X X X

X

X
X X

X

X X
X X

X

+ + + + + + + + + + + + +
+ M +
X

X

X X
+
X

X X X X X X

X

+ +
+

X X X
X X

+ + A + + + A + + + A A + +
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

INTEGUMENTARY SYSTEM
Mammary gland

Fibroadanoma
Lipoma

Skin
Basal cell adenoma
Keratoacanthoma
Papilloma squamous
Tnchoepithehoma
Subcutaneous tissue, fibroma
Subcutaneous tissue, fibrosarcoma
Subcutaneous tissue, lipoma

MUSCULOSKELETAL SYSTEM
Bone
Skeletal muscle

Leukemia mononuclear
Mesothehoma malignant

NERVOUS SYSTEM
Brain

Leukemia mononuclear
Spinal cord

Leukemia mononuclear

RESPIRATORY SYSTEM
Lung

Leukemia mononuclear
Nose

Leukemia mononuclear
Trachea

SPECIAL SENSES SYSTEM
Eye
Hardenan gland

Adenoma

URINARY SYSTEM
Kidney

Leukemia mononuclear
Renal tubule, adenoma

Unnary bladder

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2

3 1 1 2 3 4 1 2 3 4 1 2 3 1 2 3 4 5 1 2 3 4 1 1 2

+ + + +
X X X

+ + + + +

X X X

X
X

X

+ + + + +
X

+
X

+ + + + + + + + + + + + + + + + + + + + + + + + +

TOTAL
TISSUES
TUMORS

16
6
1

21
1
5
1
1
3
3
1

13
2
1
1

13
2
1
1

24
7

13
1

13

3
2
1

50
3
2

10
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE
STUDY OF HEXACHLOROETHANE: HIGH DOSE

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Intestine large
Intestine large, cecum
Intestine large, colon

Mesothehoma, NOS
Intestine large, rectum
Intestine small
Intestine small, duodenum

Adenocarcinoma
Mesothehoma, NOS

Intestine small, ileum
Mesothehoma, NOS

Intestine small, jejunum
Liver

Hepatocellular carcinoma
Leukemia mononuclear
Neoplastic nodule

Mesentery
Mesothehoma, NOS
Sarcoma

Pancreas
Mesothehoma, NOS

Pharynx
Palate, papitloma squamous

Salivary glands
Stomach
Stomach, forestomach
Stomach, glandular
Tongue

CARDIOVASCULAR SYSTEM
Heart

Leukemia mononuclear

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex
Adrenal gland, medulla

Pheochromocytoma malignant
Pheochromocytoma complex
Pheochromocytoma benign
Bilateral, pheochromocytoma benign

Islets, pancreatic
Carcinoma

Parathyroid gland
Adenoma

Pituitary gland
Pars distahs, adenoma

Thyroid gland
C cell, adenoma
Folhcular cell, carcinoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Epididymis

Mesothehoma, NOS
Preputial gland

Aaenoma
Carcinoma
Bilateral, adenoma

Prostate
Mesothehoma, NOS

Seminal vesicle
Testes

Mesothehoma, NOS
Bilateral, interstitial cell, adenoma
Interstitial cell, adenoma

HEMATOPOIETIC SYSTEM
Bone marrow

Leukemia mononuclear
Lymph node

Mediastinal, leukemia mononuclear
Pancreatic, leukemia mononuclear

Lymph node, mandibular
Leukemia mononuclear

Lymph node, mesentenc
Leukemia mononuclear

Spleen
Leukemia mononuclear

Thymus
Leukemia mononuclear
Thymoma benign

0 0 0 0 0
4 5 6 6 6
7 2 7 8 9

3 2 2 3 2
0 4 4 0 1
5 5 4 4 5

+ + + + +
+ + + + +
M + + + +
+ + + + +

+ + + + +
+ + + + +
+ + + + +

+ + + + +
+ + + + +

X

+

+ + + + +
+ + + + +
+ + + + +

X

+ + + + +

M 4- + + +

M + M + M

+ M + + +
X

+ + + + +
X

+ + + + +
X

+ + + + +

X
X X

+ + + + +
+ + + + 4-

X

M M + + +
X

+ + + + 4
X

4- + + + +
X

+ M M + +
X

II
7
7

3
5

4
+
+
4.

X
+
+

X

X
+
+

+
X

X

+
+
+

+

+

X

X

X
X

+

+

+

+

4

+

0
7
9

9
5

+
M
+

M
+

4
+

X

+
+
4

X

+

4

4.

X

H

H

X
4.

X
+
X

X
-t.
X

0
H
0

5
5

+
+
+

+
+
+

+

+
+

X

+
+
+

+
+

+

+

X

X

+

4

+
X
+
X

X

0 0 0 0 0 0 0 0 0
8 8 8 8 9 9 9 9 9
3 4 4 8 0 1 1 2 3

8 3 0 3 8 3 6 7 5
5 4 3 3 4 2 5 5 4

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

+ + + + + + + +

A + + + + + + + +

+ + + + + + + + +
+ + + + + + + + +

X

M

+ + + + + + + + +

+
X

+ + + + + + + + +
+ + + + + + + + +
+ + + + + + + + +

+

+ + + + + + + + +

X X X X

X
+ M M + M M + + +

+ + + + + + + + +
X X X

X

X

X X X X X X X X

4 . 4 . 4 . 4 . 4 . 4 . 4 . 4 . 4 .
+ + + + + + + + +

+ + + + + + + + +
X

+ + + + + + + + +
X

X

0 0 0 1 1
9 9 9 0 0
4 8 9 0 1

8 9 7 6 9
3 4 4 4 3

M + + + +

4- + + + +
4- + + + A

+ + + + A

+ + + + +
X

X X

+ +
X

X

+ + + + A
4- + + + A
4- + + + A

+ + + + +
X

X
X X

4 + + + +
X X

X

X
X X X X

X

X

X
X
+ + + + +
X X
+ + + + A
X X
+ + + + +
X X
M + + + A

1 1 1
0 0 0
2 4 5

2 2 1
5 4 1

M + +
+ + +

+ + +

+ + +
4 4 - 4 -
+ + +

+ + +

X X

X
X

+ + +

-f + +

X X X

-t- + +

+ + -f

+ + +

+ + +
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

ALIMENTAKY SYSTEM
Esophagus
Intestine large
Intestine large, cecum
Intestine large, colon

Mesothehoma, NOS
Intestine large, rectum
Intestine small
Intestine small, duodenum

Adenocarcmoma
Mesothehoma, NOS

Intestine small, ileum
Mesothehoma, NOS

Intestine small, jejunum
Liver

Hepatocellular carcinoma
Leukemia mononuclear
Neoplastic nodule

Mesentery
Mesothehoma, NOS
Sarcoma

Pancreas
Mesothehoma, NOS

Pharynx
Palate, papilloma squamous

Salivary glands
Stomach
Stomach, forestomach
Stomach, glandular
Tongue

CARDIOVASCULAR SYSTEM
Heart

Leukemia mononuclear

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex
Adrenal gland, medulla

Pheochromocytoma malignant
Pheochromocytoma complex
Pheochromocytoma benign
Bilateral, Pheochromocytoma benign

Islets, pancreatic
Carcinoma

Parathyroid gland
Adenoma

Pituitary gland
Pars distahs, adenoma

Thyroid gland
C-cell, adenoma
Folhcular cell, carcinoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Epididymis

Mesothehoma, NOS
Preputial gland

Adenoma
Carcinoma
Bilateral, adenoma

Prostate
Mesothehoma, NOS

Seminal vesicle
Testes

Mesothehoma, NOS
Bilateral, interstitial cell, adenoma
Interstitial cell, adenoma

HEMATOPOIETIC SYSTEM
Bone marrow

Leukemia mononuclear
Lymph node

Mediastinal, leukemia mononuclear
Pancreatic, leukemia mononuclear

Lymph node, mandibular
Leukemia mononuclear

Lymph node, mesentenc
Leukemia mononuclear

Spleen
Leukemia mononuclear

Thymus
Leukemia mononuclear
Thymoma benign

1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5

2 2 2 2 2 2 2 ! !
1 1 1 2 2 2 3 4
2 3 4 1 2 3 1 3

+ + + + + + + +
+ + + + + + + +

X

+ + + + + + + +

X X

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -
4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -

X

X X X X

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -

+ + + + + + + +

+ + + + + + + +
X X X X

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -
X

+ + + + + + + +
4 - 4 - M 4 - 4 - 4 - 4 - 4 -

+ + + + + + + +

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -
4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -

x x x x x x x x

4 - 4 - 4 - 4 - 4 - M M 4 -
X X

+ + + + + + + +
X X

4- + - I - 4 - 4 - 4 - 4 - +
X X

4 - M + M 4 - 4 - + 4-

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3
5 5 5 4 4 6 6 6 7 7 7 8 8 9 9 0 0
1 2 3 1 2 1 2 3 1 2 3 1 2 1 2 1 2

4 . t + . + 4 . 4 - 4 . 4 . + 4 . 4 . + 4. + + + . 4 -
4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -
M 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -

4- 4- 4- 4- 4- 4- • 4- + + + 4- + + 4- +

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - M 4 - 4 - 4 - 4 - 4 -

X X X
X

4-

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - - I - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -

4 - 4 - 4 - 4 - 4 - - I - 4 - 4 - 4 - + 4- + 4 - 4 - 4 - 4 - +
X

X
X X X X X

X X
4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - + 4 - 4 - 4 - 4 - 4 - 4 -

X
4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -

X
4 - 4 - 4 - 4 - + 4- + M + 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -
X X X X X X

X
X

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

X X

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - M 4 - 4 - M 4 - 4 -

4 - 4 - + 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - M 4 - 4 - M 4 - 4 -

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

X X

4 - 4 - 4 - 4 - M 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - +

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -
X
X

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - I 4 - 4 - 4 - 4 - 4 - M
X

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - + 4 - 4 - 4 - M 4 - 4 - 4 - 4 -
X X X

X X X

X X

TOTAL
TISSUES
TUMORS

49
49
45
46
1

47
50
50
1
1

47
1

50
50
1

11
1
5
2
1

50
1
1
1

50
49
49
49
1

50
4

50
50
49
1
2

15
4

50
2

43
1

48
16
50
5
2

50
4

49
2
1
1

48
1

48
50

5
42
3

49
I

50
3
3

44
9

48
11
50
11
43

2
2
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

INTEGUMENTARY SYSTEM
Mammary gland

Adenocarcinoma
Fibroadenoma

Skin
Keratoacanthoma
Squamous cell carcinoma
Subcutaneous tissue, fibroma
Subcutaneous tissue, fibrosarcoma

MUSCULOSKELETAL SYSTEM
Bone
Skeletal muscle

Mesothehoma, NOS

NERVOUS SYSTEM
Brain

RESPIRATORY SYSTEM
Lung

Atveolar/bronchiolar adenoma
Carcinoma, metastatic, kidney
Leukemia mononuclear

Nose
Trachea

SPECIAL SENSES SYSTEM
Ear
Eye

URINARY SYSTEM
Kidney

Adenoma
Leukemia mononuclear
Renal tubule, adenoma
Renal tubule, carcinoma

Unnary bladder
Leukemia mononuclear
Mesothehoma, NOS

0 0 0 0 0 0 0 0 0 0 0 0
4 5 6 6 6 7 7 8 8 8 8 8
7 2 7 8 9 7 9 0 3 4 4 8

3 2 2 3 2 2 2 2 2 2 3 2
0 4 4 0 1 3 9 5 8 3 0 3
5 5 4 4 5 5 5 5 5 4 3 3

+ M . M M M M + + M + +

X
X

+
X

0 0 0 0 0 0 0 0
9 9 9 9 9 9 9 9
0 1 1 2 3 4 8 9

8 3 6 7 5 8 9 7
4 2 5 5 4 3 4 4

M + M M + M + M

+ + +• + + + + +

+ + +• + + + +• +
4.
X

1 1 1 1 1
0 0 0 0 0
0 1 2 4 5

6 9 2 2 1
4 3 5 4 1

H- 4 + + +

+ + + + +

X
X

+ -t- + + +

+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + +

X X

+
M

+ + + + + + + + • + • + + +

X

X

+ + + + + • + - + +•
X
X
X X X

+
+ +

X

X X
+ + + + + + + +

X
X

+• + + + +

+ + •+• + +

- ( - - ( - + + +

+ A + + +
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE 
(Continued) 

WEEKS ON 
STUDY 

CARCASS 
ID 

EM 
Mammary gland 

Adenocarnnoma 
Fibroadenoma 

Skin 
Keratoacanthoma 
Squamous cell carcinoma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, fibrosarcoma 

Bone 
Skeletal muscle 

Mesothelioma. NOS 

Brain 

Lung 
Alveolarhronchiolar adenoma 
Carcinoma. metastatic, kidney 
Leukemia mononuclear 

Nose 
Trachea 

SYEdAL 
Ear 
Eye 

Kidney 
Adenoma 
Leukemia mononuclear 
Renal tubule, adenoma 
Renal tubule, carcinoma 

Leukemia mononuclear 
Mesothelioma. NOS 

Unnary bladder 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

2 2 a 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3  
1 1 1 2 2 2 3 4 5 5 5 4 4 6 6 6 7 7 7 8 8 9 9 0 0  
2 3 4 1 2 3 1 3 1 2 3 1 2 1 2 3 1 2 3 1 2 1 2 1 2  

M + + + + M M M M M M + + M M M M M + M M M + M +  
X 

X 

X X X X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X x x  X . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X X X 

+ + + + + + + M + + + + + + + + + + + + + + + + +  
X 

FOTAL: 
ISSUES 
UMORS 

23 
1 
1 

50 
5 
1 
2 
2 

50 
2 
2 

50 

50 
2 
1 
9 

50 
50 

2 
2 

50 
1 
2 
3 
3 

46 
1 
2 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
HEXACHLOROETHANE 

Vehicle Control 10 mg/kg 20 mg/kg 
- 
Adrenal Medulla: Pheochromocytoma 

Overall Rates (a) 14/50 (28%) 26/45 (58%) 
Adjusted Rates (b) 37.8% 76.1% 
Terminal Rates (c) 913 1 (29%) 20128 (71%) 
Day of First Observation 637 578 
Life Table Tests (d) P = 0.064 P = 0.006 

Cochran-Armitage Trend Test (d) P=0.158 
Fisher Exact Test (d) 

Logistic Regression Tests (d) P = 0.089 P=0.002 

P = 0.003 

Adrenal Medulla: Pheochromocytoma, Benign, Complex, or  Malignant 
Overall Rates (a) 15/50 (30%) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Preputial Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Preputial Gland: Adenoma or  Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Kidney: Adenoma or Renal Tubule Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Kidney: Renal Tubule Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

40.7% 
10131 (32%) 
637 
P = 0.038 
P=0.051 
P=0.115 

1/46 (2%) 
3.3% 
1/30 (3%) 
733 

1/46 (2%) 
3.3% 
1/30 (3%) 
733 

1/50 (2%) 
2.6% 
0131 (0%) 
654 
P = 0.088 
P=0.096 
P=0.118 

0150 (0%) 
0.0% 
0131 (0%) 

P = 0.030 
P = 0.037 
P = 0.037 

- 
28/45 (62%) 
82.1% 
22/28 (79%) 
578 
P = 0.003 
P<  0.00 1 

P = 0.002 

(e) 2/17 (12%) 

(e) 3/17 (18%) 

2/50 (4%) 
5.9% 
0129 (0%) 
677 
P = 0.497 
P=0.500 

P = 0.500 

0150 (0%) 
0.0% 
0129 (0%) 

(0 
(0 

(0 

19/49 (39%) 
56.3% 
12/26 (46%) 
577 
P = 0.091 
P=0.133 

P = 0.178 

21/49 (43%) 
62.5% 
14/26 (54%) 
577 
P = 0.058 
P = 0.086 

P=0.131 

3/49 (6%) 
10.4% 
2/25 (8%) 
630 
P=O.249 
P = 0.290 
P=0.333 

4/49 (8%) 
12.5% 
2/25 (8%) 
558 
P=0.141 
P = 0.195 
P=0.201 

4/50 (8%) 
15.4% 
4/26 (15%) 
733 
P=0.132 
P = 0.146 

P=0.181 

3/50 (6%) 
9.2% 
1/26 (4%) 
636 
P = 0.098 
P=0.120 

P=0.121 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY O F  
HEXACHLOROETHANE (Continued) 

Vehicle Control 10 mg/kg 20 mg/kg 

Kidney: Adenoma, Renal Tubule Adenoma. or Renal 'Tubule Carcinoma 
Overall Rates (a )  1/50 ('2%) 
Adjusted Rates (b) 2.6% 
Terminal Rates (c) 0/3 1 (10%) 
Day of First Observation 654 
Life Table Testa (d) P =  0.1009 
Logistic Regression Tests (d) P=O.O11 
Cochran-Armitage Trend Test (d) P=0.014 
Fisher Exact Test (d) 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 11.546 
Terminal Rates (c) 2/31 (6%) 
Day of First Observation 646 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

7/50 (14%) 
20.6% 
5/31 r:16%) 
630 
P = 0.053N 
P = 0.042N 
P = 0.029N 

Mammary Gland: Fibroadenoma or Adenocarcinoma 
Overall Rates (a) 8/50 (16%) 
Adjusted Rates (b) 23.7% 
Terminal Rates (c) 6/31 (19%) 
Day of First Observation 630 
Life Table Tests (d) P =  0.068N 
Logistic Regression Tests (d) P=01.055N 
Cochran-Armitage Trend Test (d) P=01.037N 
Fisher Exact Test (d) 

Pancreas: Adenoma 
Overall Rates (a) 0150 (0%) 

Pituitary GlandIPars Distalis: Adenoma 
Overall Rates (a) 24/49 (49%) 
Adjusted Rates (b) 62.5% 
Terminal Rates (c) 17/31 (55%) 
Day of First Observation 568 
Life Table Tests (d) P=0.243N 
Logistic Regression Tests (d) P=0.099N 
Cochran-Armitage Trend Test (d) P=0.073N 
Fisher Exact Test (d) 

Skin: Keratoacanthoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Testa (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

6/5a1(12%) 
18.3% 
5/31 (16%) 
654 
P =  0.548N 
P=0.487N 
P=0.436N 

79 

2/50 (4%) 
5.9% 
0/29 (0%) 
677 
P = 0.497 
P=0.500 

P = 0.500 

(e) 0124 (0%) 

6/50 (12%) 
19.0% 
4/29 (14%) 
684 
P=0.550N 
P=0.519N 

P = 0.500N 

6/50 (12%) 
19.0% 
4/29 (14%) 
684 
P=0.439N 
P=0.405N 

P =  0.387N 

(e.g) 4/18 (22%) 

22/50 (44%) 
55.3% 
12/29 (41%) 
559 
P=0.517N 
P = 0.405N 

P=0.384N 

5/50 (10%) 
15.1% 
3/29 (10%) 
559 
P = 0.536N 
P =  0.506N 

P = 0.500N 

7/50 (14%) 
23.7% 
5/26 (19%) 
636 
P=0.020 
P = 0.026 

P = 0.030 

2/50 (4%) 
6.5% 
1/26 (4%) 
636 
P = 0.424N 
P=0.361N 
P=0.339N 

1/50 (2%) 
3.8% 
1/26 (4%) 
733 
P=0.057N 
P = 0.045N 

P=0.030N 

2/50 (4%) 
7.7% 
2/26 (8%) 
733 
P = 0.083N 
P=0.069N 

P =  0.046N 

0150 (0%) 

16/48 (33%) 
49.4% 
10/25 (40%) 
472 
P= 0.265N 
P=0.121N 

P=O.O87N 

5/50 (10%) 
17.5% 
4/26 (15%) 
587 
P=0.617N 
P=0.567N 

P=0.500N 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
HEXACHLOROETHANE (Continued) 

~ ~~~ 

Vehicle Control 10 mg/kg 20 mg/kg 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 
Adjusted Rates (b) 
'Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

6/50 (12%) 
17.2% 
4/31 (13%) 
568 
P= 0.134N 
P = 0.097N 
P = 0.090N 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 2/50 (4%) 
Adjusted Rates (b) 5.6% 
Terminal Rates (c) 1/31 (3%) 
Day of First Observation 646 
Life Table Tests (d) P=0.535 
Logistic Regression Tests (d) P=0.583N 
Cochran-Armitage Trend Test (d) P = 0.594 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 8/50 (16%) 

'Terminal Rates (c) 5/31 (16%) 
Day of First Observation 568 
Life Table Tests (d) P= 0.217N 
LAgistic Regression Tests (d) P= 0.139N 
Cochran-Armitage Trend Test (d) P=0.141N 
Fisher Exact Test (d) 

Adjusted Rates (b) 22.2% 

Testis: Interstitial Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
'Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid Gland: C-cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
F'isher Exact Test (d) 

43/49 (88%) 
93.4% 
28/31 (90%) 
406 
P = 0.086 
P = 0.250 
P = 0.422 

6/49 (12%) 
17.8% 
4/31 (13%) 
667 
P = 0.549 
P = 0.485N 
P = 0.426N 

Thyroid Gland: C-cell Carcinoma 
Overall Rates (a) 3/49 (6%) 
Adjusted Rates (b) 8.4% 
'Terminal Rates (c) 1/31 (3%) 
Day of First Observation 630 
Life Table Tests (d) P= 0.109N 
Logistic Regression Tests (d) P = O.081N 
Cochran-Armitage Trend Test (d) P=0.079N 
Fisher Exact Test (d) 
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3/50 (6%) 
8.3% 
1/29 (3%) 
617 
P=0.269N 
P=0.242N 

P=0.243N 

3/50 (6%) 
7.4% 
1/29 (3%) 
370 
P=0.485 
P=0.466 

P=0.500 

6/50 (12%) 
15.3% 
2/29 (7%) 
370 
P=0.421N 
P = 0.395N 

P=0.387N 

41/46 (89%) 
100.0% 
27/27 (100%) 
489 
P=0.320 
P = 0.505 

P = 0.545 

9/50 (18%) 
27.3% 
6/29 (21%) 
644 
P=0.255 
P = 0.272 

P=0.303 

2/50 (4%) 
5.7% 
1/29 (3%) 
614 
P = 0.532N 
P=0.491N 

P=0.490N 

2/50 (4%) 
7.4% 
1/26 (4%) 
724 
P= 0.195N 
P= 0.154N 

P= 0.134N 

2/50 (4%) 
7.2% 
1/26 (4%) 
703 
P=0.631 
P= 0.672 

P= 0.691N 

4/50 (8%) 
14.2% 
2/26 (8%) 
703 
P =0.271N 
P=0.208N 

P=0.178N 

45/50 (90%) 
97.8% 
25/26 (96%) 
467 
P=O.111 
P = 0.362 

P = 0.486 

5/50 (10%) 
15.8% 
3/26 (12%) 
472 
P=0.607N 
P=0.519N 

P = 0.486N 

0150 (0%) 
0.0% 
0126 (0%) 

P= 0.156N 
P=0.126N 

P=0.117N 



TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
HEXACHLOROETHANE (Continued) 

~ 

Vehicle! Control 

Thyroid Gland: C-Cell Adenoma or Carcinoma 
Overall Rates (a) 9/49 (18%) 
Adjusted Rates (b) 25.1% 
Terminal Rates (c) 5/31 (16%) 
Day of First Observation 630 
Life Table Tests (d) P= 0.288N 
Logistic Regression Tests (d) P=0.198N 
Cochran-Armitage Trend Test (d) P=0.162N 
Fisher Exact Test (d) 

Overall Rates (a) 13/50 (26%) I 
Adjusted Rates (b) 34.3% 
Terminal Rates(c) 8/31 (26%) 
Day of First Observation 530 
Life Table Tests (d) P=0.52!7N 
Logistic Regression Tests (d) P=0.368N 
Cochran-Armitage Trend Test (d) P = 0.3B6N 
Fisher Exact Test (d) 

Hematopoietic System: Mononuclear Leukemia 

11/50 (22%) 5/50 (10%) 
32.1% 15.8% 
7/29 (24%) 3/26 (12%) 
614 472 
P=0.352 P = 0.300N 
P=0.394 P = 0.208N 

P =0.421 P=0.183N 

[h) 15/50 (30%) 11/50 (22%) 
38.8% 31.1% 

5/26 (19%) 7/29 (24%) 
489 483 
P=0.372 P = 0.558N 
P=0.413 P=0.408N 

P=0.412 P = 0.408N 

All Sites: AI1 Mesothelioma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

1/50 (2%) 3/50 (6%) 5/50 (10%) 
3.2% 8.6% 14.5% 
1/31 (3%) 0129 (0%) 2/26 (8%) 
733 614 467 
P = 0.056 P=0.296 P=0.086 
P = 0.0'73 P=0.305 P= 0.107 
P = 0.0'70 

P=0.309 P=O.l02 

(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 
ic) Observed tumor incidence a t  terminal kill 
(d) Beneath the vehicle 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 vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regres- 
sion 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) Incomplete sampling of tissues 
(0 No Pvalue is reported because no tumors were observed in the 10 mgkg and vehicle control groups. 
(g) Includes three acinar adenomas and one adenoma 
(h) Thirty-one livers and 28 spleens were examined microscopically. 
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TABLE A4a. HISTORICAL INCIDENCE O F  RENAL TUBULAR CELL TUMORS IN MALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 
Incidence of Adenomas or Adenocarcinomas 

in Vehicle Controls 

Historical Incidence a t  EG%G Mason Research Institute 

Diglycidyl resorcinol ether 
Diglycidyl resorcinol ether 
I .a-Dichloropropane 
Chlorodibromomethane 
n-Butyl chloride 
Bromodichloromethane 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

Overall Historical Incidence 

TOTAL 
SD (c) 

Flange (d) 
High 
Low 

(b) 1150 
0150 
0/50 
0150 
0150 
0150 

11300 (0.3%) 
0.82% 

1/50 
0150 

(e) 1011,943 (0.5%) 
0.89% 

1148 
0150 

(a) Data as of April 29,1987, for studies of a t  least 104 weeks 
(b) Tubular cell adenocarcinoma 
(c) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
(e) Includes three tubular cell adenomas, five tubular cell adenocarcinomas, and two adenocarcinomas, NOS 
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TABLE A4b. HISTORICAL INCIDENCE OF ADRENAL GLAND MEDULLARY TUMORS IN MALE F344/N 
RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in  Vehicle Controls 
Pheoc hromocytoma Malignant Pheochromocytoma or 

Study Pheachromocytoma Malignant Pheochromocytoma 
~ ~ ~~~~~ ~ ~~ 

Historical Incidence at EC&G Mason Research Institute 

Diglycidyl resorcinol ether 11/50 
Diglycidyl resorcinol ether 11/50 
1,2-Dichloropropane 11/50 
Chlorodibromomethane 7/50 
n-Butyl chloride 14/50 
Bromodichloromethane 17/50 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

1/50 
1/50 
0150 
1/50 
1/50 
1/50 

71/360 (23.7%) 51300 (1.7%) 
6.74% 0.82% 

17/50 
7/50 

1/50 
0150 

12/50 
11/50 
11/50 
8/50 
15/50 
18/50 

751300 (259%) 
7.01% 

18/50 
8/50 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

52111,937 (26.9%) 2811,937 (1.4%) 54311,937 (28.0%) 
10.56% 1.90% 11.28% 

30150 
2/50 

4/50 
0150 

33/50 
2/50 

(a) Data as of April 29,1987, 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 A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF HEXACHLOROETHANE 

Vehicle Control Low Dose High Dose 

Animals initially in study 
Animals removed 
Animals examined histopathologically 

50 
50 
50 

50 
50 
50 

50 
50 
50 

ALIMENTARY SYSTEM 
Esophagus 

Foreign body 
Perforation 
Periesophageal tissue, inflammation, acute 
Periesophageal tissue, inflammation, chronic 

active 
Intestine large, cecum 

Parasite metazoan 
Intestine large, colon 

Parasite metazoan 
Intestine large, rectum 

Parasite metazoan 
Intestine small, ileum 

Hyperplasia, lymphoid 
Parasite metazoan 

Angiectasis 
Basophilic focus 
Congestion 
Cytoplasmic alteration, focal 
Fatty change 
Fibrosis, focal 
Hepatodiaphragmatic nodule 
Hyperplasia 
Hyperplasia, focal 
Mineralization, focal 
Necrosis, focal 
Bile duct, hyperplasia 
Centrilobular, necrosis, focal 
Serosa, proliferation 

Fat, necrosis 

Inflammation, chronic 
Acinus, atrophy 
Acinus, hyperplasia 
Artery, inflammation 
Duct, hyperplasia, focal 

Inflammation, chronic 
Karyomegaly, focal 

Serosa, fibrosis 
Serosa, inflammation, chronic active 

Stomach, forestomach 
Acanthosis 
Cyst epithelial inclusion 
Hyperkeratosis 
Hyperplasia, basal cell 
Inflammation, focal 
Ulcer 
Epithelium, hyperplasia 

Erosion 
Infiltration cellular, lymphocytic 
Inflammation, chronic 

Liver 

Mesentery 

Pancreas 

Salivary glands 

Stomach 

Stomach, glandular 

(50) 

1 (2%) 

4 (8%) 

10 (20%) 

10 (20%) 

1 (2%) 
1 (2%) 

1 (2%) 
11 (22%) 
1 (2%) 
2 (4%) 

27 (54%) 

1 (2%) 
1 (2%) 

(49) 

(50) 

(50) 

(49) 

(50) 

20 (40%) 
40 (80%) 

(1) 

(50) 
1 (2%) 

23 (46%) 
5 (10%) 

(50) 
1 (2%) 

(50) 

(48) 
1 (2%) 

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

(50) 

1 (2%) 

(13) 
1 (8%) 
1 (8%) 
1 (8%) 

(12) 

(13) 

(12) 

(14) 

1 (8%) 

1 (8%) 

1 (8%) 

(31) 

10 (32%) 
2 (6%) 
2 (6%) 

14 (45%) 

3 (10%) 

1 (3%) 

3 (10%) 
24 (77%) 
1 (3%) 
1 (3%) 

2 (40%) 
(5) 

(18) 

3 (17%) 

1 (6%) 
(13) 

(19) 

(18) 
3 (17%) 

3 (17%) 
1 (6%) 

3 (17%) 

(19) 

2 (11%) 

(49) 

(45) 

(46) 

(47) 

(47) 

(50) 

2 (4%) 

4 (9%) 

8 (17%) 

1 (2%) 

26 (52%) 

2 (4%) 
22 (44%) 
1 (2%) 
2 (4%) 

1 (2%) 
23 (46%) 
42 (84%) 

(5) 

(50) 
2 (40%) 

11 (22%) 
5 (10%) 
1 (2%) 

(50) 

2 (4%) 

1 (2%) 
1 (2%) 

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

3 (6%) 
1 (2%) 

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

(49) 

(49) 

(49) 

Hexachloroethane, NTP TR 361 a4 



TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF HEXACHLOROETHANE (Continued) 

Vehicle Clontrol Low Dose High Dose 

CARDIOVASCULAR SYSTEM 
Heart 

Cardiomyopathy 
Hemorrhage, focal 
Inflammation, chronic 
Mineralization 
Pigmentation, hemosiderin 
Atrium, dilatation 
Atrium, thrombus 

(50) (15) (50) 
37 (74%) 14 (93%) 43 (86%) 

1 (7%) 
1 (2%) 1 (7%) 1 (2%) 
1 (2%) 
1 (2%) 1 (7%) 

2 (13%) 3 (6%) 
1 (2%) 5 (10%) 

ENDOCRINE SYSTEM 
Adrenal gland, cortex 

Accessory adrenal cortical nodule 
Cytoplasmic alteration, focal 
Hyperplasia, focal 
Hypertrophy 
Vacuolization cytoplasmic 

Adrenal gland, medulla 
Hyperplasia, focal 
Thrombus 

Islets, pancreatic 
Hyperplasia 

Parathyroid gland 

Hyperplasia 
Pituitary gland 

Pars distalis, angiectasis 
Pars distalis, cyst 
Pars distalis, hemorrhage 
Pars distalis, hyperplasia, focal 
Pars distalis, pigmentation, hemosiderin 
Pars distalis, vacuolization cytoplasmic 
Pars intermedia, cyst 
Pars nervosa, cyst 

C-cell, hyperplasia 
Follicle, cyst 

cyst 

Thyroid gland 

(50) 
1 
6 
3 

2 
(50) 

6 

(50) 
4 

(41) 
1 

(49) 
2 
1 
1 

11 

(49) 
10 
2 

(2%) 
(12%) 
(6%) 

(4%) 

(12%) 

18%) 

(2%) 

(20%) 
(4%) 

(50) 

1 (2%) 
5 (10%) 

8 (16%) 

4 (9%) 
1 (2%) 

(45) 

(17) 

(40) 

(50) 

1 (2%) 
1 (2%) 

13 (26%) 
1 (2%) 

1 (2%) 

10 (20%) 
3 (6%) 

(50) 

(50) 

2 (4%) 
2 (4%) 
1 (2%) 
2 (4%) 

10 (20%) 
(49) 

(50) 

(43) 

1 (2%) 
(48) 

2 (4%) 

13 (27%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

11 (22%) 
4 (8%) 

(50) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Epididymis 

Atrophy 
Dilatation, focal 
Inflammation, chronic 

Preputial gland 
Abscess 
Atrophy 
Ectasia 
Hyperplasia 
Inflammation, acute 
Inflammation, chronic 
Inflammation, chronic active 
Inflammation, granulomatous 

(49) 
1 (2%) 

(46) 

1 (2%) 
2 (4%) 
1 (2%) 
1 (2%) 

29 (63%) 
1 (2%) 

(14) (50) 
2 (4%) 
1 (2%) 
1 (2%) 

1 (6%) 3 (6%) 

2 (4%) 

4 (8%) 

1 (2%) 
1 (2%) 

(17) (49) 

6 (35%) 18 (37%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF HEXACHLOROETHANE (Continued) 

Vehicle Control Low Dose High Dose 

GENITAL SYSTEM (Continued) 
Prostate 

Abscess 
Atrophy 
Hyperplasia, focal 
Inflammation, acute 
Inflammation, chronic 
Inflammation, chronic active 
Metaplasia, squamous 

Seminal vesicle 
Atrophy 
Dilatation 

Edema 
Necrosis 
Interstitial cell, hyperplasia 
Seminiferous tubule, atrophy 

Testes 

(50) 

2 (4%) 
3 (6%) 
8 (16%) 

(50) 
27 (54%) 

(49) 

8 (16%) 

(13) 
1 (8%) 

2 (15%) 
5 (38%) 

(48) 

2 (4%) 
6 (13%) 
1 (2%) 
5 (10%) 
1 (2%) 
1 (2%) 

29 (60%) 
(48) 

(50) 

3 (6%) 

HEMATOPOIETIC SYSTEM 
Bone marrow (50) 

Hyperplasia 2 
Lymph node (50) 

Inguinal, angiectasis 1 

Lumbar, infiltration cellular, plasma cell 
Lumbar, infiltration cellular, histiocytic 1 
Mediastinal, congestion 3 

Pancreatic, congestion 1 

Renal, congestion 1 

Renal, infiltration cellular, histiocytic 2 

Lymph node, mandibular (45) 
Angiectasis 3 
Congestion 2 
Infiltration cellular, plasma cell 26 
Lymphatic, angiectasis 

Lymph node, mesenteric (50) 
Congestion 2 
cyst 
Hyperplasia, lymphoid 
Infiltration cellular, plasma cell 
Infiltration cellular, histiocytic 1 
Necrosis 
Pigmentation, hemosiderin 1 

Spleen (49) 
Congestion 1 
Depletion lymphoid 
Fibrosis 
Fibrosis, focal 3 
Hematopoietic cell proliferation 6 
N e c r o s i s 1 
Pigmentation, hemosiderin 4 

Thymus (47) 
Congestion 
Hyperplasia, lymphoid 

Axillary, congestion 

Lumbar, congestion 
Lumbar, hyperplasia 

1 

Mediastinal, infiltration cellular, plasma cell 
Mediastinal, pigmentation, hemosiderin 

Pancreatic, pigmentation, hemosiderin 

Renal, hyperplasia, lymphoid 

Renal, pigmentation, hemosiderin 

(4%) 
(13) 

(31) 
2 (15%) 

1 (3%) 

(49) 

(50) 
7 (14%) 

(2%) 
1 (3%) 

1 (2%) 
(2%) 
(2%) 
(6%) 

(2%) 

(2%) 

(4%) 

(7%) 
(4%) 
(58%) 

(4%) 

(2%) 

(2%) 

(2%) 

(23) 

5 (22%) 
16 (70%) 
4 (17%) 

2 (13%) 
(15) 

1 (7%) 

1 (7%) 

1 (4%) 

3 (11%) 
1 (4%) 
4 (14%) 

5 (18%) 

2 (18%) 

(28) 

(11) 

3 (6%) 

1 (2%) 

1 (2%) 

1 (2%) 

2 (5%) 
1 (2%) 

29 (66%) 

(44) 

(48) 
2 (4%) 
1 (2%) 
2 (4%) 

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

1 (2%) 
8 (16%) 

11 (22%) 

1 (2%) 

(43) 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF HEXACHLOROETHANE (Continued) 

~ ~ ~ ~ ~~ ~ 

Vehicle Control Low Dose High Dose 

INTEGUMENTARY SYSTEM 
Mammary gland 

Ectasia 
Galactocele 
Hemorrhage 
Hyperplasia, glandular 

Cyst epithelial inclusion 
Hyperkeratosis 
Subcutaneous tissue, fibrosis 
Subcutaneous tissue, necrosis 

Skin 

MUSCULOSKELETAL SYSTEM 

Tarsal, hyperostosis 

Back, hemorrhage, focal 

Bone 

Skeletal muscle 

(50) 

(2) 

NERVOUS SYSTEM 
Brain 

Hemorrhage, focal 
Hydrocephalus 

(50) (13) (50) 
4 (8%) 4 (31%) 3 (6%) 
5 (10%) 5 (10%) 

RESPIRATORY SYSTEM 
Lung 

Congestion 
Edema 
Embolus 
Foreign body 
Fungus 
Granuloma 
Hemorrhage, focal 
Infiltration cellular, histiocytic 
Alveolar epithelium, hyperplasia, adenomatous 
Alveolar epithelium, metaplasia, focal 
Artery, ectasia 
Peribronchial, inflammation, chronic 
Pleura, inflammation, acute 

Foreign body 
Fungus 
Hemorrhage, focal 
Inflammation, acute 
Inflammation, chronic 
Inflammation, chronic active 
Metaplasia, squamous 
Lymphatic, angiectasis 

Nose 

(50) 
2 

1 

1 
1 

1 

34 

(50) 
1 
3 

36 
1 
34 

(4%) 

(2%) 

(2% 
(2%) 

(2%) 

(68%) 

(2%) 
(6%) 

(24) 
7 (29%) 
1 (4%) 

1 (4%) 

1 (4%) 
4 (17%) 
1 (4%) 

1 (4%) 

5 (21%) 
1 (4%) 

(13) 

1 (8%) 
1 (8%) 
1 (8%) 
7 (54%) 

1 (8%) 

(50) 
2 (4%) 

1 (2%) 

4 (8%) 

2 (4%) 
2 (4%) 
1 (2%) 

32 (64%) 

(50) 

2 (4%) 

1 (2%) 
30 (60%) 

33 (66%) 
1 (2%) 

SPECIAL SENSES SYSTEM 
Ear 

Eye 
Inflammation, chronic, focal 

Cataract 
Retina, degeneration 
Sclera, mineralization, focal 
Vitreous, hemorrhage 

Inflammation, chronic 
Harderian gland 

(1) (2) 

( 5 )  (3 ) (2) 
1 (100%) 

3 (60%) 1 (33%) 
1 (20%) 1 (33%) 1 (50%) 
1 (20%) 

1 (50%) 
(2) 

1 (50%) 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF HEXACHLOROETHANE (Continued) 

Vehicle Control Low Dose High Dose 

URINARY SYSTEM 
Kidney 

Casts 
Congestion 
Cytomegaly 
Hemorrhage, focal 
Hyperplasia 
Inflammation, chronic 
Mineralization 
Nephropathy 
Artery, inflammation, chronic 
Pelvis, inflammation, acute 
Pelvis, transitional epithelium, hyperplasia 
Renal tubule, cyst 
Renal tubule, hyperplasia 
Renal tubule, necrosis, focal 
Renal tubule, pigmentation 
Renal tubule, regeneration 

Urinary bladder 
Concretion 
Lumen, thrombus 
Transitional epithelium, hyperplasia 
Wall, inflammation, acute 
Wall, inflammation, chronic active 

(50) 

2 (4%) 

2 (4%) 
48 (96%) 

2 (4%) 
2 (4%) 

1 (2%) 
1 (2%) 

4 (9%) 
(47) 

(50) 

1 (2%) 
1 (2%) 

15 (30%) 
48 (96%) 

1 (2%) 
2 (4%) 
7 (14%) 
3 (6%) 
4 (8%) 

4 (8%) 

(10) 
1 (10%) 
1 (10%) 
1 (10%) 
1 (10%) 

(50) 
2 (4%) 

2 (4%) 

1 (2%) 
2 (4%) 

32 (64%) 
47 (94%) 

7 (14%) 
1 (2%) 

11 (22%) 
1 (2%) 
5 (10%) 
3 (6%) 

2 (4%) 

1 (2%) 

1 (2%) 

(46) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDYOFHEXACHLOROETHANE 

Vehicle Control Low Dose High Dose 

Animals initially in study 
Animals removed 
Animals examined histopathologically 

50 
50 
50 

50 
50 
50 

50 
50 
50 

ALIMENTARY SYSTEM 
Intestine small, ileum 

Intestine small, jejunum 

Liver 

Leukemia mononuclear 

Leukemia mononuclear 

Carcinoma, metastatic, adrenal gland 
Hepatocellular carcinoma 
Leukemia mononuclear 
Neoplastic nodule 

Leukemia mononuclear 

Leukemia mononuclear 

Palate, papilloma squamous 

Leukemia mononuclear 

Leukemia mononuclear 
Sarcoma 

Papilloma squamous 

Mesentery 

Pancreas 

Pharynx 

Stomach, forestomach 

Stomach, glandular 

Tongue 

19 (38%) 
1 (2%) 

1 (2%) 
*(SO) 

(48) 

'(50) 

(50) 

(49) 
1 (2%) 

*(50) 

14 (28%) 
1 (2%) 

*(50) 

t49) 

*(50) 

t50) 

(50) 

1 (2%) 

1 (2%) 
*(50) 

CARDIOVASCULAR SYSTEM 
Heart (50) *(50) (50) 

Leukemia mononuclear 1 (2%) 2 (4%) 
Schwannoma malignant 1 (2%) 
Ventricle le&, schwannoma malignant 1 (2%) 

ENDOCRINE SYSTEM 
Adrenal gland, cortex 

Adenoma 
Carcinoma 
Leukemia mononuclear 

Leukemia mononuclear 
Pheochromocytoma malignant 
Pheochromocytoma benign 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
Carcinoma 

Parathyroid gland 
Adenoma 

Pituitary gland 
Leukemia mononuclear 
Pars distalis, adenoma 
Pars distalis, carcinoma 

C-cell, adenoma 
C-cell, carcinoma 
Follicular cell, adenoma 
Follicular cell, carcinoma 

Adrenal gland, medulla 

Thyroid gland 

(50) 
1 (2%) 

3 (6%) 
(50) 

1 (2%) 

(49) 

(38) 

(50) 
1 (3%) 

26 (52%) 

(50) 
9 (18%) 
1 (2%) 

*(50) 

1 (2%) 
2 (4%) 

2 (4%) 
1 (2%) 

1 (2%) 

1 (2%) 

*(50) 

'(50) 

*(50) 

(49) 
1 (2%) 

20 (41%) 

(50) 
1 (2%) 

1 (2%) 
1 (2%) 

(49) 

(38) 

(49) 

16 (33%) 
1 (2%) 

6 (12%) 
(50) 

2 (4%) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF HEXACHLOROETHANE (Continued) 

Vehicle Control Low Dose High Dose 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Clitoral gland 

Adenoma 
Carcinoma 
Leukemia mononuclear 

Cystadenoma 
Leukemia mononuclear 

Leiomyoma 
Leukemia mononuclear 
Polyp stromal 
Cervix, leukemia mononuclear 
Cervix, endometrium, sarcoma stromal 
Endometrium, adenocarcinoma 

Ovary 

Uterus 

10 (21%) 
1 (2%) 
1 (2%) 
1 (2%) 1 (2%) 

HEMATOPOIETIC SYSTEM 
Bone marrow (50) *(50) (49) 

Lymph node (49) *(50) (50) 
Leukemia mononuclear 3 (6%) 1 (2%) 

Carcinosarcoma, metastatic, Zymbal gland 1 G!%) 
Mediastinal, leukemia mononuclear 6 (112%) 3 (6%) 1 (2%) 
Pancreatic, leukemia mononuclear 3 (6%) 2 (4%) 2 (4%) 
Renal, leukemia mononuclear 2 (4%) 

Leukemia mononuclear 14 (30%) 3 (6%) 10 (23%) 
Lymphoma malignant lymphocytic 1 (2%) 

Leukemia mononuclear 19 (40%) 3 (6%) 11 (22%) 
Lymphoma malignant lymphocytic 1 (2%) 

Leukemia monocytic 1 (2%) 
Leukemia mononuclear 
Lymphoma malignant lymphocytic 1 (2%) 

Leukemia mononuclear 5 (12%) 2 (4%) 4 (9%) 

Lymph node, mandibular (46) *(50) (43) 

Lymph node, mesenteric (48) *(50) (49) 

Spleen (50) *(50) (50) 

19 (38%) 11 (22%) 14 (28%) 

Thymus (41) "(50) (45) 

INTEGUMENTARY SYSTEM 

Adenocarcinoma 
Fibroadenoma 17 (35%) 
Fibroadenoma, multiple 11 (23%) 

Keratoacanthoma 

Mammary gland (48) 

Skin (49) 

Papilloma squamous 1 (2%) 
Subcutaneous tissue, fibroma 1 (2%) 
Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, leukemia mononuclear 1 (2%) 

*(50) (46) 
1 (2%) 
17 (34%) 20 (43%) 
4 (8%) 4 (9%) 

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

2 (4%) 1 (2%) 
1 (2%) 

MUSCULOSKELETAL SYSTEM 
None 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF HEXACHLOROETHANE (Continued) 

Vehicle Control Low Dose High Dose 

NERVOUS SYSTEM 
Brain (50) *(50) 

Astrocytoma malignant 
Meninges, leukemia mononuclear 1 (2%) 

(50) 
1 (2%) 

RESPIRATORY SYSTEM 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Carcinoma, metastatic, adrenal gland 
Fibrosarcoma, metastatic, skin 
Leukemia mononuclear 

Leukemia mononuclear 
Nose 

(50) *(50) (50) 
2 (4%) 1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
14 (28%) 6 (12%) 10 (20%) 

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

SPECIAL SENSES SYSTEM 
Eye *(50) *(50) 

Harderian gland *(50) *(50) 

Zymbal gland *(50) *(50) 

Conjunctiva, squamous cell carcinoma 1 12%) 

Adenocarcinoma 

Carcinoma 2 (4%) 

*(50) 

*(50) 

*(50) 
1 (2%) 

URINARY SYSTEM 
Kidney (50) (50) (50) 

Urinary bladder (46) *(50) (47) 
Leukemia mononuclear 3 (6%) 4 (8%) 

Leukemia mononuclear 1 (2%) 
Transitional epithelium, papilloma 1 (2%) 

SYSTEMIC LESIONS 
Multiple organs *(50) *(50) *(50) 

Leukemia mononuclear 19 (38%) 12 (24%) 15 (30%) 
Leukemia monocytic 1 (2%) 
Lymphoma malignant lymphocytic 2 (4%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 
Terminal sacrifice 
Dead 
Moribund 
Accident 

50 
32 
4 

14 

50 
27 
2 

20 
1 

50 
32 

3 
15 

TUMOR SUMMARY 
Total animals with primary neoplasms ** 
Total animals with benign neoplasms 

Total animals with malignant neoplasms 

Total animals with secondary neoplasms *** 

Total primary neoplasms 

Total benign neoplasms 

Total malignant neoplasms 

Total secondary neoplasms 

50 
114 
44 
86 
22 
28 

1 
1 

44 
82 
36 
63 
16 
19 

1 
2 

43 
87 
40 
61 
20 
26 

1 
1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
**+ Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF HEXACHLOROETHANE: VEHICLE CONTROL 

-_ 
WEEKS ON 
STUDY 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1  
7 7 8 8 8 8 8 8 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0  
3 9 4 7 7 7 9 9 0 2 4 5 6 6 8 9 2 4 6 6 6 6 6 6 6  

CARCASS 
ID 

A- 
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large colon 
Intestine large: rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 

Leukemia mononuclear 
Intestine small, jejunum 

Leukemia mononuclear 
Liver 

Leukemia mononuclear 
Neoplastic nodule 

Mesentery 
Leukemia mononuclear 

Pancreas  glands 
Stomach, forestomach 

Stomach, glandular 

Heart 

Leukemia mononuclear 

Leukemia mononuclear 
Schwannoma malignant 
Ventncle leR, schwannoma malignant 

M 
Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Leukemia mononuclear 

Adrenal gland medulla 
Pheochromoiytoma benign 

Islets. pancreatic 
Parathyroid gland 

Adenoma 
Pituitary gland 

Pars distalis. adenoma 
Thyroid gland 
C cell adenoma c cell: carcinoma 

None 

Clitoral gland 
Adenoma 
Carcinoma 
Leukemia mononuclear 

Cystadenoma 
Leukemia mononuclear 

Polyp stromal 
Cervix. leukemia mononuclear 
Cprvix. endometnum, sarcoma stromal 
Endometnum, adenocarcinoma 

Ovary 

m e n s  

Bone marrow 

Lymph node 

gland 

Leukemia mononuclear 

Carcinosarcoma, metastatic, Zymbal 

Mediastinal. leukemia mononuclear 
Pancreatic, leukemia mononuclear 
Renal, leukemia mononuclear 

Lymph node, mandibular 
Leukemia mononuclear 

Lymph node, mesentenc 
Leukemia mononuclear 

Spleen 
Leukemia mononuclear 

Thymus 
Leukemia mononuclear 

- 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 8 9 9 3 4 2 4 8 7 1 8 6 7 4 7 9 6 1 1 4 7 7 2 4  
5 5 4 3 5 5 5 4 4 5 5 3 5 4 3 3 2 4 3 4 2 1 2 4 1  

M + + M + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + A + + + t + A + + + + + + + + + + + + + +  
+ + + + A + + + + + A + + + + + + + t + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ t + + A + + + t + M + + + + + + + + + + + + + +  

X X . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  x x x  x x x  x x  x x x  
+ f + +  
X 

+ + M + + + + + + + A + + + + t + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + t + + t + + t + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

- 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + t + + + + + + + ~ + + + + + + r + + + t + t +  
+ M + M + + + M M + + t + + + t M + M + + M + + +  
X . . . . . . . . . . . . . . . . . . . . . . . . .  
X x x x x x x x x  x x 
t + + + + + + + + t + + + + + + + + + + t + + + t  

X X X X X 

+ + + + t + + + + M + + + + + + + + + t + + + + t  
X 

X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 

M + + + + + + + + + + + + + + + M + + + + + + + +  
X X 

X 

~~ 

+: Tissue examined microscopically 

-: 
: Notexamined 

Present but not examined microscopically 
I: Insutficient tissue 
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+ + + + + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + A + + + + + + t + + + t + + +  

X X 

X x x x  x x  
X X 

+ 
M 
+ 
+ 

+ 
+ 
t 

M 

+ 
X + 
X + 
X + 
X 

M 

r 

+ 
+ 

M 

+ 
X + 
X + 

M 
+ 
X + 
X + 

+ 
X + 
X + 
X 
M 

+ 
+ 
X 
t 
X 
M 

l I 

M: Missing 
A Autolysis precludes examination 
X: Incidence of listed morphology 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: VEHICLE CONTROL 
(Continued) 

$ : :  2" 3" 3" 3" $ !  8 " :  : :  : ? ?  i :  
4 5 3 5 3 2 1 2 3 4 1 2 3 1 1 2 1 1 2 4 1 2 1 2 3  

WEEKS ON 
STUDY 

CARCASS 
ID 

TOTAL: 
TISSUES 
TUMORS 

Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large colon 
~ntest ine large: rectum 
Intestine small 
Inteatine small, duodenum 
Intestine small, ileum 

Leukemia mononuclear 
Intestine small, jejunum 

Leukemia mononuclear 
Liver 

Leukemia mononuclear 
Neoplastic nodule 

Leukemia mononuclear 
Mesentery 

Pancreas 
Saliva glands 
S t o m a 3  
Stomach, forestomach 

Stomach, glandular 

Heart 

Leukemia mononuclear 

Leukemia mononuclear 
Schwannoma malignant 
Ventricle leR, schwannoma malignant 

Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Leukemia mononuclear 

Adrenal gland, medulla 
Pheochromocytoma benign 

Islets pancreatic 
Parat'hyroid gland 

Adenoma 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C cell. adenoma 
C-cell. carcinoma 

None 

Clitoral gland 
Adenoma 
Carcinoma 
Leukemia mononuclear 

?$:adenoma 
Leukemia mononuclear 

Uterus 
Polyp stromal 
Cervix, leukemia mononuclear 
Cervix, endometmum. sarcoma stromal 
Endometrium, adenocarcinoma 

Bone marrow 

Lymph node 

gland 

Leukemia mononuclear 

Carcinosarcoma, metastatic, Zymbal 

Mediastinal, leukemia mononuelear 
Pancreatic, leukemia mononuclear 
Renal, leukemia mononuclear 

Lymph node, mandibular 
Leukemia mononuclear 

Lymph node, mesenteric 
Leukemia mononuclear 

Spleen 
Leukemia mononuclear 

Thymus 
Leukemia mononuclear 

l- 

l l l l l l l l l l . l l l l l l l l l l l l l 1 l  

6 6 6 6 6 6 6 6 6 8 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  
o o o o o o o o o o o n o o o o o o o o o o o o o  

l- 
+ + + + + M + + + t + + + + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  + + + + + + + + + + + + + + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X x x x  X X x x  
X + + + 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + t +  + + + + + +  + +  + + + + +  + + + + ' +  + +  
+ M + + M M + + + + + + + + t + M + + M + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  x x x x  x x  x x  x x x  x x x  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X X x x  
X 

47 
50 
48 
40 
50 
50 
49 
40 
2 
50 

1 
50 
19 
1 
7 
1 
48 
50 
50 
50 

1 
49 

50 

50 
50 

1 
3 

50 
1 

49 
30 

1 
50 
26 
50 
9 
1 

I- 
f + + + + + + M + M + + + + + + + M + + + + + + +  l x  X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

I 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  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ t + + + + I M M M + + M + + + + + + + + + + + M  
X x x x  X X x x  

1 
6 
3 
2 
46 
14 
48 
19 
50 
19 
41  

5 
I 1-1 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE R A T S  VEHICLE CONTROL 
(Continued) 

WEEKS ON 
STUDY 

CARCASS 
ID 

Mammary gland 
Fibroadenoma 
Fibroadenoma. multiple 

Skin 
Pa illoma squamous 
Sugcutaneoua tissue. fibroma 
Subcutaneous tissue. leukemia 

mononuclear 

AL SYSTEM 
Bone 

Brain 

Penpheral nerve 
Spinal cord 

Lung 

Nose 
Trachea 

Meninges, leukemia mononuclear 

Alveolar/bronchiolar adenoma 
Leukemia mononuclear 

Leukemia mononuclear 

Eye 
Conjunctiva, squamous cell carcinoma 

Zymbal gland 
Carcinoma 

Kidnev 
~eul ;emia mononuclear 

Transitional epithelium, papilloma 
Unnary bladder 

0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1  
7 7 8 8 8 8 8 8 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0  
3 9 4 7 7 7 9 9 0 2 4 5 6 6 8 9 2 4 6 6 6 6 6 6 6  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 8 9 9 3 4 2 4 8 7 1 8 6 7 4 7 9 6 1 1 4 7 7 2 4  
5 5 4 3 5 5 5 4 4 5 5 3 5 4 3 3 2 4 3 4 2 1 2 4 1  

+ + M + + + + + + + M + + + + + + + + + + + + + +  
X x x  x x x  X X 

X X 
+ + + M + + + + + + + t + + + + + + + + + + + + +  

X 
X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + M + M + + + + M + + +  + + + + + + + + + + + + + +  

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
x x x  x x x  x x  X 

X 
+ + + + + + + + + + + + + + + + + + + M + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + 
+ 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + A + A + + + + + A + + + + + + + + + + + + + +  

X X 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: VEHICLE CONTROL
(Continued)

WEEKS ON
STUDY

CARCASS
ID

INTEGUMENTARY SYSTEM
Mammary gland

Fibroadenoma
Fibroadenoma, multiple

Skin
Papilloma squamous
Subcutaneous tissue, fibroma
Subcutaneous tissue, leukemia

mononuclear

MUSCULOSKELETAL SYSTEM
Bone

NERVOUS SYSTEM
Brain

Memnges, leukemia mononuclear
Peripheral nerve
Spinal cord

RESPIRATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Leukemia mononuclear

Nose
Leukemia mononuclear

Trachea

SPECIAL SENSES SYSTEM
Eye

Conjunctiva, squamous cell carcinoma
Zymbal gland

Carcinoma

URINARY SYSTEM
Kidney

Leukemia mononuclear
Unnary bladder
Transitional epithelium, papilloma

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

5 5 6 0 2 2 3 3 3 3 5 5 5 6 8 8 9 0 0 0 1 1 2 6 0
4 5 3 5 3 2 1 2 3 4 1 2 3 1 1 2 1 1 2 4 1 2 1 2 3

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

+ + + + + + + + + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + + + + M+ + +
+ + + + + + + + + + + + + + + + + + + + + + + +

X X
X X X X X

X

X

+ + + + + + + + + + + + + + + + + + + + + + + + +
X

+ + + + + + +M + + + + + + + + + + + + + + + + 1-
X

TOTAL
TISSUES
TUMORS

48
17
11
49
1
1

1

50

50
1

33
38

50
2

14
49
1

50

6
1
2
2

50
3

46
1
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF HEXACHLOROETHANE: LOW DOSE

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver

Carcinoma, metastatic, adrenal gland
Hepatocellular carcinoma
Leukemia mononuclear
Neoplastic nodule

Mesentery
Leukemia mononuclear

Pancreas
Leukemia mononuclear

Salivary glands
Stomach
Stomach, forestomach
Stomach, glandular

Leukemia mononuclear
Tongue

Papilloma squamous

CARDIOVASCULAR SYSTEM
Heart

Leukemia mononuclear

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex

Carcinoma
Leukemia mononuclear

Adrenal gland, medulla
Leukemia mononuclear
Pheochrornocytoma malignant
Bilateral, pheochromocytoma benign

Islets, pancreatic
Carcinoma

Parathyroid gland
Pituitary gland

Leukemia mononuclear
Pars distahs, adenoma

Thyroid gland
C-cell, adenoma
FoUicuIarcell, adenoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Chtoral gland

Carcinoma
Ovary

Leukemia mononuclear
Uterus

Leukemia mononuclear
Polyp stromal

HEMATOPOIETIC SYSTEM
Bone marrow
Lymph node

Mediastmal, leukemia mononuclear
Pancreatic, leukemia mononuclear

Lymph node, mandibular
Leukemia mononuclear

Lymph node, mesentenc
Leukemia mononuclear

Spleen
Leukemia monocytic
Leukemia mononuciear

Thymus
Leukemia mononuclear

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
5 7 7 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0
7 2 9 1 4 5 8 8 1 1 3 3 5 5 5 5 5 6 6 9 0 4 4 5 5

1 9 3 9 9 0 0 6 1 5 6 0 4 7 7 5 6 2 8 3 0 2 5 1 1
5 5 5 4 3 5 4 5 4 5 4 3 5 4 5 4 3 5 5 4 2 4 3 1 2

+ M+ + + + + + + +

+ + + + + + + + + +

+ + + + + + + + + +

X

X X X X X X X X X

+ + -+• +
X

-J- + + .(- + 4 . - f . + + -l- -(- 4.
X

+ 4- + + + + + + + + + +

X

+ + + + +. + + + + + +
X X

+ +. + + + + 4 . 4 . 4 . + + +
- t - - t - - t - + + + + + + + + +
X

X X

X X
X

+ + + + + + + + + + +
X

+ M+ + + M + M + + + + + + + + + + +M + M+ + +

X
X X X X X X X X X

X X X X

+ +M + + + + + +

X

X
X X X X

+ + + + + + + + + + +
X X X

X X
f M + + + + + -t- + + +

X X X

X X X
+ + + + + + + + + + + ++ + -t- -H + +

X
X X X X X X X X

+ + + + + + M + + + + +
X X
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Intestine large
Intestine large, cacum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver

Carcinoma, metastatic, adrenal gland
Hepatocellular carcinoma
Leukemia mononuclear
Neoplastic nodule

Mesentery
Leukemia mononuclear

Pancreas
Leukemia mononuclear

Salivary glands
Stomach
Stomach, forestomach
Stomach, glandular

Leukemia mononuclear
Tongue

Papilloma squamous

CARDIOVASCULAR SYSTEM
Heart

Leukemia mononuclear

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex

Carcinoma
Leukemia mononuclear

Adrenal gland, medulla
Leukemia mononuclear
Pheochromocytoma malignant
Bilateral, pheochromocytoma benign

Islets, pancreatic
Carcinoma

Parathyroid gland
Pituitary gland

Leukemia mononuclear
Pars distahs, adenoma

Thyroid gland
C cell, adenoma
Folhcular cell, adenoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Clitoral gland

Carcinoma
Ovary

Leukemia mononuclear
Uterus

Leukemia mononuclear
Polyp stromal

HEMATOPOIETIC SYSTEM
Bone marrow
Lymph node

Mediastinal, leukemia mononuclear
Pancreatic, leukemia mononuclear

Lymph node, mandibular
Leukemia mononuclear

Lymph node, mesentenc
Leukemia mononuclear

Spleen
Leukemia monocytic
Leukemia mononuclear

Thymus
Leukemia mononuclear

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

1 2 2 2 3 3 3 4 4 4 4 5 6 6 5 7 7 7 8 8 8 8 9 9 0
3 1 2 3 1 2 3 1 2 3 4 2 1 2 1 1 2 3 4 1 2 3 1 2 1

-f + + + + + + + +

X
X X

X X
+

+
X

+ + 4-
4" + 4-

+ + 4-

X

X X X X X X X X X X X

X X X
X

•4- 4-
X

4- +

+ + + •4- + 4- + 4 - 4 -

X X X

4 - 4 - 4-

4- 4- 4 - 4 - 4 -

X X X

TOTAL
TISSUES
TUMORS

9
10
10
10
10
10
10
10
10
32
1
1

11
2
5
1

12
1

10
12
12
10
1
1
1

11
2

15
15
1
2

15
2
1
1

11
1

40
49
1

20
50
7
1

10
1

14
1

25
1
7

11
17
3
2

10
3

12
3

23
1

11
11
2
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

INTEGUMENTARY SYSTEM
Mammary gland

Adenocarcmoma
Fibroadenoma
Fibroadenoma, multiple

Skm
Keratoacanthoma
Subcutaneous tissue, fibroma

MUSCULOSKELETAL SYSTEM
Bone
Skeletal muscle

NERVOUS SYSTEM
Brain

RESPIRATORY SYSTEM
Lung

Carcinoma, metastatic, adrenal gland
Leukemia mononuclear

Nose
Trachea

SPECIAL SENSES SYSTEM
Eye
Hardenan gland

URINARY SYSTEM
Kidney

Leukemia mononuclear
Unnary bladder

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 7 7 8 8 8 8 8 9 9 9 9 9 9 9 9
7 2 9 1 4 5 8 8 1 1 3 3 5 5 5 5

1 9 3 9 9 0 0 6 1 5 6 0 4 7 7 5
5 5 5 4 3 5 4 5 4 5 4 3 5 4 5 4

4 - 4 - 4 - 4 - 4 - 4 - 4 - M 4 - 4 - 4-
X

X X X X
X

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -
X

X

0 0 0 0 1 1 1 1 1
9 9 9 9 0 0 0 0 0
5 6 6 9 0 4 4 5 5

6 2 8 3 0 2 5 1 1
3 5 5 4 2 4 3 1 2

4 - 4 - 4 - 4 - 4-

X X X X
x

+

4- 4- + + 4- 4- 4- 4- + 4-

4 - 4 - 4 - 4 - + 4 " 4 - 4 - + 4-

4 - 4 - 4 - 4 - 4 - + 4 - 4 - 4 - 4 - 4 - 4 - 4 -
X

x x x
4 - 4 - 4 - 4- 4- 4- + 4- 4-
+ + + 4 - 4 - 4 - 4 - 4 - 4 - 4 -

4 - 4 - +

X X

4 - 4 - +

X X
+ + + + + + + 4 - 4 -
X X
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

INTEGUMENTARY SYSTEM
Mammary gland

Adenocarcinoma
Fibroadenoma
Fibroadenoma, multiple

Skin
Keratoacanthoma
Subcutaneous tissue, fibroma

MUSCULOSKELETAL SYSTEM
Bone
Skeletal muscle

NERVOUS SYSTEM
Brain

RESPIRATORY SYSTEM
Lung

Carcinoma, metastatic, adrenal gland
Leukemia mononuclear

Nose
Trachea

SPECIAL SENSES SYSTEM
Eye
Hardenan gland

URINARY SYSTEM
Kidney

Leukemia mononuclear
Urinary bladder

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
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

1 2 2 2 3 3 3 4 4 4 4 5 6 6 5 7 7 7 8 8 8 8 9 9 0
3 1 2 3 1 2 3 1 2 3 4 2 1 2 1 1 2 3 4 1 2 3 1 2 1

+ + + + + + + + + + + + +

X X X X X X X X X
X X

+

X

+ + + + + + +• + + + + + +

X

+ + +
+ +

+ + + + + + + + + + + + + + + + + + + + + + + + +

TOTAL
TISSUES
TUMORS

28
1

17
4

12
1
2

10
1

10

29
1
6
9

10

6
3

50
4

11
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF HEXACHLOROETHANE: HIGH DOSE

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver

Leukemia mononuclear
Neoplastic nodule

Mesentery
Pancreas
Pharynx

Palate, papilloma squamous
Salivary glands
Stomach
Stomach, forestomach
Stomach, glandular

Sarcoma

CARDIOVASCULAR SYSTEM
Heart

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex

Adenoma
Adrenal gland, medulla

Pheochromocytoma benign
Bilateral, pheochromocytoma benign

Islets, pancreatic
Parathyroid gland
Pituitary gland

Pars distahs, adenoma
Pars distahs, carcinoma

Thyroid gland
C-cell, adenoma
Folhcular cell, carcinoma

GENERAL BODY SYSTEM
Tissue, NOS

GENITAL SYSTEM
Chtoral gland

Adenoma
Ovary
Uterus

LeiO myoma
Polyp stromal
Endometnum, adenocarcinoma

HEMATOPOIETIC SYSTEM
Bone marrow

Leukemia mononuclear
Lymph node

Methastmal, leukemia mononuclear
Pancreatic, leukemia mononuclear

Lymph node, mandibular
Leukemia mononuclear
Lymphoma malignant lymphocytic

Lymph node, mesentenc
Leukemia mononuclear
Lymphoma malignant lymphocytic

Spleen
Leukemia mononuclear
Lymphoma malignant lymphocytic

Thyraus
Leukemia mononuclear

0 0
5 6
8 5

5 5
6 3
5 5

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

+ +

+ +
+ +
+ +

+ +

+ +
+ +

+ +

+ 4
M M
M +

+ +

+ M

+ +
4- +

+ +

4- 4-

+ +

4- 4

o o o o o o
6 6 8 8 8 8
6 7 3 3 3 4

6 5 5 5 5 5
0 8 2 2 9 8
5 5 5 4 5 4

+ + M + +

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

+ + M 4 - 4
+ + A + + +

X

+ + + + + +

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

+ + + + + +

+ 4 - 4 - 4 - 4 - 4 -
+ 4 - 4 - 4 - 4 - 4 -

+ M + M + +

+ + + + + +
M + + M M M

X X

+ + + + + +

+
+ 4- M 4- M M

+ + + + + +

X

4 - 4 - 4 - 4 - 4 - 4 -

4 - 4 - 4 - 4 - 4 - 4 -

4- M 4- M M 4-
X

X

+ + + + + +

n
9
0

b
1
5

4-

4-

4-
4-
4-

4-

X

4-

4-
4-
4-
4.

4-

4-
4-

4-

4-
M
4-
X

4-

+

+

4-

4
X

X

X

1)
9
0

b
2
3

4-
A
A
A
A
4-

A
4-

X

4-

4-
4-
4-
4-

4-

4-
4-

4-

4-

4-

4-

+

A

4
X
X

X

4-
X

X

X

0 0
9 9
0 0

5 5
2 3

4- 4-

4- 4-
4- 4-
4- 4-
4- 4-

X X

4-
X

4- +

4- 4-

4- 4-

4- 4-

4- M

4- 4-

4 +

4- 4-

X X

4- 4-
X X

X X

4- 4-

0 0 0 1 1 1 1 1 1 1 1
9 9 9 0 0 0 0 0 0 0 0
2 3 9 1 3 4 5 5 5 5 6

5 5 5 5 5 5 5 5 5 5 5
6 9 4 1 9 7 1 1 1 2 3

4- + 4 - 4 - 4 - 4 - 4 - 4 - 4 - M

4 - 4 - 4 - + 4 - 4 - 4 - 4 - 4 - - T
4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -
+ + + + + • 4 - 4 - 4 - 4 - M
4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - - T +

+ 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - + 4 - 4 -
X X X X X

X
4-

-I- + 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - +
X

X

X

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - M +

X X X X
X

X
X

X

X X

4 - 4 - 4 - 4 - 4 - + 4 - 4 - 4 - + -1-
X

+ 4 - 4 - + 4 - 4 - 4 - 4 - 4 - + +

X X X X

4 - 4 - 4 - - I - 4 - 4 - 4 - 4 - 4 - 4 - 4 -
X X X X

+ 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4
X X X X X

+ + + M + + I M M I +
X

1
0
6

b
3
2

+
+
X

+

+
+

+

4.

+

+

+

+

4.

+

+

+

X

X

X

+

1
0
6

b
3
3

+

+
+
+
+
+
+
+
+
+

+

+
+
+

+

+
+

+

+
+

+

+

+

+

+

+

+

4
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver

Leukemia mononuclear
Neoplastic nodule

Mesentery
Pancreas
Pharynx

Palate, papilloma squamous
Salivary glands
Stomach
Stomach, fore stomach
Stomach, glandular

Sarcoma

CARDIOVASCULAR SYSTEM
Heart

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex

Adenoma
Adrenal gland, medulla

Pheochromocytoma benign
Bilateral, pheochromocytoma benign

Islets, pancreatic
Parathyroid gland
Pituitary gland

Pars distahs, adenoma
Pars distahs, carcinoma

Thyroid gland
C cell, adenoma
Folhcularcell, carcinoma

GENERAL BODY SYSTEM
Tissue, NOS

UBN1TAL SYSTEM
Chtoral gland

Adenoma
Ovary
Uterus

Leiomyoma
Polyp stromal
Endometnum, adenocarcinoma

HEMATOPOIETIC SYSTEM
Bone marrow

Leukemia mononuclear
Lymph node

Mediastmal. leukemia mononuclear
Pancreatic leukemia mononuclear

Lymph node, mandibular
Leukemia mononuclear
Lymphoma malignant Lymphocytic

Lymph node, mesentenc
Leukemia mononuclear
Lymphoma malignant lymphocytic

Spleen
Leukemia mononuclear
Lymohoma malignant lymphocytic

Thymus
Leukemia mononuclear

1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0
6 6 6 6 6 6 6 6 6 6 6

4 4 4 4 5 5 5 5 5 6 6
1 2 3 4 1 2 3 4 5 1 2

+ + + + + + + + + + +
+ + + + + + + + + + +
+ + + + + + + + + + +
+ + + + + + + + + + +

+ + + + + + + + + + +
X X

+

+ + + + + + + + + + ++ + + + + + + + + + +
+ + + + + + + + + + +

1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 6 6 6 6 6 6 6 6 6 6 6 6 6

r"5 T" 5 '"5 5 ' 5 5 6 6 6 6 5 5
7 7 7 7 8 8 9 9 0 0 0 0 6 8
1 2 3 4 1 2 1 2 1 2 3 4 3 3

+ + + + + + + + + + + + + +

+ + 4 - 4 - + + + + + + + + + +

+ + + + + + + + + + + + + +

X

+ + +

+ + + + + + + + + + + + + +

X

+ + + + M + + + + + M

X X X X X

X X X

+ + + + + + + + + + + + + +

+ + + + + + + + + + + + MI

+ + I + + + + + + M + + + +

X X X X

X X
X

M + + M+ + + + + + +

X
X X

X

+ + + 4. + + + + + + +

+ + + + + + + + + + +

X

X X

4~ + + + + + + + "+- + 4*
X X

+ + + + + + + + + + +

X

+ + + + + + + + + + + + + +

4 . 4 . 4 . 4 . 4 . 4 . 4 . 4 . 4 . 4 . 4 . 4 . 4 . 4 .
+ + + + + + + + + + + + + +

X

X

X

^ . - ^ - ^ , ^ . + ^ , ^ - - ^ - + + + -^ + +
X X

X

TOTAL
TISSUES
TUMORS

48
49
48
48
47
50
49
47
48
50
14
1
5

49
1
1

50
50
50
50
1

50

50
50
1

46
1
1

49
38
49
16
1

50
6
2

1

39
2

50
50
1
5
1

49
1

50
1
2

43
10
1

49
11
1

50
14
1

45
4
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

INTEGUMENTARY SYSTEM
Mammary gland

Fibroadenoma
Fibroadenoma, multiple

Skin
Subcutaneous tissue, fibroma
Subcutaneous tissue, fibrosarcoma

MUSCULOSKELETAL SYSTEM
Bone

NERVOUS SYSTEM
Brain

Astrocytoma malignant
Peripheral nerve
Spinal cord

RESPIRATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Fibrosarcoma, metastatic, skin
Leukemia mononuclear

Nose
Trachea

SPECIAL SENSES SYSTEM
Eye
Hardenan gland

Adenocarcinoma

URINARY SYSTEM
Kidney
Urinary bladder

Leukemia mononuclear

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1
5 6 6 6 8 8 8 8 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0
8 5 6 7 3 3 3 4 0 0 0 0 2 3 9 1 3 4 5 5 5 5 6 6 6

5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
6 3 0 8 2 2 9 8 1 2 2 3 6 9 4 1 9 7 1 1 1 2 3 3 3
5 5 5 5 5 4 5 4 5 3 2 4 4 4 5 4 3 5 1 2 3 1 1 2 3

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

+ + + + + + + + + + + + + + + + + + + + + + +M.+

X

+ + + + + + + + + + + + + + + + + + + + + + + + +
M + + + + + + + + + +

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

+ + + + + + + + + + + + + + + + + + + + + + + + +

X

X
X X X X X X X X

+ + + + + + + + + + + + + + + + + + + + + + + + +

+ + +

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

X
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

INTEGUMENTARY SYSTEM
Mammary gland

Fibroadenoma
Fibroadenoma, multiple

Skin
Subcutaneous tissue, fibroma
Subcutaneous tissue, flbrosarcoma

MUSCULOSKELETAL SYSTEM
Bone

NERVOUS SYSTEM
Brain

Astrocytoma malignant
Peripheral nerve
Spinal cord

RESPIRATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Flbrosarcoma, metastatic, skin
Leukemia mononuclear

Nose
Trachea

SPECIAL SENSES SYSTEM
Eye
Hardenan gland

Adenocarcinoma

URINARY SYSTEM
Kidney
Urinary bladder

Leukemia mononuclear

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

4 4 4 4 5 5 5 5 5 6 6 7 7 7 7 8 8 9 9 0 0 0 0 6 8
1 2 3 4 1 2 3 4 5 1 2 1 2 3 4 1 2 1 2 1 2 3 4 3 3

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

-^ + + ^ + + + + + + + + + + + + + + + + + + + M + -
X

+ + + ^ + + + + + 4. + + + + + + + + + + + + + + +

X
+ -I- + + M + + + + + + + + + + M M + + M + + M + +
+ + + I- + + + + + + + + + + + + + + + -I- + + -I- + +

X

X X

H-
X

+ + + + + + + + + + .,. + + .,. + + + + + + + + + + +

TOTAL
TISSUES
TUMORS

46
20

4
48
1
1

50

50
1

30
38

50
1
1
1

10
50
50

6
1
1

50
47
1
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TABLE B3. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
O F  HEXACHLOROETHANE 

Vehicle Control 80 mg/kg 160 mg/kg 

Clitoral Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (c) 
Terminal Rates (d) 
Day of First Observation 
Life Table Test (e) 
Logistic Regression Test (e) 
Fisher Exact Test (e) 

3/46 (7%) 
10.3% 
3/29 (10%) 
73 1 

Clitoral Gland: Adenoma or Carcinoma 
Overall Rates (a) 4146 (9%) 
Adjusted Rates (c) 13.8% 
Terminal Rates (d) 4/29 (14%) 
Day of First Observation 
Life Table Test (e) 
Logistic Regression Test (e) 
Fisher Exact Test (e) 

73 1 

Liver: Neoplastic Nodule or Hepatocellular Carcinoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (c) 3.1% 
Terminal Rates (d) 1/32 (3%) 
Day of First Observation 
Life Table Test (e) 
Logistic Regression Test (e) 
Fisher Exact Test (e) 

73 1 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (c) 
Terminal Rates (d) 
Day of First Observation 
Life Table Tests (e) 
Logistic Regression Tests (e) 
Cochran-Armitage Trend Test (e) 
Fisher Exact Test (e) 

28/50 (56%) 
67.8% 
19/32 (59%) 
552 
P=0.293N 
P=0.269N 
P=0.242N 

Pituitary G l a n d P a r s  Distalis: Adenoma 
Overall Rates (a) 26/50 (52%) 
Adjusted Rates (c) 63.0% 
Terminal Rates (d) 17/32 (53%) 
Day of First Observation 506 
Life Table Tests (e) P = 0.047N 
Logistic Regression Tests (e) P=0.036N 
Cochran-Armitage Trend Test (e) P=0.032N 
Fisher Exact Test (e) 

Pituitary Gland/Pars Distalis: Adenoma or Carcinoma 
Overall Rates (a) 26/50 (52%) 
Adjusted Rates (c) 63.0% 
Terminal Rates (d) 17/32 (53%) 
Day of First Observation 506 
Life Table Tests (e) P = 0.069N 
Logistic Regression Tests (e) P=0.057N 
Cochran-Armitage Trend Test (e) P=0.050N 
Fisher Exact Test (e) 
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(b) 1/10 (10%) 

(b) 3/32 (9%) 

(0 21/50 (42%) 
55.1% 
11/27 (41%) 
503 
P=0.321N 
P=0.133N 

P=O.l15N 

20149 (41%) 
55.7% 
12/27 (44%) 
616 
P =  0.373N 
P = 0.2 14N 

P=0.180N 

20149 (41%) 
55.7% 
12/27 (44%) 
616 
P=0.373N 
P =  0.214N 

P = 0.180N 

2/39 (5%) 
6.7% 
1/26 (4%) 
715 
P=0.537N 
P = 0.548N 
P=0.579N 

2/39 (5%) 
6.7% 
1/26 (4%) 
715 
P=0.377N 
P = 0.381N 
P=0.420N 

1/50 (2%) 
2.8% 
0132 (0%) 
692 
P = 0.757N 
P = 0.765 
P = 0.753N 

24/50 (48%) 
60.6% 
17/32 (53%) 
450 
P = 0.316N 
P=0.312N 

P = 0.274N 

16/49 (33%) 
43 -4% 
12/32 (38%) 
575 
P = 0.051 N 
P = 0.046N 

P = 0.040N 

17/49 (35%) 
45.0% 
12/32 (38%) 
575 
P =  0.077N 
P = 0.070N 

P=0.062N 



TABLE 83. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF HEXACHLOROETHANE (Continued) 

- 
Vehicle Control 80 mgkg 160 mg/kg 

Thyroid Gland: C-cell Adenoma 
Overall Rates (a) 
Adjusted Rates (c) 
Terminal Rates (d) 
Day of First Observation 
Life Table Tests (e) 
Logistic Regression Tests (e) 
Cochran-Armitage Trend Test (e) 
Fisher Exact Test (e) 

9/50 (18%) 
24.2% 
5/32 (16%) 
618 
P = 0.260N 
P = 0.262N 
P=0.240N 

Thyroid Gland: C-cell Adenoma or Carcinoma 
Overall Rates (a) 10150 (20%) 
Adjusted Rates (c) 27.0% 
Terminal Rates (d) 6/32 (19%) 
Day of First Observation 618 
Life Table Tests (e) P =0.185N 
Logistic Regression Tests (e) P = 0.184N 
Cochran-Armitage Trend Test (e) P = 0.166N 
Fisher Exact Test (e) 

Uterus: Stromal Polyp 
Overall Rates (a) 
Adjusted Rates (c) 
Terminal Rates (d) 
Day of First Observation 
Life Table Tests (e) 
Logistic Regression Tests (e) 
Cochran-Armitage Trend Test (e) 
Fisher Exact Test (e) 

10148 (21%) 
28.7% 
8/32 (25%) 
585 
P = 0.120N 
P = 0.094N 
P = 0.087N 

Hematopoietic System: Mononuclear Leukemia 
Overall Rates (a) 19/50 (38%) 
Adjusted Rates (c) 45.8% 
Terminal Rates (d) 11/32 (34%) 

Life Table Tests (e) P=0.277N 
Logistic Regression Tests (e) P = 0.205N 
Cochran-Armitage Trend Test (e) P = 0.224N 
Fisher Exact Test (e) 

Day of First Observation 585 

7/50 (14%) 
22.1% 
4/27 (15%) 
660 
P = 0.507N 
P = 0.427N 

P=0.393N 

7/50 (14%) 
22.1 % 
4/27 (15%) 
660 
P = 0.414N 
P=0.333N 

P = 0.298N 

(g) 7/50 (14%) 
20.7% 
3/27 (11%) 
503 
P =0.415N 
P = 0.285N 

P=0.266N 

(h) 12/50 (24%) 
3 1.4% 
4/27 (15%) 
566 
P=0.207N 
P=0.081N 

P=0.097N 

6/50 (12%) 
17.8% 
5/32 (16%) 
643 
P=0.303N 
P = 0.3 1 1 N 

P=0.288N 

6/50 (12%) 
17.8% 
5/32 (16%) 
643 
P =  0.221N 
P=0.227N 

P=0.207N 

5/50 (10%) 
13.5% 
2/32 (6%) 
588 
P=0.143N 
P = 0.129N 

P=O.l13N 

15/50 (30%) 
35.9% 
6/32 (19%) 
588 
P =  0.31 1N 
P=0.245N 

P=0.263N 

(a) Number oftumor-bearing animaldnumbirr of animals examined a t  the site 
1 b) Incomplete sampling oftissues 
(c)  Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
(d) Observed tumor incidence a t  terminal kill 
(e) Beneath the vehicle 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 vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regres- 
sion 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 iri a dosed group is indicated by (N). 
(0 An adenocarcinoma was also observed in (an animal with a fibroadenoma. 
(g) Twenty-five uteruses were examined microscopically. 
(h) Thirty-two livers and 23 spleens were extimined microscopically. 
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TABLE 84 .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEARGAVAGE STUDYOFHEXACHLOROETHANE 

Vehicle Control Low Dose High Dose 

Animals initially in study 
Animals removed 
Animals examined histopathologically 

50 
50 
50 

50 
50 
50 

50 
50 
50 

ALIMENTARY SYSTEM 
Intestine large, cecum (48) (10) (48) 

Intestine large, colon (48) (10) (48) 
Parasite metazoan 2 (4%) 1 (10%) 5 (10%) 

Parasite metazoan 8 (17%) 7 (15%) 

Parasite metazoan 4 (8%) 1 (10%) 12 (26%) 

Angiectasis, focal 1 (2%) 
Basophilic focus 26 (52%) 17 (53%) 28 (56%) 
Basophilic focus, multiple 1 (3%) 
Cytoplasmic alteration 1 (3%) 

Granuloma 2 (4%) 4 (13%) 5 (10%) 
Hemorrhage, focal 1 (3%) 
Hepatodiaphragmatic nodule 2 (4%) 7 (22%) 4 (8%) 
Mixed cell focus 1 (2%) 

16 (32%) 5 (16%) 14 (28%) Necrosis, focal 
Bile duct, cyst 1 (3%) 
Bile duct, hyperplasia 21 (42%) 5 (16%) 21 (42%) 
Periductular, inflammation, chronic 1 (2%) 1 (2%) 
Perivascular, inflammation, chronic 3 (6%) 

Accessory spleen 1 (20%) 
Granuloma 1 (20%) 
Hemorrhage 1 (20%) 

1 (20%) Fat, inflammation 
Fat, necrosis 6 (86%) 3 (60%) 5 (100%) 

Inflammation, chronic, focal 1 (2%) 1 (8%) 
Acinus, atrophy 9 (19%) 1 (8%) 5 (10%) 
Acinus, hyperplasia, focal 2 (4%) 2 (4%) 
Artery, inflammation 1 (2%) 

Inflammation, chronic 1 (10%) 1 (2%) 
Acinus, atrophy, focal 1 (2%) 

Lumen, thrombus 1 (2%) 

Acanthosis 1 (8%) 3 (6%) 
Hyperkeratosis 1 (2%) 
Hyperplasia, basal cell, focal 1 (2%) 
Inflammation, chronic 1 (2%) 1 (8%) 
Inflammation, chronic active 2 (4%) 
Mineralization, focal 1 (2%) 

Inflammation, acute 1 (2%) 
Inflammation, chronic, focal 1 (2%) 
Mineralization, focal 2 (4%) 2 (4%) 

Intestine large, rectum (50) (10) (47) 

Liver (50) (32) (50) 

Fatty change 19 (38%) 11 (34%) 20 (40%) 

Mesentery (7) (5) (5) 

Pancreas (48) (12) (49) 

Salivary glands (50) (10) (50) 

Stomach (50) (12) (50) 

Stomach, forestomach (50) (12) (50) 

Stomach, glandular (49) (10) (50) 

CARDIOVASCULAR SYSTEM 
Heart (50) (11) (50) 

Cardiomyopathy 28 (56%) 3 (27%) 27 (54%) 
Artery, inflammation, chronic, focal 1 (2%) 
Atrium right, thrombus 1 (2%) 
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TABLE B4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF HEXACHLOROETHANE (Continued) 

Vehicle Control Low Dose High Dose 

ENDOCRINE SYSTEM 
Adrenal gland, cortex 

Accessory adrenal cortical nodule 
Atrophy 
Congestion 
Cytoplasmic alteration, focal 
Hypertrophy 

Adrenal gland, medulla 
Hyperplasia, focal 
Inflammation, focal 

Islets, pancreatic 
Hyperplasia 

Pituitary gland- 
Pars distalis, angiectasis 
Pars distalis, cyst 
Pars distalis, hyperplasia, focal 
Pars intermedia, angiectasis 
Pars intermedia, cyst 

Thyroid gland 
Fibrosis 
Infiltration cellular, histiocytic 
Pigmentation 
Ultimobranchial cyst 
C-cell, hyperplasia 
Follicle, cyst 
Follicle, hyperplasia, focal 

(50) 

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

5 (10%) 

1 (2%) 

4 (8%) 
25 (50%) 
5 (10%) 

1 (2%) 

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

19 (38%) 

(50) 

(49) 

(50) 

(50) 

(15) 

1 (7%) 
1 (7%) 
3 (20%) 

(15) 

(11) 

(49) 

1 (7%) 

1 (2%) 
21 (43%) 
11 (22%) 

(50) 

11 (22%) 
1 (2%) 

(50) 
1 

5 

(46) 
7 

(49) 

(49) 
7 

23 
8 
3 

(50) 

2 
12 
2 
1 

(2%) 

(10%) 

(15%) 

(14%) 
(47%) 
(16%) 
(6%) 

(4%) 
(24%) 
(4%) 
(2%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Clitoral gland 

Abscess 
Atrophy 
cys t  
Dilatation 
Hemorrhage 
Hypertrophy 
Inflammation, acute 
Inflammation, chronic 

Ovary 
Congestion 
cyst  

Uterus 
Abscess 
Dilatation 
Exudate 
Inflammation, acute, focal 
Inflammation, chronic 
Thrombus 
Cervix, hypertrophy 
Endometrium, cyst 
Endometrium, hyperplasia 

(46) 
3 (7%) 
1 (2%) 
1 (2%) 

1 (2%) 
11 (24%) 

1 (2%) 
7 (14%) 

(50)  

(48) 

5 (10%) 
2 (4%) 

3 (6%) 

2 (4%) 
1 (2%) 

(10) 

1 (10%) 

1 (7%) 
4 (29%) 

(14) 

(25) 

5 (20%) 

1 (4%) 

2 (8%) 
1 (4%) 

(39) 
1 (3%) 

1 (3%) 
1 (3%) 
1 (3%) 
3 (8%) 
4 (10%) 

2 (4%) 
4 (8%) 

1 (2%) 
4 (8%) 

(50) 

(50) 

1 (2%) 
2 (4%) 

1 (2%) 
2 (4%) 
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TABLE B4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF HEXACHLOROETHANE (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM 
Bone marrow 

Lymph node 
Hyperplasia 

Inguinal, infiltration cellular, plasma cell 
Lumbar, congestion 
Lumbar, infiltration cellular, plasma cell 
Lumbar, infiltration cellular, histiocytic 
Mediastinal, congestion 
Mediastinal, infiltration cellular, plasma cell 
Mediastinal, inflammation, granulomatous 
Mediastinal, pigmentation 
Pancreatic, angiectasis 
Pancreatic, congestion 
Pancreatic, hemorrhage 
Renal, congestion 
Renal, granuloma 
Renal, pigmentation 

Lymph node, mandibular 
Angiectasis 
Congestion 
Infiltration cellular, plasma cell 

Angiectasis 
Congestion 
Granuloma 
Hyperplasia, lymphoid 
Infiltration cellular, plasma cell 
Pigmentation 
Pigmentation, hemosiderin 

Congestion 
Hematopoietic cell proliferation 
Necrosis, focal 
Pigmentation, hemosiderin 

Lymph node, mesenteric 

Spleen 

(50) 

(49) 
11 (22%) 

1 (2%) 
1 (2%) 
1 (2%) 
2 (4%) 
1 (2%) 
1 (2%) 

2 (4%) 

(46) 
1 (2%) 
4 (9%) 

28 (61%) 

1 (2%) 
2 (4%) 

(48) 

1 (2%) 

3 (6%) 
(50) 

17 (34%) 
2 (4%) 
5 (10%) 

(49) 

(50) 
4 (8%) 

1 (2%) 

1 (2%) 
1 (2%) 

2 (4%) 
2 (4%) 

2 (5%) 

29 (67%) 

(43) 

(49) 

2 (4%) 
2 (4%) 
1 (2%) 

2 (4%) 
1 (2%) 

2 (4%) 
18 (36%) 

3 (6%) 

(50) 

INTEGUMENTARY SYSTEM 
Mammary gland 

Ectasia 
Galactocele 
Hypertrophy 
Inflammation, subacute, focal 

Cyst epithelial inclusion 
Inflammation, chronic 
Subcutaneous tissue, abscess 

Skin 

(48) (28) (46) 
3 (6%) 7 (15%) 

10 (21%) 16 (57%) 12 (26%) 
3 (6%) 

1 (2%) 
(49) (12) (48) 

1 (2%) 
1 (2%) 

1 (8%) 

MUSCULOSKELETAL SYSTEM 

Cranium, hyperostosis 
Bone (50) (10) (50) 

1 (2%) 
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TABLE B4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF HEXACHLOROETHANE (Continued) 

Vehicle Control Low Dose High Dose 

NERVOUS SYSTEM 
Brain 

Congestion 
Hemorrhage 
Hydrocephalus 
Infarct 
Pigmentation, hemosiderin 

Degeneration 
Spinal cord 

(50) (10) 

1 (10%) 
1 (10%) 

RESPIRATORY SYSTEM 
L u g  

Congestion 
Granuloma 
Hemorrhage, focal 
Infiltration cellular, histiocytic 
Pigmentation, hemosiderin, focal 
Alveolar epithelium, hyperplasia, adenomatous 
Alveolar epithelium, metaplasia 
Alveolus, atypical cells 
Artery, thrombus 
Peribronchial, inflammation, chronic 

Inflammation, chronic 
Metaplasia, squamous 

Nose 

(50) 
2 

29 
(49) 

16 
39 

(4%) 
(4%) 
(2%) 

(2%) 
(2%) 
(4%) 

(58%) 

(33%) 
(80%) 

(29) 
14 (48%) 
1 (3%) 
3 (10%) 
1 (3%) 

1 (3%) 
1 (3%) 

10 (34%) 
(9) 

3 (33%) 
1 (11%) 

(50) 
4 (8%) 
3 (6%) 
3 (6%) 

4 (8%) 

1 (2%) 
32 (64%) 

20 (40%) 
41 (82%) 

(50) 

SPECIAL SENSES SYSTEM 
Eye 

Cataract 
Retinal detachment 
Cornea, inflammation, acute 
Lens, mineralization, focal 
Posterior chamber, hemorrhage 
Retina, degeneration 
Vitreous, degeneration 

Inflammation, chronic, focal 
Harderian gland 

(6) (6) (6) 
2 (33%) 1 (17%) 

1 (17%) 
1 (17%) 

2 (33%) 
1 (17%) 

2 (33%) 1 (17%) 
1 (17%) 

(3) (1) 
2 (67%) 

~ ~~~~ 

URINARY SYSTEM 
Kidney (50) 

Casta 1 (2%) 
Inflammation, chronic 
Mineralization 14 (28%) 
Nephropathy 22 (44%) 
Renal tubule, cyst 
Renal tubule, hyperplasia 
Renal tubule, pigmentation 2 (4%) 
Renal tubule, regeneration 

Hyperplasia 
Inflammation, chronic 
Transitional epithelium, hyperplasia 
Transitional epithelium, hyperplasia, squamous 
Wall, inflammation, chronic active 

Urinary bladder (46) 

(50) 

1 (2%) 
22 (44%) 
42 (84%) 

1 (2%) 
2 (4%) 
2 (4%) 

1 (9%) 
2 (18%) 

1 (9%) 

(11) 

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

13 (26%) 
45 (90%) 

2 (4%) 

3 (6%) 
1 (2%) 

(47) 

1 (2%) 

1 (2%) 
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APPENDIX C 

SENTINEL ANIMAL PROGRAM 
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APPENDIX C. SENTINEL ANIMAL PROGRAM 

Methods 

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in op- 
timally clean facilities to eliminate potential pathogens that may affect study results. The Sentinel 
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic 
evaluation of chemical compounds. Under this program, the disease state of the rodents is monitored 
via viral serology on sera from extra (sentinel) animals in the study rooms. These animals are un- 
treated, and these animals and the study animals are both subject to identical environmental condi- 
tions. The sentinel animals come from the same production source and weanling groups as the ani- 
mals used for the studies of chemical compounds. 

Fifteen F344/N rats of each sex were selected at  the time of randomization and allocation of the ani- 
mals to the various study groups. Five animals of each designated sentinel group were killed at 6,12, 
and 18 months on study. Data from animals surviving 24 months were collected from 5/50 randomly 
selected vehicle control animals of each sex. The blood from each animal was collected and clotted, 
and the serum was separated. The serum was cooled on ice and shipped to Microbiological Associates' 
Comprehensive Animal Diagnostic Service for determination of the viral antibody titers. The follow- 
ing tests were performed: 

Hemagglutination Complement 
Inhibition Fixation ELISA 

PVM (pneumonia virus of mice) RCV (rat coronavirus) RCV/SDA (sialodacryoadenitis 
KRV (Kilham rat virus) (6,12 mo) virus) (18,24 mo) 
H-1 (Toolan's H-1 virus) 
Sendai (12,18,24 mo) 

Sendai (6 mo) 

Results 

No positive titers were seen at  6,12,18, or 24 months. 
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APPENDIX D 

INGREDIENTS, NUTRIENT COMPOSITION, AND 

CONTAMINANT LEVELS IN 

NIH 07 R,AT AND MOUSE RATION 

Pellet Diet: March 1982 to April 1984 

(Manufactured by Zeigler Bros., Inc., Gardners, PA) 

TABLE D1 

TABLE D2 

TABLE D3 

TABLE D4 

INGREDIENTS OF NIH 07 RAT RATION 

VITAMINS AND MINERALS IN NIH 07 RAT RATION 

NUTRIENT COMPOSITION OF NIH 07 RAT RATION 

CONTAMINANT LEVELS IN NIH 07 RAT RATION 

PAGE 

116 

116 

117 

118 
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TABLE D1. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a) 

Ingredients (b) Percent by Weight 

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 
Dried brewer’s 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) NCI, 1976b; NIH, 1978 
(b) Ingredients ground to pass through a U.S. Standard Screen No. 16 before being mixed 

TABLE D2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a) 

Amount Source 

Vitamins 

A 
D3 
K3 
d-a-Tocopheryl acetate 
Choline 
Folic acid 
Niacin 
d-Pantothenic acid 
Riboflavin 
Thiamine 
B12 
Pyridoxine 
Biotin 

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 
3.4 g 

10.0 g 

1.7 g 
140.0 mg 

4,000 pg 

120.0 g 
60.0 g 
16.0 g 
4.0 g 
1.4 g 
0.4 g 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione 

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 D3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION 

Nutrients 
Mean k Standard Number 

Deviation Range of Samples 

Protein (percent by weight) 
Crude fat (percent by weight) 
Crude fiber (percent by weight) 
Ash (percent by weight) 

Amino Acids (percent of total diet) 

Arginine 
G y s t i n e 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Tyrosine 
Valine 

23.26 f 1.04 
5.07 f 0.55 
3.44 f 0.51 
6.56 f 0.42 

1.32 f 0.072 
0.319 f 0.088 
1.146 f 0.063 
0.571 f 0.026 
0.914 f 0.030 
1.946 f 0.056 
1.280 f 0.067 
0.436 f 0.165 
0.938 k 0.158 
0.855 f 0.035 
0.277 f 0.221 
0.618 f 0.086 
1.108 f 0.043 

Essential Fatty Acids (percent of total diet) 

Linoleic 
Linolenic 

Vitamins 

Vitamin A (IUkg) 
Vitamin D (IUkg) 
a-Tocopherol (ppm) 
Thiamine (ppm) 
Riboflavin (ppm) 
Niacin (ppm) 
Pantothenic acid (ppm) 
Pyridoxine (ppm) 
Folic acid (ppm) 
Biotin (ppm) 
Vitamin B12 (ppb) 
Choline (ppm) 

Minerals 

Calcium (percent) 
Phosphorus (percent) 
Potassium (percent) 
Chloride (percent) 
Sodium (percent) 
Magnesium (percent) 
Sulfur (percent) 
Iron (ppm) 
Manganese (ppm) 
Zinc (ppm) 
Copper (ppm) 
Iodine (ppm) 
Chromium (ppm) 
Cobalt (ppm) 

f!.290 f 0.313 
0.258 f 0.040 

11.,596 f 4,203 
4,450 f 1,382 
43.58 f 6.92 
19.08 f 4.16 
7.6 f 0.85 
97.8 f 31.68 
30.06 f 4.31 
7.68 f 1.31 
2.62 f 0.89 
0.254 f 0.053 
24.21 f 12.66 
3,122 k 416.8 

1.25 f 0.10 
0.96 f 0.05 
0.900 f 0.098 
0.513 f 0.114 
0.323 f 0.043 
0.167 f 0.012 
0.304 f 0.064 
410.3 k 94.04 
90.29 f 7.15 
52.78 f 4.94 
10.72 f 2.76 
2.95 f 1.05 
1.85 k 0.25 
6.681 f 0.14 

21.3-26.3 
3.3-5.7 
2.9-5.6 
5.7-7.3 

1.3 10- 1.390 
0.21 8-0.400 
1.060-1.210 
0.531-0.603 
0.88 1-0.944 
1.850-1.990 
1.200-1.370 
0.306-0.699 
0.665-1.05 
0.824-0.898 
0.156-0.671 
0.564-0.769 
1.050-1.170 

1.83-2.52 
0.210-0.308 

4,200-24,000 
3,000-6,300 
31 .l-48.0 
12.0-31 .O 
7.58-8.2 
65.0-150.0 
23.0-34.0 
5.60-8.8 
1.80-3.7 
0.19-0.32 
10.6-38.0 
2,400-3,430 

1.04- 1.43 
0.87-1.10 
0.772-0.971 
0.380-0.635 
0.258-0.371 
0.151-0.181 
0.268-0.420 
262.0-523.0 
81.7-99.4 
46.1-58.2 
8.09-15.39 
1.52-3.82 
1.44-2.09 
0.490-0.780 

26 
26 
26 
26 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 

26 
4 
5 
26 
5 
5 
5 
5 
5 
5 
5 
5 

26 
26 
3 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
4 
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TABLE D4. CONTAMINANT LEVELS ].N NIH 07 RAT AND MOUSE RATION 

Contaminants 
Mean 2 Standard 

Deviation Range 
Number 

of Samples 

Arsenic (ppm) 
Cadmium (ppm) (a) 
Lead (ppm) 
Mercury (ppm) (b) 
Selenium (ppm) 
Aflatoxins (ppb) (b) 
Nitrate nitrogen (ppm) (c) 
Nitrite nitrogen (ppm) (c) 
BHA (ppm) (d) 
BHT (ppm) (d) 
Aerobic plate count (CFUlg) (d) 
Coliform (MPN/g) (fl 
E. coli (MPN/g) 
Total nitrosamines (ppb) (g) 
N-Nitrosodimethylrtmine (ppb) (g) 
N-Nitrosopyrrolidine (ppb) (g) 

Pesticides (ppm) 

a-BHC (b,h) 

y-BHC-Lindane {(b) 

Heptachlor (b) 
Aldrin (b) 
Heptachlor epoxide (b) 
DDE (b) 
DDD (b) 
DDT (b) 
HCB (b) 
Mirex (b) 
Methoxychlor (b) 
Dieldrin (b) 
Endrin (b) 
Telodrin (b) 
Chlordane (b) 
Toxaphene (b) 
Estimated PCBsi (b) 
Ronnel (b) 
Ethion (b) 
Trithion (b) 
Diazinon (b) 
Methyl parathiam (b) 
Ethyl parathion (b) 
Malathion (i) 
Endosulfan I (b) 
Endosulfan II (b) 
Endosulfan sulfate (b) 

p-BHC (b) 

6-BHC (b) 

08.51 f 0.14 
01.11 f 0.03 
01.79 f 0.62 

c0.05 

<5.0 
0.31 f 0.06 

0.25 ?C 4.09 
1.73 f 1.67 

:!.E3 f 2.58 
137,427 k 133,363 

695.0 f 911.0 
1.0.9 f 30.0 
5.15 f 5.9 
4.38 f 5.95 
0.78 ?C 0.60 

41.23 f 4.93 

<0.01 
C0.02 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.05 
40.01 
<0.01 
<0.01 
< 0.05 
<0.1 
<0.2 
<0.01 
40.02 
< 0.05 
40.1 
<0.02 
<0.02 

<0.01 
<0.01 
<0.03 

0.14 f 0.17 

0.18-0.74 
0.10-0.20 
0.33-3.37 

0.22-0.45 

2.50-18.0 
0.10-6.10 
2.0-20.0 
1 .O- 13.0 

6,200-420,000 
3.0-2,400 
3.0-150 

1.8-30.30 
0.5-30.0 
0.3-2.10 

0.05-0.81 

26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 

26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
25 
26 

(a) Two lots Contained more than 0.10 ppm. 
(b) All values were less than the detection limit, given in the table a s  the mean. 
(c) Source of contamination: alfalfa, grains, ,and fish meal 
(d) Source of contarnination: soy oil and fish meal 
(e) CFU = colony-forming unit 
(0 MPN = most probable number 
(g) All values were corrected for percent recovery. 
(h)  BHC = hexachlorocyclohexane or benzene hexachloride 
(i) Fourteen lots contained more than 0.05 ppm. 
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APPENDIX E. AUDIT SUMMARY 

The pathology specimens, experimental data, study documents, and draft NTP Technical Report No. 
361 for the 2-year studies of hexachloroethane in rats were audited for the National Institute of Envi- 
ronmental Health Sciences (NIEHS) at  the National Toxicology Program (NTP) Archives by Dyna- 
mac Corporation and by Argus Research Laboratories. The audit included review of: 

(3) 

(4) 
(5) 

All records concerning animal receipt, quarantine, randomization, and disposition prior to 
study start. 
All inlife records including protocol, correspondence, animal husbandry, environmental con- 
ditions, dosing, external masses, mortality, animal identification, and serology. 
Body weight and clinical observation data; all data were scanned before a random 10% sample 
of animals in each study group were reviewed in detail. 
All chemistry records. 
All postmortem records for individual animals concerning date of death, disposition codes, 
condition codes, tissue accountability, correlation of masses or clinical signs recorded a t  the 
last inlife observation with gross observations and microscopic diagnoses, and correlations be- 
tween gross observations and microscopic diagnoses. 
All wet tissue bags for inventory and wet tissues from a random 20% sample of animals in all 
study groups, plus other relevant cases, to evaluate the integrity of individual animal identity 
and to examine for untrimmed potential lesions. 
Blocks and slides of tissues from a random 20% sample of animals from each study group, plus 
animals with less than complete or correct identification. 
Necropsy record forms for data entry errors and all original and updated microscopic diag- 
noses for a random 10% sample of animals to verify computer data entry and their incor- 
poration into final pathology tables. 
Correlation between the data, factual information, and procedures for the 2-year studies 
presented in the draft Technical Report and the records available a t  the NTP Archives. 

In most cases, procedures and events during the exposure phase of the studies were documented ade- 
quately by the archival records. The procedure for randomizing animals was present a t  the NTP 
Archives, but the table of random numbers and body weights were not; however, the group mean body 
weights a t  the start of the studies indicate that uniform distribution was achieved. Animal room 
temperatures were recorded two tirnes per day for 103 weeks, but data for 22 measurements were not 
present. Data for peroxide analyses and analytical chemistry support work and for light cycle and air 
change rates for the animal room were not documented other than in the laboratory report. Tissue 
bags were not received at  the Archives for one high dose male rat and one low dose female rat, but, for 
both these animals, the blocks and slides were present. Review of data from the entire exposure 
phase indicated that husbandry practices were consistently followed during the course of the studies. 
Records documented that doses were prepared, stored, analyzed, and administered according to proto- 
cols. Recalculation of 24 group mean body weights showed all to be correct. Of the 204 masses noted 
iii the inlife records, all correlated with necropsy observations. Survival records for all animals were 
reviewed and found to be correct, except for the date (different by 1 day) and reason for removal 
(natural death vs. moribund kill) ofone high dose male rat. 

Individual animal identifiers (ears) were present and correct for 73/75 animals examined. One ear for 
each of the two other animals examined was correct, whereas marking on the second ear could not be 
read unambiguously; review of da1;a trails for these animals provided evidence that the integrity of 
their individual animal identity hiid been preserved throughout the study. The residual wet tissues 
contained 12 untrimmed potential lesions that were in nontarget organs, and some intestinal seg- 
ments were partially unopened in 74/75 rats examined. Gross observations made at necropsy 
correlated with microscopic diagnoses, except for 16 observations that involved nontarget organs. 

Full details about these and other audit findings are presented in audit reports on file a t  the NIEHS. 
In conclusion, the data and factual information in the preliminary draft of the Technical Report for 
the 2-year gavage studies of hexachloroethane are supported by the records at  the NTP Archives. 

Elexachloroethane, NTP TR 361 120 * U. 5. C O V E R N K  NT P R I N T  I N C  O f  F I C E  :1989-244-216  


	TOXICOLOGY AND CARCINOGENESIS STUDIES OF HEXACHLOROETHANE (CAS NO. 67-72-1) IN F344/N RATS (GAVAGE STUDIES)
	CONTENTS
	TABLES
	TABLE 1. PREPARATION AND STORAGE OF DOSE MIXTURES IN THE GAVAGE STUDIES OFHEXACHLOROETHANE
	TABLE 2. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE THIRTEEN-WEEK GAVAGE STUDIES OF HEXACHLOROETHANE
	TABLE 3. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OFHEXACHLOROETHANE
	TABLE 4. RESULTS OF REFEREE ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGESTUDIES OF HEXACHLOROETHANE
	TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OFHEXACHLOROETHANE
	TABLE 6. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE SIXTEEN-DAY GAVAGESTUDIES OF HEXACHLOROETHANE
	TABLE 7. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK GAVAGESTUDIES OF HEXACHLOROETHANE
	TABLE 8. ORGAN WEIGHT TO BODY WEIGHT RATIOS FOR RATS IN THE THIRTEEN-WEEKGAVAGE STUDIES OF HEXACHLOROETHANE
	TABLE 9. MEAN BODY WEIGHTS OF RATS IN THE TWO-YEAR GAVAGE STUDIES OFHEXACHLOROETHANE
	TABLE 10. SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF HEXACHLOROETHANE
	TABLE 11. RENAL OR RENAL TUBULE LESIONS IN MALE RATS IN THE TWO-YEAR GAVAGESTUDY OF HEXACHLOROETHANE
	TABLE 12. NUMBER OF RATS WITH VARIOUS DEGREES OF SEVERITY OF NEPHROPATHY IN THETWO-YEAR GAVAGE STUDIES OF HEXACHLOROETHANE
	TABLE 13. ADRENAL MEDULLARY LESIONS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OFHEXACHLOROETHANE
	TABLE 14. MUTAGENICITY OF HEXACHLOROETHANE IN SALMONELLA TYPHlMURIUM
	TABLE 15. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARYCELLS BY HEXACHLOROETHANE
	TABLE 16. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLSBY HEXACHLOROETHANE

	FIGURES
	FIGURE 1.INFRARED ABSORPTION SPECTRUM OF HEXACHLOROETHANE (LOT NO. H013080)
	FIGURE 2. GROWTH CURVES FOR RATS ADMINISTEREDHEXACHLOROETHANE IN CORN OIL BY GAVAGE FOR TWO YEARS
	FIGURE 3. KAPLAN-MEIER SURVIVAL CURVES FOR RATS ADMINISTEREDHEXACHLOROETHANE IN CORN OIL BY GAVAGE FOR TWO YEARS


	ABSTRACT
	EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY
	CONTRIBUTORS
	PEER REVIEW PANEL
	SUMMARY OF PEER REVIEW COMMENTS
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	III. RESULTS
	RATS
	GENETIC TOXICOLOGY

	IV. DISCUSSION AND CONCLUSIONS
	V. REFERENCES
	APPENDIXES
	APPENDIX ASUMMARY OF LESIONS IN MALE RATS INTHE TWO-YEAR GAVAGE STUDY OFHEXACHLOROETHANE
	TABLE A1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF HEXACHLOROETHANE
	TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF HEXACHLOROETHANE 
	TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OFHEXACHLOROETHANE
	TABLE A4a. HISTORICAL INCIDENCE OF RENAL TUBULAR CELL TUMORS IN MALE F344/N RATSADMINISTERED CORN OIL BY GAVAGE
	TABLE A4b. HISTORICAL INCIDENCE OF ADRENAL GLAND MEDULLARY TUMORS IN MALE F344/NRATS ADMINISTERED CORN OIL BY GAVAGE
	TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THETWO-YEAR GAVAGE STUDY OF HEXACHLOROETHANE

	APPENDIX BSUMMARY OF LESIONS IN FEMALE RATS INTHE TWO-YEAR GAVAGE STUDY OFHEXACHLOROETHANE
	TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY OF HEXACHLOROETHANE
	TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY OF HEXACHLOROETHANE
	TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDYOF HEXACHLOROETHANE
	TABLE B4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY OF HEXACHLOROETHANE

	APPENDIX CSENTINEL ANIMAL PROGRAM
	APPENDIX D INGREDIENTS, NUTRIENT COMPOSITION, AND CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION
	TABLE D1. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION
	TABLE D2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION
	TABLE D3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION
	TABLE D4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION

	APPENDIX E AUDIT SUMMARY


