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FOREWORD 


The National Toximlogy Program (NTP) is made up o f  four charter agencies o f  the U.S. Department of 
Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes o f  Health; 
the National Institute o f  Environmental Health Sciences (NIEHS), National Institutes o f  Health; the 
National Center for Toxicological Research (NCI'R), Food and Drug Administration; and the National 
Institute for Occupational Safety and Health (NIOSH), Centers for Disease Control. In July 1981, the 
Carcinogenesis Bioassay Testing Program, NCI,  was transferred to the NIEHS. The NTP coordinates the 
relevant programs, staff, and resources from these Public Health Service  agencies relating to basic and 
applied research and to biological assay development and validation. 

The N T P  develops, evaluates, and disseminates scientific information about potentially toxic and hazardous 
chemicals. This knowledge is used for protecting the health of the American people and for the primary 
prevention o f  disease. 

The studies described in this Technical Report were performed under the direction o f  the NIEHS and 
were conducted in compliance with N T P  laboratory health and safety requirements and must meet or 
exceed all applicable federal, state, and local health and safety regulations. Animal care  and use were in 
accordance with the Public Health Service Policy on Humane Care and Use of Animals. The prechronic 
and chronic studies were conducted in compliance with Food and Drug Administration (FDA) Good 
Laboratory Practice Regulations, and all aspects o f  the chronic studies were subjected to  retrospective 
quality assurance audits before being presented for public review. 

These studies are designed and conducted to characterize and evaluate the toxicologic potential, including 
carcinogenic activity, o f  selected chemicals  in laboratory animals (usually two species, rats  and mice). 
Chemicals selected for NTP toxicology and carcinogenesis studies are chosen primarily on the bases o f  
human exposure, level o f  production, and chemical structure. Selectionper se is not  an indicator of a 
chemical's carcinogenic potential. 

These NTP Technical Reports are available for sale from the National Technical Information Service, 
US.Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single
copies of  this Technical Report  are available without charge while supplies last from NTP Central  Data 
Management, NIEHS, P.O. Box 12233, MD AO-01, Research Triangle Park, NC 27709 (919-541-1371). 
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ABSTRACT 


CI 


CI 

HEXACHLOROCYCLOPENTADIENE 


CAS NO.77-47-4 


Chemical Formula: C,CI, Molecular 272.8
Weight: 

Synonyms: Perchlorocyclopentadiene,hexachloro-1,3-cyclopentadiene,HEX, HCPD, HCCP, HCCPD 
Trade Name: C-56-Graphlox 

Hexachlorocyclopentadiene is an  intermediate used in 
the manufacture o f  flameretardants, resins, and 
chlorinated cyclodiene pesticides. Toxicology and 
carcinogenesisstudieswereconducted by exposing 
maleand female F344/N ratsand B6C3Fl mice to 
atmospherescontaining hexachlorocyclopentadiene 
(approximately 98%pure) for6 hours per day, 5 days 
per week, for 13 weeks or 2 years. A  stop-exposure 
evaluation was conducted  inmale B6C3Fl mice to 
determine the influence o f  exposure level and expo- 
sure duration on the development o f  nonneoplastic 
lesions o f  the respiratory  tract and on their regression 
or progression  after exposure was stopped.  Genetic 
toxicology studies  wereconducted in Salmonella 
zyphimurium, culturedChinesehamster ovary cells, 
Drosophila melanogaster, and mouse peripheralblood 
samples were analyzed for frequency of micronucle-
ated normochromatic erythrocytes. 

U-WEEK STUDY IN RATS 
Groups o f  10 male and 10 female  rats were exposed 
to atmospheres  containing 0, 0.04,0.15, 0.4, 1,or 
2 ppm(equivalent to 0, 0.45, 1.67, 4.46, 11.14, and 
22.28 mum3) hexachlorocyclopentadiene.Additional 
ratswere exposed to 0, 0.04, 0.4, or 2 ppm hexa- 

chlorocyclopentadiene and evaluated for differences 
in clinical pathology  parameters.Allratsin the 
1and 2 ppm groups died during the first  4 weeks o f  
the study. The final mean body weight and mean 
body weight gain of  males exposed to 0.4 ppm  were 
significantly lower than  those of  the controls.  List-
lessness was observed in 2 ppm rats from week 1, in 
1ppm rats  from week 2, and in 0.4 ppm  rats during 
week 3. Rats exposed to 1or 2 ppm also experienced 
respiratory distress. No chemical-related differences 
in hematology, clinical chemistry, or urinalysis param- 
eters were observed in  male or female  rats. Absolute 
and relative  lung weights o f  0.4 ppm males were 
significantly greater  thanthose o f  the controls. 
Inflammation (necrotizing, chronic,or  suppurative) o f  
the nose, larynx, trachea, and lung was observed  in 
0.4, 1,and 2 ppm males and females. Squamous 
metaplasia o f  the epitheliallining o f  the nose o f  
0.4 ppm males and 1 and 2 ppm males and females 
was also observed. 

13-WEEK STUDY IN MICE 
Groups of  10 male and10 female mice were exposed 
t o  atmospherescontaining 0, 0.04, 0.15, 0.4, 1, or 
2 ppm(equivalent to 0, 0.45, 1.67, 4.46,  11.14, and 
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22.28 mg/m3) hexachlorocyclopentadiene. Additional 
mice were exposed to 0, 0.04, 0.4, or 2  ppmand 
evaluated for differences in clinical pathology param- 
eters. All 2 ppm mice died during the first week o f  
exposure. All 1 ppm mice died  during the first 
5 weeks o f  exposure. Five males and two females in 
the 0.4 ppm  group died during  the first 2 weeks o f  
exposure. Deaths in the other groups  were not 
related tohexachlorocyclopentadiene exposure. Final 
mean body weights o f  males exposed to 0.15 and 
0.4 ppm and the body weight gain of  0.4 ppm males 
were significantly lower than  those of  the controls. 
Treatment-related clinical findings included listless- 
ness in 0.4 and 1 ppm males and females. No 
chemical-related differences in  hematology, clinical 
chemistry, or urinalysis parameters  were observed in 
male or female mice. Necrosis or inflammation o f  
the nose, larynx, trachea,  or lung occurred in mice 
exposed to 0.4, 1, and 2 ppm hexachlorocyclopenta- 
diene. Squamous metaplasia of  the larynx or trachea 
was observed in 0.15,0.4, and 1 ppm males and  in 0.4 
and 1ppm females. 

2-YEAR STUDY I N  RATS 
Survival, Body Weights, Clinical Findings, 
and Urinalysis 
Groups o f  60 male and 60 female rats were exposed 
to atmospheres  containing 0, 0.01, 0.05, or 0.2 ppm 
(equivalent t o  0, 0.11, 0.56, and 2.28 mg/m3) hexa-
chlorocyclopentadiene. Survival rates  and mean body 
weights o f  exposed rats  were similar to those o f  the 
controls. No chemical-related clinical findings were 
observed in male or female  ratsduring the 2-year 
study. No differences in urinalysis parameters  at the 
15-month interim evaluation could be  attributed to 
exposure to hexachlorocyclopentadiene. 

pathology Findings 
No increases in neoplasm incidences could be  attrib-
uted to hexachlorocyclopentadiene. Toxicity was 
limited to the respiratorytractand included an 
increasein the incidence o f  pigmentation o f  the 
respiratory epithelium o f  the nose,  trachea, and the 
bronchi and bronchioles o f  the lung in both males 
and females. Exposure to hexachlorocyclopentadiene 
also caused an increase  in the incidence o f  squamous 
metaplasia o f  the laryngeal epithelium o f  exposed 
females; the incidences in 0.01 and 0.2 ppm females 
were significantly greater  than that o f  the controls. 
The severity o f  squamous metaplasia was minimal in 
all exposed and  control females. 

2-YEAR STUDY I N  MICE 
Survival, Body Weights, Clinical Findings, 
and Urinalysis 
Groups o f  60male and60 female mice were exposed 
to atmospheres  containing 0, 0.01, 0.05, or  0.2 ppm 
(equivalent t o  0, 0.11,0.56, and 2.28  mg/m3) hexa-
chlorocyclopentadiene. The 2-year survival rate o f  
female mice in the 0.2 ppm group was marginally 
lower than  that o f  thecontrolsdueto ahigher 
incidence o f  ovarianinflammationin 0.2 ppm 
females. Mean body weights o f  0.2 ppm males 
(weeks 62 to 103) and  females (throughout the study) 
were lower than  those o f  the controls. No clinical 
findings in  male or  female  mice were attributed to 
chemical exposure  during the 2-year study. There 
were no chemical-relateddifferencesin urinalysis 
parameters at  the 15-month  interim evaluation. 

Pathology Findings 
The site o f  toxicity o f  hexachlorocyclopentadiene 
exposure in mice in the 2-year study was the respira- 
tory tract. Chemical-relatedpigmentation o f  the 
respiratory epithelium o f  the nose,  trachea, and lung 
andsuppurativeinflammation o f  the nosewere 
observed. No increased neoplasm incidences in  males 
or females could be attributed to hexachlorocyclo-
pentadiene exposure. 

STOP-EXPOSUREEVALUATION 
Survival, Body Weights, and Clinical Findings 
Groups o f  male mice were exposed to atmospheres 
containing 0.2 ppm hexachlorocyclopentadiene for 
33 or 66 weeks or  0.5 ppm for 26 or  42 weeks fol- 
lowed by exposure to  air until the end of the study. 
Fifty male mice from  each stop-exposure group were 
evaluated at 2 years. Two-year survival rates o f  stop-
exposure groups were similar to  that of  the controls. 
Final mean body weights o f  stop-exposuregroups 
weresimilar tothat o f  the controls. No chemical-
related clinical findings were observed. 

Pathology Findings 
Nonneoplasticrespiratorytractlesionssimilar to 
those observed in  the core studywere observed in 
males in the stop-exposure  groups. Chemical-related 
pigmentationandinflammation of the respiratory 
epitheliumwerepersistentasindicated by their 
presence in many male mice after recovery periods of 
62 to78 weeks, and  the incidence and severity o f  the 
lesions were related to exposure concentration and 
duration. 
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GENETICTOXICOLOGY 
Hexachlorocyclopentadiene was not mutagenic in 
Salmonella typhimurium TA98,strains TA100, 
TA1535, and TA1537 when tested with and  without 
S9. Hexachlorocyclopentadiene did induce  sister 
chromatid exchanges and  chromosomal aberrations in 
culturedChinesehamster ovary cells, with and 
without S9. No induction o f  sex-linked recessive 
lethalmutations was observed in  male Drosophila 
melunoguster treated with hexachlorocyclopentadiene 
by feeding o r  injection,and no increasein the 
frequency o f  micronucleated erythrocytes was seen  in 
male or  female B6C3Fl mice exposed t o  hexachloro-
cyclopentadiene by inhalation for 13weeks. 

CONCLUSIONS 
Under the conditions o f  these 2-year studies, there 
was no evidence of carcinogenic activity* o f  hexa-
chlorocyclopentadiene in male or  female F344/Nrats 
o r  B6C3Fl mice exposed to 0.01, 0.05, or 0.2 ppm. 

Exposure o f  rats to hexachlorocyclopentadiene 
produced pigmentation o f  the respiratory epithelium 
o f  the nose,trachea (males), andbronchiand 
bronchioles of  the lung. Squamous  metaplasia o f  the 
laryngeal epithelium  occurred in female rats exposed 
to hexachlorocyclopentadiene. Suppurative inflam- 
mation o f  the nose as well as pigmentation o f  the 
respiratory mucosal epithelium  occurredin mice 
exposed t o  hexachlorocyclopentadiene. 

* Explanation o f  Levels o f  Evidence o f  Carcinogenic Activity is onpage 9. A summaly o f  the Technical Reports Review 
Subcommittee comments and the public discussion on this Technical Report appears on page 11. 
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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studiesof Hexachlorocyclopentadiene 

Variable Male 
F344/N Rats 

0, 0.01, 0.05, or 
0.2 ppm by inhalation 
(equivalent to 0, 0.11, 
0.56, or  2.28 mg/m3) 

Body weights Exposedgroups 
similar to controls 

2-Year survival 36/50, 33/50, 45/50, 
rates 32/50 

Nonneoplastic Lung:bronchiole 
effects pigmentation (0/50, 

0/50, 0/50, 49/50); 
peribronchiolar 
pigmentation (0/50, 
0/50, 2/50, 16/50) 
Nose:pigmentation 
(1/48, 46/50, 48/49, 
48/50) 
Trachea: 
pigmentation (0/48, 
0/50, 0/48, 5/50) 

Neoplastic effects None 

Level of evidence Noevidence 
of carcinogenic 
activity 

Genetic toxicology 
Salmonella yphimurium gene mutation: 
Sister chromatid exchanges 

Chinese hamster ovary cellsin vitro: 
Chromosomal aberrations 

Chinese hamster ovary cellsin vitro: 
Sex-linked recessive lethal mutation 

in Drosophila melanogaster: 
Mouse peripheral blood etythrocytes in vivo: 

Female 

F344lN Rats 


0, 0.01, 0.05, or 
0.2 ppm by inhalation 
(equivalent to 0, 0.11, 
0.56, or 2.28 mg/m3) 

EwposedHighlowerHighlowergroupsdosethandose 
similar tocontrolscontrols 

28/50, 33/50, 30/49, 
30/50 

Larynx: squamous 
metaplasia (9/50, 
20/50, 15/48, 24/50) 
Lung:bronchiole 
pigmentation (0/50, 
25/50, 42/49, SO/SO); 
peribronchiolar 
pigmentation (3/50, 
1/50, 4/49, 27/50) 
Nose: pigmentation 
(0/50, 34/50, 47/49, 
48/50) 

None 

No evidence 

Male 

B6C3Fl Mice 


0, 0.01, 0.05, or 
0.2 ppm by inhalation 
(equivalent to 0, 0.11, 
0.56, or 2.28 mg/m3) 

35/50, 33/50, 42/50, 
34/50 

Lung:mucosal 
pigmentation (0/49, 
2/50, 42/50, 45/50) 
Nose:suppurative 
inflammation (0/50, 
0/50, 1/50,36/50); 
mucosal pigmentation 
(0/50, 45/50, 50/50, 
44/50) 
Trachea:mucosal 
pigmentation (0/50, 
29/50, 48/50, 48/50) 

None 

No evidence 

Female 

B6C3Fl Mice 


0, 0.01, 0.05, or 
0.2 ppm by inhalation 
(equivalent to 0, 0.11, 
0.56, or 2.28 mg/m3) 

than 
controls 

31/50, 32/50, 30150, 
21/50 

Lung:mucosal 
pigmentation ( O M ,  
0/50, 27/50, 44/49) 
Nose:suppurative 
inflammation (4/49, 
0/50, 3/50, 40148); 
mucosal pigmentation 
(0/49, 40/50, 48/50, 
41/48) 
Trachea:mucosal 
pigmentation (0/49, 
4/50, 43/48, 42/47) 

None 

No evidence 

Negative wi th  and without S9 i n  strains TA98, TA100, TA1535,and TA1537 

Positive wi th  and without S9 

Positive with and without S9 

Negative administered in feed or  by injection 
Negative at  13 weeks 
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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 laboratoty animals under 
the 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 emmination of all 
available evidence, including animal studies such as those conductedby the NTP, epidemiologic studies, and estimates of exposure. 
Thus, the actual determination of risk to humans  from chemicals found to be  carcinogenic i n  laboratory animals requires a wider 
analysis that extends beyond the purview of these studies. 

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize  the strength of the evidence 
observed in each experiment: two categories for positive results (clear evidence and some evidence); one  categoty for uncertain 
findings (equivocal evidence); one categoty for no observable effects (no evidence);  and one category for experimentsthat cannot be 
evaluated because of major flaws (inadequate study). These.  categories of interpretative conclusions were first adopted in June 1983 
and then revised in March 1986 for use in the Technical Report series to incorporate more specifically the concept of actual weight o f  
evidence o f  carcinogenic activity. For each separate experiment  (male rats, female rats, male  mice, female mice), one of the  following 
five categories is selected to describe the findings. These categories refer to the strength of the experimental evidence and not to 
potency or mechanism. 

l 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 a n  indication from this or  other studies of  the ability of such neoplasms to 
progress to malignancy. 

l Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related 
increased incidence of neoplasms (malignant, benign, or  combined) in which the strength of the response is less than 
that required for clear evidence. 

l Eguivocal evidence of carcinogenic activity is demonstrated by studies tha t  are interpreted as showing a marginal 
increase of neoplasms tha t  may be chemical related. 

l No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related 
increases in malignant or benign neoplasms. 

l Inadequate study of  carcinogenic activity is demonstrated by studies that, because of major qualitative or  quantitative 
limitations, cannotbe interpreted as valid for showing either  the presenceor absence of carcinogenic activity. 

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

l adequacy of the experimental design and conduct; 
l Occurrence of common versus uncommon neoplasia; 
l progression (or lack thereof) from benign to mal ignant  neoplasia as well as from preneoplastic to  neoplastic lesions; 
l 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 mast prudent 
course is to assume that benign neoplasms of those types  have the potential to become  malignant; 

l combining benign and malignant neoplasm incidence known or thought to  represent stages of progression in the same 
organ or  tissue; 

l latency i n  neoplasminduction; 
l multiplicity in site-specificneoplasia; 
l metastases; 
l supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or  in other experiments 

(same lesion in another sex or species); 
l presence or  absence of dose relationships; 
l statisticalsignificanceoftheobservedneoplasmincrease; 
l concurrent control neoplasm incidence as well as the historical control rate and variability for a specific neoplasm; 
l survival-adjusted analyses and false positive or  false negative concerns; 
l structure-activitycorrelations;and 
l in somecases,genetictoxicology. 
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS 

On 22 June 1993 the draft  Technical Report  on the 
toxicology and carcinogenesis studies o f  hexachloro-
cyclopentadiene received public review by the 
National Toxicology Program  Board o f  Scientific 
Counselors Technical Reports Review Subcommittee. 
The review meeting was held at the National Institute 
o f  Environmental Health Sciences, Research  Triangle 
Park, NC. 

Dr. K.M. Abdo,  NIEHS,introduced the toxicology 
and carcinogenesis studies o f  hexachlorocyclo-
pentadiene by discussing the uses o f  the chemical, 
describing the experimental design, reporting on 
survival and body weight effects, and  commenting on 
compound-related nonneoplastic lesions in rats  and 
mice. He saidastop-exposureevaluation in male 
mice was done to determinewhetherthere was 
regression or progression o f  metaplastic lesions in the 
respiratory tract. The proposed conclusions were no 
evidence of carcinogenic acfiviry in male or female 
F344/N rats or male or female B6C3Fl mice. 

Dr.Zeise,aprincipal reviewer, agreed in principle 
with the proposed conclusions. She  thought that rats 
may have been  able to tolerate higher doses,  as 
indicated by the survival, mean body weights, and 
clinical findings in the 2-year study, and  thatthis 
should be notedinthe abstractand elsewhere. 
Dr. Zeise  said that there needed to  be more discus- 
sion o f  the significance o f  the alveolarepithelial 
hyperplasia seen in male mice in the stop-exposure 
evaluation.Dr.Abdo agreed. 

Dr. Ward, the second  principal reviewer, also  agreed 
in principle with the proposed  conclusions and stated 
that rats might have been  able to tolerate a higher 
top dose because no effects on body weight gain or 
survival were observed and because toxic lesions were 
limited to pigmentation o f  the respiratory  tract 
epitheliumand mild squamous metaplasia in the 
larynx o f  females. Dr. Abdo  respondedthat the 
sharp increase in mortality  between rats exposed to 
0.4 and 1.0 ppmalong with the decreased body 
weight gain o f  0.4 ppm males in the 13-week study 
justified the  topdose chosenfor the 2-year study. 

Dr. Ward criticized the use o f  less than 50 animals 
for complete histopathology  in the 0.01 and 0.05 ppm 
groups, and wondered if the reduced  statistical power 
might have affected interpretation  in organs where 
there were equivocal effects. Dr. S.L. Eustis, NIEHS, 
noted that  the NTP  has used the reduced protocol 
for many years, and  that the only case  in this study 
where use o f  a full protocol might have resolved 
uncertainty was pituitary gland neoplasms  inmale 
rats. 

Dr. Davidson, the thirdprincipal reviewer, agreed 
with the proposed conclusions. She said information 
should be added to the abstract to describe the sever- 
ity o f  the respiratory  lesions and to explain how the 
exposure concentrations and durations were selected 
for the stop-exposure  evaluation. 

Mr. Beliczky asked that the report include  comment 
on eye examinations and effects. Dr. G.N. Rao, 
NIEHS, responded that  rodents close  their eyes when 
exposed to an irritant chemical and  that this  might 
explain why no ocular  lesions were observed. Dr. van 
Zwieten observed that there were significantly 
increased incidences o f  squamous metaplasia o f  the 
larynx in 0.01 and 0.2 ppm females yet the relevance 
o f  this finding was considered  uncertain. Dr. Eustis 
said that uncertainty in interpretation is introduced 
because there is a  transition point in the larynx from 
squamous t o  respiratory-typeepithelium andit is 
difficult to get  sections from precisely the  same spot. 

Dr. Davidson moved that  the Technical Report o f  
hexachlorocyclopentadiene be acceptedwith the 
revisions discussed and with the conclusions as 
writtenformaleandfemaleratsand mice, no evi-
dence ofcarcinogenic activity. Dr. Bailey seconded the 
motion. Dr. Zeise offered an  amendment that a  sen-
tence be added to  the conclusions  stating that rats 
might have been  able totolerate higher doses. 
Dr. Ward  seconded the amendment, which was then 
defeated by two yes votes (Drs. Ward and Zeise) to 
eight no votes. The original motion by Dr. Davidson 
was then  accepted unanimously with ten votes. 
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CI CI 


HEXACHLOROCYCLOPENTADIENE 

CAS NO.77-47-4 

Chemical Formula: C5CI, Molecular Weight: 272.8 

Synonyms: Perchlorocyclopentadiene, hexachloro-1,3-cyclopentadiene, HCPD, HCCPDHEX, HCCP, 

Trade Name: C-56-Graphlox 

CHEMICAL AND PHYSICAL 
PROPERTIES 
Hexachlorocyclopentadieneis a  pale yellow liquid 
with a  pungent musty odor.  It has a melting point of 
-9.6"C, a boiling point o f  239"C, a density o f  1.717 
at 15" (Hawley, 1977), a pressure o fC vapor 
0.08mm Hg  at 25" C (Wolfe et al., 1982), anda 
vapordensity of  9.42 relative to air(Verschueren, 
1977). It is practically insoluble  inwater (1.03 to 
1.25m a )  (Chou  and Griffin, 1983)and miscible in 
hexane (Bell et al., 1979). Although the vapor 
pressure of hexachlorocyclopentadiene islow, it 
volatilizes rapidly from  water (Atallah et al., 1981). 
Hexachlorocyclopentadiene is a highly reactive 
compound,and it reactswithmonoolefiniccom-
pounds to give Diels-Alder  adducts(Ungnadeand 
McBee, 1958). 

PRODUCTION AND USE 
Hexachlorocyclopentadiene is prepared commercially 
either by chlorination o f  cyclopentadiene with 
alkaline hypochlorite at 40"C followed by fractional 
distillation or by thermal  dechlorination of  octa-
chlorocyclopentene at 470" t o  480" C (Kirk-Ofhmer, 

1979). The first method gives a highly impure 
product (75% pure), and the second method gives a 
product with 90% purity. Major  impurities found in 
commercial products include octachlorocyclopentene 
(0.68% to 1.5%), hexachloro-1,3-butadiene(0.2% to 
l.ll%), tetrachloroethane (0.09%), hexachloro-
benzene (0.04%), andpentachlorobenzene (0.02%) 
(BUA, 1988). 

Worldwide production of hexachlorocyclopentadiene 
was estimated to be 15,OOO metrictonsin 1988 
(BUA, 1988). Annual United States production was 
22,700metric tons during the early 1970's (Lu et al., 
1975),after which production  ranged from 3,600 to 
6,800metric tons (USEPA, 1977)due to restrictions 
placed on  the use of cyclodiene pesticides. 

Hexachlorocyclopentadiene is used as  anintermediate 
in the synthesis of  cyclodiene insecticides such as 
heptachlor,chlordane,aldrin,dieldrin,endrin,and 
mirex (Bell et al., 1979). It is also used in  the 
synthesis o f  flameretardants(chlorendicacidand 
other derivatives) and in the manufacture of  plastics, 
nylon, polyurethanes, and  other polymers (Sanders, 
1978). 
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receiving 38 mgkg, female  rats receiving 75 mgkg, 
andmaleand female mice receiving 150and 
300 mgkg were lower than  those of controls. Liver 
weight and  brain weight ratios  were significantly 
greater in female ratsreceiving 75 and 150 mgkg and 
in all groups o f  dosed mice. Hexachlorocyclopenta-
diene caused inflammation and epithelial hyperplasia 
of the forestomach  in male rats and male  and female 
mice receiving 38 mgkg and in female  rats receiving 
19mgkg. Toxic nephrosis  characterized by proximal 
tubuledilatation, cytoplasmic vacuolization, cyto- 
megaly, karyomegaly, and anisokaryosis occurred in 
maleand femalerats and female mice receiving 
38 mgkg. 

Rand et al. (1982a) reported the results o f  2-week 
and 14-week hexachlorocyclopentadiene inhalation 
toxicity studies. In the 2-week inhalation study, 
groups o f  10 male  and 10female Sprague-Dawley rats 
were exposed t o  atmospherescontaining 0, 0.022, 
0.11, or 0.5 ppm hexachlorocyclopentadiene 6 hours 
per day, 5 days per week. Deaths  occurred in males 
and females exposed to 0.5 ppm. Rats exposed to 
0.5 ppmalsohadred eyes and exhibited signs of  
laboredbreathing.Males exposed to 0.11 and 
0.5 ppm lost weight and had reduced liver weights. 
Rats exposed to 0.5 ppmhad an increase  inlung 
weight, histopathologic  changes in the olfactory and 
bronchiole epithelia, and inflammatory exudate in theanalyses showed a  marginal increase in serum lactic 
lumen o f  the lung. In the 14-week study,  groups o f  
40maleand 40 female Sprague-Dawley rats  were 
exposed to atmospheres containing 0, 0.01, 0.05, or 
0.2 ppm hexachlorocyclopentadiene 6 hours per day, 
5 days per week. No chemical-related effects on 
survival or  body weight were observed. Males 
exposed to 0.05 or  0.2 ppmhadreddened eyes at 
week 12; this effect did not persist. Rats exposed to  
0.2 ppm had increased hemoglobin concentrationand 
minor increases in serum cation levels. Rand et al. 
(1982b) alsoreporteda increaseddose-related 
incidence o f  electron lucent inclusions in bronchiolar 
Clara cells. In thesame article,theseauthors 
reported the presence of  similar inclusions in the 
bronchiolarClara cells o f  Cynomolgus monkeys 
similarly exposed to hexachlorocyclopentadiene. No 
other effects were observed in these animals. 

Exposure to atmospheres  containing 0.5 ppm hexa- 
chlorocyclopentadiene 6 hoursper day, 5 days per 
week for 30 weeks caused  deathand body weight 
depressioninmaleandfemaleWistar rats. Histo-
pathologic changes occurred in the lung and included 

edema, epithelial necrosis and ulceration, and hyper- 
plasia. Thesechangeswere more severe  in males 
than in females. Other histopathologic  changes 
observed in  both males and females included bile 
duct hyperplasia, inflammatory cell infiltration o f  the 
liver, and  protein casts and  pigmentationof the renal 
tubules (Clark et al., 1982). 

Humans 
Members o f  aresearch group working  with hexa-
chlorocyclopentadienedevelopedheadachesafter 
accidental exposure to  an unknown  concentration in 
the air  (Treon et al., 1955). Stomachaches,head-
aches, and burning or watery eyes were  reported by 
someresidents of  a 48-block areasurrounding a 
hexachlorocyclopentadiene-contaminatedsewerline 
in Kentucky (Kominsky and Wisseman, 1978). A 
wastewater treatment  plantin Louisville, KY, was 
contaminated by the illegal dumping o f  6 tons o f  
hexachlorocyclopentadiene and octachlorocyclo-
pentadiene. Theconcentration o f  hexachlorocyclo-
pentadiene in the sewage at  the plant was as high as 
1,OOO m a .  The concentration in air samples  taken 
from the sewer line was as high as 400 ppb. Out o f  
145 workers, 85 had eye irritation, 65 had headaches, 
and 39 hadthroatirritation(Morse et aL, 1978, 
1979). These  symptoms persisted in some employees 
for up to 6 weeks after  exposure. Clinical chemistry 

acid dehydrogenase activity, and urinalysis revealed 
proteinuriainthese workers. Similarsymptoms of  
intoxication were observed in  wastewater treatment 
plantworkers in Memphis, TN, processing hexa- 
chlorocyclopentadiene-contaminated wastefroma 
pesticide No weremanufacturer. abnormalities 
reported in liver function tests o f  these workers (Elia 
et al., 1983). 

REPRODUCTIVE AND DEVELOPMENTAL 
TOXICITY 
Experimental Animals 
Hexachlorocyclopentadiene administeredorally at 
doses o f  up to 75 mg/kg per day on days 6 through 15 
o f  gestation to CF-1 mice did not  causematernal 
toxicity, fetal toxicity, o r  teratogenic effects. In New 
Zealandrabbits receiving a daily oraldose o f  
75 mgkg during days 6 to 8 o f  gestation there was a 
similar lack o f  effect except for  an increasein the 
proportion o f  fetuseswith 13 ribs (Murray et al., 
1980). 
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A study of Swiss (CD-l@)mice receiving daily oral 
doses of  45 mg hexachlorocyclopentadiene per kg 
body weight on days 8 through 12 o f  gestation 
showed no chemical-related effects on maternal 
weight or  on the number o r  weight o f  live offspring 
(Chernoff and Kavlock, 1982). 

Humans 
Noinformation onthe reproductive or develop-
mental toxicity o f  hexachlorocyclopentadiene in 
humans was found  in the literature. 

CARCINOGENICITY 
Experimental Animals 
No information onthe carcinogenicpotential o f  
hexachlorocyclopentadiene inexperimentalanimals 
was found  in the literature. 

Humans 
Epidemiologystudies o f  workers involved in the 
production or use o f  hexachlorocyclopentadiene 
showed no higher death  rates dueto cancer than for 
the general  population (Wang and  MacMahon, 1979; 
Buncher et al., 1980, Shindell and Associates, 1981). 
The WangandMacMahon (1979) study involved 
1,403 males who  were employed for at least 3 months 
inachlordaneandheptachlorplant between 1946 
and 1976. The Buncher et al. (1980) study involved 
a total o f  341 workers, 54 o f  whom were females, 
who were employed for at least 3 monthsina 
hexachlorocyclopentadieneproduction plant between 
1953 and 1974. The Shindell  and Associates (1981) 
study involved 1,115 workers who were employed for 
at least 3 months at a heptachlor  plant between 1952 
and 1979. 

GENETICTOXICITY 
The published mutagenicity test  data for hexachloro- 
cyclopentadiene,although limited in type and 
amount,are uniformly negative. Noinduction o f  

mutations was ObSeNed  in Escherichia coli 
(Goggelman et al., 1978; Brooks et al., 1983), 
Salmonella typhimurium (Brooks et al., 1983;Haworth 
et al., 1983), Saccharomyces cerevisiae (Brooks et al., 
1983), or mouse lymphoma W178Y cells (Litton 
Bionetics, 1978a), with o r  without S9 metabolic 
activation enzymes. Studies with cultured  rat hepato-
cytes showed no induction o f  chromosomal aberra-
tions(Brooks et aL, 1983) or unscheduled DNA 
synthesis following treatment with hexachlorocyclo- 
pentadiene. In vivo, no significant increase in sex- 
linked recessive lethal  mutations was noted  in germ 
cells o f  male Drosophila melanogaster exposed to 
hexachlorocyclopentadiene through feeding or  injec- 
tion (Zimmering et al., 1985;Mason et al., 1992), and 
no increaseindominantlethalmutations was 
observed in Swiss (CD-l@)male mice administered 
up t o  1 mg hexachlorocyclopentadieneper kg body 
weight by gavage (Litton Bionetics, 1978b). 

STUDYRATIONALE 
The National Cancer Institute nominated hexachloro-
cyclopentadieneforstudybecauseithasalarge 
production volume, which suggests the potential  for 
significant human exposure; because  it has a  struc-
tural relationship to compounds identified as hepato-
carcinogens such as heptachlor, aldrin, and dieldrin 
(NCI, 1977a,1978); and because information on its 
chronic toxicity was lacking. 

Because hexachlorocyclopentadiene has no end use o f  
its own, occupational  exposureappears t o  be the 
most serious  human health hazard. Workplace expo- 
sure occurs primarily via inhalation;  therefore, this 
exposure route was selected  for the NTP studies. 
The 2-year mouse  studyincludedastop-exposure 
evaluation of  male mice to  determine the importance 
o f  exposure concentration versus exposure duration 
on the development o f  nonneoplastic lesions andthe 
regression o r  progression o f  the lesionsduringa 
postexposure recovery period. 
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MATERIALS AND METHODS 


Bulk chemical stability  studies were conducted using PROCUREMENT AND 
gas chromatography. Hexachlorocyclopentadiene wasCHARACTERIZATION 
determined to be stableasabulk chemical when OF HEXACHLOROCYCLOPENTADIENE 

Hexachlorocyclopentadiene was obtained from 
Velsicol Chemical  Corporation (Chicago, IL) in one 
lot (2291-1) which was used throughout  the 13-week 
and 2-year studies.  Identity, purity, and stability 
analyses were  conducted by the analytical chemistry 
laboratory, Midwest Research  Institute (Kansas City, 
MO), and were confirmed by the study  laboratory. 
Reports onthe analyses performed  in support o f  the 
hexachlorocyclopentadiene studies are  on file at the 
National Institute of  Environmental Health Sciences 
(NIEHS). The methods and results o f  these studies 
are detailed  in Appendix I. 

The chemical, a viscous, pale yellow liquid, was 
identified as hexachlorocyclopentadiene by infrared, 
ultraviolethisible,andnuclearmagneticresonance 
spectroscopy. The purity was determined by ele-
mental analysis, free acid titration, thin-layer 
chromatography, and gas chromatography.  Elemental 
analyses o f  carbonandchlorineagreed with the 
theoreticalvaluesfor hexachlorocyclopentadiene. 
Free acid titration  indicated 224 f 16(s) ppm hydro- 
chloric acid. In one system, thin-layer chromatog- 
raphy indicated one trace  imparity;in the second 
system, one trace  and two slight trace  impurities were 
observed. Two gas chromatography systems gave two 
impurity peaks with areas  greater than 0.1% relative 
to the major peak. Results o f  these analyses indi- 
cated an overall  purity of approximately 98% for the 
bulk chemical. 

Capillary gas chromatography-mass  spectrometry was 
used by the analytical chemistry laboratory to identify 
one o f  the impurity peaks observed by the initial gas 
chromatographic analysis. The impurity was identi- 
fied as hexachloro-1,3-butadiene. Using a  reference 
standard, its concentration in the bulk chemical was 
determined to  be 0.4%. The study laboratory used a 
gas chromatography-electron capture  method along 
with a  referencestandard to quantitate the known 
impurity, hexachloro-3-cyclopentadiene-1-one 
(hex-ketone), in the bulk chemical. The concentra- 
tion o f  the hex-ketone was approximately 1.5%. 

stored in sealed containerswith a  nitrogen headspace 
and protected from light for  as long as 2 weeks at 
temperaturesup to 60" C. The study  laboratory 
stored the bulk chemical at room temperature  in the 
original shipping containers. 

The study laboratory  monitored the stability o f  the 
bulk chemical using gas chromatography  and free acid 
titration.Nodegradation o f  the bulk chemical 
occurred during the 13-week or 2-year studies. 

GENERATIONAND MONITORING 
OF CHAMBER CONCENTRATIONS 
Detaileddescriptions o f  the inhalation  chambers 
(Hazleton 2OO0, Lab  Products, Inc., Aberdeen,  MD) 
and the vapor  generation system are contained  in 
Appendix I. Asingleon-line gas chromatograph 
equipped with an  electron capture detectorwas used 
to monitor vapor concentrationso f  hexachlorocyclo-
pentadiene. The monitor was coupledwith the 
inhalation chambers using an  automated, multiplexed, 
8-port (13-week studies) or 12-port  sampling valve. 
Calibration was maintained by periodic analysis o f  
grabsamples from the chambers, which were  ob-
tained using bubblers filled with isooctane.  Bubbler 
contents analyzed using an off-line gaswere 
chromatograph, which was calibrated using gravi- 
metrically prepared  standards o f  hexachlorocyclo-
pentadiene. The uniformity o f  the chamber 
atmosphere was maintained  throughout the 13-week 
and 2-year studies.  Mean exposure concentrations for 
each chamber during the 2-year studies are presented 
in Figures I 6  through 112. 

Buildup and decay rates  for chamber concentrations 
were determined with and without  animals present in 
the chambers. The time to achieve 90% o f  target 
concentration afterthe start o f  vapor generation(Tw) 
without animals ranged from 15to 25 minutes  for the 
13-week and 2-year studies. The time  forthe 
chamber concentration to decay to 10% o f  the target 
concentration after vapor generation was terminated 
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("3ranged from 11to 19 minutes. Additional  tests 
with animals  present were conducted during the first 
2 weeks o f  the 2-year study, and a Twof 20 minutes 
was adopted. 

Studies o f  hexachlorocyclopentadienedegradation in 
the chambers  were conducted duringthe 13-week and 
2-year studies by comparing  samples collected with 
the isooctane  bubblers to a  reference sample o f  bulk 
hexachlorocyclopentadiene. No significant degrada- 
tion of the bulk chemical was observed during the 
13-week or 2-year studies. 

ISWEEK STUDIES 
The 13-week studies  were conducted to evaluate the 
cumulative toxic effects of  repeatedexposure to 
hexachlorocyclopentadiene and to determine the 
appropriate concentrations to be used in  the 2-year 
studies. 

Male and female F344/N rats  and B6C3Fl mice were 
obtainedfromFrederickCancerResearch Facility 
(Frederick, MD). At receipt, the animals  were 
6 weeks old. The rats were quarantined for 14 days 
before exposure began; the mice were  quarantined for 
11days. Before the beginning of  the studies, 5 male 
and 5 female rats  and mice  were randomly selected 
forparasiteevaluationand gross observation  for 
evidence o f  disease. Atthe end of  the studies, 
serologic analyses were  performed on 5 maleand 
5 female control rats and mice using the protocols of 
the NTP Sentinel Animal Program (AppendixK). 

Groups o f  10 male and10female rats and mice were 
exposed to hexachlorocyclopentadiene at concentra- 
tions o f  0, 0.04, 0.15, 0.4, 1,  or 2  ppm (equivalent to 
0, 0.45, 1.67, 4.46, 11.14, or  22.28  mg/m3) for 6 hours 
per day, 5 days per week, for 13weeks (Table 1). At 
the end o f  the studies,  blood was collected  from the 
lumbar aorta (rats) or  supraorbital  sinus (mice) for 
hematology and clinical chemistry analyses. The 
clinical pathology  parameters measured are listed in 
Table 1. The adrenal  gland,brain,heart,right 
kidney, liver, lungs, right  testis,and thymus o f  all 
surviving animals  were weighed. 

A special studywas conducted to examine differences 
inhematology, clinical chemistry, or  urinalysis 
parameters that could be associated with kidney and 
respiratory tract lesions previously observed in  rats 
and mice exposed to hexachlorocyclopentadiene. 

Groups of 20 male and20 female rats and mice were 
exposed to 0,0.04, 0.4, or  2  ppm hexachlorocyclo-
pentadiene for 6 hours per day, 5 days per week, for 
13weeks. Five male and five female  rats and mice 
from each exposure group  were placed in metabolism 
chambers for 16 hours on days 3, 15,45, and 92 for 
urinalysis evaluations.  During this time period, body 
weights were  also recorded. On days 4, 16, 46, and 
93, the animals  were anesthetized and  blood samples 
were collected from the lumbar  aorta (rats) or  supra- 
orbitalsinus (mice) forhematology and clinical 
chemistry analyses. The clinical pathology  param-
eters measured are listed  in Table 1. 

Animalswerehoused individually; water  and feed 
were availablead libitum. Clinical observations were 
recorded weekly. Animalswere weighed initially, 
weekly, and at  the end o f  the studies. 

A necropsy was performed on all animals. Tissues 
for microscopic examination werefxed and preserved 
in10%neutral buffered formalin, processed and 
trimmed,embeddedin paraffin, sectioned to a 
thickness of  6 pm, and stained with hematoxylin and 
eosin. A complete histopathologic examination was 
performed on all  controls, all animals dying before 
the end of  the studies, and all 0.4 ppm  animals 
surviving to  the end o f  the studies. If a  lesion was 
observed, that  organ was examined at  the next lower 
dose level until  a dose level was found  without the 
lesion. Table 1lists the tissues and  organs routinely 
examined. 

2-YEAR STUDIES 
Study Design 
Groups o f  60 male and60 female rats and mice were 
exposed to hexachlorocyclopentadiene at concentra- 
tions of  0, 0.01,0.05, or  0.2 ppm  (equivalent to 0, 
0.11,0.56, or  2.28 mg/m3) for 6 hours per day, 5 days 
per week, for  103 to 104 weeks. Tenmaleand 
10 female  rats and mice from  each exposure group 
were evaluated at 15 months. 

A stop-exposure evaluation was conducted  in male 
mice. The purpose o f  the stop-exposure  evaluation 
was to  determine the influence o f  exposure concen-
tration and exposure duration on thedevelopment o f  
nonneoplastic lesions and their regressionor  progres- 
sion after stopping the exposure. Thirty  males served 
ascontrolsfor the stop-exposuregroups; 10 were 
evaluated at 27,34,  and 43 weeks. Eighty males were 

http:0.11,0.56
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exposed to 0.2 ppm hexachlorocyclopentadiene for 
33 weeks, 10were evaluated at  34,43, and66 weeks. 
The remaining 50 males from the 33-week stop- 
exposure group wereevaluated at 105 weeks. 
Another group o f  50 males was exposed to 0.2 ppm 
hexachlorocyclopentadiene for 66 weeks and was 
evaluated at 105 weeks. Ninety males were exposed 
to 0.5 ppm hexachlorocyclopentadiene for 26 weeks; 
10 males were  evaluated at 27, 34,43,  and 66 weeks. 
The remaining 50 males from the 26-week stop- 
exposure group wereevaluated at 105 weeks. 
Another group of  70 males was exposed to 0.5 ppm 
hexachlorocyclopentadiene for 42 weeks; 10 males 
were evaluated at 43  and 66 weeks. The remaining 
50 males from the 42-week stop-exposure  group were 
evaluated at 105 weeks. 

Source and Specification of Animals 
Male and female F344/N rats and B6C3Fl mice were 
obtainedfromFrederickCancerResearch Facility 
(Frederick, MD)  for use in the 2-year studies. Rats 
were quarantined19 days, and mice were  quarantined 
18days. Ten  male and 10 female  rats and mice were 
selected for parasite evaluation andgross observation 
o f  disease. Serology samples  were collected for viral 
screening. Ratsand mice were approximately 6 to 
7 weeks old at  the beginning o f  the 2-year studies. 
The health o f  the animals was monitored  during the 
course o f  the studies according to the protocols of  
the NTP Sentinel Animal Program (Appendix K). 

Animal Maintenance 
Allanimalswerehoused individually. Feed and 
water were available ad libitum except during daily 
exposure periods. Cages and racks within  exposure 
chamberswere washed as  a unit and rotated every 
week during  the studies. Further details o f  animal 
maintenance are given in Table 1. Information on 
feed composition and  contaminants is provided in 
Appendix J. 

Clinical Examinations and Pathology 
All animals wereobserved twice daily for  moribundity 
and mortality. Clinical observations  were recorded 
every 4 weeks. Animalswere weighed at study 
initiation, weekly for 13 weeks, and monthly 
thereafter. 

Groups of  10 core male and 10 core female  rats and 
mice and  10 stop-exposure  male mice were designated 
for15-monthinterimevaluations.Thevolumeand 
specific gravity of  urine from core  rats and mice were 

measured at the 15-monthinterimevaluations. 
Animals were  anesthetized using 70%  carbon dioxide 
followed by exsanguination. The brain, right kidney, 
liver, and lungs were weighed at the interim 
evaluations. 

A necropsy was performed on all animals. At 
necropsy, all  organs and tissues were examined for 
gross lesions,  andallmajor tissues were fwed and 
preserved in 10%  neutral bufferedformalin,pro-
cessed and  trimmed, embedded in paraffin, sectioned, 
andstained with hematoxylin and  eosin for micro-
scopicexamination. A completehistopathologic 
examination was performed on all  controls, all female 
mice, all  animals dying early, and all  rats and male 
mice exposed to 0.2 ppm  in the 2-year core studies. 
In addition, the larynx (rats only), lung,  nose,and 
trachea o f  rats and male mice exposed to 0.01 and 
0.05 ppm in  the 2-year core  studies were examined. 
The larynx, lung, nose, and  tracheawere examined 
from all  stop-exposure male mice. Tissues examined 
are listed in  Table 1. 

Microscopic evaluations  were completed by the study 
laboratory pathologist, and the pathology data were 
enteredinto the Toxicology DataManagement 
System. The microscope slides, paraffin blocks, and 
residual wet tissues were sent to the NTP Archives 
for inventory, slideblock match,  and wet-tissue audit. 
The slides, individual animaldatarecords,and 
pathology tables  were evaluated by an independent 
pathology quality laboratory.assessment The 
individual animal  records and tables were compared 
for accuracy, the slide and tissue counts wereverified, 
and the histotechnique was evaluated by the quality 
assessment laboratory. qualityThe assessment 
pathologist microscopically reviewed the nose, larynx, 
and lungs o f  rats and mice for  neoplasms and non-
neoplastic lesions. Selected  neoplasms at  other sites 
werealso examined by the qualityassessment 
pathologist. 

The quality assessment report  and slides  were sub-
mitted to  theNTP Pathology Working Group  (PWG) 
chair, who reviewed the selected tissues for which a 
disagreement in diagnosis between the laboratory and 
quality assessment  pathologist existed. Representa-
tive histopathology  slidescontaining examples o f  
lesions related to chemical administration, examples 
of disagreements in diagnosis between the laboratory 
and quality assessment  pathologist, or  lesions o f  
general interest were presented by the chair to  the 
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PWG for review. The  PWG consisted of the quality 
assessment and pathologistspathologist other 
experiencedinrodent toxicologic pathology. This 
groupexamined the tissues without knowledge of  
dose groups or  previously rendered diagnoses. When 
the PWG consensus differed from the opinion of  the 
laboratorypathologist, the diagnosis was changed. 
Thus, the finaldiagnosesrepresentaconsensus o f  
contractorpathologists and the PWG.Details o f  
these review procedures have been described by 
Maronpot and Boorman (1982) and  Boorman et al. 
(1985). For subsequent analysis o f  pathologydata, 
the diagnosedlesionsforeachtissuetype are 
evaluatedseparately or  combined  according to the 
guidelines of McConnell et al. (1986). 

Statistical Methods 
Survival Analyses 
The probability o f  survival was estimated by the 
product-limit procedure o f  Kaplan and Meier (1958) 
and is presented  inthe form o f  graphs. Missexed 
animals and  animals found  deadof  other than natural 
causeswerecensoredfrom the survival analyses; 
animals dying from  natural causes were not censored. 
Statistical analyses for  possible dose-relatedeffectson 
survival used Cox’s (1972) method  fortesting two 
groups for equality and Tarone’s(1975) life table  test 
to identify dose-related  trends. All reported P values 
for the survival analyses are two sided. 

Calculation of Incidence 
The incidences of neoplasms or  nonneoplastic lesions 
as presented in Tables Al ,  A 5 ,  B1, B4, C1, C5, D l ,  
D5, E l ,  and E3 are given as  the number of  animals 
bearing such lesions at a specific anatomic  site and 
the number o f  animals with that  site examined micro- 
scopically. For calculation o f  statistical significance, 
the incidences of  most neoplasms (Tables A 3 ,  B3, C3, 
D3, and E2) and o f  allnonneoplasticlesions are 
given as  the ratio o f  the number o f  affected animals 
to the number of  animalswith thesite examined 
microscopically. However, when macroscopic exami- 
nation was required to detect  neoplasms in certain 
tissues (e.g., skin,  intestine,harderian gland, and 
mammary gland)  before microscopic evaluation or 
when neoplasmshadmultiplepotential sites o f  
occurrence (e.g., leukemia or  lymphoma), the denom- 
inators consist of  the number o f  animals on which a 
necropsy was performed. 

Analysis of Neoplasm Incidences 
The majority of  neoplasmsinthesestudieswere 
considered to be incidental to the cause o f  death or 

not rapidly lethal.  Thus, the primary  statistical 
method used was logistic regression analysis, which 
assumed that  the diagnosedneoplasmswere dis-
covered as  the result o f  death from an unrelated 
causeandthusdid not affect the risk o f  death. In 
this approach, neoplasm prevalence was modeled  as 
a logistic function o f  chemical exposure  and time. 
Both linear and quadratic terms in time were incor-
porated initially, and  the quadratic term was elimi- 
nated if the fit o f  the model was not significantly 
enhanced. The neoplasm  incidences o f  exposed and 
controlgroupswerecompared on the basis o f  the 
likelihood score test for the regression coefficient o f  
dose.Thismethod o f  adjusting for  intercurrent 
mortality is the prevalence analysis o f  Dinseand 
Lagakos (1983), further described and illustrated by 
DimeandHaseman (1986). Whenneoplasms are 
incidental,thiscomparison o f  the time-specific 
neoplasm prevalences also provides a comparison o f  
the time-specific neoplasm  incidences (McKnight and 
Crowley, 1984). 

In addition t o  logistic regression, other  methods o f  
statistical analysis were used, and  the results o f  these 
tests are summarizedin the appendixes. These 
methodsinclude the life tabletest (Cox, 1972; 
Tarone, 1975), appropriate for rapidly lethal  neo-
plasms, and  the Fisher exact test  and the Cochran-
Armitagetrendtest(Armitage, 1971; Gart et af., 
1979), procedures based on  the overall proportion o f  
lesion-bearing animals. 

Testso f  significance included pairwise comparisons o f  
each exposure group with  controls, and a test for an 
overall dose-related trend. Continuity-corrected tests 
were used in the analysis o f  neoplasm incidence, and 
reportedP values are  one sided. The procedures 
described in  the preceding  paragraphs were alsoused 
to evaluateselectednonneoplastic lesions. For 
further discussion o f  thesestatisticalmethods, see 
Haseman (1984). 

Analysis of Nonneoplastic Lesion Incidences 
Because all  nonneoplastic lesions in this study were 
considered t o  be incidental t o  the cause o f  death or 
not rapidly lethal,  the primary  statistical analysis used 
was a logistic regression analysis in which non-
neoplastic lesion prevalencewas modeled as a logistic 
function of  chemical exposure  and time. For lesions 
detected at the interim evaluation, the Fisher exact 
test was used, aprocedure based onthe overall 
proportion o f  affected animals. 
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Analysk of Continuous Variables 
Two approacheswere employed to assess the sig-
nificance o f  pairwise comparisons  between exposed 
andcontrolgroupsinthe analysis o f  continuous 
variables. Organ and body weight data, which have 
approximatelynormaldistributions,were analyzed 
using the  parametric multiple  comparison procedures 
o f  Dunnett (1955) and Williams (1971,1972). 
Hematology, clinical chemistry, and urinalysis data, 
which have typically skewed distributions,were 
analyzed using the nonparametric  multiple compari-
sonmethods o f  Dunn (1964) and Shirley (1977). 
Jonckheere’stest(Jonckheere, 1954) was used to 
assess the significance o f  the dose-related trends and 
to determine whether atrend-sensitive test (Williams’ 
or  Shirley’s test) was more  appropriate for pairwise 
comparisonsthanatestthatdoes not assumea 
monotonic dose-related trend (Dunnett’s or Dunn’s 
test). Average severity values were analyzed for 
significance using the Mann-Whitney U test 
(Hollander and Wolfe, 1973). 

Historical Control Data 
Although the concurrent  control group is always the 
first and  most appropriatecontrolgroup used for 
evaluation, historical control data can be helpful in 
the overall assessment o f  lesion incidence in certain 
instances. Consequently,neoplasm incidences from 
the NTP historical control database (Haseman et al., 
1984,1985) are included in the NTP reports for neo-
plasms appearing  to show  compound-related effects. 

Quality Assurance Methods 
The 13-week and 2-year studies  wereconducted in 
compliance with Food andDrugAdministration 
Good Laboratory  PracticeRegulations (21 CFR, 
Part 58). In addition,  asrecordsfromthe 2-year 
studies were submitted to the NTP Archives, these 
studieswereaudited retrospectively by an inde-
pendent quality assurance contractor. Separate audits 
covering completeness  and accuracy o f  the pathology 
data, pathology specimens,final pathology tables, and 
board draft o f  this NTP Technical Report were  con-
ducted. Audit procedures and findings are presented 
in the reports and are on file at NIEHS. The audit 
findings were reviewed and assessed by NTP staff, so 
all discrepancies had been resolved or were  otherwise 
addressedduring the preparation o f  thisTechnical 
Report. 

GENETICTOXICOLOGY 
The genetic toxicology o f  hexachlorocyclopentadiene 
was assessed by testing the ability o f  the chemical to 
inducemutationsinvariousstrains of  Salmonella 
typhimurium cells, sister  chromatid exchanges and 
chromosomal aberrations in cultured Chinese ham-
ster ovary cells, sex-linked recessive lethal  mutations 
in Drosophilamelanogaster, andthe frequency o f  
micronucleated erythrocytes in peripheral blood. The 
protocols for these studies and the results are given 
in Appendix F. 

The genetic toxicity studies o f  hexachlorocyclopenta-
diene are part o f  alargereffort by the NTP to 
develop a  database that would permit  the evaluation 
o f  carcinogenicity in  experimental animals from the 
structure and responseso f  the chemical in short-term 
invitro and invivo genetic toxicity tests. These 
genetic toxicity tests  were originally developed to 
study mechanisms o f  chemically induced DNA dam- 
age and to predict carcinogenicity in animals, based 
on the electrophilic  theoryo f  chemical carcinogenesis 
and the somatic  mutation theory (Miller and Miller, 
1977; Straus, 1981; Crawford, 1985). 

There is a  strongcorrelation between a chemical’s 
potentialelectrophilicity(structural alert t o  DNA 
reactivity), mutagenicity in Salmonella, and carcino-
genicity in  rodents. The combination o f  electro-
philicity and Salmonella mutagenicity is highly 
correlated with the induction o f  carcinogenicity in 
rats and mice and/or  at multiple  tissue sites (Ashby 
andTennant, 1991). Other invitro genetic toxicity 
tests do not correlate well with rodent carcinogenicity 
(Tennant et al., 1987; Zeiger et al., 1990), although 
theseother testscanprovideinformation onthe 
types o f  DNA and chromosome effects that  can be 
induced by the chemical being investigated. Data 
from NTP  studies show that a positive response in 
Salmonella is currently the most predictive invitro 
testfor carcinogenicity (89% o frodent the 
Salmonella mutagens were rodent carcinogens), and 
that there is no complementarity  among the in vitro 
genetic toxicity tests. That is, no battery o f  tests that 
included the Salmonella test improvedthe predictivity 
o f  the Salmonella testalone. The predictivity for 
carcinogenicity o f  a positive response  in bonemarrow 
chromosome aberration or micronucleus  tests is not 
yet defined. 
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TABLE1 

Experimental Design and Materials and Methods in the Inhalation Studies of Hexachlorocyclopentadiene 

13-WeekStudies 

Study Laboratory 

Battelle Pacific Northwest Laboratories (Richland,WA) 


Strain and Species 
Rats:F344/N 
Mice:B6C3Fl 

Animal Source 
Frederick Cancer Research Facility 
(Frederick, MD) 

Size of Study Groups 
Core studies: 10 males and 10 females 
Special studies: 20 males and 20 females 

Time Held Before Studies 
Rats: 14 days 
Mice: 11days 

Average Age When Studies Began 
6 weeks 

Date of First Exposure 
Rats: 25 October1983 
Mice: 1November1983 

Duration of Exposure 
6 hours per day, 5 days per week, for 13 weeks 

Date of Last Exposure 
Rats: 24-26 January1984 
Mice: 1-3 February  1984 

Method of Sacrifice 
Pentobarbital sodium 

2-Year Studies 

(including Stop-Exposure Evaluation) 


Battelle Pacific Northwest Laboratories (Richland,WA) 

Rats: F344DU 
Mice:B6C3F, 

Frederick Cancer Research Facility 
(Frederick, MD) 

Core study: 60 males and 60 females 
Stopexposure evaluation:  (male mice only) 
30 (0 ppm), 80 (0.2 ppm for 33weeks), 
5 0  (0.2 ppm for 66 weeks), 90 (0.5 ppm for 26 weeks), 
70 (0.5 ppm for 42 weeks) 

Rats: 19 days 
Mice:18days 

6-7 weeks 

Rats: 2 December  1985 
Mice: 18 November  1985 

Core study: 6 hours per day, 5 days per week, for 15 months 
or 2 years 

Stopexposure evaluation: 6 hours per day, 5 days per week, 
for 26,33,42, or 66 weeks 

Core study - Rats: 20 November 1987 
Mice: 13 November  1987 

Stopexposure evaluation -
%-weekexposure: 16 May  1986 
33-week exposure: 4 July  1986 
42-weekexposure: 5 September 1986 
&-weekexposure:17February1987 

70% CO, and exsanguination 
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TABLE1 
Experimental Design and  Materials and Methods in the  Inhalation Studies of Hexachlorocyclopentadiene 
(continued) 

13-Week Studies 

Necropsy Dates 
Rats:25-27January1984 
Mice: 1-3 February  1984 

Average Age at Necropsy 
19 weeks 

Method of Animal Distribution 
Animals were randomized by weight with a computer 
randomization program. 

Animals per Cage 
1 

Method of Animal Identification 
Ear tag 

Diet 
NIH-07 pelleted rodent diet (Zeigler Brothers, Inc., 

Gardners, PA),  available ad libitum except during exposure 

period; changed weekly or  as necessary; 

NIH-07 mash (Zeigler Brothers, Inc., Gardners, PA) (special 

study) 


Water 

Tap water (Cityof  Richland) via automatic watering system 

(Edstrom Industries, Inc., Waterford, WI), available 

ad libitum; changed weekly 


Chambers 
Stainless steel multitiered whole-body exposure chambers 
(Hazleton Systems, Aberdeen, MD); washedweekly 

Cages 
Stainless steel (Hazleton Systems, Inc., Aberdeen, MD); 
changed weekly 

Bedding 
Catch pans during exposure days and catch pans lined with 
untreated paper over weekends 

2-Year Studies 

(including Stop-Exposure Evaluation) 


Core study - Rats: 1-4 December 1987 
Mice:16-24November1987 

Stopexposure evaluation -
27-weekinterimevaluation: 19 May 1986 
34-weekinterimevaluation: 7 July  1986 
43-week interim evaluation: 8 September 1986 
&-weekinterimevaluation:18-19February1987 

15-month interim evaluation: 72-73 weeks 
2-yearstudy:111-112weeks 

Animals were randomized by weight with the XYBION 
PATH/TOX System. 

I 

Toe clip 

NIH-07 pelleted rodent diet (Zeigler Brothers, Inc., 
Gardners PA), available ad libitum except during exposure 
period; changed weekly or as necessary 

Same as 13-week studies 

Same as 13-week  studies 

Same as 13-week studies 

Untreated paper cageboard (Techboard@until 12 March 
1986, then Techsorb@, Shepherd SpecialtyPapers, Inc., 
Kalamazoo, MI); changed daily 
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TABLE1 
Experimental Design and Materials and Methods in the Inhalation Studies of Hexachlorocyclopentadiene 
(continued) 

13-Week Studies 

Cage Filters 
Room High Efficiency Particle Air (HEPA) filter (prefilter 
and intake) (American Air Filter, Louisville, KY) 

Animal Room Environment 
Temperature: 20"-21"C 
Relativehumidity: 35%-65% 
Fluorescent light: 12hours/day 
Room air changes: 20 changeshour 

Exposure Concentrations 
0, 0.04,0.15,0.4,1, or 2 ppm hexachlorocyclopentadiene by 
inhalation 

Type and Frequency of Observation 
Animals were observed twice daily, and clinical observations 
were recorded weekly; animals were weighed initially, weekly, 
and a t  the end of the studies. 

Necropsy 
Necropsy was performed on a l l  animals. Organs weighed 
(core animals  only) were adrenal gland, brain, heart, right 
kidney, liver, lungs, right testis, and thymus. 

Clinical Pathology 
During the special studies, 5 male and 5 female rats and mice 
from each group were removed from exposure chambers on 
days 3,15,45, and 92and placed in individual metabolism 
cages for 16-hour urine collection. 
Blood samples were collected from the lumbar aorta of rats 
and the supraorbital sinus of  mice on days 4, 16,46, and 93 
of the  special studies and all animals from the core  studies on 
day 93. 
Hcmalo@: packed c e l l  volume, hemoglobin, erythrocytes, 
reticulocytes, mean erythrocyte volume, mean erythrocyte 
hemoglobin, mean erythrocyte hemoglobin concentration, 
leukocyte count and differential 

C%cmi#y: ureanitrogen,creatinine,glucose, 
albumin, alanine aminotransferase, aspartate 
aminotransferase, lactate dehydrogenase (except core mice) 
Uhalysk osmolality, creatinine, glucose, protein, volume 

2-Year Studies 

(including Stop-Exposure Evaluation) 


Room High Efficiency Particle Air (HEPA) filter (prefilter 
and intake) (American Air Filter, Louisville, KY); chamber 
HEPA filter (Flanders Filters, Inc., San Rafael,CA); and 
charcoal filters (RSE, Inc., New Baltimore, MD) 

Temperature: 20"-29"C 
Relative humidity: 21%-88% 
Fluorescent light: 12 hours/day 
Room air changes: 9-20 changeshour 

Core study: 0, 0.01,0.05, or 0.2ppm 
hexachlorocyclopentadiene by inhalation 

Stop-exposure evaluation: 
0, 0.2, or  0.5 ppm hexachlorocyclopentadieneby inhalation 

Animals were observed twice daily, and clinical observations 
were recorded every 4 weeks;  animals were weighed initially, 
weekly during first 13weeks, and monthly thereafter. 

Necropsy was performed on all  animals. Organs weighed at 
27,34, and 43weeks for stopexposure male  mice and at 
15 months for core and stop-exposure animals were brain, 
right kidney, liver, and lungs. 

Urine was collected over a 16-hour period  from all  animals 
(except stop-exposure animals)a t  the 15-month interim 
evaluations using metabolismcages. 
Lbhdysk volume and specific gravity 
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TABLE1 
Experimental Design and Materials and Methods in the Inhalation Studies of Hexachlorocyclopentadiene 
(continued) 

13-Week Studies 

Histopathology 
Complete histopathology was performed on all controls, all 
animals dying before the end of the studies, and all 0.4 ppm 
animals suniving  to the end  of the studies. In addition to 
gross lesions, the tissues examined included: adrenal gland, 
bone and marrow, brain, epididymis, esophagus, heart, kidney, 
large intestine (cecum, colon, rectum), larynx, liver, lung, 
lymph nodes (mandibular, mesenteric [rats only], and 
tracheobronchial), mammary gland, nose, ovary, pancreas, 
parathyroid gland, pituitary gland, prostate gland,  salivary 
gland, small intestine (duodenum, jejunum, ileum), spleen, 
stomach (forestomach and glandular), testis, thymus, thyroid 
gland, trachea, urinary bladder, and uterus. If any lesionwas 
found, that organ was examined a t  the next lower dose level 
until a dose level was found without the lesion. 

2-Year Studies 

(including Stop-Exposure Evaluation) 


Core study: Complete histopathology was performed on all 
controls, all female mice, all animals dying before the end o f  
the studies, andall rats and male mice exposed to 0.2 ppm. 
In addition to gross lesions and tissue masses, the tissues 
examined included: adrenal gland, bone and marrow, brain, 
epididymis, esophagus, gallbladder (mice only), heart, 
kidney, large intestine (cecum, colon, rectum), laxynx (rats 
only), liver, lung, lymph nodes (bronchial, mandibular, 
mediastinal, and mesenteric), mammary gland, nose, ovary, 
pancreas, parathyroid gland, pituitary gland, prostate gland, 
salivary gland, seminal vesicle, small intestine (duodenum, 
jejunum, ileum), spleen, stomach (forestomach and 
glandular), testis, thymus, thyroid gland, trachea, urinary 
bladder, and uterus. The larynx (rats only), lung, nose, and 
trachea were also examinedin the 0.01 and 0.05 ppm rats 
and male mice. 

Stopexposure evaluation: In addition t o  gross lesions and 
tissue masses, the tissues microscopically examined from all 
stopexposure male  mice included larynx, lung, nose, and 
trachea. 
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RESULTS 

RATS 
ISWEEK STUDY 
Allmaleandfemalerats exposed to  2 ppm hexa- 
chlorocyclopentadiene died during  the first 3 weeks 
o f  the study and all  those exposed to 1 ppm died 
duringthe first 4 weeks (Table 2). Rats in the 0, 
0.04,0.15, and 0.4 ppm groups survived until the end 
o f  the 13-week study. The final mean body weight 
and mean body weight gain o f  0.4 ppm males were 

TABLE2 

significantly less than  thoseof  the controls. The final 
mean body weights o f  0.04 and 0.15 ppm males and 
allfemaleexposuregroups with survivors were 
similar to  those o f  the controls. Listlessness was 
observed in 2 ppm rats  from week 1, in 1ppm rats 
from week 2, and in 0.4 ppmratsduring week 3. 
Rats exposed to 1or 2 ppm also experienced respira-
tory distress  (mouth breathing and increased  respira-
tionrate). No treatment-relatedother clinical 
findings of  toxicity were  noted. 

Survival and Body Weights of Rats in the 13-Week Inhalation  Study of Hexachlorocyclopentadiene 

Dose Survivala Initial 
(PPm) 

Male 

0 1ono 118 f 6 
0.04 10/10 126 f 4 
0.15 1ono 120 f 3c 
0.4 10/10 124 f 4 
1 O/lOd 127 f 3 
2 0/10e 123 f 3 

Female 

0 1ono 102 f 2 
0.04 1ono 103 f 2 
0.15 1ono 108 f 2 
0.4 1o/lo 103 f 2 
1 on0 103 f 2 
2 o n 0 8  101 f 2 

Mean Body Weightb (9) 
Final 

352 f 5 
335 * 9 
332 f 9 
326 f 7. 

200 f 5 
199 f 5 
202 f 4 
197 f 4 

Change 

234 f 6 
209 f 7; 
213 f 8* 
202 f 5'1 

-
-

98 f 5 
96 f 4 
94 f 2 
94 f 3 

Final Weight 

Relative to Controls 


(%) 

95 
94 
93 
-

99 

101 
98 

l Significantly different (PSO.05) from the control group by Williams' test 
* *  PSO.01 
a Number of  animals surviving/number initially in  group 

Weights and weight changes are given as  mean f standard error. Final mean body weights were not calculated for groups with 
100% mortality. 
Nine animals weighed 
Week o f  death: 2,2, 2, 3,3,3,3,3,3, 3 

e Week of death: 1, 1, 1, 1, 1, 2,2,2,3, 3 
Week of death: 2,2, 2, 2,2,2,3, 3, 3, 4 

g Week of death: 1, 1, 1, 1, 1,1, 2,2,2, 3 

http:0.04,0.15
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Statistically significant differences in hematology, 
clinical chemistry (except core females), and urinaly- 
sis (special study) parameters  were noted in exposed 
male and female rats in the core and special studies 
(Tables H1  and  H2).However,these differences 
were notattributed to hexachlorocyclopentadiene 
exposure because the differences were not persistent, 
were not  dose related, or were  inconsistent between 
identical exposure groups and between sexes. 

Absoluteand relativelung weights o f  malerats 
exposed to 0.4 ppmwere significantly greater than 
those o f  the controls; differences in  relative weights 
o f  other organs werelikely affected by the lower body 
weights of exposed rats  (Table Gl). Absoluteand 
relative thymus weights o f  0.04 ppm females and 
relative thymus weight o f  0.15 ppm females were 
marginally lower than  thoseo f  the controls, butthese 
differences were not related to exposure. 

The primarylesion in rats exposed t o  1 or 2 ppm 
hexachlorocyclopentadiene was extensive coagulation 
necrosis (inflammation,  necrotizing) o f  the respira- 
tory epithelium o f  the nose, larynx, trachea,  and 
bronchi and bronchioles o f  the lung  (Table 3). The 
necrosis was accompanied by varying degrees o f  acute 
tosubacute inflammationconsisting o f  vascular 
congestion,edema,accumulation o f  fibrin,and 
infiltrates o f  neutrophils and mononuclear cells. In 

someanimals,portions o f  the necrotic  epithelium 
were sloughed and replaced by a fibrinosuppurative 
exudate. Suppurative  alveolar inflammation was also 
observed in the centriacinar  regions o f  the lung 
(terminal bronchioles and  adjacent alveoli) possibly 
due to inhalation of necrotic debris from the upper 
airways. Particularlyinanimals which survived 
longer, there were  areas o f  epithelialregeneration 
characterized by a  single layer o f  flattened polygonal 
cells or  low cuboidal cells. 

In rats exposed to 0.4 ppmhexachlorocyclopenta-
diene, necrosis o f  the respiratory  epithelium did not 
occur or was much less extensive in the few affected 
animals(Table 3). Focal or multifocal  suppurative 
inflammation o f  the nose or lung was observed,  par-
ticularly in  male rats. Focalsquamousmetaplasia 
was observed in the nose o f  some 0.4 ppm males and 
some 1 and 2 ppmmales and females. The lesion 
was usually observed on  the tips o f  the turbinates and 
was characterized by stratification o f  the epithelium 
to form three t o  four poorly defined layers o f  flat-
tened, nonkeratinized polygonal cells. 

Dose Selection Rationale: Based on mortality, lower 
mean body weights, and chemical-related  respiratory 
tractlesions, hexachlorocyclopentadiene exposure 
levels selected  for the 2-year inhalation  study in rats 
were 0.01, 0.05, and 0.2 ppm. 
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TABLE3 
Incidences of Selected Nonneoplastic Lesionsof the Respiratory Tract in Rats 
in the 13-Week Inhalation Studyof Hexachlorocyclopentadienea 

( P P d  0 0.15 0.4 1 2 

Male 

Noseb 10 10 10 10 10 
Inflammation, Necrotizing' 0 0 2 (2.O)d lo**(2.8) lo**(3.8) 
Inflammation, Suppurative 0 1 (1.0) 7** (1.4) 0 0 
Metaplasia, Squamous 0 0 4*(1.8) 5 *  (1.8) 3 (2.3) 

Larynx 10 10 10 10 10 
Inflammation, Necrotizing 0 0 0 6** (2.2) 101' (3.3) 

Trachea 10 10 10 10 10 
Inflammation, Necrotizing 0 0 1 (1.0) 10.. (2.2) lo** (3.9) 

Lung 10 10 10 10 10 
Inflammation, Necrotizing 

Bronchusbronchiole 0 0 5 *  (1.2) 10.1(3.4) lo**(4.0) 
Inflammation, Suppurative 

Bronchusbronchiole 0 0 5* (1.2) 0 1 (3.0) 
Hemorrhage, Alveolus 0 0 0 9** (2.3) lo** (2.7) 
Inflammation, Suppurative, Alveolus 0 0 1 (1.0) 7** (2.6) 1 (3.0) 

Female 

Nose 10 10 10 10 10 
Inflammation, Necrotizing 0 0 0 lo**(2.9) 10'. (3.7) 
Inflammation, Suppurative 1 (3.0) 0 2 (1.0) 0 0 
Metaplasia, Squamous 1 (3.0) 0 0 1 (3.0) 4 (2.5) 

Lalynx 10 10 10 10 10 
Inflammation, Necrotizing 0 0 1 (1.0) 9** (1.6) 9** (2.8) 

Trachea 10 10 10 10 10 
Inflammation, Necrotizing 0 0 1 (1.0) lo** (2.1) lo** (3.6) 

Lung 10 10 10 10 10 
Inflammation, Necrotizing 

Bronchusbronchiole 0 0 3 (1.3) lo** (3.3) 10- (3.9)
Inflammation, Suppurative 

Bronchusbronchiole 0 0 2 (1.0) 0 1(3.0)
Hemorrhage, Alveolus 0 0 0 5* (2.4) 7** (3.1) 
Inflammation, Suppurative, Alveolus 0 l( l .0) 1(1.0) 9** (2.7) 2 (3.0) 

l Significantly different (P50.05) from the control group by Fisher's  exact test 
* *  PSO.01 
a Animals in the 0.04 ppm group were not examined 

Number o f  animals wi th  organ examined microscopically 

Number o f  animals w i t h  lesion 

Averageseverityoflesions i n  affectedanimals: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked; 5 = severe 
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%YEAR STUDY 
Survival 	 Urinalysis
Estimates o f  2-year survival probabilities  for male At the 15-month interim evaluation, specific gravity 
and female rats are shown in Table 4 and the Kaplan- measurements o f  urine from males exposed to 0.01, 
Meier survival curves (Figure 1). Survival o f  exposed 0.05, and 0.2 ppm and from females exposed to 0.05 
male and female  rats was similar t o  that o f  controls. and 0.2 ppm hexachlorocyclopentadienewere signifi- 

cantly greater those from thethan controls 
Body Weights and Clinical Findings (Table H3). Urine volume o f  females in the 0.2 ppm 
Mean body weights o f  exposed male  and female rats group was significantly lower thanthat o f  the 
were similar to those o f  the controls throughout the controls. These differences suggest a chemical-
study (Tables 5 and 6 and Figure 2). No chemical- relatedrenaldisorder,but the lack o f  chemical-
related clinical findings were observed in  male o r  related kidney lesions  does notsupport sucha 
female rats during the 2-year study. conclusion. 

TABLE4 
Survival of Rats in the 2-Year Inhalation Studyof Hexachlorocyclopentadiene 

0 0.01 0.05 0.2 

Male 

Animals initially in study 60 60 60 60 
15-Month interim evaluationa 10 10 10 10 
Moribund 27 30 23 31 
Natural deaths 5 4 5 3 
Animals surviving to study  termination 18 16 22 16 
Percent probability of survival a t  end of studyb 36 33 45 32 
Mean survival (days)c 627 616 624 609 

Survival analysesd 	 P=0.649 P=O.775 P=0.513N P=O.679 

Female 

Animals init ially in study 60 60 60 60 
15-Month interim evaluationa 10 10 10 10 
Moribund 19 16 14 16 
Natural deaths 3 1 5 4 
Animals suwiving to study termination 28 33 30 30 
Missexeda 0 0 1 0 
Percent probability o f  survival a t  end o f  study 56 66 62 60 
Mean survival (days) 649 665 636 657 

Survival analyses 	 P=O.988 P=0.361N P=0.958N P=0.843N 

a 	 Censoredfromsurvivalanalyses 
Kaplan-Meier determinations based on the numberof  animals alive on firstday o f  terminal sacrifice 
Mean of all  deaths (uncensored, censored, and terminal sacrifice) 
The result o f  the life table trend test (Tarone, 1975)  is i n  the control column, and the resultso f  the life table pairwise comparisons 
(Cox, 1972)with the controls are in the exposure columns. A lower mortality in an exposure group is indicated by N. 
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TABLE5 
Mean Body Weights and Survival of Male Rats in the 2-Year Inhalation Study 
of Hexachlorocyclopentadiene 

W W b  0 ppm 0.01 ppm 0.05 ppm 0.2 ppm 
on Av. W t  NO. of AV. w t  wt (% of NO. or AV. wtwt (% or NO. or  AV. w t  w t  (%or NO. or 

Study (€9 Survivors (9) controls) Survivors -(g) controls) Survivors (9) controls) Survivors 

1 143 60 143 100 60 140 98 60 139 98 60 
2 183 60 182 99 60 180 99 60 182 99 60 
3 209 60 212 101 60 210 100 60 211 101 60 
4 229 60 232 101 60 230 101 60 232 101 60 
5 251 60 254 101 60 251 100 60 253 101 60 
6 269 60 272 101 60 270 100 60 271 101 60 
7 285 60 288 101 60 285 100 60 286 100 60 
8 297 60 302 102 60 299 101 60 301 101 60 
9 310 60 316 102 60 312 101 60 313 101 60 
10 320 60 327 102 60 323 101 60 323 101 60 
11 329 60 336 102 60 329 100 60 330 101 60 
12 338 60 344 102 60 338 100 60 338 100 60 
13 345 60 352 102 60 349 101 60 349 101 60 
14 353 60 360 102 60 356 101 60 354 100 60 
18 374 60 377 101 60 369 99 60 366 98 60 
22 3% 60 402 101 60 392 99 60 388 98 60 
26 414 60 420 102 60 410 99 60 406 98 60 
30 427 60 432 101 60 421 98 60 416 97 59 
34 438 60 444 101 60 430 98 60 431 98 58 
38 445 60 450 101 60 438 99 59 437 98 58 
42 456 60 461 101 60 447 98 59 448 98 58 
46 461 60 463 101 60 453 98 59 455 99 58 
50 471 60 473 101 60 464 99 59 465 99 58 
54 473 60 476 101 58 469 99 58 468 99 '58 
58 482 59 486 101 57 473 98 58 475 99 58 
62 482 59 488 101 5 1  477 99 57 478 99 58 
66a  486 59 492 101 56 481 99 57 482 99 58 
70 483 47 488 101 46 481 100 46 479 99 46 
74 477 47 494 104 46 483 101 44 482 101 44 
78 488 46 491 101 44 485 99 42 481 98 43 
82 487 43 498 102 40 492 101 39 483 99 41 
86 486 41 492 101 39 490 101 39 472 97 38 
90 475 36 487 102 35 480 101 37 482 101 32 
92 488 31 489 100 31 486 100 36 482 99 30 
94 478 30 485 102 28 486 102 35 478 100 28 
96 474 28 483 102 27 476 101 33 467 99 27 
98 467 28 472 101 26 473 101 32 460 99 26 
100 463 24 466 101 25 461 100 32 454 98 24 
102 460 23 467 101 21 455 99 28 456 99 21 
104 459 20 452 98 19 453 99 24 456 99 18 

Mean for weeks 
1-13 270 274 101 270 100 271 100 
14-52 424 428 101 418 99 417 98 
53-104 477 483 101 477 100 473 99 

a Interim evaluation occurred during week 66. 
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TABLE6 
Mean Body Weights  and Survival of Female Rats in the  2-Year Inhalation Study 
of Hexnchlorocyclopentadiene 

Weeks 0 ppm 0.01 ppm 0.05 ppm 0.2 ppm 
on Av. W L  No. of Av. W L  W L  (%of No. of Av. W L  W L  (%of No. of Av. W L  W L  (%of No. of 

Study (9) Survivors (9) controls) Survivors (9) controls) Survivors (g) controls) Survivors 

1 112 60 111 100 60 110 98 60 111 99 60 
2 132 60 129 98 60 1 3  99 60 130 99 60 
3 147 60 144 98 60 144 98 60 145 98 60 
4 153 60 151 99 60 152 100 60 153 100 60 
5 161 60 159 99 60 161 100 60 161 100 60 
6 169 60 166 99 60 170 101 59 170 101 60 
7 175 60 173 99 60 176 101 59 175 100 60 
8 181 60 179 99 60 183 101 59 181 100 60 
9 187 60 185 99 60 188 101 59 1% 100 60 

10 190 60 191 101 60 194 102 59 191 101 60 
11 194 60 196 101 60 198 102 59 196 101 60 
12 200 60 199 99 60 202 101 59 200 100 60 
13 203 60 202 99 60 206 101 59 204 100 60 
14 206 60 206 100 60 208 101 59 207 100 60 
18 213 60 212 99 60 21 3 100 59 211 99 60 
22 221 60 220 100 60 222 101 59 220 100 60 
26 230 60 229 99 60 230 100 59 230 100 60 
30 237 60 236 100 60 239 101 59 237 100 60 
34 248 60 247 99 60 249 100 59 245 99 60 
38 256 60 254 99 60 255 99 59 254 99 60 
42 266 60 265 100 60 264 99 59 261 98 60 
46 272 60 272 100 60 273 100 59 272 100 60 
50 285 60 283 99 60 283 99 59 284 100 60 
54 291 60 293 100 60 293 101 57 2% 101 60 
58 306 58 304 100 60 301 98 57 306 100 60 
62 312 58 312 100 60 312 100 56 314 101 60 
66a 315 58 317 101 60 320 102 56 319 101 60 
70 321 48 318 99 50 325 101 46 321 100 50 
74 327 46 326 100 50 330 101 46 328 100 50 
78 332 46 330 100 49 333 100 46 332 100 49 
82 335 46 336 100 48 336 100 42 339 101 48 
86 337 46 337 100 48 341 101 39 337 100 45 
90 331 46 333 101 47 340 103 36 334 101 44 
92 331 45 339 102 45 345 104 36 343 103 40 
94 334 42 336 101 45 347 104 34 340 102 40 
96 338 39 338 100 42 350 103 34 339 100 39 
98 334 37 332 100 41 345 103 34 343 103 36 

100 337 33 338 101 37 342 102 34 339 101 36 
102 340 31 339 100 36 349 103 32 340 100 35 
104 340 29 334 98 35 350 103 30 341 100 33 

Mean for weeks 
1-13 170 168 99 170 100 169 99 
14-52 243 242 100 244 100 242 100 
53-104 327 327 100 333 102 330 101 
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Pathology and Statistical Evaluation 
This section describes the statistically significant or 
biologically noteworthy  changes in the incidences o f  
nonneoplastic lesions o f  the respiratory tract (nose, 
larynx, trachea,  andlung) and neoplasms o f  the 
pituitary gland. Summaries o f  the incidences o f  
neoplasms andnonneoplastic lesions, indiddual 
animal tumor statistical o fdiagnoses, analysei 
primary neoplasms that occurred with an  incidenceo f  
at least 5% in at least one animal  group, and histori-
cal incidences for the neoplasms  mentionedin this 
section are presented  in Appendix A for male rats 
and Appendix B for female rats. 

Respiratory tract: Therewereno chemical-related 
lesions observed in the respiratory tract o f  exposed 
rats at  the 15-month  interim evaluation. While the 
absolute lung weights o f  the 0.05 and 0.2 ppm males 
were significantly lower than  that of the controls, the 
relativelung weights o f  these groupsweresimilar 
(0.05 ppm males) or only marginally lower (0.2 ppm 
males) than  that o f  the controls (Table  G2). Thus, it 
seems likely that the lower absolute  lung weights are 
related to lower body weights rather  thanto chemical 
exposure. 

The principal alteration associated with the inhala-
tion of  hexachlorocyclopentadiene for up to 2 years 
was the accumulation o f  pale, yellow-brown, granular 
pigmentin the respiratoryepithelium o f  the nose, 
trachea, and bronchi  andbronchioles o f  the lung 
(Tables 7, A 5 ,  and B4). Similar pigment was 
observed in a few cells, presumed t o  be macrophages, 
surrounding the bronchi and bronchioles o f  exposed 
rats, as well asina small number o f  controls. 
Sections of lung from two male  and two female  rats 
werestained by a  periodic acid-Schiff method  for 
mucopolysaccharides, mucoproteins, and carbo-
hydrates, a for acid-fast substances,method a 
modified Perls’ method  foriron,and Schmorl’s 
methodforreducingsubstances (lipofuscin and 
ceroid). The pigment  within the cytoplasm of 
epithelial cells o f  the airways did not stain positively 

by the periodic acid-Schiff, Perls’, or  acid-fast 
methods. The pigment  within many, but  not all, o f  
the affected cells in the lungs stained positively for 
reducing substances. While a positive reaction with 
the Schmorl’s method is consistent with lipofuscin or  
ceroid, it does not definitely identify the pigment as 
such. 

In female rats,the incidences o f  squamous metaplasia 
o f  the larynx o f  the 0.01 and 0.2 ppm groups were 
significantly greater  than that o f  the control  group. 
The severity o f  squamous metaplasia was minimal in 
all groups. The  apparent change  diagnosed as squa-
mousmetaplasiaconsisted o f  stratifiedsquamous 
epithelium several cell layers thick and was believed 
to be located in areas usually lined by columnar 
epithelium.Anonkeratinizedsquamousepithelium 
normally lines the upperposteriorsurface o f  the 
epiglottis,upper half o f  the laryngeal surface, a 
portion o f  the ventricular folds, and  the true vocal 
cords, while anonciliatedcolumnar or  pseudo-
stratified, ciliated columnarepitheliumlines the 
remainder o f  the laryngeal surface. Due to individual 
variation indeterminingwhere the transition from 
squamous to columnar  epithelium occurs, as well as 
difficulties in obtainingconsistentsections, the 
relevance o f  the higher incidences o f  squamous 
metaplasia in the 0.01 and 0.2 ppmgroups is 
uncertain. 

Pituituly gland: There was a  statistically significant 
increased incidence o f  parsdistalisadenomain 
0.2 ppm males (0 ppm, 23/50;  0.01 ppm, 23/39; 
0.05 ppm, 23/38;  0.2 ppm 33/50; Table A3). The 
historical control incidence o f  pars distalis adenoma 
inmale F344/N rats  fromrecent NTP inhalation 
studies is 203/340 (a%), of 45%towith a  range 
68%(Table A4). The marginally increased  incidence 
observed in  the 0.2 ppm group was similar to  the 
historical control mean and was not considered to be 
chemical related. The incidences o f  hyperplasia o f  
the pituitary gland in the exposed groups  were similar 
to that o f  the controls (Table A5).  
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in the 2-Year Inhalation Studyof Hexachlorocyclopentadiene 
Incidences of Selected Nonneoplastic Lesionsof the Respiratory Tract in Rats 
TABLE7 

Dose (PPm) 0 0.01 0.05 0.2 

Male 

15-Month Interim Evaluation 

NCM? 
Pigmentationb 0 

10 
8.. (1.0)' 
10 10 

lo** (1.0) 
10 
7**(1.6) 

Lung 

Penbronchiole Pigmentation 
Bronchiole Pigmentation 

0 
0 
10 

0 
0 
10 

0 

10 
1 (1.0) 

4. (1.3) 

10 
lo*+(1.1) 

2-Year Study 

Nose 
Pigmentation 

48 
1 (1.0) 

5 0  
46** (1.1) 48** (1.5) 

49 
48** (1.8) 
50 

Trachea 

Pigmentation 
Inflammation, Suppurative 

0 
0 
48 

0 

50 
1 (2.0) 

0 
0 

48 
0 

50 

5. (1.0) 

Lung 

Penbronchiole Pigmentation 
Bronchiole Pigmentation 

0 
0 

50 

0 
0 

50 

2 (1.0) 
0 

50 

16.. (1.5) 
49.. (1.4) 
50 

(continued) 
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TABLE7 
Incidences of Selected Nonneoplastic Lesionsof the Respiratory Tract in Rats 
in the 2-Year Inhalation Studyof Hexachlorocyclopentadiene (continued) 

(PPm) 	 0 0.01 0.05 0.2 

Female 

15-Month Interim Evaluation 

Nose 10 10 10 10 
Pigmentation 0 8**(1.0) 10"(1.0) 9** (1.2) 

Lung 10 10 10 10 
Bronchiole Pigmentation 0 1 (1.0) 6" (1.0) lo** (1.5) 
Peribronchiole Pigmentation 0 0 1 (1.0) 8'; (1.0) 

2-Year Study 

Nose 50 50 49 50 
Pigmentation 0 34'. (1.0) 47'. (1.7) 48.. (1.7) 

Larynx
Metaplasia, Squamous 

50 
9 (1.0) 

50 
20' (1.2) 

48 
1s (1.1) 24** (1.3) 

50 

Trachea 50 5 0  49 50 
Pigmentation 0 0 0 1(1.0) 

Lung 50 50 49 50 
Bronchiole Pigmentation 0 25.. (1.0) 42'. (1.1) 50.. (1.8) 
Peribronchiole Pigmentation 3 (1.0) 1 (1.0) 4 (1.0) 27** (1.0) 

' 	Significantly different (PsO.05) from the control group by Fisher's exact test (15-month interim evaluation) or by the logistic 
regression test (2-year study) 

* *  PSO.01 
a Number of  animals wi th  organ examined microscopically 

Number of  animals wi th  lesion 
Average severity o f  lesions in affected animals: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked 
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than those of  the controls.  Final mean body weights MICE 
and mean body weight gains of the other male and

ISWEEK STUDY female exposure groupswith survivors were  similarto 
All males and females exposed to 2 ppm hexachloro- those o f  the controls.Treatment-related clinical 
cyclopentadiene died duringthe first week (Table 8). findings included listlessness in 0.4and 1 ppm males 
All 1 ppmmales and females died  during the first and females. 
5 weeks o f  exposure. Five males and two females 
exposed to 0.4 ppm died during the first 2 weeks o f  No differenceshematology,chemical-related in 
exposure. In addition, two 0.04 ppm males, one clinical chemistry, or  urinalysis parameters  were 
0.04 ppmfemale,and one 0.15 ppm female died noted in exposed males or  females  (Tables H4 and 
before the  endof  the study. Six female controls died H5). No differences in  theseparameterscould be 
during week 8 due to a defective feeder. Final  mean attributed to duration o f  exposure. There were no 
body weights of  0.15 and 0.4ppm males and  the body chemical-related in weightsdifferencesorgan 
weight gain o f  0.4 ppm males were significantly lower (Table G3).  

TABLE8 
Survival and Body Weights of Mice in  the 13-Week Inhalation Study of Hexachlorocyclopenhdiene 

Mean B o d y  Weightb (e) Final Weight 
Survivala Final Change to Controls Dose Initial Relative 


(PPW (%) 


Male 

0 10110 21.9 f 0.4 31.9 f 0.5 10.0 f 0.6 
0.04 8/10' 19.4 f 0.5.. 31.9 f 0.6 12.5 f 0.8 	 100 
0.15 1ono 21.4 f 0.5 29.8 f 0.5 * * 8.4 f 0.4 	 93 
0.4 5n0d 21.4 2 0.3 29.4 2 0.6.' 7.2 2 0.7** 92 
1 onoe 21.2 f 0.3 - -
2 on0 21.1 f 0.4 - -

Female 

0 4nog 17.4 f 0.4 26.0 f 0.9 8.0 f 0.7 
0.04 9noh 18.0 f 0.4 27.4 f 0.7 9.3 f 0.5 106 
0.15 17.49DOh f 0.3 26.1 f 0.4 8.8 f 0.2 	 100 
0.4 8/10! 17.0 2 0.4 25.6 2 0.4 8.6 f 0.5 99 
1 on0 J 16.9 2 0.4 - -

2 on0 16.6 f 0.3 

* *  Significantly different (PsO.01) from the controlgroup by Williams' or Dunnett's  test 
a 	 Number of animals  survivinghumber initially in group 

Weights and weight changes are given as  mean f standard error. Subsequent calculations are based on  animals surviving t o  the 
end of the study. Final  mean body weights were  not calculated for groups with 100% mortality. 
Weekof death 5 , s  
Week o f  death: 1, 1, 1, 1, 2 

e 	 Week o f  death: 1, 1, 1, 2,2,2,2,2,2, 5 
Week o f  death: 1, 1,1,1,1, 1, 1, 1,1, 1 

g 	 Week o f  death: 8, 8, 8, 8,8,8 (due to defective feeder) 
Week of death 1 
Weekof death 1,2 

j 	 Weekof death 1, 1, 2,2,2,2, 2,2, 3, 5 
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Most male and female mice exposed to 2 ppm hexa- 
chlorocyclopentadieneexhibitedextensivecoagulation 

necrosis o f  the respiratory  epithelium of  the nose, 
larynx, trachea, bronchi bronchiolesand and 
(Table 9). While some degreeof  vascular congestion, 
edema,serofibrinousexudate, or  infiltration of  
neutrophils accompanied the necrosis, the degree of  
inflammation was not  as greatas that observed in 
rats exposed to 2 ppm. In mice exposed to 1ppm, 
the severity o f  inflammation was generally greater 
than that observed in mice exposed to 2 ppm, pre-
sumably because o f  the longer survival o f  animals in 
the 1 ppm groups. Foci o f  suppurative inflammation 
not directly  associated with necrosis o f  the epithelium 
were also observed in the  nose o f  mice in  the 0.4, 1, 
and 2 ppm groups. In some mice exposed t o  1 or  

ppm	2 hexachlorocyclopentadiene, the necrotic 
epithelium at  some sites was sloughed and replaced 
by a  fibrinosuppurative exudate. Foci of regenerating 
epitheliumcharacterized by flattened polygonal or 
low cuboidal cells were observed in the nose, lalynx, 
trachea, and pulmonary airways. Some mice exposed 
to 0.15, 0.4, or 1 ppm exhibited small foci o f  squa-
mous metaplasia in the larynx or  trachea.  This lesion 
was characterized by 3 to 4 poorly defined layers of  
nonkeratinized, flattened polygonal cells. 

Dose Selection Rationale: Based on mortality, lower 
mean body weights, and  chemical-related respiratory 
tractlesions, hexachlorocyclopentadiene exposure 
levels selected  for the 2-year inhalation  study in mice 
were 0.01, 0.05, and 0.2 ppm. 
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TABLE9 
Incidences of Selected Nonneoplastic Lesions of the Respiratory Tract in Mice 
in the 13-Week Inhalation Studyof Hexachlorocyclopentadiene 

(PPW 	 0 0.04 0.15 0.4 1 2 

Male 

NO& 10 10 10 10 10 10 
Necrosis, Acuteb 0 0 0 0 1 (4.0)' 10'. (4.0) 
Inflammation, Serous 0 1 (2.0) 2 (2.0) 3 (3.3) 1 (4.0) 0 
Inflammation, Suppurative 0 0 0 6** (2.0) 8**(2.8) 4* (2.5) 

Larynx 9 10 10 10 10 10 
Necrosis, Acute 0 0 0 0 3 (3.3) 10.. (4.0) 
Metaplasia, Squamous 0 0 0 2 (3.0) 1 (3.0) 0 

Trachea 8 10 8 8 7 9 
Necrosis, Acute 0 0 0 0 3 (3.7) 9** (4.0) 
Inflammation, Necrotizing 0 0 0 0 1 (3.0) 0 
Metaplasia, Squamous 0 0 1 (2.0) 4' (2.8) 4* (3.3) 0 

Lung 10 10 10 10 10 10 
Necrosis, Acute 0 0 0 0 3 (4.0) lo** (4.0) 
Congestion 0 1 (2.0) 0 3 (2.7) 0 9** (2.9) 

Female 

Nose 10 10 9 10 10 10 
Necrosis, Acute 0 0 0 0 0 10.' (4.0) 
Inflammation, Serous 0 0 2 (2.0) 7** (3.1) 1 (4.0) 0 
Inflammation, Suppurative 0 0 0 2 (2.5) 8**(3.0) 5* (2.6) 

Larynx
Necrosis, Acute 0 

10 
0 

10 9 
0 0 

10 
0 
10 

9**d(4.0) 
10 

Metaplasia, Squamous 0 0 0 0 (2.7) 0 

Trachea 8 10 8 7 10 9 
Necrosis, Acute 0 0 0 0 2 (4.0) 9**(4.0) 
Inflammation, Necrotizing 0 0 0 0 2 (4.0) 0 
Metaplasia, Squamous 0 0 0 2 (2.0) 7** (3.1) 0 

Lung 10 10 9 10 10 10 
Necrosis, Acute 0 0 0 0 1 (4.2) lo** (4.0) 
Inflammation, Necrotizing 0 0 0 0 9**(3.8) 0 
Congestion 0 0 0 0 0 9**(3.1) 
Inflammation, Suppurative 0 0 0 0 0 1 (3.0) 
Adenoma 0 0 1 0 0 0 

~ ~ ~~ 

l Significantly different (PSO.05) from the control group by Fisher's exact test 
* *  PSO.01 
a 	 Number of animals with organ examined microscopically 

Number of animals wi th  lesion
' 	Averageseverityoflesions i n  affectedanimals: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked; 5 = severe 

n=9 
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%YEAR STUDY 
Survival 
Estimates o f  2-year survival probabilities for male 
and female  mice are shown  in Table 10 and in the 
Kaplan-Meier curves in Figure 3. Survival o f  
0.2 ppm females was marginally lower than  that of  
controls due  tothe higherincidence o f  ovarian 
inflammation in the 0.2 ppm females. Survival of 
exposed males and 0.01 and 0.05 ppm females was 
similar to  that of the controls. 

Body Weights and Clinical Findings 
Final mean body weights o f  males exposed to 0.01, 
0.05, and 0.2 ppm hexachlorocyclopentadienewere 
within 5% of  that o f  controls(Figure 4 and 
Table 11). However, the mean body weights of  
0.2 ppm males were lower than  those o f  the controls 

TABLE10 

during weeks 62  to 103. The mean body weights of 
0.2 ppm females were lower than  those o f  controls 
throughout the study. The final mean body weights 
of the remaining  exposuregroupsweresimilar to 
those o f  the controls (Table 12  and Figure 4). No 
chemical-related clinical findings were observed in 
male or  female mice during  the 2-year study. 

Urinalysis 
Atthe15-monthinterim evaluation, the specific 
gravity o f  urine from males exposed to 0.05 and 
0.2 ppm was slightly higher thanthat from the 
controls(Table H6). Urine volume  in 0.2 ppm 
females was lower thanthatinthecontrols 
(Table H6). These differences did not  represent an 
adversechange in renalfunction and were not 
chemical-related. 

Survival of Mice in the 2-Year Inhalation Study of Hexachlorocyclopentadiene 

Dose (PPm) 

Male 

Animals initially in study 
15-Month interim evaluationb 
Accidental deathsb 
Moribund 
Natural deaths 
Animals surviving to study  termination 
Percent probability of  survival at end of  study' 
Mean survival (days)d 

Survival analysese 

Female 

Animals initially in study 
15-Month interim evaluationb 
Accidental deathsb 
Moribund 
Natural deaths 
Animals surviving to study  termination 
Percent probability of  survival at end of study 
Mean survival (days) 

Survival analyses 

0 0.01 0.05 0.2 

60a 60 60 60 
10 10 10 10 

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

35 33 42 34 
72 70 84 69 

510 646 673 647 

P = O . 6 3 0  P=O.936 P=0.204N P=O.794 

60 60 60 60 
10 10 10 10 
1 0 1 1 
8 10 11 15 

10 8 8 13 
31 32 30 21 
64 64 62 43 

638 651 645 610 

P = O . O l O  P=1.000N P=O.942 P=O.O53 

a Excludes the 30male mice used as controls in the stop-exposure  evaluation 
Censored from  survival analyses

' Kaplan-Meier determinations based on the number of animals  alive on first day o f  terminal sacrifice 
Mean of all deaths (uncensored, censored, and  terminal sacrifice) 

e The result of the life table trend test (Tarone, 1975) is in the control column,  and the results of the life table pairwise  comparisons 
(Cox, 1972) with the controls are in the exposure columns. A lower  mortality in  an exposure group is  indicated by N. 
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TABLE11 
Mean Body Weights and Survival of Male Mice in the 2-Year Inhalation Study 
of Hexachlorocyclopentadiene 

WdC3 0 ppm 0.01 ppm 0.05 ppm 0.2 ppm 
on Av. W L  No. of Av. W L  (%of No. of Av. W L  (%of No. of Av. W LW L  (%of No. ofW L  W L  

Study (9) Survivors (g) Survivors (g) controls) (g) Survivorscontrols) Survivors controls) 

1 22.2 90 22.1 100 60 22.1 100 60 21.8 98 60 
2 24.9 90 24.9 100 60 24.3 98 60 24.8 100 60 
3 26.2 90 25.7 98 60 25.6 98 60 26.2 100 60 
4 27.0 90 26.4 98 60 26.7 99 60 26.4 98 60 
5 27.7 90 26.8 97 60 27.0 98 60 27.3 99 60 
6 29.0 89 27.8 96 60 28.6 99 60 28.4 98 60 
7 29.2 89 28.1 96 60 28.4 97 60 28.7 98 60 
8 29.7 89 28.8 97 60 29.0 98 60 29.3 99 60 
9 29.9 89 28.9 97 60 29.6 99 60 29.4 98 60 

10 30.4 89 29.5 97 60 30.1 99 60 29.8 98 60 
11 30.6 89 29.9 98 60 30.1 98 60 30.3 99 60 
12 30.9 89 30.4 98 60 30.9 100 60 31.1 101 60 
13 31.1 89 30.9 99 60 31.4 101 60 30.9 99 60 
14 31.6 89 31.2 99 60 31.7 100 60 31.2 99 60 
18 34.1 89 32.6 96 60 33.0 97 60 33.4 98 60 
22 34.2 89 33.6 98 60 33.3 97 60 34.4 101 60 
26 34.9 89 34.6 99 60 35.2 101 60 36.1 103 60 
3oa 36.5 79 35.8 98 60 37.2 102 60 37.4 103 60 
34a 38.4 69 37.6 98 60 38.7 101 60 39.0 102 60 
38 39.4 69 39.3 100 60 40.5 103 60 40.7 103 60 
42 40.4 68 39.8 99 60 42.2 105 60 41.O 102 60 
46a 40.6 58 40.8 101 60 41.8 103 60 41.2 102 60' 
50 40.9 58 41.4 101 59 42.6 104 60 41.1 101 60 
54 42.3 58 42.5 101 59 43.3 102 60 42.0 99 60 
58 41.4 58 42.7 103 59 43.5 105 60 40.9 99 59 
62 42.0 58 42.5 101 58 43.5 104 60 40.4 96 59 
ssa 43.2 58 43.5 101 56 44.6 103 60 41.4 96 58 
70 43.0 47 43.6 101 46 44.9 104 50 40.6 94 46 
74 42.0 47 43.8 104 46 45.1 107 50 40.6 97 46 
78 43.4 47 44.4 102 45 45.5 105 49 41.4 95 43 
82 43.9 46 45.0 103 43 45.0 103 49 41.1 94 42 
86 43.1 46 44.8 104 43 45.3 105 48 40.3 94 42 
90 42.1 45 44.4 106 41 44.9 107 45 39.4 94 41 
93 41.8 42 44.4 106 41 45.1 108 45 40.5 97 40 
95 42.1 40 44.1 105 40 44.7 106 45 40.1 95 40 
97 41.9 40 43.3 103 40 44.5 106 45 40.1 96 39 
99 41.7 38 42.7 102 38 43.7 105 45 39.8 95 38 

101 41.9 37 42.9 102 36 43.5 104 44 39.7 95 38 
103 40.9 36 42.6 104 34 42.9 105 43 39.4 96 36 

Mean for weeks 
1-13 28.4 27.7 98 28.0 99 28.0 99 
14-52 37.1 36.7 99 37.6 101 37.6 101 
53-103 42.3 43.6 103 44.4 105 40.5 96 

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

a Interim evaluations occurred during weeks 27, 34, and 43 for the controls only, and during week 66 for all groups. 
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TABLE12 
Mean Body Weights and Survival of Female Mice in the 2-Year Inhalation Study 
of Hexachlorocyclopentadiene 

on 
Weeks 

Av. W L  
0 ppm 

NO. or 
0.01 ppm 

AV. wt. WL (%or NO. or 
0.05 ppm 

AV. wt.wt. (%or  NO. or AV. WL 
0.2 ppm 

WL (%or NO. or 
Study (9) Survivors (9) controls) Survivors (9) controls) Survivors (9) controls) Survivors 

1 18.7 60 18.6 100 60 17.9 96 60 18.2 97 60 
2 21.2 60 20.9 99 60 20.0 94 60 19.9 94 60 
3 22.3 60 21.3 96 60 22.0 99 60 21.3 96 60 
4 22.4 60 21.7 97 60 21.6 96 60 21.6 96 59 
5 23.4 60 22.9 98 60 22.7 97 60 22.6 97 59 
6 23.5 60 23.3 99 60 23.0 98 60 23.1 98 59 
7 24.2 60 23.4 97 60 23.3 96 60 23.5 97 59 
8 25.3 60 24.4 96 60 24.4 % 60 24.4 96 59 
9 26.0 60 25.0 96 60 24.9 96 60 24.9 96 59 

10 26.3 60 26.2 100 60 25.7 98 60 25.7 98 59 
11 26.4 60 26.1 99 60 25.3 96 60 25.8 98 59 
12 26.8 60 26.4 99 60 26.3 98 59 26.3 98 59 
13 27.5 60 26.7 97 60 26.1 95 59 26.2 95 59 
14 28.1 60 27.3 97 60 26.9 96 59 26.8 95 59 
18 29.8 60 29.0 97 60 28.2 95 59 28.3 95 59 
22 30.1 60 29.8 99 60 29.1 97 59 29.0 96 59 
26 32.3 59 30.9 96 60 30.7 95 59 30.8 95 59 
30 33.6 59 32.1 96 60 32.0 95 59 31.5 94 59 
34 34.6 59 33.6 97 60 33.8 98 59 32.8 95 59 
38 37.2 58 35.4 95 60 35.3 95 59 34.6 93 59 
42 38.5 58 36.3 94 60 37.3 97 59 35.7 93 59 
46 39.6 58 37.4 94 60 37.1 94 59 36.2 91 59 
5 0  41.4 58 39.4 95 59 39.2 95 59 37.9 92 59 
54 42.9 58 41.0 96 59 39.4 92 59 36.5 85 59 
58 42.5 57 41.0 97 59 40.1 94 59 35.1 83 59 
62 42.6 57 41.1 97 59 40.1 94 58 35.9 84 57 
66a 45.2 57 42.4 94 59 41.5 92 58 37.3 83 57 
70 44.5 46 42.3 95 49 41.6 94 48 37.4 84 46 
74 45.0 46 44.5 99 48 42.3 94 48 38.0 84 43 
78 46.3 45 45.6 99 48 43.1 93 48 38.4 83 40 
82 46.9 45 45.5 97 46 41.7 89 46 38.1 81 38 
86 46.0 43 45.2 98 42 41.8 91 43 38.3 83 37 
90 45.7 41 43.6 95 42 41.7 91 41 38.6 85 29 
93 44.4 38 43.8 99 40 40.5 91 39 39.1 88 29 
95 44.0 37 43.3 98 39 41.0 93 38 39.3 89 29 
97 43.2 35 43.3 100 35 39.9 92 37 39.2 91 28 
99 43.0 34 43.3 101 34 40.3 94 35 38.9 91 27 

101 42.4 32 42.1 99 33 40.2 95 34 39.8 94 24 
103 40.6 32 42.4 104 33 39.9 98 32 38.9 96 24 
105 39.9 31 42.4 106 33 39.9 100 31 38.6 97 23 

Mean for weeks 
1-13 24.2 23.6 98 23.3 96 23.3 96 
14-52 34.5 33.1 96 32.4 94 32.4 94 
53-105 43.8 43.1 98 40.9 93 38.1 87 

a Interim evaluation occurred during week 66. 
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Pathology and Statistical Evaluation 
This section describes the statistically significant or 
biologically noteworthy changes in the incidences o f  
nonneoplastic lesions o f  the respiratory  tract (nose, 
trachea, and lung)  and ovary and  neoplasms of  the 
thyroid gland. Summaries o f  the incidences o f  
neoplasms andnonneoplasticlesions, individual 
animal tumor diagnoses,statistical analyses o f  pri-
mary neoplasms  that occurred with an incidence o f  at 
least 5% in at least one  dose group, and historical 
incidences forthe neoplasmsmentionedinthis 
section are presented in Appendix C for male mice 
and in Appendix D for female mice. 

Respiratory trucf: Exposure o f  mice to hexachloro-
cyclopentadiene was associated with the occurrence o f  
yellow-brown granular  pigment within the cytoplasm 
of  epithelial cells lining the nose, trachea, and lung 
similar to that in exposed rats  (Tables 13, C5, and 
DS). In the nose, the pigment was generally located 
in the respiratory  epithelium o f  the nasal septum. 
Sections o f  nose and lung from two male  and two 
female mice were  stained by a  periodic acid-Schiff 
method for mucopolysaccharides, mucoproteins,  and 
carbohydrates,amethodfor acid-fast substances,  a 
modified Perls’ method  foriron,and Schmorl’s 
methodforreducingsubstances (lipofuscin and 
ceroid). The pigmented  material in mice had the 
same staining characteristics as  that in rats. Pigment 
within the cytoplasm o f  nasal epithelial cells and 
airways did  notstain positively by the periodic 
acid-Schiff, Perls’, or acid-fast methods. Pigment 
within many, but  not all, o f  the affected cells stained 
positively for  reducing substances. 

Foci o f  suppurative inflammation were also observed 
in the nose o f  many mice exposed t o  0.2 ppm. The 
inflammation was characterized by the infiltration o f  
neutrophilsandmononuclear cells in  the lamina 
propria and the accumulation o f  neutrophils, fibrin, 
mucus, and cellular  debris within the lumen o f  the 
nose. 

Ovary: There was a  dose-relatedincrease in the 
incidence o f  suppurative ovarian inflammation. The 
incidences o f  suppurativeovarianinflammationin 
0.05 and 0.2 ppm females were significantly greater 
thanthat o f  the controls (0/49,3/50, 6/50,17/50; 
Table DS). The lesions  occurred with marked sever-
ity in many o f  the affected mice and were  a likely 
cause o f  early death. 

Thyroid gland: The incidence o f  follicular cell ade-
noma in 0.05 ppm females was slightly higher than 
that of  the controls; however, the increase was not 
statistically significant and the incidences in the  other 
exposure groups were similar to that o f  the controls 
(1/49,1/50, 6/50, 0/50) (Tables Dl and D3). 
Although the incidence o f  follicular cell adenoma in 
0.05 ppmfemales was greaterthan the historical 
control range (0% to 6%; Table D4) o f  this lesion in 
female B6C3Fl mice from  recentNTPinhalation 
studies, it was not considered to be related to hexa-
chlorocyclopentadiene exposure. 

No significantly increased  incidences o f  site-specific 
neoplasms were observed in exposed grmps of male 
or female mice. 
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TABLE13 
Incidences of Selected Nonneoplastic Lesions of the Respiratory Tract in Mice 
in the 2-Year Inhalation Studyof Hexachlorocyclopentadiene 

Dose (PPm) 0 0.01 0.05 0.2 

Male 

15-Month Interim Evaluation 

Nosea 

Mucosa, Pigmentation 
Inflammation, Suppurativeb 

0 
0 
10 

7.. (1.0) 
0 
10 

10.. (2.3) 

10 
1 (1.O)C 

lo** (2.4) 
10" (2.5) 
10 

Trachea 
Mucosa, Pigmentation 0 

10  
0 

1 0  
10.. 
10 

(1.4) 10.. (2.3) 
1 0  

Lung 
Mucosa, Pigmentation 0 

10 
0 
10 10 

7" (1.0) lo** (2.5) 
10 

2-Year Study 

Nose 

Mucosa, Pigmentation 
Inflammation, Suppurative 

0 
0 
50 

45.' (1.7) 
0 
50 

50.. (2.6) 

50 
1 (2.0) 

44.. (2.3) 
36..(2.3) 
50 

Trachea 
Mucosa, Pigmentation 0 

50 
29'. (1.4) 
50 50 

48.. (2.0) 48*' 
50 

(2.1) 

Lung 
Mucosa, Pigmentation 0 

49 50 
2 (1.0) 42" (1.5) 

50 50 
45** (2.1) 

(continued) 
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TABLE13 

Incidences of Selected Nonneoplastic Lesions of the Respiratory Tract in Mice 

in the 2-YearInhalation Studyof Hexachlorocyclopentadiene(continued) 


Dose (PPm) 

Female 

15-Month Interim Evaluation 

NOS2 
Inflammation, Suppurative
Mucosa, Pigmentation 

Trachea 
Mucosa,Pigmentation 

Lung 
Mucosa, Pigmentation 

2-Year Study 

Nose 
Inflammation, Suppurative 
Mucosa, Pigmentation 

Trachea 
Mucosa, Pigmentation 

Lung
Mucosa,Pigmentation 

0 

10 

0 

0 


10 

0 


10 

0 


49 

4 (1.3) 

0 


49 

0 


48 

0 


0.20.01 	 0.05 

10 10 9 

1 (1.0) 0 8.' (2.6) 

41 (1.0) lo**(1.8) 9** (1.3) 


10 

0 


10 

0 


50 

0 


10 10 

lo**(1.4) lo** (2.0) 


10 10 

41 (1.0) lo** (2.3) 


50 48 

3 (1.7) 40** (2.4) 


40** (1.1) 48** (2.6) 41** (1.9) 

50 48 47 

6* (1.2) 43**(1.7) 42'. (2.0) 


50 50 49 

0 27** (1.3) 44** (1.9) 


l Significantly different (PsO.05) from the control group by Fisher's exact test (15-month interim evaluation) or by the logistic 
regression test (2-year study) 

* *  PSO.01 
a 	 Number ofanimals wi th  organexaminedmicroscopically 

Number of animals with lesion 
Averageseventyoflesions in affected animals: 1 = minimal; 2 = mild;  3 = moderate; 4 = marked 
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STOP-EXPOSURE EVALUATION 
The stop-exposureevaluationinmale mice was 
conducted to determine thesignificance of  exposure 
concentration versus exposureduration onthe 
potential developmento f  neoplasms or  nonneoplastic 
lesions and to evaluate theregression or progression 
o f  the lesions after exposure was stopped. Exposure 
periods o f  33 or 66 weeks for 0.2 ppm malemice and 
o f  26 or  42 weeks for 0.5 ppmmale mice were 
followed by recovery periodsuntil theend o f  the 
study. Two sets o f  equivalentexposuregroups 
(exposure level multiplied by exposure duration) were 
included to explore the effect of exposure duration 
on theincidence and severity o f  lesions. Exposure o f  
male mice to 0.2 ppm for 66 weeks provides approxi-
mately the sametotalexposureas 0.5 ppm for 
26 weeks (13 ppm -weeks) and exposure to 0.2 ppm 
for 104weeks provides approximately the same total 
exposure as 0.5 ppm for 42 weeks (21 ppm .weeks). 

TABLE14 

Survival 
Estimates o f  the survival probability for malemice in 
the stop-exposure groups, as determinedby compari-
son withthe control groupfrom the 2-year study, are 
shown in Table 14 and in the Kaplan-Meier survival 
curve in Figure5.  Two-year survival o f  stop-exposure 
groups was similar to that of the controls. However, 
there were a moderate numberof  early deaths among 
male mice exposed to 0.5 ppm for 42 weeks. 

Body Weights and Clinical Findings 
During the exposure periods, mean body weights o f  
0.5 ppm mice were generally lower than thoseof  the 
controls (Figure 6 and Table 15). However,during 
the recovery periods,stop-exposure mice gained 
weight and the final mean body weights o f  the stop-
exposure groups were similarto that o f  the controls. 
No chemical-related clinical findings were observed in 
exposed male mice during the stop-exposure study. 

Survival of Male Mice in the Stop-Exposure Evaluationof Hexachlorocyclopentadiene 

Dose (PPm) 

Animals initially i n  study 
27-Week interim evaluationb 
34-Week interim evaluationb 
43-Week interim evaluationb 
15-Month interim evaluationb 
Accidental deathsb 
Moribund 
Natural deaths 
Animals surviving to study termination 
Percent probability of survival a t  end of studyd 

0 0.2 0.2 0.5 0.5 
(33 (66(26weeks)weeks)weeks) (42 weeks) 

90a 80 5 0  90 70 
10 C- - 10 -
10 10 - 10 -
10 10 - 10 10 
10 10 - 10 10 
1 1 1 0 0 
8 7 6 5 10 
6 7 10 4 7 

35 35 33 41 33 
72 71 67 82 70 

Mean survival (days)e 509 554 555 673 522 

Survival analysesf P=l.OooP=O.500 P=O.652P=0.311N 

a Includes 60controlsfromthecorestudy 
Censored from survival analyses 
No interim evaluation scheduled for this group 
Kaplan-Meier determinations based on the numberof animals alive on first day o f  terminal sacrifice 

e Meanofalldeaths(uncensored,censored,andterminalsacrifice) 
The results of the life table painvise comparisons ( C o x ,  1972) with the controls are in the exposure columns. A lower mortality in 
an exposure group is indicated by N. 
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FIGURE5 

Kaplan-Meier Survival Curves for Male Stop-Exposure Mice AdministeredHexachlorocyclopentadiene 

by Inhalation 
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TABLE15 
Mean Body Weights and Survival of Male Mice in the Stop-Exposure Evaluation 
of Hexachlorocyclopentdiene 

Weeks 0 ppm 0.2 ppm (33 weeks) 0.2 pprn (66weeks) 
on Av. Wt. Number of Av. Wt.Wt. (% of Number of Av. Wt. Wt. (96of Number of 

Study (9) Survivors (9) controls) Survivors (g) controls) Survivors 

1 22.2 90 22.2 100 80 21.6 97 50 
2 24.9 90 24.3 98 80 24.0 96 50 
3 26.2 90 25.7 98 80 25.6 98 50 
4 27.0 90 26.4 98 80 26.3 97 50 
5 27.7 90 26.8 97 80 26.9 97 50 
6 29.0 89 28.1 97 80 28.2 97 50 
7 29.2 89 28.3 97 80 28.2 97 50 
8 29.7 89 28.9 97 80 28.8 97 50 
9 29.9 89 29.4 98 80 29.5 99 50 

10 30.4 89 30.0 99 80 30.2 99 50 
11 30.6 89 30.2 99 80 30.2 99 50 
12 30.9 89 30.8 100 80 31.3 101 50 
13 31.1 89 30.7 99 80 31.0 100 50 
14 31.6 89 31.3 99 80 31.1 98 50 
18 34.1 89 33.5 98 80 33.5 98 50 
22 34.2 89 33.6 98 80 33.8 99 50 
26 34.9 89 35.6 102 80 35.7 102 50 
30a 36.5 79 37.7 103 80 36.9 101 50 
3 4 a  38.4 69 39.7 103 69 38.7 101 50  
38 39.4 69 41.4 105 69 40.0 102 49 
42 40.4 68 42.3 105 69 41.3 102 49 
46a 40.6 58 42.6 105 59 41.6 103 49 
50  40.9 58 43.2 106 59 40.1 98 48 
54 42.3 58 44.9 106 59 39.4 93 48 
58 41.4 58 43.9 106 59 40.2 97 48 
62 42.0 58 43.1 103 59 39.9 95 47 
6tsa 43.2 58 43.4 101 5 9  41.2 95 46 
70 43.0 47 44.0 102 49 42.2 98 46 
74 42.0 47 44.5 106 49 43.0 102 45 
78 43.4 47 43.7 101 48 43.1 99 44 
82 43.9 46 44.4 101 46 43.3 99 43 
86 43.1 46 43.5 101 46 43.6 101 43 
90 42.1 45 42.5 101 45 42.9 102 40 
93 41.8 42 44.4 106 40 42.7 102 40 
95 42.1 40 44.1 105 39 42.7 101 36 
97 41.9 40 44.4 106 38 43.1 103 35 
99 41.7 38 43.4 104 38 42.1 101 35 

101 41.9 37 43.4 104 37 41.6 99 35 
103 40.9 36 42.3 103 37 41.3 101 33 

Mean for weeks 
1-13 28.4 27.8 98 27.8 98 
14-52 37.1 38.1 103 37.3 101 
53-103 42.3 43.7 103 42.0 99 

(continued) 
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TABLE15 
Mean Body Weights and Survival of Male Mice in the Stop-Exposure  Evaluation 
of Hexachlorocyclopentadiene (continued) 

Weeks 0 ppm 0.5 ppm (26weeks) 0.5 ppm (42 weeks) 
on Av. Wt. Number of Av. Wt. Wt. (% of Number of Av. Wt. Wt. (% of Number of 

Study (8) Survivors (8) controls) Survivors (9) controls) Survivors 

1 22.2 90 21.5 97 90 22.1 100 70 
2 24.9 90 22.9 92 90 23.3 94 70 
3 26.2 90 24.5 94 90 24.5 94 70 
4 27.0 90 25.4 94 90 25.4 94 70 
5 27.7 90 25.4 92 90 25.2 91 70 
6 29.0 89 26.5 91 90 26.7 92 70 
7 29.2 89 26.8 92 90 27.0 93 70 
8 29.7 89 27.2 92 90 27.3 92 70 
9 29.9 89 27.7 93 90 27.6 92 70 

10 30.4 89 28.2 93 90 28.3 93 70 
11 30.6 89 28.7 94 90 29.1 95 70 
12 30.9 89 29.1 94 90 29.3 95 70 
13 31.1 89 29.1 94 90 29.3 94 70 
14 31.6 89 29.7 94 90 29.9 95 70 
18 34.1 89 30.6 90 90 31.0 91 70 
22 34.2 89 30.7 90 90 31.2 91 70 
26 34.9 89 31.5 90 90 32.2 92 70 
30a 36.5 79 33.4 92 80 31.9 87 70 
34a 38.4 69 34.9 91 70 31.4 82 69 
38 39.4 69 37.0 94 70 32.2 82 65 
42 40.4 68 38.2 95 70 32.7 81 64 
46a 40.6 58 39.2 97 60 35.4 87 52 
50  40.9 58 40.0 98 60 37.7 92 51 
54 42.3 58 41.0 97 60 38.5 91 51 
58 41.4 58 40.6 98 59 38.4 93 50  
62 42.0 58 40.3 96 59 38.8 92 50 
66a 43.2 58 41.3 96 49 40.4 94 40 
70 43.0 47 41.2 96 49 41.0 95 40 
74 42.0 47 42.1 100 47 41.3 98 39 
78 43.4 47 41.5 96 47 41.6 96 39 
82 43.9 46 42.1 96 47 40.7 93 39 
86 43.1 46 42.6 99 46 40.9 95 39 
90 42.1 45 42.2 100 45 40.4 96 38 
93 41.8 42 43.4 104 45 41.4 99 37 
95 42.1 40 43.2 103 45 40.9 97 35 
97 41.9 40 43.1 103 44 42.0 100 34 
99 41.7 38 42.2 101 44 41.3 99 34 

101 41.9 37 42.0 100 43 41.2 98 34 
103 40.9 36 41.3 101 42 40.4 99 34 

Mean for w e e k  
1-13 28.4 26.4 93 26.5 93 
14-52 37.1 34.5 93 32.6 88 
53-103 42.3 41.9 99 40.6 96 

a Interim evaluations occurred during week  27 (control and %-week 0.5 ppm), week 34 (control, 33-week  0.2 ppm, and 26-week 
0.5 ppm), and weeks 43 and 66 (control, 33-week  0.2 ppm, 26-week 0.5 ppm, and 42-week  0.5 ppm). No interim evaluations were 
conducted for the 66-week  0.2 ppm group. 
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Pathology and Statistical Evaluation 
This section describes the statistically significant or  the mucosa o f  the nose,  trachea, andlung were 
biologically noteworthy  changes in the incidences o f  present in most animals exposed to  0.2 ppm, inde-
neoplasms and  nonneoplastic lesions of the respira- pendent o f  exposure duration (Tables 16 and E3). 
tory tract.  Summaries o f  the incidences of  neoplasms Mucosal pigmentation was not observed in controls. 
and nonneoplastic lesions of  male mice in  the stop- The incidences and severity o f  mucosal pigmentation 
exposure groups are shown  in TablesEl and E3. For in these  organs were similar among 0.2 ppm groups. 
statistical analyses, comparisons  were made between The incidences o f  suppurative inflammation o f  the 
controls and 0.2 ppm  groups exposed for 33, 66, or nose o f  male mice exposed to 0.2 ppm  for 66 or 
104 weeks (Table E2a); betweencontrolsand 104weeks were significantly greater  thanthose o f  
0.5 ppmgroups exposed for26 or 42 weeks the controls,  and the increase was exposure  related. 
(Table E2b); and between  equivalent exposure groups 
(Tables E2c  and E2d). Exposed had o fgroups 	 alveolar/incidences 

bronchiolar adenoma or carcinoma  (combined) that 
Contparison of  Groups Exposed to 0 ppnz versus were slightly but  not significantly greater  than those 
0.2ppm for 33, 66, or 104 Weeks: Pigmentation o f  o f  the controls (Tables 16 and E2a). 

TABLE 16 
Incidences of Selected Neoplasms and Nonneoplastic Lesions of the Respiratory  Tract 
in Male  Mice in the Stop-Exposure  Evaluationof Hexachlorocyclopentadiene: 
0 ppm versus 0.2 ppm for 33, 66, or 104 Weeks 

0 0.2 0.2 0.2 
(33 weeks) (66 weeks) (104 weeks) 

Nosea 50  50  49 50 

Mucosa, Pigmentation 
Inflammation, Suppurativeb 

0 
0 2 (2.5)' 

SO** (2.2) 
17..(2.5) 
46** (2.1) 44..(2.3) 

%** (2.3) 

Trachea 50 50 49 50 
Mucosa, Pigmentation 0 50** (2.0) 48.. (2.0) 48** (2.1) 

Lung 49 50  49 50 
Inflammation, Suppurative 0 0 0 4. (4.0) 
Mucosa, Pigmentation 0 46** (2.0) 45** (1.9) 4.5..(2.1) 
Alveolar Epithelial Hyperplasia 0 4 (2.8) 2 (2.5) 5' (2.4) 

Alveolarbronchiolar Adenoma 11 9 15 15 
Alveolarbronchiolar Carcinoma 0 4 2 1 
Alveolarbronchiolar Adenoma or  Carcinomad 11 13 17 16 

* Significantly different (PSO.05) from the control group by the logistic regression test 
* *  PSO.01 
a 	 Numberofanimals with organexaminedmicroscopically 

Number of animals with lesion 
Average severity o f  lesions in affected animals: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked 
Historical incidence for 2-year NTP inhalation studies with untreated control groups (mean rt standard deviation): 
139/624 (22.3% k 9.4%), range 10%-42% 
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Comparison of  GroupsErposed to 0 ppnt versus 
0.5ppm for26 or 42 Weeks: The incidences o f  focal 
suppurative inflammation o f  the nose  in male mice 
exposed to 0.5 ppm hexachlorocyclopentadiene for 26 
or 42 weeks were significantly greater  than thato f  the 
controls, and  the incidence and severity in the group 
exposed for 42 weeks were  greater thanthose in the 
26-week stop-exposure group (Tables 17 and E3). 
Focalsuppurativeinflammation o f  the lung  and 
tracheaoccurred only in  male mice exposed to 
0.5 ppm for 42 weeks. The incidences of  pigmenta-
tion in the nose,  trachea, and lung in males exposed 
to 0.5 ppm for 42 weeks were lower than  thoseof  the 
group exposed t o  0.5 ppm for 26 weeks. Hyperplasia 
of  the alveolar  epithelium o f  the lung  occurred in 
mice exposed to 0.5 ppm hexachlorocyclopentadiene 
for 26 or 42 weeks, and the incidence in the 42-week 

0.5 ppm stop-exposure  group was significantly greater 
than that o f  the controls. 

There was a significant exposure-related  increase in 
the incidence o f  alveolaribronchiolar carcinoma, and 
the incidences o f  alveolaribronchiolar carcinoma in 
0.5 ppm groups weresignificantly greater  than thato f  
the controls by pairwise comparison  (Tables 17  and 
E2b). However, the overall incidences o f  alveolar/ 
bronchiolar adenoma or carcinoma (combined) in 0.5 
ppm groups were similar to  that of  the controls. All 
mice in the 0.5 ppm groups with alveolaribronchiolar 
carcinoma survived until the end o f  the study except 
for one mouse  in the 26-week 0.5 ppm group which 
died on day 725 and two mice in the 42-week 
0.5 ppm group which died on days 395 and 661. 

TABLE17 
Incidences of Selected Neoplasms and  Nonneoplastic Lesions of the Respiratory Tract 
in Male Mice in the Stop-Exposure  Evaluationof Hexsrchlorocyclopentadiene: 
0 ppm versus 0.5 ppm for 26 or 42 Weeks 

Nosea 
Inflammation, Suppurativeb 
Mucosa, Pigmentation 

Trachea 
Inflammation, Suppurative 
Mucosa, Pigmentation 

Lung 
Inflammation, Suppurative 
Mucosa, Pigmentation 
Alveolar Epithelial Hyperplasia 

Alveolarbronchiolar Adenoma 
Alveolarbronchiolar Carcinomad 

0 

50 
0 
0 

50 
0 
0 

49 
0 
0 
0 

11 
0 

Alveolarbronchiolar Adenomaor Carcinomae 11 

0.5 

(26 weeks) 


50 
7. (2.O)C 

3.5.. (1.4) 

49 
048..(2.0) 

50 
048..(1.9) 
4 (2.5) 

10 
5. 
14 

0.5 
(42 weeks) 

50 
2 4 * *  (2.5) 
29** (1.6) 

50 
8' (2.5) 

27** (1.8) 

50 
16** (3.5) 
33.. (2.0) 
5* (2.4) 

10 

6* 

14 


l Significantly different (PSO.05) from the  control group by the logistic regression tes t  
* *  PSO.01 
a Number o f  animals with organ examined microscopically 

Number of animals with lesion 
Average severity of  lesions in affected animals: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked 
Historical incidence for 2-year NTP inhalation studies with untreated control groups (mean k standard deviation): 45/62 
(7.2% k 5.5%), range 0%-16% 

e Historicalincidence: 139/624(22.3% k 9.4%),range 10%42% 
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Focal hyperplasia of the alveolar  epithelium, alveolar/ 
bronchiolar andadenoma,alveolar/bronchiolar 
carcinoma constitute a in the morphologic continuum 
development and progression o f  the most common 
form o f  spontaneous and chemical-induced pulmo- 
nary neoplasia in  the B6C3Fl mouse. Focal hyper- 
plasia is characterized by an increase  in the number 
o f  cuboidal or low columnar cells lining the alveoli 
with no  or minimal  distortiono f  the normal architec-
ture o f  the lung. Alveolar/bronchiolar  adenoma is a 
circumscribed expansile lesion distorting the under-
lying alveolar  architecture. The neoplastic  epithelium 
is generally arranged  in complex, irregular papillary 
patterns,butit is uniform and comprises  asingle 
layer o f  cuboidal to columnar epithelium. Some cells 
have cytoplasmic vacuoles characteristic o f  type I1 
pneumocytes, while others have an appearance  more 
typical o f  bronchiolar cells. Alveolar/bronchiolar 
carcinoma is usually diagnosed on the basis o f  hetero-
geneity in cellular morphology and growth  pattern, 
areas o f  solidgrowth (loss o f  basementmembrane 
dependency), and cellular  anaplasia. 

Comparison of Groups Exposed to 0.2 ppm for 
66 Weeksor 0.5 ppm for 26  Weeks: The incidence 
and severity o f  mucosal pigmentation o f  the nose 
were lower in  males exposed to 0.5 ppm hexachloro-
cyclopentadiene for 26 weeks (35/50, 1.4) than  in the 
66-week 0.2 ppm  stop-exposuregroup (46/49, 2.1) 
(Table E3). However,incidences and severity of  
mucosal pigmentation o f  the lung (48/50, 1.9; 45/49, 
1.9) and trachea (48/49, 2.0; 48/49, 2.0) were  similar 
in both groups. The incidence  and severity of  suppu-
rativeinflammation o f  the nosewere lower in  the 
26-week 0.5 ppm stop-exposure group (7/50,2.0) than 
in the 66-week 0.2 ppm  stop-exposure group (17/49, 
2.5). The incidences o f  alveolar/bronchiolar 
neoplasmsinmale mice exposed to 0.5 ppmfor 
26 weeks [adenoma, 10/50;carcinoma, 5/50; adenoma 
or  carcinoma  (combined), 14/50] were not signifi- 
cantlydifferentfromthosein males exposed to 
0.2 ppmfor 66 weeks [adenoma, 15/49; carcinoma, 
2/49; adenoma or  carcinoma(combined), 17/49] 
(Table E2c). 

Comparison of Groups Exposed to 0.2 ppm for 
104 Weeks or 0.5 ppm for 42 Weeks: The incidence 
and severity o f  mucosal pigmentation in the 104-week 
0.2 ppm group (nose: 44/50,2.3;  trachea: 48/50, 2.1; 
lung: 45/50, 2.1) weregreaterthanthose of  the 

42-week 0.5 ppm stop-exposure group (nose: 29/50, 
1.6; trachea: 27/50, 1.8; lung: 33/50,2.0)  (Table E3). 
The incidence of  suppurativeinflammation o f  the 
nose was also  greater in the 104-week 0.2 ppm  group 
(36/50, 2.3) than  that in the 42-week 0.5 ppm stop-
exposure group (24/50, 2.5), but the severity o f  this 
lesion was similar  in both groups. The incidence, but 
not the severity, o f  suppurative inflammation of  the 
lung was lower in the 104-week 0.2 ppm  group (4/50, 
4.0) than  inthe 42-week 0.5 ppmstop-exposure 
group (16/50, 3.5). The incidence of  alveolar/ 
bronchiolarcarcinomainmalemice exposed to 
0.5 ppm for 42 weeks (6/50) was significantly greater 
than that o f  males exposed to 0.2 ppm  for 104 weeks 
(1/50) (Table  E2d).However, the overall  incidence 
of  alveolar/bronchiolar oradenoma carcinoma 
(combined) was similarbetween the two groups 
(0.2 ppm for 104 weeks, 16/50; 0.5 ppm for 42 weeks, 
14/50). 

GENETICTOXICOLOGY 
Hexachlorocyclopentadiene (0.03 to 100pglplate) was 
not mutagenic in Salmonellatyphimurium strains 
TA98, TA100, TA1535, or TA1537  when tested by a 
preincubationprotocol, with and  withoutAroclor 
1254-induced male Sprague-Dawley rat or Syrian 
hamster liver S9  (TableF1; Haworth et aL, 1983). In 
cytogenetic assays with  culturedChinesehamster 
ovary cells, hexachlorocyclopentadiene induced both 
sister chromatid exchanges and  aberrationswith and 
without S9 (Tables F2 and F 3 ;  Galloway et al., 1987). 
Although no cell cycle delay was evident in  either o f  
these Chinese hamster ovary cell studies, toxicity was 
a problem in the aberrations test where fewer than 
the desired  number o f  200 cells per  dose level were 
available for  scoring at  the highest  doses tested, with 
andwithout S9. In the sister  chromatid exchange 
test, no clear  dose-response relationship was evident. 

In vivo, no genetic effects were observed. No induc-
tion of  sex-linked recessive lethal  mutations was 
noted in germ cells o f  male Drosophila melanogaster 
treated with hexachlorocyclopentadiene by feeding or  
injection (Table F4; Zimmering et al., 1985; Mason 
et al., 1992). No increase in the frequency o f  micro-
nucleatederythrocytes was observed  inperipheral 
bloodsamplesobtainedfrommale and female 
B6C3Fl mice exposed to hexachlorocyclopentadiene 
by inhalation  for 13weeks (Table F5). 
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DISCUSSION AND CONCLUSIONS 


Hexachlorocyclopentadiene, apale yellow liquid, is 
used as a chemical intermediate  in the synthesis of  
chlorinated cyclodiene pesticides (chlordane,  aldrin, 
dieldrin, heptachlor, mirex, endosulfan,  and pentac) 
(Bell et al., 1979) and flame  retardants (chlorendic 
acid and  other derivatives) (Sanders, 1978). The 
National Cancer Institute nominatedhexachlorocyclo-
pentadiene for study because it has a large produc-
tion volume, which suggests the potential  for signifi- 
canthumanexposure;becauseithasastructural 
relationship to compoundsidentifiedashepato-
carcinogens such as  heptachlor, aldrin,  and dieldrin 
(NCI,1977a, 1978); and  because o f  the lack o f  
information on its  chronic toxicity. Thirteen-week 
and 2-year toxicology and carcinogenicity studies  were 
conducted by exposing groups o f  maleand female 
F344/N rats  and B6C3Fl mice to hexachlorocyclo-
pentadiene (approximately 98%  pure) by inhalation 
for 6 hours per day, 5 days per week. Because hexa- 
chlorocyclopentadienehas noend use o f  its own, 
occupationalexposure is the mostserioushuman 
health hazard. Workplace exposure occurs primarily 
via inhalation,  therefore this route o f  exposure was 
chosen for use in  the NTP studies. 

During the 13-week studies, 1 ppm was the lowest 
exposure level at which chemical-relateddeaths 
occurredinrats;in mice the lowest clearly lethal 
exposure level was  0.4 ppm. Treon et al. (1955) 
reported previously that  acute hexachlorocyclopenta- 
dieneinhalationexposure (1.5 ppmfor7hours) 
caused 100%mortality in mice and 5% mortality in 
rats. The somewhat greater sensitivity o f  mice could 
also be  due to thesmall size of  their airways relative 
to those o f  the rats  andtheease with which the 
mouse airways occlude. Respiratory  distress occurred 
in rats exposed to 1 or 2 ppm hexachlorocyclopenta- 
diene in the 13-week study. Respiratory  distress and 
impaired respiratory function were also observed in 
Sprague-Dawley rats exposed to 0.5 ppm hexachloro- 
cyclopentadiene for 6 hours per day, 5 days per week 
for 14 weeks (Rand ef al., 1982a). 

Histopathologic evaluation of the tissues of  rats and 
mice in the 13-week studies clearly showed that  the 
respiratorytract is the target of  hexachlorocyclo-

pentadiene toxicity in  both species. In the 13-week 
studies, inflammation and epithelial necrosis o f  the 
respiratory tract (nose, larynx, trachea, or lung) and 
squamousmetaplasia o f  the respiratory  epithelium 
occurred in rats exposed to 0.4 ppm or  more. Mice 
exposed to 0.4 ppm or  more also  had inflammation 
andmetaplasia o f  the respiratory  tract. Mild nasal 
inflammation and trachealepithelialmetaplasia 
(males) occurred in  some mice  exposed to 0.15 ppm 
hexachlorocyclopentadiene. Generally, the severity of  
the pulmonary lesions was related to exposure level. 

The exposure levels of  0.01,0.05, or 0.2 ppm (equiva- 
lent to 0.11, 0.56, or  2.28  mg/m3) used in the present 
2-year studies  were selected based on body weight 
depression, mortality, and  the incidence and severity 
of  chemical-relatedrespiratorytractlesionsin the 
13-week rat  and mouse  studies. The 0.2 ppm  expo-
sure level was chosen  as the highest  concentration for 
rats and mice, because  this exposure level is one-half 
o f  the lowest exposure level (0.4 ppm) that caused 
death in mice, body weight depression in  ratsand 
mice, and significant respiratory  lesions in rats and 
mice in  the 13-week studies. 

In the 2-year studies,  pigmentation in the respiratory 
epitheliallining o f  the nose,trachea (males), and 
bronchi and bronchioles o f  the lung; respiratory 
epithelial hyperplasia of  the nose; and squamous 
metaplasia o f  the laryngeal epithelium (females) 
occurred with increased  incidence and severity in 
exposed rats. Mice exposed to hexachlorocyclopenta- 
diene had increased incidences andseverity o f  muco-
sal pigmentation o f  the nose,  trachea, and lung and 
suppurativeinflammation o f  the nose. Similar 
lesionswere observed in  male mice in  thestop-
exposure evaluation. 

It is evident that hexachlorocyclopentadiene is highly 
toxic to  the respiratory  tract. Its toxicity is compara- 
ble to other known respiratory  toxicantssuchas 
methyl isocyanate, glutaraldehyde, and formaldehyde. 
Mice exposed to 30 ppm methyl isocyanate for 
2 hourshad extensive necrosis and  erosion of the 
respiratoryand olfactory epithelium of  the nose, 
trachea,andmainstembronchi(Boorman et al., 

http:0.01,0.05
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1987). Changes observed in rats similarly exposed 
included erosion and separation o f  the olfactory and 
respiratoryepitheliafrom the basementmembrane 
(Bucher et aL,1987). Rats exposed to 3 ppm methyl 
isocyanate for 6 hours per day for up  to 8 days had 
inflammatory and  squamous metaplastic lesions o f  
the respiratorytract(Fowler and Do", 1987). 
Hyperplasia and  squamous metaplasia of  the nose 
occurred in rats exposed t o  500 ppb glutaraldehyde 
for 6 hours per day, 5 days per week, for 13 weeks. 
Mice exposed similarly to 1,OOO ppb of  glutaraldehyde 
had squamous metaplasiao f  the laryngeal epithelium 
and necrosis and  suppurativeinflammation o f  the 
nasal cavity (NTP, 1993). 

The brown pigment observed in the mucosa and 
submucosa o f  the respiratory tract o f  rats and mice 
exposed to hexachlorocyclopentadiene was not 
reported with any o f  theotherirritants,andit 
appears to  be auniqueresponse to this chemical. 
Lipid peroxidation  has been implicated in the patho-
genesis of  this brown pigment  (Chio et al., 1969). 
Whether metabolismo f  hexachlorocyclopentadieneby 
rats and mice leads t o  the generation o f  intracellular 
free radicals and peroxides is unknown. Hexachloro- 
cyclopentadiene is a highly reactive chemical. It 
reacts readily with  olefinic and  aromatic compounds 
(Ungnade and McBee, 1958). It also binds to whole 
bloodand plasma (El Dareer et al., 1983) andto 
epithelial lungtissue,extracellular lung lining, and 
bronchiolar Clara cells (Rand et al., 1982a). 

Althoughthe respiratorytract was the only site 
identifiedfor hexachlorocyclopentadiene toxicity in 
these NTP studies, Treon et al. (1955)identified the 
adrenalgland,brain,heart, liver, and kidney as 
additional sites in rats exposed t o  0.15ppm or  more 
for 3.5 hours. Theapparentgreater toxicity (as 
indicated by the increased number o f  sites affected) 
o f  hexachlorocyclopentadiene observed by Treon 
et al. (1955)could have been caused by tissue  autoly-
sis rather  than impurities in the batch of chemical 
used. The degenerative changes in  theseorgans 
occurred at doses  where high mortality was encoun- 
tered. As for chemical purity, the batch used by 
Treon et al. (1955)was 89.5% pure whereas  those 
used by Rand et al. (1982a)and NTP were 97.7% and 
approximately 98% pure, respectively. The major 
contaminants known to be associated with industrial 
preparation o f  hexachlorocyclopentadiene include 
octachlorocyclopentadiene~exachloro-1,3-butadiene, 
tetrachloroethane,hexachlorobenzene,andpenta-
chlorobenzene(BUA, 1988). All o f  thesecontami-

nants except octachlorocyclopentadiene are known to 
cause liver and/or kidney damage (NTP, 1983; 
1991a,b). However, much  higherconcentrations o f  
thesecontaminants are required  for toxicity than 
those that would have been achieved in  the Treon 
et aL (1955)studies. 

Several conclusions  concerningthe respiratory lesions 
(mucosal pigmentation  and suppurative inflammation 
o f  the respiratory  epithelium) emerged fromthe stop-
exposure evaluation. Pigmentation o f  the respiratory 
tract epithelium caused by exposure to hexachloro- 
cyclopentadiene is persistent  as indicated by its 
presence in the respiratory tract o f  the majority o f  
the male mice after  along recovery period (62 to 
78weeks). This suggests that the pigment could be 
areactionproductbetween the chemical and  an 
intracellular component o f  the respiratory  tissue that 
has a very slow turnover  rate. The results of  the 
stop-exposure evaluation clearly show that incidence 
and severity o f  the respiratory  lesions are positively 
related to exposure  concentrationandduration. In 
addition there appears to be a critical burden (con- 
centrationtimes weeks) below which suppurative 
inflammation o f  the trachea and lungdoes not occur. 
The critical was estimated atburden 20 to 
21 ppm -weeks. This conclusion is supported by the 
finding that  no chemical-related  inflammatory lesions 
occurred in the trachea  and lung of  male mice 
exposed t o  0.5 ppmfor 26 weeks or 0.2 ppmfor 
66 weeks, or male or female mice exposed t o  0.01 or  
0.05 ppm for 104weeks. Exposure  concentration o f  
0.5 ppm has an inhibitory effect on mucosal  pigmen-
tation o f  the respiratory  tract.Pigmentation inci-
dences at this  concentration, whether the exposure 
was for 26 or 42 weeks, were 35% lower than  that 
observed in the otherexposure groups, except the 
0.01ppm core group. 

The pigmentation  could be secondary to the chronic 
inflammation observed in  part o f  the respiratory 
tract. However, the pigmentation was observed  in 
the respiratory tract o f  mice exposed to lower  con-
centrations o f  the chemical, which did not  cause 
inflammatory lesions, and was also  observed in the 
respiratory tract o f  exposed rats  that had little evi- 
dence o f  inflammation.Thisalso suggests that  the 
pigmentation may have been the result of  adirect 
reaction between the chemical or  oneof its metabo-
litesand the respiratory tissue. Hexachlorocyclo-
pentadienecould,underreductivedehalogenation, 
form free radicals, which could then react with the 
respiratory epithelium thus causing pigmentation. 



61 Discussion and Conclusions 

There was a  dose-related increase in  the incidence o f  
suppurative ovarian inflammation in mice. The inci-
dences o f  suppurative ovarian inflammation in 0.05 
and 0.2 ppm females were significantly greater  than 
that o f  the controls (0/49, 3/50, 6/50, 17/50). The 
lesions occurred with marked severity in many o f  the 
affected females and  werea likely cause o f  early 
death. The increase may have  been due to the 
reducedimmunity o f  exposed mice as  aresult o f  
stress. This condition is similar to the utero-ovarian 
infections observed in mice in  otherNTP studies and 
apparently caused by Klebsiella species. 

In the 2-year core studies, there were no increased 
neoplasmincidencesinrats or mice that could be 
attributed to the whole-body exposure t o  hexachloro-
cyclopentadiene vapors. The incidences of  alveolar/ 
bronchiolarcarcinomainmale mice exposed to 
0.5 ppmfor26 (5/50) or 42 (6/50) weeks in  the 
stop-exposureevaluationwere significantly greater 
thanthat o f  the controls (0/49). However, this 
increase could not be clearly related to hexachloro-
cyclopentadiene exposure because the incidences o f  
thisneoplasminthesestop-exposuregroupswere 
within the historical  control range (0% to 16%),  and 
the combinedincidence o f  alveolar/bronchiolar 
adenoma or carcinoma  in these stop-exposure groups 
was similar to  that o f  the controls.This lack o f  a 
carcinogenic response to hexachlorocyclopentadiene 
exposurecontrasts with the positive carcinogenic 
response to cyclodiene pesticides such  as chlordane, 
heptachlor, aldrin, and dieldrin. Oral administration 
o f  thesecompoundsproduced liver neoplasms in 

mice, but  the results  were inconclusive in rats (NCI, 
1977a,b; 1978). Thesecompoundswerefound to 
causeperoxisomeproliferation in the liver o f  rats 
(Ortega et aL, 1957; Wright et al., 1972). No reports 
of peroxisome proliferation due to hexachlorocyclo-
pentadienewerefound. Because there were no 
chemical-relatedincreases in liver weights or  liver 
lesions in  eitherthe 13-week or 2-year inhalation 
studies, it is unlikely that hexachlorocyclopentadiene 
would cause  proliferation o f  the endoplasmic reticu-
lum. The lack of  carcinogenic activity o f  hexachloro-
cyclopentadiene coincides with its lack o f  mutagenic 
activity (Litton Bionetics, 1978a,b; Haworth et aL, 
1983). However, hepatocarcinogen cyclodiene pesti- 
cides also lack mutagenic activity (Wildemauwe et aL, 
1983). 

CONCLUSIONS 
Under the conditions of  these 2-year studies, there 
was no evidence of carcinogenic activity* of  hexa-
chlorocyclopentadiene in male or  female F344/N rats 
or B6C3F1 mice exposed to 0.01, 0.05, or 0.2 ppm. 

Exposure o f  rats to hexachlorocyclopentadiene 
produced pigmentation o f  the respiratory  epithelium 
o f  the nose,trachea (males), andbronchi and 
bronchioles o f  the lung. Squamous  metaplasia o f  the 
laryngeal epithelium  occurred in female ratsexposed 
to hexachlorocyclopentadiene. Suppurative inflam- 
mation o f  the nose as well as  pigmentation o f  the 
respiratory mucosal epithelium  occurredin mice 
exposed to hexachlorocyclopentadiene. 

l Explanation of Levels of  Evidence of Carcinogenic Activity ison page 9. A summary of the Technical Reports Review Subcommittee 
comments and the public discussion on this TechnicalReport appears on page 11. 
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TABLEAI 
Summary of the Incidence of Neoplasms in Male Rats in the2-YearInhalation Studyof Hexachlorocyclopentadienea 

Disposition Summary 
Animals initially in  study 
ISM& inrcrim evrrhrrdosr 
Early deaths 

Moribund 
Natural deaths 

sulvivors 
Terminal sacrifice 

Animals examined microscopically 

15-Month Interim Evaluatwn 
Alimentary System 
None 

Cardiovascular System 
None 

Endocrine System 
Adrenal cortex 

Bilateral, adenoma 
Adrenal medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, carcinoma 

General Body System 
None 

Genital System 
T e s t e  

Interstitial c e l l ,  adenoma 
Interstitial ce l l ,  adenoma, multiple 

Hematopoietic System 
None 

Integumentary System 
None 

0 PPm 0.01 ppm 

60 60 
IO 10 

27 30 
5 4 

18 16 


60 60 


(10) (2)
2 (20%) 2 (100%) 
7 (70%) 

0.05 ppm 

60 

10 

23 

5 

22 

60 


(1) 

1 (100%) 


0.2 ppm 

60 

10 


31 

3 


16 


60 


(10)

5 (50%) 
5 (50%) 
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TABLEAI 
Summary of the Incidence of Neoplasms in Male Rats in the 2-YearInhalation Study of Hexachlorocyclopentadiene 
(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

15-Month Interim Evaluation (continued) 
Musculoskeletal System 
Skeletal muscle 

Sarcoma 
(1)

1 (100%) 

Nervous System 
None 

Respiratory System 
Lung (10)

Sarcoma, metastatic, skeletal muscle 

Special Senses System 
None 

Urinary System 
Urinary bladder 

Papilloma 

2-Year Study 
Alimentary System 

Intestine large, colon (47)

Intestine large, rectum (47)


Sarcoma 
Intestine large, cecum 
Intestine small, duodenum 
Intestine small, jejunum 

Adenocarcinoma, mucinous 
Fibroma 

Intestine small, ileum 
Liver 

Hepatocellular adenoma 
Mesentery 
Oral mucosa 

Squamous c e l l  carcinoma 
Pancreas 
Phatynx 

Papilloma 
Squamous cell carcinoma 

Stomach, forestomach 
Stomach, glandular 

Cardiovascular System 
Heart 
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TABLEA1 
Summary of the Incidence of Neoplasms in Male Rats in the 2-YearInhalation Study of Hexachlorocyclopentadiene 
(continued) 

~~~ ~ ~~ ~~~ 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

Adrenal cortex 
Endocrine System 
2-Year Study (continued) 

Carcinoma 
Adenoma 

Bilateral, pheochromocytoma benign 
Pheochromocytoma benign, multiple 
Pheochromocytoma benign 
Pheochromocytoma malignant 

Adrenal medulla 

Pituitary gland 
Parathyroid gland 

Carcinoma 
Adenoma 

Islets, pancreatic 

Pars distalis, adenoma 
Carcinoma, metastatic, Zymbal’s gland 

Follicular cel l ,  adenoma 
C-cell, carcinoma 
C-cell, adenoma 

Thyroid gland 

(50)
1 (2%) 

(50) 

2(4%) 
1 (2%) 

12 (24%) 
2(4%) 

(50) 

4 (8%) 
7(14%) 

(50) 
(47) 

23 (46%) 
(49)

5 (10%) 

(33) 

(34) 

3(9%) 

7(21%) 
1 (3%) 

(34) 

2(6%) 
5 (15%) 

(39) 
(30) 

23 (59%) 
1 (3%) 

1 (3%) 
1 (3%) 
3(9%)

(35) 

(27) 

1 (4%) 

1 (4%) 
(2) 

6(21%) 

5 (17%) 

5 (18%) 
(29) 

1(3%) 

(38) 
(25) 

2(6%) 
5 (16%) 

23 (61%) 
(32) 

(49)
1 (2%) 

13 (27%) 

33 (66%) 
(50) 

3 (6%) 
3(6%) 
3(6%) 

None 
General Body System 

Preputial gland 
Epididymis 
Genital System 

Carcinoma 

Interstitial ce l l ,  adenoma, multiple 
Interstitial cel l ,  adenoma 
Bilateral, interstitial ce l l ,  adenoma 

Testes (50) 

(50) 
(50) 

3(6%) 

23(46%) 

6 (12%) 

12 (24%) 

(48) 

(38) 
(35) 

2 (5%) 

2(4%) 
11 (23%) 
21(44%) 

(48) 

(30) 
(27) 

1 (3%) 

13 (27%) 
19 (40%) 

1 (2%) 

(50) 

(48) 
(50) 

2(4%) 

15 (30%) 
19 (38%) 

Lymph node, mandibular 
Lymph node, bronchial 
Lymph node 
Bone marrow 
Hematopoietic System 

Thymus 
Spleen 

Lymph node, mediastinal 
Lymph node,  mesenteric 

Squamous cell carcinoma, metastatic, skin 

Carcinoma, metastatic, thyroid gland 

Carcinoma, metastatic, thyroid gland 
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TABLEA1 
Summary of the Incidence of Neoplasms in Male Rats in the 2-YearInhalation Study of Hexachlorocyclopentadiene 
(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

2-Year Study (continued) 
Integumentary System 
Skin 

Basal c e l l  carcinoma 
Fibroma 
Fibrosarcoma 
Neurofibroma 
Neurofibrosarcoma 
Sarcoma 
Squamous cell carcinoma 
Squamous cell  papilloma 
Sebaceous gland, carcinoma 

Musculoskeletal System 
Skeletal muscle (1)

Rhabdomyosarcoma 1 (100%) 

Nervous System 
Brain (50)  (35)

Glioma malignant 

Granular cell  tumor malignant 


Respiratory System 
Lung (50) (50) (50) (50)

Alveolarbronchiolar adenoma 5 (10%) 2(4%) 2(4%) 3 (6%) 
Alveolarbronchiolar carcinoma 2 (4%) 
Carcinoma, metastatic, thyroid gland 1 (2%) 
Carcinoma, metastatic, Zymbal's gland 2 (4%) 
Hemangiosarcoma, metastatic, uncertain 

primary site 1 (2%) 
Pheochromocytoma malignant, metastatic, 

adrenal medulla 1 (2%) 
Squamous cell carcinoma, metastatic, skin 

Nose (48)
Adenoma, papillary 
Squamous cell carcinoma, metastatic, oral 

mucosa 

Special Senses System 
Harderian gland 

Adenoma 
Duct, carcinoma 

Zymbal's gland 
Carcinoma 
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TABLEA1 
Summary of the Incidence of Neoplasms in Male  Rats in the 2-YearInhalation Study of Hexachlorocyclopentadiene 
(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

2-Year Study (continued) 

Urinary System 

Kidney (50 ) 


Nephroblastoma 
Urinary bladder (50 )  

Systemic Lesions 
Multiple organsb ( 5 0 )  ( 5 0 )  (50 )  (50)

Leukemia mononuclear 29(58%) 33 (66%) 26 (52%) 29(58%) 
Mesothelioma malignant 1 (2%) 5 (10%) 2 (4%) 

Neoplasm Summary 
Total animalswith primary neoplasms' 

15-Month interim evaluation 10 2 3 10 
2-Year study 5 0  49 49 49 

Total primary neoplasms 
15-Month interim evaluation 15 2 3 17 
2-Year study 146 131 120 161 

Total animals~with benign neoplasms 
15-Month interim evaluation 10 2 1 10 
2-Year study 46 45 46 47 

Total benign neoplasms 
15-Month interim evaluation 15 2 1 17 
2-Year study 99 81 83 113 

Total animals with malignant neoplasms 

15-Month interim evaluation 2 

2-Year study 36 38 32 34 


Total malignant neoplasms 
15-Month interim evaluation 2 
2-Year study 47 50 37 48 

Total animals with metastatic neoplasms 

15-Month interim evaluation 1 

2-Year study 1 3 3 3 


Total metastatic neoplasms 

15-Month interim evaluation 1 

2-Year study 1 5 3 4 


Total animals with malignant neoplasms 

o f  uncertain primary site 


2-Year study 1 


a Number of animals examined microscopically at  site and  number of animals with lesion 

Number of animals with any tissue examined microscopically


' Primaryneoplasms:aIIneoplasmsexceptmetastaticneoplasms 
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 

Intestine large, colon 

Intestine large, rectum 

Intestine large, cecum 

Intestine small, duodenum 

Intestine small, jejunum 


Adenocarcinoma, mucinous 
Fibroma 


Intestine small, ileum 

Liver 


Hepatocellularadenoma 

Mesentery 

Pancreas 

Salivary glands 

Stomach, forestomach 

Stomach, glandular 

Tooth 


Cardiovascular System 
Blood vessel 
Heart 

Endocrine System 
Adrenal cortex 


Adenoma 

Adrenal medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 
Pheochromocytoma benign, multiple 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 

Adenoma 

Carcinoma 


Parathyroid gland 

Pituitary gland 


Pars distalis, adenoma 

Thyroid gland 


C-cell, adenoma 


General Body System 
None 

6 6 1 1 1 7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

9 9 1 1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

4 8 2 2 9 4 9 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1  Total 
1 3 1 9 1 3 8 1 1 1 2 2 3 4 6 6 8 8 9 0 2 3 4 4 5  Tissues1 
2 1 4 1 1 2 3 1 2 4 1 3 4 3 1 4 1 2 4 2 3 3 2 4 3  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  41 

+ + + + + + + + + + + + + I + + + + + + + + + + +  41 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  41 

. . . . . . . . . . . . . . . . . . . . . . . . .  46 


1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  46 


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

X 1 


+ + + +  + + 12 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ 1 


+ 5 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

2 


X x x x x  x x x x x 12 

1 


X X 2 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X X x x x x 1 


X X 4 

+ + + + + + + + + + M + + + + + + + + + + + + + +  41 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x x x xx x  x x X x xx x  23 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

X X X 5 
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TABLEA2 

Individual Animal Tumor Pathologyof Male Rats in the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

~ _ _  

Genital System 
~~ ~ 

Epididymis 

Preputial gland 


Carcinoma 

Prostate 

Seminal vesicle 

Testes 


Bilateral, interstitial cel l ,  adenoma 
Interstitial cell, adenoma 
Interstitial cel l ,  adenoma, multiple 

~ ~~ 

Hematopoietic System 
Blood 

Bone marrow 

Lymph node 

Lymph node,  bronchial 

Lymph node,  mandibular 

Lymph node, mesenteric 

Lymph node,  mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 
Skin 


Fibroma 

Fibrosarcoma 

Squamous cell papilloma 


~ _ _  

Musculoskeletal System 
Bone 

Skeletal muscle 


Rhabdomyosarcoma 


Nervous System 
Brain 

Respiratory System 
l-alynx
Lung 

Alveolar/bronchiolar adenoma 
Pheochromocytoma malignant, 
metastatic, adrenal medulla 

Nose 
Trachea 

3 4 4 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

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

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

0 1 1 0 1 0 0 1 0 1 1 1 1 0 0 0 0 0 0 1 1 0 1 1 1  

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

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


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


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

X X X 


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


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


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

x x  x x x x  x x x  


X X X 

x x x  


+ 
. . . . . . . . . . . . . . . . . . . . . . . . .  


+ 
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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


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

X 


X 


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

+ 
X 


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


+ + + + + + + + A + + + + A + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


X 

+ + + + + + + + A + + + + A + + + + + + + + + + +  
+ + + + + + + + A + + + + A + + + + + + + + + + +  
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TABLEA2 

Individual Animal Tumor Pathologyof Male Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Genital System 
Epididymis 

Preputial gland 


Carcinoma 

Prostate 

Seminal vesicle 

Testes 


Bilateral, interstitial ce l l ,  adenoma 
Interstitial ce l l ,  adenoma 
Interstitial cel l ,  adenoma, multiple 

Hematopoietic System 
Blood 

Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 
Skin 

Fibroma 
Fibrosarcoma 
Squamous cell papilloma 

Musculoskeletal System 
Bone 

Skeletal muscle 


Rhabdomyosarcoma 


Nervous System 
Brain 

Respiratory System 
Larynx
Lung 

Alveolar/bronchiolar adenoma 
Pheochromocytoma malignant, 

metastatic, adrenal medulla 
NOS2 
Trachea 

6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

9 9 1 1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

4 8 2 2 9 4 9 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1  Total 
1 3 7 9 7 3 8 1 1 1 2 2 3 4 6 6 8 8 9 0 2 3 4 4 5  Tissues/ 
2 1 4 1 1 2 3 1 2 4 1 3 4 3 1 4 1 2 4 2 3 3 2 4 3  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X X X 6 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50  

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X x xx x  X x x  23
x x xx x x  

x x  x xx x  X X X 12 


3 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ 2 

+ + + + + + + + + + + + + + + + + + + + + + + M +  49 

+ + + + + + + + + + + + + + M + + + + + + + + + +  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

+ + + + + + + + + + + M + + + + + + + + + + + + + 48 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 2 


1 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x x  X X X 5 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 




80 Hexachlorocyclopentadiene, NTP TR 437 

TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 2-Year Inhalation  Study of Hexachlorocyclopentadiene: 
0 ppm (continued) 

Number of Days on  Study 

Carcass ID Number 

Special Senses System 
Eye
Zymbal's gland 

Carcinoma 

Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Mesothelioma malignant 

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

+ + + 
+ 
X 


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


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


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

X x x x xx x xx x x xx x x  
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 2-Year Inhalation  Study of Hexachlorocyclopentadiene: 

0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Eye

Zymbal's gland 


Carcinoma 


Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Mesothelioma malignant 

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

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1  Total 
1 3 7 9 7 3 8 1 1 1 2 2 3 4 6 6 8 8 9 0 2 3 4 4 5  Tissues/ 
2 1 4 1 1 2 3 1 2 4 1 3 4 3 1 4 1 2 4 2 3 3 2 4 3  Tumors 

+ 4 
+ 2 
X 2 

. . . . . . . . . . . . . . . . . . . . . . . . .  50  

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
x x x x x x  X x x  x X x x x  29 

X 1 
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 
0.01 ppm 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 

Intestine large,  colon 

Intestine large,  rectum 

Intestine large,  cecum 

Intestine small, duodenum 

Intestine small,  jejunum 

Intestine small,  ileum 

Liver 


Hepatocellular adenoma 

Mesentery 

Pancreas 

Salivary glands 

Stomach, forestomach 

Stomach, glandular 

Tooth 


Cardiovascular System 
B l o o d  vessel 
Heart 

Endocrine System 
Adrenal cortex 
Adrenal medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 
Bilateral, pheochromocytoma  benign 

Islets, pancreatic 
Adenoma 
Carcinoma 

Parathyroid gland 
Pituitary gland 

Carcinoma, metastatic, Zymbal’s gland 
Pam distalis,  adenoma 

Thyroid gland 
C e l l ,  adenoma 
C c e l l ,  carcinoma 
Follicular c e l l ,  adenoma 

General Bady System 
None 

3 3 3 4 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6  

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

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

4 3 3 3 3 3 3 3 3 4 3 4 3 3 4 4 3 4 3 3 3 4 3 3 3  

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

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


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


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


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

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

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

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

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

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


X 
+ + +  + 

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


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


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


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


+ + + 
. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  + + + +  


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


X x x  X X 
X 

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

X X 

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

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


X 
X X x x xx xx xx x  
. . . . . . . . . . . . . . . . . . . . . . . . .  


x x  
X 
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TABLEA2 

Individual Animal Tumor Pathologyof Male Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0.01 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 

Intestine large,  colon 

Intestine large,  rectum 

Intestine large,  cecum 

Intestine small,  duodenum 

Intestine small,  jejunum 

Intestine small,  ileum 

Liver 


Hepatocellular adenoma 

Mesentery 

Pancreas 

Salivary glands 

Stomach, forestomach 

Stomach, glandular 

Tooth 


CardiovascularSystem 
B l o o d  vessel 
Heart 

Endocrine System 
Adrenal cortex 
Adrenal medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 

Adenoma 

Carcinoma 


Parathyroid gland 
Pituitary gland 

Carcinoma, metastatic, Zymbal’s  gland 
Pars distalis,  adenoma 

Thyroid gland 

C e l l ,  adenoma 

C e l l ,  carcinoma 

Follicular ce l l ,  adenoma 


General Body System 
None 

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

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

Tumors 
TiSSU€S/ 

Total 

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

+ 

+ + + + + + + + +  

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


X 

X 


x x  

+ + + + + + + + +  

x x  x 

+ + M + M + + + +  
+ + + + + + + + +  
x xx x x x x  

+ + + + + + + + +  

X 


34 
34 
34 
32 
34 
33 
32 

+ + + +  39 
1 

+ + +  11 
34 
34 

+ + 36 
+ 	 35 

1 

3 

34 


33 

+ 	 34 

1 
X 	 I 


3 
34 
5 
2 
30 

+ + + + +  39 
1 

x x 	 x x x  23 

+ 	 35 

3 
1 

X 	 1 




84 Hexachlorocyclopentadiene,NTP TR 437 

TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0.01 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Genital System 
Epididymis 

Mesothelioma malignant, metastatic, 
testes 

Preputial gland 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Bilateral, interstitial cell, adenoma 
Interstitial ce l l ,  adenoma 
Interstitial cel l ,  adenoma, multiple 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 

Skin 


Fibroma 

Fibrosarcoma 

Squamous cell papilloma 

Sebaceous gland, carcinoma 


Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Lalynx
Lung 

Alveolar/bronchiolar adenoma 
Carcinoma, metastatic, Zymbal’s gland 
Mesothelioma malignant, metastatic, 

testes 
NOS2 
Trachea 

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

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


X 

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


X 

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

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

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


X X X X 

X x x x  x x x X X 


x x  


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

+ + + +  

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

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

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

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

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

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


~ ~ ~~~~~~~~~ 

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


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


X 

X 


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


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


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


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


X X 


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


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




Lesions in Male Rats 

TABLEA2 

Individual Animal Tumor Pathologyof Male Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0.01 ppm (continued) 

Number of Days on Study 

Carcass ID  Number 

Genital System 
Epididymis 

Mesothelioma malignant, metastatic, 
testes 

Preputial gland 
Carcinoma 


Prostate 

Seminal vesicle 

Testes 


Bilateral, interstitial c e l l ,  adenoma 
Interstitial cell, adenoma 
Interstitial cell, adenoma, multiple 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 
Skin 

Fibroma 
Fibrosarcoma 
Squamous c e l l  papilloma 
Sebaceous gland, carcinoma 

Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Larynx
Lung 

Alveolar/bronchiolar adenoma 
Carcinoma, metastatic, Zymbal’sgland 
Mesothelioma malignant, metastatic, 
testes 


Nose 

Trachea 


6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

9 9 0 0 0 1 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

5 8 4 5 9 9 4 4 6 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
4 4 4 3 3 3 3 3 4 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4  Total 
4 0 3 6 2 8 2 6 5 3 4 4 4 5 7 8 9 9 0 1 2 2 4 4 5  Tissues/ 
1 4 4 1 3 4 4 2 1 3 1 2 3 3 4 3 1 3 3 4 2 3 3 4 2  Tumors 

+ + + + + + + + +  	 + 35 


1 

+ + + + + + + + +  + + + + 38 


X 2 

+ + + + + + + + +  + 35 

+ + + + + + + + +  + 35 

+ + + + + + + + + + + + + + + + + +  + +  + + +  48 

x x x  X x x x x xx x  	 21
x x x 
x x x  


X X 11 

2 


+ + + + + + + + +  34 

+ + 6 


+ + + + + + + + +  + 32 

+ + + + + + + + M  + 32 

+ + + + + + + + +  + 35 

+ + + + M + + + M  32 

+ + + + + + + + +  + +  + + + +  + 41 

+ + + + M + + + M  32 


+ + + + + + + + +  	 34 

+ + + + + + + + +  + +  + + 	 38 


X 	 1 


X 


+ + + + + + + + +  	 34 


+ + + + + + + + +  + 	 35 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X X 	 2 


2 


X 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0.01 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Eye
Harderian gland 

Duct, carcinoma 
Zymbal’s gland 

Carcinoma 

Urinary System 
Kidney 

Nephroblastoma 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Mesothelioma malignant 

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

t 

+ 
X 


+ + 
X X 


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


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


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

X x x x x x x x xx x x x x x x  x 


X X 
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TABLEA2 

Individual Animal Tumor Pathologyof Male Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0.01 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Eye
Harderian gland 

Duct, carcinoma 
Zymbal's gland 

Carcinoma 

Urinary System 
Kidney 

Nephroblastoma 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Mesothelioma malignant 

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

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

Tumors 
Tissues/ 
Total 

+ 

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

2 
2 
1 
1 
2 

X 
+ + +  

34 
1 

37 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
x x x x x x x xx x  X x x xx x  33 

X X X 5 



88 Hexachlororyclopentadiene,NTP TR 437 

TABLEA2 

Individual Animal Tumor Pathologyof Male Rats in the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0.05 ppm 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 

Intestine large, colon 

Intestine large, rectum 

Intestine large, cecum 

Intestine small, duodenum 

Intestine small, jejunum 

Intestine small, ileum 

Liver 


Hepatocellularadenoma 

Mesentery 

Pancreas 

Pharynx 


Papilloma 
Squamous cell  carcinoma 


Salivary glands 

Stomach, forestomach 

Stomach, glandular 


Cardiovascular System 
Blood vessel 

Heart 


Endocrine System 
Adrenal cortex 


Carcinoma 

Adrenal medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 

Adenoma 

Carcinoma 


Parathyroid gland 

Pituitary gland 


Pars distalis, adenoma 

Thyroid gland 


C c e l l ,  adenoma 

C c e l l ,  carcinoma 


General Body System 
None 

2 3 4 4 5 5 5 5 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7  

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

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


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

6 6 7 7 6 6 6 7 7 6 6 6 7 7 7 6 6 7 6 7 7 7 6 6 6  

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

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


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

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

+ A + A + + + + + A + I + + + + + + + + + + + + +  
+ A A A + + + + + A + + + + + A + + + + + + + + +  

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

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

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

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

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

+ + 
X 


X 

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

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

+ A + + + + + + + + + + + + + + + + + + + + + + +  
X 


+ A + + + + + + + + + + + + + + + + + + + + + + +  
X 

X X X x x 


X x x  

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

x x X 

X 


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

+ A + + + + + + + + + I + + + + + + + + + + + + +  

x xx x 
x x x x x x x  

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


x x 

X 
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 2-Year  Inhalation Studyof Hexachlorocyclopentadiene: 

0.05 ppm (continued) 

Number of Days on Study 

Carcass ID  Number 

Alimentary System 
Esophagus 

Intestine large, colon 

Intestine large, rectum 

Intestine large, cecum 

Intestine small, duodenum 

Intestine small, jejunum 

Intestine small, ileum 

Liver 


Hepatocellular adenoma 

Mesentery 

Pancreas 

Pharynx 


Papilloma 
Squamous cell carcinoma 


Salivary glands 

Stomach, forestomach 

Stomach, glandular 


Cardiovascular System 
Blood vessel 
Heart 

Endocrine System 
Adrenal cortex 


Carcinoma 

Adrenal medulla 

Pheochromocytoma malignant 
Pheochromoqtoma benign 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 

Adenoma 

Carcinoma 


Parathyroid gland 

Pituitary gland 


Pars distalis, adenoma 

Thyroid gland 


C e l l ,  adenoma 

C-cell, carcinoma 


General Body System 
None 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 1 7 1 7 7 7 7 7 7  

1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

2 3 4 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  

7 6 6 6 6 6 6 6 6 6 6 6 6 6 1 1 7 7 7 7 7 7 7 7 7  Total 
0 1 5 2 2 2 3 4 5 7 7 a a 9 0 1 1 2 2 3 3 4 5 5 5  Tissues/ 
4 3 3 1 2 4 1 3 1 3 4 1 4 2 2 1 3 2 4 2 4 1 1 2 4  Tumors 

+ + +  	 28 

+ + +  	 2.5 
+ + +  	 24 

+ + +  	 23 

+ + +  	 26 

+ + +  	 23 

+ + +  	 24 

+ + +  + +  + + + + +  + + 36 


X 1 

+ + +  + 	 8 


+ + +  + + 	 + 30 

+ 	 3 


1 

1 


+ + +  	 27 

+ + + +  + 	 + 30 

+ + + +  + 	 + 30 


2 

+ + +  27 


+ + +  27 

1 


+ + + +  28 

1 


X 6 

x x  5 


+ + +  + + 29 

X X 5 


1 

+ + +  2.5 

+ + + + +  + + +  + + + + +  + +  38 

x x x x x  x x  x x  x x x  23 

+ + +  + + +  + 32 


X x x  5 

X 2 
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0.05 ppm (continued) 

Number of Days on  Study 

Carcass ID Number 

Genital System 
Epididymis 

Preputial gland 


Carcinoma 

Prostate 

Seminal vesicle 

Testes 


Bilateral, interstitial cell, adenoma 
Interstitial cell, adenoma 
Interstitial cell, adenoma, multiple 

Hematopoietic System 
Bone marrow 
Lymph node 
Lymph node, bronchial 
Lymph node, mandibular 
Lymph node, mesenteric 
Lymph node, mediastinal 

Carcinoma, metastatic, thyroid gland 
Spleen 
Thymus 

Integumentary System 
Mammary gland 
Skin 


Fibroma 

Neurofibrosarcoma 

Sarcoma 


Musculoskeletal System 
Bone 

Skeletal muscle 


Nervous System 
Brain 

Granular cell tumor malignant 

Respiratory System 
Larynx
Lung 

Alveolarbronchiolar adenoma 
Carcinoma, metastatic, thyroid gland 
Hemangiosarcoma, metastatic, 

uncertain primary site 
NOS2 
Trachea 

2 3 4 4 5 5 5 5 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7  

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

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


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

6 6 7 7 6 6 6 7 7 6 6 6 7 7 7 6 6 7 6 7 7 7 6 6 6  

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

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


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


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


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

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

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


X x x  x x 
X X X X X 


X 


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

+ + + +  + +  

+ A M + + + + + + + + + + + + + + + + + + + + + +  

+ A + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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


X 

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

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


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


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


X 


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


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

X 


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


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


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

+ A + + + + + + + + + + + + + A + + + + + + + + +  
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0.05 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Genital System 
Epididymis 

Preputial gland 


Carcinoma 

Prostate 

Seminal vesicle 

Testes 


Bilateral, interstitial cell, adenoma 
Interstitial cel l ,  adenoma 
Interstitial cell, adenoma, multiple 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 


Carcinoma, metastatic, thyroid gland 
Spleen 
Thymus 

Integumentary System 
Mammary gland 
Skin 


Fibroma 

Neurofibrosarcoma 

Sarcoma 


Musculoskeletal System 
Bone 

Skeletal muscle 


Nervous System 
Brain 

Granular cell tumor malignant 

Respiratory System 
Larynx
Lung 

Alveolarbronchiolar adenoma 
Carcinoma, metastatic, thyroid gland 
Hemangiosarcoma, metastatic, 
uncertain primary site 


Nose 

Trachea 


7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
2 3 4 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  
7 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7  Total 
0 1 5 2 2 2 3 4 5 7 7 8 8 9 0 1 1 2 2 3 3 4 5 5 5  Tissues/ 
4 3 3 1 2 4 1 3 1 3 4 1 4 2 2 1 3 2 4 2 4 1 1 2 4  Tumors 

+ + +  27 
+ + +  + + 30 

X 1 
+ + +  + +  + 30 
+ + +  + + 29 
+ + +  . . . . . . . . . . . . . . . . . . . . .  48 

x x x x  x x  x x x x x x  x x 19 
X X x  x  x x x x  13 

1 

+ + +  27 
+ + +  + + 11 
+ + +  + + 28 
+ + +  + + + 30 
+ + +  + + + + 31 
+ + +  + 28 

1 
+ + ++ +  + +  + + +  + + + 37 
+ + +  + 28 

+ + +  27 
+ + +  + + +  + + + 34 
X X 2 

X 1 
1 

+ + +  27 
+ 1 

+ + + +  + 29 
1 

. . . . . . . . . . . . . . . . . . . . . . . . .  47 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
X X 2 

X 1 

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 
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TABLEA2 

Individual Animal Tumor Pathologyof Male Rats in the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0.05 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Ear 
Eye
Harderian gland 

Zymbal's gland 


Carcinoma 


Urinary System 
Kidney 
Urethra 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

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

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

+ 
+ +  + 

+ + 
+ 
X 

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

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

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

x x x x  x x x x x x x x x x x  
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TABLEA2 

Individual Animal Tumor Pathologyof Male Rats in the 2-Year  Inhalation Studyof Hexachlorocyclopentadiene: 
0.05 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Ear 
Eye
Harderian gland 
Zymbal's gland 

Carcinoma 

Urinary System 
Kidney 
Urethra 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
2 3 4 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  
7 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7  Total 
0 1 5 2 2 2 3 4 5 7 7 8 8 9 0 1 1 2 2 3 3 4 5 5 5  Tissues/ 
4 3 3 1 2 4 1 3 1 3 4 1 4 2 2 1 3 2 4 2 4 1 1 2 4  Tumors 

+ + + + 

+ + + +  + +  + + +  + +  + 36 
1 

+ + +  21 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
x x x x x x x  x x X X 26 
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TABLEA2 

Individual Animal Tumor Pathologyof Male Rats in the 2-YearInhalation Studyof Hexachlorocyclopentadiene: 

0.2 ppm 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 

Intestine large,  colon 

Intestine large,  rectum 


Sarcoma 

Intestine large,  cecum 

Intestine small, duodenum 

Intestine small,  jejunum 

Intestine small,  ileum 

Liver 


Hepatocellular adenoma 

Mesentery 

o r a l  mu& 


Squamous cell  carcinoma 

Pancreas 

Salivary glands 

Stomach, forestomach 

Stomach, glandular 

Tooth 


Cardiovascular System 
Blood v e s s e l  
Heart 


~ 

Endocrine System 
Adrenal cortex 
Adrenal medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
Adenoma 
Carcinoma 

Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C e l l ,  adenoma 
C e l l ,  carcinoma 
Follicular cell, adenoma 

General Body System 
None 

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

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

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

+ + + + + + + + + A + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
+ + + + + + + + + A + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

+ + + + + + + + + A A + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


X 

+ + + +  + + + + 

+ 
X 


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


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


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


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


+ +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


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


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

X 


x x  X X 
A 


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

X X X 


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


x x  x x x x x  x x x x  x 
. . . . . . . . . . . . . . . . . . . . . . . . .  


X 


X 
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats i n  the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0.2 ppm (continued) 

Number of Days on  Study 

Carcass ID Number 

Alimentary System 
Esophagus 

Intestine large, colon 

Intestine large,  rectum 


Sarcoma 

Intestine large,  cecum 

Intestine small,  duodenum 

Intestine small,  jejunum 

Intestine small,  ileum 

Liver 


Hepatocellular adenoma 

Mesentery 

Oral mucosa 


Squamous cell carcinoma 

Pancreas 

Salivary glands 

Stomach, forestomach 

Stomach, glandular 

Tooth 


Cardiovascular System 
B l o o d  vessel 
Heart 

Endocrine System 
Adrenal cortex 
Adrenal medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
Adenoma 
Carcinoma 


Parathyroid gland 

Pituitary gland 


Pars distalis,  adenoma 
Thyroid gland 


C e l l ,  adenoma 

C e l l ,  carcinoma 

Follicular cell, adenoma 


x x 


General Body System 
None 

6 6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7  

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

3 5 4 4 9 2 9 3 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  


0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1  
9 9 9 0 9 0 0 9 0 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0  Total 
9 1 8 1 6 5 5 9 3 1 2 2 4 5 6 8 1 1 2 2 3 4 4 5 5  Tissues/ 
2 4 4 4 2 1 3 4 1 1 1 4 2 2 4 2 2 3 1 4 3 1 4 2 4  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X X 3 


+ + + + + +  14 

1 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ 1 


2 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + + + + M + + + + + + + + + + + + + + + +  49 


1 

x x x  X X x x 13
x x  


X X X 4 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x x X x x  10 


x x  2 

+ + + + + + + + + M + + + + M + + + + + + + + + M  46 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


x x x x x x x x x  33
x x x x x x x x x x x x  

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X X 3 

X x x  3 


X X 3 
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TABLEA2 

Individual Animal Tumor Pathology of Male Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 
0.2 ppm (continued) 

Number of Days on  Study 

Carcass ID Number 

Genital System 
Epididymis 

Preputial gland 


Carcinoma 

Prostate 

Seminal vesicle 

T e s t e s  


Bilateral, interstitial cell, adenoma 
Interstitial cell, adenoma 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node,  bronchial 

Lymph node,  mandibular 


Squamous cell carcinoma,  metastatic, 
skin 


Lymph node,  mesenteric 

Lymph node, mediastinal 

Spleen 

Thymus 


Carcinoma, metastatic, thyroid gland 

Integumentary System 
Mammary gland 
Skin 

Basal cell carcinoma 
Fibroma 
Neurofibroma 
Neurofibrosarcoma 
Squamous cell carcinoma 
Squamous cell papilloma 
Sebaceous gland, carcinoma 

Musculoskeletal System 
Bone 

Skeletal muscle 


Nervous System 
Brain 


Glioma malignant 

Spinal cord 


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

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

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

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


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


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


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

X x x  X x x  

X x xx x  x x x  X 

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

+ + + 

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

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


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

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

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

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


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


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


X 
X 

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

+ + 

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

X 


+ 
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TABLEA2 

Individual Animal Tumor Pathologyof Male Rats in the 2-Year Inhalation Study of Hexachlorocyclopentdiene: 
0.2 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Genital System 
Epididymis 

Preputial gland 


Carcinoma 

Prostate 

Seminal vesicle 

Testes 


Bilateral, interstitial cel l ,  adenoma 
Interstitial cell, adenoma 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node,  bronchial 

Lymph node,  mandibular 


Squamous cell carcinoma, metastatic, 
skin 


Lymph node,  mesenteric 

Lymph node,  mediastinal 

Spleen 

Thymus 


Carcinoma, metastatic, thyroid  gland 

Integumentary System 
Mammary gland 
Skin 

Basal cell carcinoma 
Fibroma 
Neurofibroma 
Neurofibrosarcoma 
Squamous cell carcinoma 
Squamous c e l l  papilloma 
Sebaceous gland, carcinoma 

Musculoskeletal System 
Bone 

Skeletal muscle 


Nervous System 
Brain 


Glioma malignant 

Spinal cord 


6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

3 5 4 4 9 2 9 3 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  


0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1  
9 9 9 0 9 0 0 9 0 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0  Total 
9 1 8 1 6 5 5 9 3 1 2 2 4 5 6 8 1 1 2 2 3 4 4 5 5  Tissues/ 
2 4 4 4 2 1 3 4 1 1 1 4 2 2 4 2 2 3 1 4 3 1 4 2 4  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + + + + M + + + + + + + + + + + + + + + +  48 


X X 2 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x x x x x x x  x x x x x x  19 


x x x x x  x 15 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + +  + + 8 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 


X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 1 


X x x  3 

X 1 


X 

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

2 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 

1 




98 Hexachlorocyclopentadiene,NTPTR 437 

TABLEA2 

Individual Animal Tumor Pathologyof Male Rats in the 2-Year  Inhalation Studyof Hexachlorocyclopentadiene: 

0.2 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

~ ~~ ~ ~~~~ 

Respiratory System 
Larynx
Lung 

Alveolarbronchiolar adenoma 
Alveolarlbronchiolar carcinoma 
Squamous c e l l  carcinoma, metastatic, 

skin 
Nose 

Adenoma, papillary 
Squamous cell carcinoma, metastatic, 

oral mucosa 

Trachea 


Special Senses System 
Ear 
Eye

Harderian gland 


Adenoma 

Zymbal's gland 


Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 


Leukemia mononuclear 

Mesothelioma malignant 


1 2 4 4 4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6  

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

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


0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 0 0 0 1 1 0 0  

9 9 0 9 9 9 9 0 9 9 9 9 9 0 9 9 0 0 9 9 9 0 0 9 9  

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

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


-~ ~~ ~~ ~~ ~ ~ ~ ~~ ~ ~~ ~ 

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


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

X 


X 

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


X 

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


+ 
+ + +  + + 

+ 
+ 

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


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


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

x x  x x x x  x x x x  x x X 


X X 
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TABLEA2 

Individual Animal Tumor Pathologyof Male Rats in the 2-Year  Inhalation Studyof Hexachlorocyclopentadiene: 

0.2 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Respiratory System 
Larynx

Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar carcinoma 
Squamous c e l l  carcinoma, metastatic, 

skin 
Nose 

Adenoma, papillary 
Squamous c e l l  carcinoma, metastatic, 

oral m u m  

Trachea 


Special Senses System 
Ear 
Eye
Harderian gland 

Adenoma 
Zymbal’s gland 

Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

3 5 4 4 9 2 9 3 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  


0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1  
9 9 9 0 9 0 0 9 0 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0  Total 
9 1 8 1 6 5 5 9 3 1 2 2 4 5 6 8 1 1 2 2 3 4 4 5 5  Tissues/ 
2 4 4 4 2 1 3 4 1 1 1 4 2 2 4 2 2 3 1 4 3 1 4 2 4  Tumors 

+ + + + + + + + + M + + + + + + + + + + + + + + +  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X X 3 

X X 2 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X 1 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ + 
+ 
X 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50  

Leukemia mononuclear x x x x x x  x x  29
x x x x x x x x  

Mesothelioma malignant 2 
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TABLEA3 
Statistical Analysis of Primary Neoplasms in Male Rats in  the 2-Year Inhalation Studyof Hexachlorocyclopentadiene 

AdrenalMedulla: Benign Pheochromocytoma 
Overall ratea 
Adjusted rateb 
Terminal rate' 
First incidence (days) 
Life table  testd 
Logistic regression testd 
Cochran-Armita e testd9Fisher exact test 

Liver: Hepatocellular Adenoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression tes t  
Cochran-Armitage test 
Fisher exact test 

Lung: AIveolar/bronchiolar  Adenoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

Lung: AIveolar/bronchiolar  Adenoma or Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table  test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

Pancreatic Islets: Adenoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

0 PPm 

15/50 (30%) 
58.2% 
8/18 (44%) 
628 
P=O.109 
P=O.108 
P10.145 

1/50 (2%) 
4.3% 
O h 8  (0%) 
712 

5/50 (10%) 
23.5% 
3/18 (17%) 
694 
P=0.577N 
P=0.569N 
P=0.522N 

5/50 (10%) 
23.5% 
3/18 (17%) 
694 
P=0.258 
P=O.266 
P=O.320 

7/50 (14%) 
32.9% 
5/18 (28%) 
651 

0.01 ppm 

10/50 (20%) 
31.8% 
1/16 (6%) 
565 
P=0.247N 
P=0.203N 

P=0.178N 

1/39 (3%)e 

2/50 (4%) 
12.5% 
2/16 (13%) 
730 (T)
P-0.258N 
P=0.233N 

P=0.218N 

2/50 (4%) 
12.5% 
2/16 (13%) 
730 (r,
P=0.258N 
P=0.233N 

P=0.218N 

5/34 (15%)e 

0.05 ppm 

11/50 (22%) 
31.4% 
1/22?(5%) 
471 
P=0.148N 
P=0.225N 

P =0.247N 

1/36(3a)e 

2/50 (4%) 
9.1% 
2/22 (9%) 
730 0 
P=0.145N 
P=0.150N 

P=0.218N 

2/50 (4%) 
9.1% 
2/22 (9%) 
730 (r,
P=0.145N 
P=0.150N 

P=0.218N 

5/29 (17%)e 

0.2 ppm 

17/50 (34%) 
60.7% 
6/16 (38%) 
617 
P=O.314 
P=O.311 

P=O.415 

3/50 (6%) 
12.0% 
0/16 (0%) 
617 
P=O.281 
P=O.284 

P=O.309 

3/50 (6%) 
15.4% 
2/16 (13%) 
639 
P=0.413N 
P=0.397N 

P=0.357N 

5/50 (10%) 
26.1% 
3/16 (19%) 
639 
P=O.561 
P=O.583 

P-0.630N 

10/50 (20%) 
43.0% 
5/16 (31%) 
620 
P=O.230 
P=O.235 

P=O.298 
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TABLEA3 
Statistical Analysis of Primary Neoplasms in Male  Rats in the  2-Year Inhalation Study of lIexachlorocyclopentdiene 
(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

Life table  test 
First incidence (days) 
Terminal rate 
Adjusted rate 
Overall rate 
Pancreatic Islets: Carcinoma 

626 
1/18 (6%) 
15.6% 
4/50 (8%) X34 (6%)e 1/29 (3%)e 

on6 (0%) 

2/50 (4%) 
11.1% 

P=0.395N 
7 w  

Fisher exact test 
Cochran-Armitage test 
Logistic regression test P=0.367N 

P=0.339N 

PancreaticIslets:Adenoma or Carcinoma 

Fisher exact test 
Cochran-Armitage test 
Logistic regression test 
Life table test 
First incidence (days) 
Terminal rate 
Adjusted ra t e  
Overall rate 

626 
6/18 (33%) 
44.7% 
11/50 (22%) 7/34 (21%)e 6/29 (21%)e 

P =0.42O 
P=O.398 
620 
5/16 (31%) 
49.4% 
12/50 (24%) 

P=O.500 

Fisher exact test 
Cochran-Armitage test 
Logistic regression test 
Life table  test 
First incidence (days) 
Terminal rate 
Adjusted rate 
Overall rate 
PituitaryGland (Pars Distalis): Adenoma 

464 
8/18 (44%) 
66.8% 
23/50 (4670) wi39 (59%)e 23/38 (61%)e 

P=O.O16 
P=O.O37 
485 
14/16 (88%) 
93.9% 
33/50 (66%) 

P=0.035 

Fisher exact test 
Cochran-Armitage test 
Logistic regression test 
Life table  test 
Fi rs t  incidence (days) 
Terminal rate 
Adjusted rate 
Overall rate 
PreputialGland:Carcinoma 

464 
2/18 (11%) 
21.9% 
6/50 (12%) 2/38 (5%)e 1/30 (3%)e 2/48(4%) 

P=0.148N 

P=0.162N 
P=0.168N 

a16 (13%) 
12.5% 

730 0 

Skin:Fibroma 

Fisher exact test 
Cochran-Armitage test 
Logistic regression test 
Life table  test 
First incidence (days) 
Terminal rate 
Adjusted rate 
Overall rate 

P=O.302 
P~O.275 
P=O.261 
536 
On8 (0%) 
6.8% 
2/50 (4%) 1/50 (2%) 

P=0.504N 
P=0.524N 

1/16 (6%) 
6.3% 

730 (T) 

P=0.500N 

8.5% 
2/50 (4%) 

P=0.694N 
P=0.656N 
723 

P=0.691N 

1/22 (5%) 

P=O.476 
P=O.454 
709 
2/16 (13%) 
16.7% 
3/50 (6%) 

P=O.500 
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TABLEA3 
Statistical Analysis of Primary Neoplasms in Male  Rats in the 2-Year Inhalation  Study of Hexachlorocyclopentdiene 
(continued) 

0 PPm 0.01 ppm 

Skin: Squamous Cell Papilloma, Basal Cell Carcinoma, or Squamous Cell Carcinoma 
Overall raie 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

Testes: Adenoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

Thyroid Gland (Ccell): 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table  test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

ThyroidGland (Ccell): 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression tes t  
Cochran-Armitage test 
Fisher exact test 

1/50 (2%) 1/50(2%) 
5.6% 3.6% 
In8 (6%) 

P=O.097 
730 (9 

P=O.747 
662 
on6 (0%) 

P=O.110 P=O.754 
P=O.118 

P=0.753N 

38/50 (76%) 34/48 (71%) 
100.0% 100.0% 
18/18(100%) 14/14 (100%) 
536 355 
P=O.542 P=O.517 
P=0.393N P=0.49!9N 
P=0.300N 

P =0.363N 

Adenoma 
5/49 (10%) 3/35 (9%)e 
20.2% 
2/18 (11%) 
626 

Carcinoma 
0/49 (0%) 1/35 (3%)e 
0.0% 
on8 (0%) 
-

Thyroid Gland (C-cell): Adenoma or Carcinoma 
Overall rate 5/49 (10%) 3/35 (9%y 
Adjusted rate 20.2% 
Terminal rate 2/18 (11%) 
First incidence (days) 626 
Life table  test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

0.05 ppm 

0/50 (0%) 
0.0% 
0/22 (0%)
-f 

P=0.460N 
P=0.460N 

P=0.500N 

33/48 (69%) 
100.0% 
21/21 (100%) 
402 
P =0.072N 
P=0.254N 

P=0.282N 

5/32 (16%)e 

2/32 (6%)e 

7/32 (22%)e 

0.2 ppm 

3/50 (6%) 
14.5% 
u16 (13%) 
534 
P = O . 2 6 8  
P=O.287 

P = O . 3 0 9  

34/50 (68%) 
93.7% 
14/16 (88%) 
474 
P=0.528N 
P=0.374N 

P=0.252N 

3/50 (6%) 
15.2% 
2/16 (13%) 
621 
P=0.413N 
P=0.381N 

P=0.346N 

3/50 (6%) 
16.0% 
1/16 (6%) 
709 
P=O.103 
P=O.103 

P=O.125 

6/50 (12%) 
29.4% 
3/16 (19%) 
621 
P=0.428 
P=O.460 

P=O.514 
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TABLEA3 
Statistical Analysis of Primary Neoplasms in Male  Rats in the 2-Year Inhalation  Study of Hexachlorocyclopentadiene 
(continued) 

ThyroidGland (Follicular Cell):  Adenoma 
Overall r a t e  
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table  test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

All Organs:MononuclearCellLeukemia 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression t a t  
Cochran-Armitage test 
Fisher exact test 

All Organs:Malignant Mesothelioma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher m c t  test 

All Organs:Benign Neoplasms 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage tes t  
Fisher exact test 

All Organs: Malignant Neoplasms 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table  test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

0/49 (0%) 
0.0% 
on8 (0%)
-

29/50 (58%) 
72.6% 
8/18 (44%) 
536 

P=O.484 
P=0.473N 
P=0.429N 

1/50 (2%) 
4.3% 
OB8 (0%) 
712 
P=O.546N 
P=0.517N 
P=0.5O9N 

46/50 (92%) 
100.0% 
18/18 (100%) 
464 
PzO.195 
P=O.o48 
P=O.201 

36/50 (72%) 
79.1% 
9/18 (50%) 
373 
P=O.531 
P=0.318N 
P=0.319N 

1/35 (3%)e 

33/50 (66%) 
79.2% 
8/16 (50%) 
370 
P=O.258 
P-0.241 

P =0.268 

5/50 (10%) 

20.6% 

1/16 (6%) 

597 

P=O.O93 

P=O.O94 


P=O.102 


45/50 (90%) 

100.0% 

16/16 (100%) 

355 

P=O.439 

P=O.586 


P-OSOON 


38/50 (76%) 
84.01 

9/16 (56%) 
370 
P=O.347 
P=O.429 

P=O.410 

0/32 (o%)e 

26/50 (52%) 
65.2% 
9n2  (41%) 
506 
P=0.210N 
P=0.349N 

P =0.344N 

O b 0  (0%) 
0.0% 
o n 2  (0%)
-
P=0.476N 
P=0.480N 

P=0.500N 

46/50 (92%) 
100.0% 
2 m 2  (100%) 
402 
P=0.237N 
P=O.413 

P=0.643N 

32/50 (64%) 
76.9% 
13/22 (59%) 
471 
P=0.169N 
P=0.262N 

P=0.260N 

3/50 (6%) 

15.4% 

2/16 (13%) 

639 

P=O.106 

P=O.110 


P=O.125 


29/50 (58%) 

76.1% 

8/16 (50%) 

460 

P=O.416 

P=O.536 


P=O.58ON 


2/50 (4%) 

5.9% 

0/16 (0%) 

542 

P=O.466 

P=O.510 


P=O.500 


48/50 (%%) 

100.0% 

16/16 (100%) 

220 

P=O.250 

P=O.115 


P=O.339 


34/50 (68%) 
79.5% 
8/16 (50%) 
180 
P=O.505 
P=0.382N 

P=0.414N 



104 Hexachlorocyclopentndiene,NTP TR 437 

TABLEA3 
Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Inhalation Study of Hexachlorocyclopentdiene 
(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

All Organs: Benign or Malignant Neoplasms 

Overall rate 50/50 (100%) (98%) (%%)
49/50 	 SO/SO (100%)48/50 
Adjusted rate 100.0%100.0% 
Terminal rate 	 18/18(100%)16/1622/22 (100%) 16/16(100%) 	 (100%) 

100.0% 100.0% 

First incidence (days) 373 	355 402 180 
Life table test P -0.289 P=O.436 P=0.176N P=O.339 
Logistic regression test P=O.142 P=0.630N 3 -
Cochran-Armitage test P=O.471 
Fisher exact test P=0.500N P=0.247N P=l.OOON 

('IJTerminal sacrifice 
a 	 Number of neoplasm-bearing animalshumber of  animals examined. Denominator is number of animals examined microscopically for bone marrow, 

brain, epididymis, heart, kidney, larynx, liver, lung, nose, pancreas, pancreatic islets, parathyroid gland, pituitary gland, preputial gland, prostate 
gland, salivary gland, spleen, testes, thyroid gland, and urinary bladder; for other tissues,  denominator is numbero f  animals necropsied. 
Kaplan-Meier estimated neoplasm incidence at  the end of the study after adjustment  for intercurrent mortality 
Observed incidence a t  terminal ki l l  
Beneath the control incidence are the P values associated wi th  the trend test. Beneath the exposure group incidence are the P values corresponding 
to pairwise  comparisons between the controls and that exposure group. The life table test regards neoplasms in animals dying prior to  terminal kill 
as being (directly or indirectly) the cause o f  death. The logistic regression test regards these lesions as nonfatal. The Cochran-Armitage and Fisher 
exact tests compare directly the overall incidence rates. For all tests, a negative trend o r  a lower incidence in an exposure group is indicated by N. 

e 	 Tissue was examined microscopically only when it was observed to be abnormal a t  necropsy; thus statistical comparisons with the controls are not 
appropriate. 
Not applicable; no neoplasms i n  an imal  group 

g 	 Value of statistic  cannot be computed. 
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TABLEA4 
Historical Incidence of Pituitary Gland Neoplasms in Untreated  Male F344/N Ratsa 

Incidence in Controls 
Study Adenoma Carcinoma 

Historical Incidence at Battelle Pacific Northwest Laboratories 

o-Chlorobenzalrnalononitrile 25/47 1/47 
2-Chloroacetophenone 31/47 1/47 
Epinephrine hydrochloride 3/50 0/50 
Ethyl chloride 31/49 1/49 

Overall Historical Incidence 

Total 203/340 (59.7%) 6 M 0  (1.8%) 
Standard deviation 8.1% 2.1% 
Range 45%-68% 0%-6% 

a Data as o f  20 August 1992. Incidences cited are for pituitary gland pars distalis or unspecified site. 

Adenoma or Carcinoma 

26/47 
32/47 
34/50 
32/49 

208MO (61.2%) 
8.6% 

45%-68% 
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TABLEA5 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Inhalation Study 
of €Iexachlorocyclopentdienea 

Disposition Summary 
Animals initially instudy 
1 5 ”  acvolurrdar 
Early deaths 

Moribund 
Natural deaths 

Sulvivors 
Terminal sacrifice 

Animals examined microscopically 

I5-Month Interim Evaluation 
Alimentary System 
Liver 

Basophilic focus 
Clear cell focus 
Granuloma, multifocal 
Hepatodiaphragmatic nodule 
Infarct 
Bi l i a ry  tract, hyperplasia 

Pancreas 
Inflammation, chronic 
Acinus, atrophy 
Artery, inflammation 

Cardiovascular System 
Heart 

Cardiomyopathy 

Endocrine System 
Thyroid gland 

Ultimobranchial cyst 
C e l l ,  hyperplasia 
Follicular cell, cyst 

General Body System 
None 

Genital System 
Preputial gland 

Cyst
Seminal vesicle 

Inflammation, suppurative 
Testes 

Seminiferous tubule, atrophy 

0 PPm 0.01 ppm 

~ 

0.05 ppm 

~~ 

0.2 ppm 

60 60 60 60 
10 10 10 10 

27 30 23 31 
5 4 5 3 

18 16 22 16 

60 60 60 60 

(10)
2 (20%) 

(3) (10)
2 (20%) 

1 (10%) 1 (33%) 
2 (20%) 2 (20%) 

2 (67%) 
1 (10%) 

1 (10%) 
(10)

1 (10%) 
(10) 

6 (60%) 4 (40%) 
1 (10%) 

(10)
3 (30%) 

(10)
1 (10%) 
1 (10%) 
1 (10%) 

(10) 

(10)
5 (50%) 

(10) (2) 
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TABLEA5 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Inhalation Study 
of Hexachlorocyclopentadiene (continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

LS-Month Interim E v d ~ a t i o n(continued) 

Hematopoietic System 

Lymph node (1)


Renal, hemorrhage 1 (100%) 
Lymph node, mediastinal (10)

Hemorrhage 1 (10%) 
Spleen (10)

Ectopic tissue 

Integumentary System 
Skin (10)

Cyst epithelial inclusion 1 (10%) 
Ulcer 1 (10%) 

Musculoskeletal System 
None 

Nervous System 
None 

Respiratory System 
Larynx

Foreignbody 

Hyperplasia 1 (10%) 

Inflammation, chronic 1 (10%) 

Inflammation, suppurative 1 (10%) 1 (10%) 

Metaplasia, squamous 2 (20%) 


Lung (10) (10) (10) (10)
Alveolar epithelium, hyperplasia 2 (20%) 1 (10%) 1 (10%) 
Alveolus, hemorrhage 10(100%) 10(100%) 10(100%) 10(100%) 
Alveolus, infiltration cellular, multifocal, 

histiocyte 3 (30%) 1 (10%) 2 (20%) 1 (10%) 
Artery, mineralization 1 (10%) 1 (10%) 5 (50%) 1 (10%) 
Bronchiole, pigmentation 1 (10%) 10 (100%) 
Peribronchiolar, pigmentation 4 (40%) 

Nose (10) (10)
Hemorrhage 2 (20%) 3 (30%) 
Inflammation, suppurative 1 (10%) 
Pigmentation 10(100%) 7 (70%) 
Nasolacrimal duct, hemorrhage 7 (70%) 6 (60%) 
Respiratory epithelium, hyperplasia 1 (10%) 2 (20%) 

Trachea (10) (10)

Inflammation, chronic 1 (10%) 


Special Senses System 
Eye (2) 


Cataract 1 (50%) 
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TABLEA5 
Summary of the Incidence of Nonneoplastic Lesions in Male Ratsin the 2-Year Inhalation Study 
o f  Hexachlorocyclopemtadiene (continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

15-Month Interim Evalmtwn (continued) 
Urinary System 
Kidney (10) (1)

Nephropathy, chronic 9 (90%) 1 (100%) 

2-Year Study 
Alimentary System 
Intestine large, colon 

Mineralization 
(47) 

Intestine large, rectum 
Ulcer 

(47) 

Intestine large, cecum 
Inflammation, suppurative 
Ulcer 

(48) 

1 (2%) 
1 (2%) 

Inflammation, suppurative 
Intestine small, ileum (46) (32)

1 (3%) 
( 2 4 )  

Angiectasis 
Liver (50)

1 (2%) 
(39) (36)

1 (3%) 
Basophilic focus 8 (16%) 3 (8%) 2(6%) 2 (4%) 
Clear c e l l  focus 3 (6%) 3 (8%) 3 (8%) 5 (10%) 
Eosinophilic focus 1 (3%) 
Granuloma, multifocal 1 (2%) 
Hematopoietic c e l l  proliferation 1 (2%) 
Hepatodiaphragmatic nodule 3 (6%) 5 (13%) 1 (3%) 1 (2%) 
Hyperplasia 3 (6%) 
Necrosis, focal 1 (3%) 
Thrombosis 1 (3%) 
Vacuolization cytoplasmic 1 (2%) 2(5%) 3 (6%) 
Biliary tract, hyperplasia 9 (18%) 2 (5%) 1 (3%) 1 (2%) 
Hepatocyte, hyperplasia 1 (2%) 1 (3%) 4 (11%) 

Hemorrhage 
Mesentery (12)

2(17%) 
(11) (8) 

Inflammation, granulomatous 2 (17%) 1 (9%) 2 (14%) 

Fat, necrosis 
Fat, mineralization 

9 (75%) 7 (64%) 
1 (13%) 
7 (88%) 12 (86%) 

Acinus, atrophy 
Fibrosis 

Pancreas 
2(4%) 

(50) 

23(46%) 

(34) 

13 (38%) 

(30) 

9 (30%) 
1 (2%) 

(50) 

18 (36%) 
Acinus, hyperplasia 1 (3%) 
Artery, inflammation 2(7%) 

Developmental malformation 
Pharynx 

1 (33%)
(3) 

Acanthosis 
Stomach, forestomach (36)

6 (17%) 
(30)

6 (20%) 
(50)

6 (12%) 
Edema 1 (3%) 1 (2%) 
Erosion 1 (3%) 
Hyperkeratosis 3 (6%) 4 (11%) 3 (10%) 1 (2%) 
Inflammation, suppurative 3(6%) 2 (6%) 1 (3%) 2 (4%) 
Mineralization 

Muscularis, hypoplasia 
Ulcer 2 (4%) 

1 (2%) 

1 (3%) 
3 (8%) 

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

1 (2%) 
1 (2%) 

4 (8%) 



109 Lesions in Male Rats 

TABLEA5 
Summary of the Incidence of Nonneoplastic Lesions in MaleRats in the 2-Year  Inhalation Study 
of Hexachlorocyclopentadiene (continued) 

&Year Study (continued) 
Alimentary System (continued) 
Stomach, glandular (30) (50)

Edema 1 (3%) 1 (2%) 
Erosion 2 (4%) 
Hemorrhage 
Inflammation, suppurative 1 (3%) 2(4%) 
Mineralization 1 (3%) 1 (2%) 
Necrosis 
Serosa, fibrosis 1 (2%) 

Tooth (1)
Inflammation, suppurative 1 (100%) 

Cardiovascular System 
Blood vessel .. 

Atherosclerosis, diffuse 
(5) (2)

1 (20%) 1 (50%) 
Mineralization 
Mineralization, diffuse 
Polyarteritis, diffuse 
Thrombosis 
Aorta, atherosclerosis 
Aorta, mineralization 
Mesenteric artery, developmental 

malformation 
Heart 

Cardiomyopathy 
Mineralization 
Thrombosis 
Myocardium, hemorrhage 

Endocrine System 
Adrenal cortex 

Cytomegaly 
Hemorrhage 
Hyperplasia 
Metaplasia, osseous 
Necrosis 

Adrenal medulla 
Hyperplasia 
Bilateral, hyperplasia 

Islets, pancreatic 

Hyperplasia 


Parathyroid gland 

Hyperplasia 


Pituitary gland 
Cyst

Hemorrhage 

Necrosis 

Pars distalis, hyperplasia 

Pals intermedia, hyperplasia 


2(40%) 

1 (20%) 
1 (20%) 

(50)
13 (26%) 
1 (2%) 
1 (2%) 

(50)
9 (18%) 

2(4%) 

(50 )
10 (20%) 
3 (6%) 

(50 )
3 (6%) 

(47)
2 (4%) 

(50) 

1 (2%) 
1(2%) 

10 (20%) 

1 (33%) 
1 (33%) 

1 (33%) 
(34)

9 (26%) 
2 (6%) 
1 (3%) 
1 (3%) 

(33)
4 (12%) 
1(3%) 
3 (9% 

1 (3%) 
(34)

8 (24%) 
3 (9%) 

(34) 

(30)

2 (7%) 

(39) 
1(3%)
2 (5%) 

4(10%) 

1 (50%) 

1 (50%) 

(27)
4(15%) 
1 (4%) 
1 (4%) 

(27)

4 (15%) 

1 (4%) 
1 (4%) 

(28)
I (25%) 
3 (11%) 

(29) 

(25)
3(12%) 

(38)

3 (8%) 
1 (3%) 
1 (3%) 
3 (8%) 

1 (50%) 

(50 )
16(32%) 
1 (2%) 
3 (6%) 

(49)
13 (27%) 
6(12%) 

(50) 

(46)
4 (9%) 

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

6 (12%) 
1 (2%) 
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TABLEA5 

Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Inhalation Study 
of Hexachlorocyclopentadiene (continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

Z Y e w  Study (continued) 
Endocrine System (continued) 
Thyroid gland (49) (35) (32) (50)

Ultimobranchial cyst 2 (6%) 2 (4%) 
C e l l ,  hyperplasia 6 (12%) 1 (3%) 8 (16%) 
Follicular cell,hyperplasia 1 (2%) 1 (2%) 

General Body System 
None 

Genital System 
Epididymis (50) (35)

Granuloma sperm 
Preputial gland (50) (38) 

Cyst 7 (14%) 3 (8%) 
Hyperplasia 1 (2%) 2 (5%) 
Inflammation, suppurative 6 (12%) 2 (5%) 3 (6%) 

Prostate (50) (35) (9) (50)
Inflammation, suppurative 15 (30%) 13 (37%) 14 (47%) 13 (26%) 
Epithelium, hyperplasia 6 (12%) 3 (9%) 1 (3%) 3 (6%) 

Seminal vesicle (50) (35) (29) (50)
Inflammation, suppurative 6 (12%) 3 (9%) 5 (17%) 2 (4%) 
Epithelium, hyperplasia 2 (7%) 

Testes (50) (48) (48) (50)
Arteriole, inflammation 4 (8%) 2 (4%) 5 (10%) 
Interstitial cel l ,  hyperplasia 5 (10%) 12 (25%) 8 (17%) 11 (22%) 
Seminiferous tubule, atrophy 9 (18%) 8 (17%) 10(21%) 11 (22%) 

Hematopoietic System 
Bone marrow (27)

Hyperplasia, reticulumcell  
Myelofibrosis 2 (7%) 

Lymph node (11)
Pancreatic, hemorrhage 1 (9%) 
Renal, hemorrhage 1 (9%) 
Renal, hyperplasia, lymphoid 1 (9%) 1 (13%) 
Renal, pigmentation 1 (9%) 

Lymph node,  bronchial (28) (48)
Hemorrhage 1 (4%) 
Pigmentation 1 (2%) 

Lymph node,  mandibular (50)
Hemorrhage 1 (2%) 
Hyperplasia, lymphoid 3 (6%) 
Inflammation, chronic 1 (2%) 

Lymph node, mesenteric (50)
Hemorrhage 1 (2%) 
Inflammation 

Lymph node,  mediastinal (32)
Hemorrhage 1 (3%) 
Mineralization 
Pigmentation 2 (6%) 3 (6%) 
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TABLEA5 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Inhalation Study 
of Hexachlorocyclopentadiene (continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

Spleen 
Hematopoietic System (continued) 
2-Year Study (continued) 

Necrosis 
Hyperplasia, reticulumc e l l  
Fibrosis 
Ectopic tissue 

(50)  

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

3 (6%) 

(41) 

9 (22%) 

1 (2%) 

(37) 

9 (24%) 
1(3%) 

(50 )
2 (4%) 
7 (14%) 

Integumentary System 

Inflammation, suppurative 
Hyperplasia 
Galactocele 

Mammary gland 

Ulcer 
Hyperkeratosis 
Cyst epithelial  inclusion 
Acanthosis 
Abscess 

Skin 

1 (2%) 

(50) 

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

(34)
1 (3%) 

(3) 

2 (5%) 
3 (8%) 
1 (3%) 

2 (5%) 
3 (8%) 

(27) 

(34) 

1 (3%) 
4(12%) 
1 (3%) 

(50)
2(4%) 

3 (6%) 
3 (6%) 

(50) 

2(4%) 

1 (2%) 

Musculoskeletal System 

Inflammation, suppurative 
Fibrous ostecdystrophy 

Bone 

Mineralization 
Skeletal muscle 

(50)
1 (2%) 

(1) 

(34) 

Nervous System 

Necrosis 
Mineralization 
Hydrocephalus 
Hemorrhage, multifocal 
Hemorrhage 
Gliosis 
Compression 

Brain (50) 

1 (2%) 

4 (8%) 

6(12%) 

6 (12%) 
1 (2%) 

(35) 

5 (14%) 

6(17%) 

5 (14%) 

1 (3%) 

(29) 

5 (17%) 

9(31%) 

1 (3%) 
1 (3%) 

10 (34%) 

(50) 

4 (8%) 

6 (12%) 

8 (16%) 

Respiratory System 
Larynx 

Mineralization 
Metaplasia, squamous 
Inflammation, suppurative 
Inflammation, chronic 
Foreign body 

(48) 

1 (2%) 
1 (2%) 
7(15%) 
2 (4%) 
1 (2%) 

(50) 

2 (4%) 

1 (2%) 
1 (2%) 

3(6%) 

(47) 

1 (2%) 

2(4%) 
1 (2%) 

6 (13%) 

(49) 

4 (8%) 

1 (2%) 
3 (6%) 
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TABLEA5 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-YearInhalation Study 
of Hexachlorocyclopentadiene(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2ppm 

ZYear Study (continued) 

Respiratory System (continued) 

Lung (50) (50) (50) (50)


Congestion 1 (2%) 1 (2%) 

Infiltration cellular, histiocyte 1 (2%) 

Thrombosis 1 (2%) 

Alveolar epithelium, hyperplasia 7(14%) 6(12%) 5 (10%) 3 (6%) 

Alveolus, hemorrhage 8 (16%) 13 (26%) 14 (28%) 12 (24%) 

Alveolus, infiltration cellular, multifocal, 


histiocyte 7(14%) 6(12%) 8 (16%) 14 (28%) 
Alveolus, inflammation, suppurative 1 (2%) 2(4%) 1 (2%) 1 (2%) 
Artery, mineralization 1 (2%) 2(4%) 2(4%) 1 (2%) 
Bronchiole, pigmentation 49 (98%) 
Peribronchiolar, pigmentation 2(4%) 16 (32%) 
Pleura, fibrosis 1 (2%) 

Nose (48) (50 )  (49) (50)
Foreign body 2(4%) 5 (10%) 8 (16%) 7 (14%) 
Hemorrhage 6(13%) 6(12%) 5 (10%) 6 (12%) 
Inflammation, suppurative 9(19%) 7 (14%) 6(12%) 12 (24%) 
Pigmentation 1 (2%) 46 (92%) 48 (98%) 48 (96%) 
Nasolacrimal duct, inflammation, 

suppurative 1 (2%) 1 (2%) 2 (4%) 2(4%) 
Respiratory epithelium, hyperplasia 7 (15%) 10 (20%) 8 (16%) 13 (26%) 
Respiratory epithelium, metaplasia, 

squamous 1 (2%) 2 (4%) 2(4%) 
Trachea (48) (50) (48) (50)

Inflammation, suppurative 1 (2%) 
Pigmentation 5 (10%) 

Special Senses System 
Eye (4) (2) (7) (7)

Atrophy 1 (25%) 
Cataract 2 (50%) 1 (50%) 5 (71%) 2 (29%) 
Anterior chamber, hemorrhage 1 (14%) 
Anterior chamber, inflammation, 

suppurative 1 (25%) 1 (50%) 
Choroid, iris, inflammation, chronic 2 (50%) 1(14%) 
Cornea, inflammation 1 (25%) 1 (14%) 

Urinary System 
Kidney (50) (37) (36) (50) 

Cyst 1 (2%) 2(6%) 1 (2%) 
Mineralization 1 (2%) 3 (8%) 1 (3%) 2(4%) 
Nephropathy, chronic 47 (94%) 36 (97%) 33(92%) 49(98%) 

Papilla, necrosis 
Cortex, necrosis 1 (2%) 

1 (3%) 
Pelvis, dilatation 2 (5%) 1 (2%) 
Pelvis, transitional epithelium, 

hyperplasia 1 (2%) 
Renal tubule, hyperplasia 2(4%) 
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TABLEA5 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Inhalation Study 
of Hexachlorocyclopentadiene (continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

2-Year Study (continued) 
Urinary System (continued) 
Urethra (1)

Inflammation, suppurative 1 (100%) 
Urinary bladder (50 )  (34) (27) (50 )

Inflammation, suppurative 1 (2%) 1 (3%) 3 (11%) 1 (2%)
Transitional epithelium, hyperplasia 2 (4%) 1 (4%) 1 (2%) 

a Number of  animals examined microscopically at  site and number of  animals with lesion 
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TABLEB l  
Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Inhalation Studyof Hexachlorocyclopentadienea 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

Early deaths 
I S M d  inrsbnNlrlkodos, 
Animals initially in  study 
Disposition Summary 

Terminal sacrifice 

Natural deaths 
Moribund 

Missared 

Sulvivors 

10 
60 

3 
19 

28 

10 
60 

1 
16 

33 

10 
60 

5 
14 

1 
30 

10 
60 

4 
16 

30 

Animals examined microscopically 60 60 59 60 

Liver 
Alimentary System 
15-Month Interim Evaluatwn 

Hepatocellular adenoma 
(10) (3)

1 (33%) 

None 
Cardiovascular System 

Pituitary gland 
Endocrine System 

Pars distalis, adenoma 
( 5 )

2 (40%) 
(10)

2 (20%) 

None 
General Body System 

Polyp stromal 
Uterus 
Genital System 

None 
Hematopoietic System 

Fibroadenoma 
Mammary gland 
Integumentary System 

(1)
1 (100%) 

Musculoskeletal System 
None 
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TABLEB1 

Summary of the Incidence of Neoplasms in Female Rats in the  2-Year Inhalation Study of Hexachlorocyclopentndiene 
(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

15-Month Interim Evduatwn (continued) 
Nervous System 
None 

Respiratory System 
None 

Special Senses System 
None 

Urinary System 
None 

2-Year Study 
Alimentary System 
Esophagus 

Carcinoma, metastatic, thyroid gland 
Liver 

Hepatocellular carcinoma 
Hepatocellular adenoma 1 (2%) 
Hepatocellular adenoma, multiple 

Mesentely (9)

Pancreas ( 5 0 )

Carcinoma, metastatic,kidney 1 (2%) 
Phalynx (3)

Squamous cell carcinoma 1 (33%) 
Tongue (1)

Carcinoma 1 (100%) 

Squamous cell carcinoma, metastatic, 


Pharynx 


Cardiovascular System 
Heart (50) (17)

Alveolarbronchiolar carcinoma, 

metastatic, lung 
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TABLEB1 
Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Inhalation Studyof Hexachlorocyclopentadiene 
(continued) 

study (continued) 
Endocrine System 
Adrenal cortex 

Carcinoma 
Adrenal medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 
Bilateral, pheochromocytoma benign  

Islets, pancreatic 
Adenoma 

Pituitary gland 
Pars distalis, adenoma 
Pars intermedia, adenoma 
Pars nervosa, hamartoma 

Thyroid gland 
C e l l ,  adenoma 
C e l l ,  carcinoma 
Follicular cell, adenoma 
Follicular cel l ,  carcinoma 

General Body System 
None 

Genital System 
Clitoral gland 

Carcinoma 
w a r y

Granulosa c e l l  tumor benign 
Thecoma malignant 

Uterus 
Adenocarcinoma 
Polyp stromal 
Sarcoma stromal 
Bilateral, polyp stromal 

Hematopoietic System 
Bone marrow 
Lymphnode 
Lymph node, bronchial 

Carcinoma, metastatic, thyroidgland 
Lymph node, mandibular 

Carcinoma, metastatic, thyroidgland 
Lymph node, mesenteric 
Lymph node, mediastinal 

Alveolarbronchiolar carcinoma, 
metastatic, lung 

Spleen 
Thymus 

Alveolarbronchiolar carcinoma, 
metastatic, lung 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

5 	 (11%) 2(4%) 
1 (2%) 

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

(50) 	 (50) 
31 (62%) 38 (76%) 
2(4%) 1 (2%) 

(50) 	 (19) (50)  
6(12%) 1 (5%) 5 (10%) 

3(16%) 4 (8%) 
1 (2%) 

3 (6%) 

1 (2%) 

1 (2%) 
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TABLEB1 
Summary of the Incidence of Neoplasms in Female Rats in the2-YearInhalation Study of Hexachlorocyclopentadiene 
(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

%Year Study (continued) 
Integumentary System 
Mammary gland 

Adenoacanthoma 
Adenocarcinoma 
Adenocarcinoma, multiple 
Fibroadenoma 12 (43%) 8 (16%) 

Sarcoma 
Fibroadenoma, multiple 1 (4%) 

1 (2%) 
5 (10%) 

Neurofibrosarcoma 
Basal ce l l  carcinoma 

Skin (19) 

1 (5%)  
1 (2%) 

(50) 

Squamous c e l l  papilloma 1 (5%) 
Subcutaneous tissue, sarcoma 1(2%) 1 (2%) 

Musculoskeletal System 
Bone (50) (17)

Mandible, squamous cell carcinoma, 
metastatic, pharynx 

Nervous System 
None 

Respiratory System 
J - w n x  

Carcinoma, metastatic, thyroid gland 
Lung 

Adenocarcinoma, metastatic, mammary 
gland 1 (2%) 

Alveolaribronchiolar adenoma 1 (2%) 
Alveolaribronchiolar carcinoma 1 (2%) 
Carcinoma, metastatic, thyroid gland 1 (2%) 1 (2%) 
Carcinoma, metastatic, Zymbal's gland 1 (2%) 
Carcinoma, metastatic, adrenal cortex 1 (2%)
Pheochromocytoma malignant, metastatic 1 (2%) 

Trachea (50) (50) (49) (50)
Carcinoma, metastatic, thyroid gland 1 (2%) 

Special Senses System 
Eye ( 5 )

Lids, fibroma 1 (20%) 
Harderian gland 

Adenoma 
Duct, carcinoma 

Zymbal's gland 
Carcinoma 
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TABLEB1 
Summary of the Incidence of Neoplasms in Female Rats in the 2-YearInhalation Study of Hexachlorocyclopentdiene 
(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

2-Year Study (continued) 
Urinary System 
Kidney 

Carcinoma 

Systemic Lesions 
Multiple organsb (50) (50) (50) (50)

Leukemia mononuclear 16(32%) 14 (28%) 18 (36%) 21(42%) 

Neoplasm Summary 
Total animalswith primary neoplasms' 

15-Month interim evaluation 2 2 3 2 
2-Year study 41 48 41 49 

Total primary neoplasms 
15-Month interim evaluation 2 2 4 2 
2-Year study 98 91 I9  105 

Total animals with benign neoplasms 
15-Month interim evaluation 2 2 3 2 
2-Year study 44 42 36 46 

Total benign neoplasms 
15-Month interim evaluation 2 2 4 2 
2-Year study 68 63 46 70 

Total animals with malignant neoplasms 
2-Year study 29 26 21 28 

Total malignant neoplasms 
2-Year study 30 28 33 35 

Total animals with metastatic neoplasms 
2-Year study 3 2 3 1 

Total metastatic neoplasms 
2-Year study 3 2 6 6 

a Number of animals examined microscopically at  site and  number o f  animals wi th  lesion 
Number of  animals with any tissue examined microscopically

' Primaryneoplasms:allneoplasmsexceptmetastaticneoplasms 
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0 PPm 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 

Intestine large, colon 

Intestine large, rectum 

Intestine large, cecum 

Intestine small, duodenum 

Intestine small, jejunum 

Intestine small, ileum 

Liver 


Hepatocellular adenoma 

Mesentery 

Pancreas 


Carcinoma, metastatic, kidney 
Pharynx 

Squamous c e l l  carcinoma 

Salivaly glands 

Stomach, forestomach 

Stomach, glandular 

Tongue 


Carcinoma 

Cardiovascular System 
H a r t  

Endocrine System 
Adrenal cortex 
Adrenal medulla 

Pheochromocytoma benign 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
Adenoma 


Parathyroid gland 

Pituitary gland 


Pars distalis, adenoma 
Pars intermedia, adenoma 

Thyroid gland 

C e l l ,  adenoma 

Follicular cel l ,  adenoma 


General Body System 
None 

+: Tissue examined microscopically 
A Autolysis precludes examination 

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

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

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

+ + + + + + + + + + + + + + + + A + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + + + + + + + A + + + + + + + +  
+ + + + + + + + + + + + + + + + A + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + + + + + + + A + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


X 
+ + + + + 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

+ 
X 

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


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


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

+ 
X 

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


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

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


X X 

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


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

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


x x x x x x x x x  x x x x x x  
X 

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

X X 

M Missing tissue X Lesion present 
I: Insufficient tissue Blank Not  examined 
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-Year Inhalation Studyof Hexachlorocyclopentadiene: 

0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
~~ 

Esophagus 

Intestine large, colon 

Intestine large, rectum 

Intestine large, cecum 

Intestine small, duodenum 

Intestine small, jejunum 

Intestine small, ileum 

Liver 


Hepatocellular adenoma 

Mesentery 

Pancreas 


Carcinoma, metastatic, kidney 
Pharynx 

Squamous cell  carcinoma 

Salivary glands 

Stomach, forestomach 

Stomach, glandular 

Tongue 


Carcinoma 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal cortex 
Adrenal medulla 

Pheochromocytoma benign 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
Adenoma 


Parathyroid gland 

Pituitary gland 


Pars distalis, adenoma 
Pars intermedia, adenoma 

Thyroid gland 

C-cell, adenoma 

Follicular cell, adenoma 


General Body System 
None 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
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  
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  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3  Total 
7 7 8 9 9 0 2 2 3 3 3 4 4 5 6 6 7 7 8 8 8 9 9 0 0  Tissues/ 
1 4 3 1 2 1 3 4 1 2 3 3 4 3 2 3 3 4 1 2 4 1 2 1 3  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
1 

+ + + +  9 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 
+ + 3 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . . 49 
+ + + + + + + + + + I + + + + + + + + + + + + + +  49 

1 
1 

. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . .  47 
X X X 5 

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

X X 2 
M + + + + + M + + + + + + + + + M + M + + + + + +  42 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
x x x  X x x x x x  x x  x x xx x  31 

X 2 
. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

X X X X 6 
X 1 
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Genital System 
Clitoral gland 


Carcinoma 

ovary


Granulosa cell tumor benign 

Uterus 


Polyp stromal 

Sarcoma stromal 

Bilateral, p o l y p  stromal 


Hematopoietic System 
Bone marrow 

Lymph node,  bronchial 

Lymph node,  mandibular 

Lymph node, mesenteric 

Lymph node,  mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 


Adenocarcinoma 

Adenocarcinoma, multiple 

Fibroadenoma 


Skin 

Subcutaneous tissue, Sarcoma 


Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Larynx

Lung 

Adenocarcinoma, metastatic, mammary 
gland 

Alveolar/bronchiolar adenoma 
Carcinoma, metastatic, Zymbal's  gland 

Nose 

Trachea 


3 3 4 5 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7  

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

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


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  

2 3 2 2 2 2 2 2 1 2 3 2 1 1 2 2 2 1 2 2 2 1 1 1 1 '  

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

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


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


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


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

X 


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

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

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

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

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

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

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


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

X 

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


X 

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


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


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


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


X 
X 

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


. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLEB2 

Individual Animal Tumor Pathologyof Female Rats in the 2-YearInhalation Studyof Hexachlorocyclopentadiene: 

0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Genital System 
Clitoral gland 


Carcinoma 

Ovary


Granulosa c e l l  tumor benign 

Uterus 


Polyp stromal 

Sarcoma stromal 

Bilateral, p o l y p  stromal 


~~~~~~~~~~ 

Hematopoietic System 
Bone marrow 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 


Adenocarcinoma 

Adenocarcinoma, multiple 

Fibroadenoma 


Skin 
Subcutaneous tissue, sarcoma 

Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Larynx
Lung 

Adenocarcinoma, metastatic, mammary 
gland 

Alveolarbronchiolar adenoma 
Carcinoma, metastatic, Zymbal’s gland 

Nose 

Trachea 


7 7 7 7 1 1 7 7 7 1 1 7 1 7 7 7 1 1 7 7 1 1 7 7 1  

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  

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  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3  Total 
7 7 8 9 9 0 2 2 3 3 3 4 4 5 6 6 1 7 8 8 8 9 9 0 0  Tissues/ 
1 4 3 1 2 1 3 4 1 2 3 3 4 3 2 3 3 4 1 2 4 1 2 1 3  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

X X X X 5 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X X 3 


X 1 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ M + M + M + + + + M + + + M + + + + + + + M + +  42 

+ + + M + + + + + + + + + + + + + + + + + + + + +  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + + + + + + + + + + M + + + + M + + M + +  41 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + + M + + + + + + + + + + + + M + + + + +  41 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 2 


X 1 

x x  x X x x x  12 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X 1 

1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Eye
Harderian gland 

Adenoma 
Zymbal's gland 

Carcinoma 

Urinary System 
Kidney 

Carcinoma 
Urinaly bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

3 3 4 5 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7  

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

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


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  

2 3 2 2 2 2 2 2 1 2 3 2 1 1 2 2 2 1 2 2 2 1 1 1 1  

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

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


+ + 
+ 
X 


+ 
X 

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

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


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

X x x x  x x x x x  x 
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-Year  Inhalation Studyof Hexachlorocyclopentadiene: 

0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Eye
Harderian gland 

Adenoma 
Zymbal’s gland 

Carcinoma 

Urinary System 
Kidney 

Carcinoma 
Urinaty bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

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  
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  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

Tumors 
Tissues/ 
Total 

+ 
 + 	 4 
1 
1 
1 
1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  50 
X X x  x  X X 16 
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0.01 ppm 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Intestine large, colon 
Intestine large, rectum 
Intestine large, cecum 
Intestine small, duodenum 
Intestine small, jejunum 
Intestine small, ileum 
Liver 

Hepatocellular adenoma 
Mesentery 
Pancreas 
Salivaly glands 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Carcinoma 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal cortex 


Carcinoma 

Adrenal medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 

Islets, pancreatic 
Adenoma 


Parathyroid gland 

Pituitary gland 


Pars distalis, adenoma 
Pars intermedia, adenoma 
Pars nervosa, hamartoma 

Thyroid gland 
C-cel l ,  adenoma 
C-cell, carcinoma 
Follicular cell, carcinoma 

General Body System 
None 

Genital System 
Clitoral gland 


Carcinoma 

@sly

Uterus 


5 5 6 6 6 6 6 6 6 6 6 6 6 7 7 7 1 7 7 1 7 7 7 7 7  

2 6 2 2 3 5 . 5 5 6 8 8 9 9 0 0 2 2 3 3 3 3 3 3 3 3  

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


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

4 5 5 5 5 5 5 5 5 5 4 5 4 5 5 5 6 4 4 4 4 4 4 4 4  

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

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


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

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

+ 
X 

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

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

X X 
+ + + + + + + + + + + + + + + + +  
+ + + + + - I - + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . .  + +  + 

X x x xx x x  x xx x x x x x x  x 

X 
X 

+ + + + + + + + + + + + + + + + +  
X x x  

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

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

Polyp stromal X X X 
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-Year Inhalation  Study of Hexachlorocyclopentadiene: 

0.01 ppm (continued) 

Number of Days on  Study 

Carcass ID  Number 

Alimentary System 
Esophagus 
Intestine large, colon 
Intestine large, rectum 
Intestine large, cecum 
Intestine small, duodenum 
Intestine small, jejunum 
Intestine small, ileum 
Liver 

Hepatocellular adenoma 
Mesentery 
Pancreas 
Salivary glands 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Carcinoma 

Cardiovascular System 
H a r t  

Endocrine System 
Adrenal cortex 


Carcinoma 

Adrenal medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 

Islets, pancreatic 
Adenoma 


Parathyroid gland 

Pituitary gland 


Pars distalis, adenoma 
Pars intermedia, adenoma 
Pars nervosa,  hamartoma 

Thyroid gland 
Cel l ,  adenoma 
Ce l l ,  carcinoma 
Follicular cell ,  carcinoma 

General Body System 
None 

Genital System 
Clitoral gland 


Carcinoma 

ovary

Uterus 


Polyp stromal 


1 1 1 1 7 1 1 1 1 1 1 1 7 1 1 1 1 1 1 1 1 1 1 1 1  

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  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6  Total 
0 0 0 1 2 3 3 4 4 4 4 5 5 6 6 6 7 7 8 8 8 8 9 0 0  Tissues/ 
2 3 4 1 1 2 3 1 2 3 4 1 4 2 3 4 2 3 1 2 3 4 2 2 4  Tumors 

+ 18 

11 

11 

11 

17 

11 

11 


+ +  + + +  + + + +  + + 31 

X 1 


+ + +  6 

11 

17 


+ +  18 

+ 17 


1 

1 


17 


+ + + 21 

X 1 

M + + 19 


X 1 

2 


+ 18 

X 1 


11 

+ + + +  + + + + +  + +  + +  + + +  39 

x x x  x x  X x x  x x  x x x  30 


1 

1 


+ + 19 

3 


X 1 

X 1 


+ +  + + + 22 

X X 5 


18 

+ + + 22 


X X 5 
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0.01 ppm (continued) 

Number of Days on  Study 

Carcass ID Number 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node,  bronchial 

Lymph node,  mandibular 

Lymph node, mesenteric 

Lymph node,  mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammaly gland 


Adenoacanthoma 

Adenocarcinoma 

Fibroadenoma 

Fibroadenoma, multiple 


Skin 

Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Lalynx
Lung 

Carcinoma, metastatic, thyroid gland 
Carcinoma, metastatic, adrenal cortex 

Nose 

Trachea 


Special Senses System 
Eye

Harderian gland 


Duct, carcinoma 

Zymbal’s gland 


Carcinoma 


Urinary System 
Kidney 

Urinary bladder 


Systemic Lesions 
Multiple organs 

5 5 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  

2 6 2 2 3 5 5 5 6 8 8 9 9 0 0 2 2 3 3 3 3 3 3 3 3  

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


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

4 5 5 5 5 5 5 5 5 5 4 5 4 5 5 5 6 4 4 4 4 4 4 4 4  

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

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


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

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

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

X 
X X x x  
X x x x  

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

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

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

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

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


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


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

+ 
+ 
X 


+ 
X 


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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
Leukemia mononuclear x xx x xx x x  x x x  
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-Year Inhalation Studyof Hexachlorocyclopentadiene: 

0.01 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node,  bronchial 

Lymph node,  mandibular 

Lymph node,  mesenteric 

Lymph node, mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 


Adenoacanthoma 

Adenocarcinoma 

Fibroadenoma 

Fibroadenoma, multiple 


Skin 


Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Larynx
Lung 

Carcinoma, metastatic, thyroid gland 
Carcinoma, metastatic, adrenal cortex 

Nose 
Trachea 

Special Senses System 
Eye

Harderian gland 


Duct, carcinoma 

Zymbal's gland 


Carcinoma 


Urinary System 
Kidney 

Urinary bladder 


Systemic Lesions 
Multiple organs 

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  

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  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6  Total 
0 0 0 1 2 3 3 4 4 4 4 5 5 6 6 6 1 1 8 8 8 8 9 0 0  Tissues/ 
2 3 4 1 1 2 3 1 2 3 4 1 4 2 3 4 2 3 1 2 3 4 2 2 4  Tumors 

11 

+ 	 2 


11 

11 

11 

11 


+ +  + + 	 21 

11 


+ + +  + + + + + + + +  33 

1 

1 


x x  X X x x x  x x  13 

X X 6 


1 1  


11 


+ 	 18 


. . . . . . . . . . . . . . . . . . . . . . . . .  	 50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 1 


X 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  	 50 

. . . . . . . . . . . . . . . . . . . . . . . . .  	 50 


1 

1 

1 

1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  	 50 

11 


. . . . . . . . . . . . . . . . . . . . . . . . .  	 50 

Leukemia mononuclear x x  	 X 14 
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0.05 ppm 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Intestine large, colon 
Intestine large, rectum 
Intestine large, cecum 
Intestine small, duodenum 
Intestine small, jejunum 
Intestine small, ileum 
Liver 

Hepatocellular carcinoma 
Mesentery 
Pancreas 
Pharynx 

Squamous cell carcinoma 
Salivary glands 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Squamous cell  carcinoma, metastatic, 
Pharynx

Tooth 

Cardiovascular System 
Heart 

Alveolarbronchiolar carcinoma, 
metastatic, lung 

Endocrine System 
Adrenal cortex 
Adrenal medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 

Islets, pancreatic 

Parathyroid gland 

Pituitary gland 


Pars distalis, adenoma 
Thyroid gland 


C-cell, adenoma 

C-cell, carcinoma 


General Body System 
None 

3 3 4 5 5 5 5 5 5 5 5 6 6 6 6 6 6 7 1 1 7 7 1 7  

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

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

9 1 8 8 7 9 8 7 8 8 8 7 9 1 7 8 8 7 8 7 1 7 1 7  

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

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


+ + + + + + + + + + + + + + + + + + +  
+ + + + + A + + + + + + + + + + + + +  
+ + + + + A + + + + + + + + + + + + +  
+ + + + + A + + + A + + A + A + + + +  
+ + + + + A + + + + + + + + + + + + +  
+ + + + + A + + + + + + A + A + + + +  
+ + + + + A + + + A + + A + + + + + +  
. . . . . . . . . . . . . . . . . . . .  + +  


X 
+ +  + + 

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

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

+ 

X 
t 


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

X 

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

X X X 
+ + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + +  + + +  
X x x  x x x x x  x x x x  
+ + + + + + + + + + + + + + + + + + +  

v
A 

X X X 
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TABLEB2 

Individual Animal Tumor Pathologyof Female Rats in the 2-Year Inhalation Studyof Hexachlorocyclopentadiene: 

0.05 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 

Intestine large, colon 

Intestine large, rectum 

Intestine large, cecum 

Intestine small, duodenum 

Intestine small, jejunum 

Intestine small, ileum 

Liver 


Hepatocellular carcinoma 

Mesentely 

Pancreas 

Pharynx 


Squamous cell carcinoma 

Salivaly glands 

Stomach, forestomach 

Stomach, glandular 

Tongue 


Squamous cell carcinoma, metastatic, 
Pharynx

Tooth 

Cardiovascular System 
Heart 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Endocrine System 
Adrenal cortex 
Adrenal medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 

Islets, pancreatic 

Parathyroid gland 

P i t u i t a l y  gland 


Pars distalis, adenoma 
Thyroid gland 


C - c e l l ,  adenoma 

C-cell ,  carcinoma 


General Body System 
None 

7 7 7 7 7 1 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
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  
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  

7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9  Total 
9 0 0 0 0 2 2 2 3 3 4 4 5 5 6 6 7 7 7 8 8 9 9 9 0  Tissues/ 
3 1 2 3 4 1 3 4 1 3 1 3 1 2 1 2 1 2 4 2 4 1 2 3 4  Tumors 

19 
18 
18 
15 
18 
16 
16 

+ + + + + +  + + + + 32 

+ 
+ 

1 
+ +  6 

19 
1 
1 

18 
+ 21 
+ 21 

1 

1 
1 

19 

1 


19 
+ 20 
X 1 

3 
19 
19 

+ +  + + + +  + +  + +  + 33 
x x  x x x x  x x  x x  X 23 

19 
1 
3 
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0.05 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Genital System. 
Clitoral gland 


Carcinoma 

ovary

Uterus 


Polyp stromal 

Vagina 


Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 


Alveolarbronchiolar carcinoma, 
metastatic, lung 


Spleen 

Thymus 


Alveolarbronchiolar carcinoma, 
metastatic, lung 

Integumentary System 
Mammaly gland 


Adenocarcinoma 

Fibroadenoma 

Fibroadenoma, multiple 


Skin 

Neurofibrosarcoma 

Squamous cell  papilloma 


Musculoskeletal System 
Bone 

Mandible, squamous cell carcinoma, 
metastatic, pharynx 

Nervous System 
Brain 

Respiratory System 
Larynx
Lung 

Alveolarjbronchiolar carcinoma 
Pheochromocytoma malignant, 
metastatic 

Nose 
Trachea 

3 3 4 5 5 5 5 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7  

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

6 7 2 9 0 1 2 9 5 0 7 1 8 2 2 5 5 9 8 1 l l l l  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

9 7 8 8 7 9 8 7 8 8 8 7 9 7 7 8 8 7 8 7 7 7 7 7  

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

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


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


+ + + + + + + + + + + + + + + + + + +  + 
. . . . . . . . . . . . . . . . . . . . . . . .  


x x  

+ 

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

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

X 

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

X 


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


x x  X X X X 

X 


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


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


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

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


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

X 


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


. . . . . . . . . . . . . . . . . . . . . . . .  
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-Year  Inhalation Studyof Hexachlorocyclopentadiene: 

0.05 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

GenitalSystem 
Clitoral gland 


Carcinoma 

Ovary

Uterus 


Polyp stromal 

Vagina 


Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 


Alveolarbronchiolar carcinoma, 
metastatic, lung 


Spleen 

Thymus 


Alveolarbronchiolar carcinoma, 
metastatic, lung 

Integumentary System 
Mammary gland 


Adenocarcinoma 

Fibroadenoma 

Fibroadenoma, multiple 


Skin 

Neurofibrosarcoma 

Squamous ce l l  papilloma 


Musculoskeletal System 
Bone 

Mandible, squamous cell carcinoma, 
metastatic, pharynx 

Nervous System 
Brain 

Respiratory System 
Larynx
Lung 

Alveolarbronchiolar carcinoma 
Pheochromocytoma malignant, 
metastatic 

Nose 
Trachea 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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  

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  
7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9  Total 
9 0 0 0 0 2 2 2 3 3 4 4 5 5 6 6 7 7 7 8 8 9 9 9 0  Tissues1 
3 1 2 3 4 1 3 4 1 3 1 3 1 2 1 2 1 2 4 2 4 1 2 3 4  Tumors 

+ + +  + + + + 27 

X X 3 


+ + + + 24 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 


X X 4 

1 


19 

1 


16 

18 

18 

17 


1 

+ + +  + + 26 


16 


1 


+ + + +  + + +  28 

X X 4 


X X x x  X X 12 

1 


+ 19 

1 


X 1 


19 


1 


19 


+ + I + + + + + + + + + + + + + + + + + + + + + +  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 


1 


X 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
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TABLEB2 

Individual Animal Tumor Pathologyof Female Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0.05 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Eye


Lids, fibroma 


Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

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

+ + + + 
X 


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

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

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

X x x x  x x x x x x  x x x  


~ ~~ 
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0.05 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Eye


Lids, fibroma 


Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

7 7 1 1 7 7 1 7 7 1 7 1 7 7 7 7 7 7 7 1 1 7 7 7 1  
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  
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  
1 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9  Total 
9 0 0 0 0 2 2 2 3 3 4 4 5 5 6 6 7 1 7 8 8 9 9 9 0  Tissues/ 
3 1 2 3 4 1 3 4 1 3 1 3 1 2 1 2 1 2 4 2 4 1 2 3 4  Tumors 

+ 5 
1 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  49 
19 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
x x x x x 18 
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadien,e: 

0.2 ppm 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 

Carcinoma, metastatic, thyroid  gland 
Intestine large,  colon 
Intestine large, fectum 
Intestine large,  cecum 
Intestine small, duodenum 
Intestine small, jejunum 
Intestine small,  ileum 
Liver 

Hepatocellular adenoma, multiple 
Mesentery 
Pancreas 
Salivary glands 
Stomach, forestomach 
Stomach, glandular 
Tooth 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal cortex 
Adrenal medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 

Parathyroid gland 

Pituitary gland 


Pars distalis,  adenoma 
Pars intermedia, adenoma 

Thyroid gland 

C e l l ,  adenoma 

C-cell, carcinoma 


General Body System 
None 

Genital System 
Clitoral gland 


Carcinoma 

ovary

Granulosa cell tumor benign 
Thecoma malignant 

Uterus 

Adenocarcinoma 

Polyp stromal 


5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7  

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

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


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  

1 1 1 1 2 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 0 0 0 0 0  

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

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


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

X 

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

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

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

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

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

+ +  + 
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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


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


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


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

X 

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


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


x x x x x x x x x xx x x x x x xx x  
. . . . . . . . . . . . . . . . . . . . . . . . .  


x X 
X X 

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

X X 

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


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


X x x  X X 
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in  the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0.2 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 

Carcinoma, metastatic, thyroid  gland 
Intestine large, colon 
Intestine large,  rectum 
Intestine large,  cecum 
Intestine small, duodenum 
Intestine small,  jejunum 
Intestine small,  ileum 
Liver 

Hepatocellular adenoma, multiple 
Mesentery 
Pancreas 
Salivary glands 
Stomach, forestomach 
Stomach, glandular 
Tooth 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal cortex 
Adrenal medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 

Pars distalis,  adenoma 
Pars intermedia, adenoma 

Thyroid gland 
C-cell, adenoma 
C e l l ,  carcinoma 

General Body System 
None 

Genital System 
Clitoral gland 

Carcinoma 
ovary

Granulosa cell tumor benign 
Thecoma malignant 

Uterus 
Adenocarcinoma 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  


1 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 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2  Total 

7 7 7 8 8 8 9 9 9 0 2 3 3 5 5 6 6 7 8 8 8 9 9 0 0  Tissues/ 

2 3 4 1 2 3 1 2 3 1 2 1 3 1 2 3 4 3 1 2 4 1 3 1 2  Tumors 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  47 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 1 


3 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ 	 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 2 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 1 


+ M + + + + M + + + + + + + + + M + + + + + + + +  45 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x xx x x x x x xx x x x x x  x x x x  38 


X 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50  


x x X 5 

X X 4 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X X 4 


+ + + M + + + + + + + + + + + + + + + + + + + + +  49 

X 	 . 1  


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X 	 1 

Polyp stromal 	 X X X 8 
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-Year Inhalation Study of Hexachlorocyclopentdienc:: 

0.2 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 


Carcinoma, metastatic, thyroidgland 
Lymph node, mandibular 

Carcinoma, metastatic, thyroidgland 
Lymph node, mesenteric 
Lymph node, mediastinal 
Spleen 
Thymu 

Integumentary System 
Mammary gland 


Aden&rcinoma 

Fibroadenoma 

Fibroadenoma, multiple 

Sarcoma 


Skin 
Basal cell carcinoma 
Subcutaneous tissue, sarcoma 

Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Larynx

Carcinoma, metastatic, thyroid gland 
Lung 

Carcinoma, metastatic, thyroid gland 
Nose 
Trachea 

Carcinoma, metastatic, thyroidgland 
~~ ~~ ~ 

Special Senses System 
Eye 

~ ~~ 

Urinary System 
Kidney 

Urinary bladder 


Systemic Lesions 
Multiple organs 


leukemia mononuclear 


5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 1 7 7 7 7 7  

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

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


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  

1 1 1 1 2 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 0 0 0 0 0  

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

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


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

+ + + 

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

X 

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

X 

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

+ + + + + + + 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 
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TABLEB2 

Individual Animal Tumor Pathology of Female Rats in the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0.2 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 


Carcinoma, metastatic, thyroid gland 
Lymph node, mandibular 

Carcinoma, metastatic, thyroid gland 
Lymph node, mesenteric 
Lymph node, mediastinal 
Spleen 
Thymus 

Integumentary System 
Mammary gland 


Adenocarcinoma 

Fibroadenoma 

Fibroadenoma, multiple 

Sarcoma 


Skin 
Basal cell carcinoma 
Subcutaneous tissue, sarcoma 

Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Larynx

Carcinoma, metastatic, thyroid gland 
Lung 

Carcinoma, metastatic, thyroid gland 
Nose 
Trachea 

Carcinoma, metastatic, thyroid gland 

Special Senses System 
Eye 

Urinary System 
Kidney 

Urinary bladder 


Systemic Lesions 
Multiple organs 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  


1 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 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2  Total 

7 7 7 8 8 8 9 9 9 0 2 3 3 5 5 6 6 7 8 8 8 9 9 0 0  Tissues/ 

2 3 4 1 2 3 1 2 3 1 2 1 3 1 2 3 4 3 1 2 4 1 3 1 2  Tumors 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

3 


+ + + + + + + + + + + + + M + + + + + + + + + + +  48 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

+ M + + + + + + + + + + + + + + + + + + + + M M +  44 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + + + + + + + + + + + + + + + + + M M M +  45 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


X X 8 

X X X X 5 


X 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X 1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


+ + 4 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + M + + + + + + + + + + + + + + + + + + + + +  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

Leukemia mononuclear X x xx x x  x x x x x x  
 21 
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TABLEB3 
Statistical Analysisof Primary Neoplasms in Female  Rats in the 2-Year Inhalation Studyof Hexachlorocyc1opent:ldiene 

AdrenalMedulla:BenignPheochromocytoma 
Overall ratea 
Adjusted rateb 
Terminal rate' 
First incidence (days) 
Life table testd 
Logistic regression testd 
Cochran-Annita e testd 5Fisher exact test 

ClitoralGland:Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

Mammary Gland Fibroadenoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

MammaryGland: Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test  
Cochran-Armitage test 
Fisher exact test 

Mammary Gland Fibroadenoma or Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Annitage test 
Fisher exact test 

0 PPm 

6/50 (12%) 
19.2% 
4/28 (14%) 
681 
P=0.247N 
P=0.237N 
P=0.237N 

5/49 (10%) 
17.1% 
4/28 (14%) 
709 

12/50 (24%) 
37.4% 
9/28 (32%) 
488 
P=0.373N 
P=0.348N 
P=0.355N 

3/50 (6%) 
9.6% 
2/28 (7%) 
680 
P=0.342N 
P=0.336N 
P=0.335N 

14/50 (28%) 
44.0% 
11/28 (39%) 
488 
P=0.360N 
P=0.333N 
P=0.341N 

0.01 ppm 

2/50 (4%) 
5.1% 
O B 3  (0%) 
681 

P=0.099N 
P=0.115N 

P=0.134N 

5/22 (23%)e 

19/50 (38%) 
52.0% 
16/33 (48%) 
654 
P=O.209 
P=O.136 

P=O.O97 

1/50 (2%) 
3.0% 
1/33 (3%) 
730 ( T I
P=0.257N 
P=0.276N 

P=0.309N 

19/50 (38%) 
52.0% 
16/33 (48%) 
654 
P=O.370 
P=O.267 

P=O.198 

0.05 ppm 

3/50 (6%) 
7.9% 
0/30 (0%) 

562 
P=0.250N 
P=0.256N 

P=0.243N 

3/27 (ll%)e 

13/50 (26%) 
35.8% 
8/30 (27%) 
549 
P=O.530 
P=O.446 

P=O.500 

4/50 (8%) 
12.8% 
3/30 (10%) 
709 
P=O.521 
P=O.460 

P=O.500 

15/50 (30%) 
41.6% 
l O / 3 0  (33%) 
549 
P=O.540 
Pe0.426 

P=O.500 

0.2 ppm 

-

2/50 (4%) 
5.5% 
1/30 (3%) 
617 
P=O.l24N 
P=0.128N 

P=0.134N 

4/50 (8%) 
11.0% 
2/30 (7%) 
569 
P=0.460N 
P=0.478N 

P=0.487N 

13/50 (26%) 
34.7% 
8/30 (27%) 
528 
P=O.554 
P=O.501 

P=O.500 

1/50 (2%) 
2.3% 
0/30(0%) 
626 
P =0.304N 
P=0.305N 

P=0.309N 

14/50 (28%) 
36.2% 
8/30 (27%) 
528 
P=0.529N 
P=0.586N 

P=0.588N 
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TABLEB3 
Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadiene 
(continued) 

Pancreatic Islets: Adenoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table  test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

PituitaryGland (Pars Distalis): Adenoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table  test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

ThyroidGland (Ccell): Adenoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

ThyroidGland (Ccell): Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

ThyroidGland(C-cell):Adenoma or Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

0.01 ppm 0.05 ppm 0.2 ppm 

2/50 (4%) 1/18 (6%)' on9 (0%)' 1/50 (2%) 
7.1% 3.3% 

7 9  0
2/28 (7%) 

730 (I? 
1/30 (3%) 

P=0.476N 
P =0.476N 

P=0.500N 

31/50 (62%) 9 / 3 9  (77%)e 23/33 (70%)' 3 / 5 0  (76%) 
73.1% 86.0% 
17/28 (61%) 24/30 (80%) 
502 541 

P=O.237 
P=O.114 

P=O.O97 

6/50 (12%) 3/19 (16%)' 1/19 (5%)' 5/50 (10%) 
19.6% 15.7% 
5/28 (18%) 4/30 (13%) 
625 668 

P=0.467N 
P=0.486N 

P=0.500N 

0/50(0%) 1/19 (5%)' 3/19 (16%)e 4/50 (8%) 
0.0% 12.8% 
of23 (0%) 3/30 (10%) 
- 726 

P=O.O74 
P=O.O72 

P=O.O59 

6/50 (12%) 4/19 (21%)' 4/19 (21%)' 9/50 (18%) 
19.6% 27.7% 
5/28 (18%) 7/30 (23%) 
625 668 

P=O.328 
P=O.91 

P=O.288 
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TABLEB3 
Statistical Analysis of Primary Neoplasms in FemaleRats in the 2-Year Inhalation Study of Hexachlorocyclopenladiene 
(continued) 

0 PPm 

Thyroid Gland (Follicular Cell): Adenoma or Carcinoma 
Overall rate 1/50 (2%) 
Adjusted rate 3.6% 
Terminal rate 1/28 (4%) 

Life table  test 
First incidence (days) 730 ( T )  

Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

Uterus: Stromal Polyp 
Overall rate 4/50 (8%) 
Adjusted rate 13.3% 
Terminal rate 3/28 (11%) 
First incidence (days) 686 
Life table tes t  P=O.120 
Logistic regression test P=O.121 
Cochran-Armitage test P=O.119 
Fisher exact test 

Uterus: Stromal Polyp or StromalSarcoma 
Overall rate 5/50 (10%) 
Adjusted rate 16.8% 
Terminal rate 4/28 (14%) 
First incidence (days) 686 
Life table  test P=O.165 
Logistic regression test P=O.167 
Cochran-Armitage test P=O.165 
Fisher exact test 

All Organs: Mononuclear Cell Leukemia 
Overall rate 16/50 (32%) 
Adjusted rate 40.6% 
Terminal rate 6/28 (21%) 
First incidence (days) 639 
Life table  test P=O.135 
Logistic regression test P=O.102 
Gxhran-Armitage test P=O.103 
Fisher exact test 

All Organs: Benign  Neoplasms 
Overall rate 44/50 (88%) 
Adjusted rate 91.7% 
Terminal rate 24/28 (86%) 
First incidence (days) 488 
Life table tes t  P=O.257 
Logistic regression test P=O.171 
Gxhran-Armitage test P=O.153 
Fisher exact test 

0.01 ppm 

1/19 (5%)" 

5/50 (10%) 
14.2% 
4/33 (12%) 
659 
P=O.592 
P=O.550 

P=O.500 

5/50 (10%) 
14.2% 
4/33 (12%) 
659 
P-0.533N 
P=0.577N 

P=0.630N 

14/50 (28%) 
30.1% 
3/33 (9%) 
521 
P=0.306N 
P=0.485N 

P=0.414N 

42/50 (84%) 
93.3% 
30/33 (91%) 
521 
P-0.130N 
P=0.214N 

P =0.387N 

0.05 ppm 

0/19 (O%)e 

4/50 (8%) 
12.0% 
2/30 (7%) 
652 
P=0.628N 
P=O.603 

P=0.643N 

4/50 (8%) 
12.0% 
2/30 (7%) 
652 
P=0.482N 
P=0.548N 

P=0.500N 

18/50(36%) 
43.6% 
8/30 (27%) 
366 
P=O.414 
P=O.401 

P=O.417 

36/50 (72%) 
79.9% 
21/30 (70%) 
366 

P=0.148N 
P =0.072N 

P=0.039N 

0.2 ppm 

0/50 (0%) 
0.0% 
0/30 (0%) 

-
P=0.486N 
P=0.486N 

P=0.500N 

8/50(16%) 
22.2% 
4/30 (13%) 
628 
P=O.209 
P=O.186 

P=O.178 

8/50 (16%) 
22.2% 
4/30 (13%) 
628 
P=O.314 
P = O . 2 8 8  

P=0.277 

21/50 (42%) 
55.8% 

14/30 (47%) 
569 
P=O.290 
P =0.221 

P =0.204 

46/50 (92%) 
95.7% 
28/30 (93%) 
528 
P=O.557 
P =0.427 

P =0.370 
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TABLEB3 
Statistical Analysis of Primary Neoplasms in Female  Rats in the 2-Year Inhalation Study of Hexachlorocyclopentadiene 
(continued) 

0.01 ppm 0.05 ppm 0.2 ppm 

All Organs: Malignant Neoplasms 

Overall rate 29/50 (58%) 26/50(52%) 27/50 (54%) 23/50 (56%) 

Adjusted rate 65.5% 52.7% 60.5% 67.8% 
Terminal rate 	 13/28 (46%) 10133 (30%) (43%)17/30(57%)13/30 
First incidence (days) 376 	521 366 
 569 

Fisher exact test 
Cochran-Armitage test 
Logistic regression test 
Life table test 

P=O.511 
P=O.507 
P=O.496 

P=0.432N 
P=0.214N 

P=0.344N 

P=0.422N 
P=0.451N 

P=0.420N 

P=0.478N 
P=0.415N 

P=0.500N 

Overall rate 
All Organs:Benign or Malignant Neoplasms 

47/50 (94%) 48/50(96%)41/50 (82%) 49/50 (98%) 
Adjusted rate 95.9% 96.0% 87.2% 98.0% 
Terminal rate 26/2831/3324/30 	 29/30(93%)(94%) (80%) (97%) 
First incidence (days) 376 522 366 528 
Life table test P=O.355 P=0.249N P=0.223N P=0.549N 
Logistic regression test P=O.584 P=O.246 P=0.109N P=O.358 
Cochran-Armitage test P=O.221 
Fisher exact test P=O.500 P=0.061N P=O.309 

(T)Terminal sacrifice 
a 	 Number o f  neoplasm-bearing animals/number o f  animals examined. Denominator is number of animals  examined microscopically for bone marrow, 

brain, clitoral gland, heart, kidney, larynx, liver, lung, nose, ovary, pancreas, pancreatic islets, parathyroid gland, pituitary gland, salivary gland, 
spleen, thyroid gland, and urinary bladder; for other tissues,  denominator is number of animals  necropsied. 
Kaplan-Meier estimated neoplasm incidencea t  the end of the study after adjustment  for intercurrent mortality 
Observed incidence at terminal kill 
Beneath the control incidence are  the P values associated wi th  the trend test. Beneath the exposure group incidence are the P values corresponding 
to painvise comparisons between the controls and tha t  exposure group. The life table test regards neoplasms in animals dying prior to terminal kill 
as being (directly or indirectly) the cause of death. The logistic regression test regards these lesions as nonfatal. The Cochran-Armitage and Fisher 
exact tests compare directly the overall incidence rates. For all tests, a negative trend or a lower  incidence in a n  exposure group is indicated by N. 

e 	 Tissue was examined microscopically only when it  was obsetved to be abnormal at  necropsy; thus statistical comparisons with the controls are not 
appropriate. 
Not  applicable; no neoplasms i n  animal group 
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TABLEB4 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Inhalation Study 
of Hexachlorocyclopentadienea 

-

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

Disposition Summary 
Animals initially in study 60 60 60 60 
1 5 ”  iryainre w f u a h n  10 10 10 10 
Early deaths 

Moribund 19 16 14 16 
Natural deaths 3 1 5 4 

SuMvors 
Terminal sacrifice 28 33 30 30 

Missexed 1 

Animals examined microscopically 60 60 59 60 

15-Month Interim Evaluation 
Alimentary System 
Liver (10) (3)

Basophilic focus 3 (30%) 
Clear ce l l  focus 1 (33%) 
Granuloma, multifocal 2 (20%) 2 (20%) 
Hepatodiaphragmatic nodule 3 (30%) 2 (67%) 1 (10%) 

Mesentery (1)
Fat, mineralization 1 (100%) 
Fat, necrosis 1 (100%) 

Pancreas (10)
Acinus, atrophy 2 (20%) 

Stomach, forestomach (10)
Acanthosis 1 (10%) 

Stomach, glandular (10)
Muscularis, hypoplasia 

Cardiovascular System 
Heart 

Thrombosis 

Endocrine System 
Adrenal cortex 

Hemorrhage 
Pituitary gland ( 5 )  

Cyst 3 (60%) 
Pars distalis,  hyperplasia 

Thyroid gland 
Ultimobranchial cyst 
C e l l ,  hyperplasia 

General Body System 
None 
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TABLEB4 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-YearInhalation Study 
of Hexachlorocyclopentadiene(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

15-Manth Interim Evaluation (continued) 
Genital System 
ovary (10) 

Crst  
Uterus (10)


Dilatation 

Endometrium, hyperplasia 


Hematopoietic System 
Lymph node, mandibular 


Hyperplasia, lymphoid 

Lymph node, mediastinal 


Hemorrhage 
Spleen 

Ectopic tissue 

Integumentary System 
None 

Musculoskeletal System 
None 

Nervous System 
None 

Respiratory System 
Larynx (10) (10)

Foreign body 2 (20%) 3 (30%) 
Hyperplasia 1 (10%) 
Inflammation, chronic 1 (11%) 
Inflammation, suppurative 2 (20%) 2 (20%) 
Metaplasia, squamous 2 (20%) 1 (11%) 

Lung (10) (10) (10) (10)
Alveolus, hemorrhage 10 (100%) 10 (100%) 10 (100%) 10 (100%) 
Alveolus, infiltration cellular, multifocal, 

histiocyte 2 (20%) 2 (20%) 
Artery, mineralization 1 (10%) 1 (10%) 2 (20%) 1 (10%) 
Bronchiole, pigmentation 1 (10%) 6 (60%) 10 (100%) 
Peribronchiolar, pigmentation 1 (10%) 8 (80%) 

Nose (10) (10) (10)
Foreign body 2 (20%) 1 (10%)
Hemorrhage 1 (10%) 
Inflammation, suppurative 2 (20%) 2 (20%) 
Pigmentation 8 (80%) 10 (100%) 9 (90%)
Nasolacrimal duct,  hemorrhage 1 (10%) 2 (20%)
Respiratory epithelium, hyperplasia 2 (20%) 2 (20%) 
Respiratory epithelium, metaplasia, 

squamous 1 (10%) 1 (10%) 
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TABLEB4 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Inhalation Study 
of Hexachlorocyclopentadiene(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

15-Month Interim Evaluation (continued) 

Respiratory System (continued) 

Trachea (10) (10) (10) (10)


Inflammation, chronic 1 (10%) 1 (10%) 

Special Senses System 
Eye (1)

Cataract 1 (100%) 

Urinary System 
Kidney (10) (10) (10) (10)

Mineralization 1 (10%) 1 (10%) 2 (20%)
Nephropathy, chronic 10 (100%) 10(100%) 10(100%) 10 (100%) 

2-Year Study 
Alimentary System 
Erophagus (50) (18) (19) (50)

Inflammation, chronic 1 (2%) 
Mediastinum, inflammation, 

granulomatous 1 (6%) 
Liver (50) (31) (32) (50)

Angiectasis 1 (2%) 1 (3%) 4(13%) 2 (4%) 
Basophilic focus 7(14%) 2 (6%) 2 (6%) 3 (6%) 
Clear c e l l  focus 2 (4%) 3 (10%) 3 (9%) 3 (6%) 
Eosinophilic focus 
Granuloma, multifocal 
Hepatodiaphragmatic nodule 
Pigmentation, hemosiderin 
Vacuolization cytoplasmic 
Bi l i a ry  tract, cyst 
Biliary tract, hyperplasia 
Hepatocyte, hyperplasia 

Mesentery 
Hemorrhage 
Inflammation, granulomatous 
Thrombosis 
Fat, necrosis 

Pancreas 
Fibrosis 
Acinus, atrophy 
Artery, inflammation 

Pharynx 
Hyperkeratosis 
Hyperplasia 

5 (10%) 
7 (14%) 
1 (2%) 
7(14%) 
1 (2%) 
1 (2%) 
2(4%) 

(9)
1 (11%) 

1 (11%) 
8(89%) 

(50)  

13 (26%) 

(3)
1 (33%) 
2(67%) 

1 (3%) 
1 (3%) 
9(29%) 

5 (16%) 

(6) 

1 (17%) 

6(100%) 
(17) 

1 (6%) 
1 (6%) 

2 (6%) 
8 (25%) 

4 (13%) 

2(6%) 
(6)

2(33%) 
2(33%) 

5 (83%) 
(19) 

3(16%) 

(1) 

4(8%) 
11 (22%) 

3 (6%) 

(3)
1 (33%) 

2(67%) 
(50) 

1 (2%) 
9 (18%) 
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TABLEB4 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Inhalation Study 
of Hexachlorocyclopentadiene (continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

Stomach, forestomach 
Alimentary System (continued) 
%Year Study (continued) 

Muscularis, hypoplasia 
Ulcer 
Inflammation, suppurative 
Hyperkeratosis 
Erosion 
Acanthosis 

Mineralization 
Inflammation, suppurative 
Erosion 

Inflammation, suppurative 

Stomach, glandular 

Tooth 

(49)
6 (12%) 

3 (6%) 
3 (6%) 
3 (6%) 

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

(18)
8 (44%) 

3 (17%) 

6 (33%) 
3 (17%) 

1 (6%) 

1 (6%) 

1 (6%) 

2 (11%) 

(17) 

2 (12%) 

(21)
7 (33%) 

3 (14%) 

6 (29%) 
1 (5%) 

(21) 

1 (5%) 

(1)
1 (100%) 

(50) 

3 (6%) 
7 (14%) 

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

(50) 

2 (4%) 
2 (4%) 

(1)
1 (100%) 

Heart 
Cardiovascular System 

Thrombosis 
Cardiomyopathy 

(19) 

1 (5%) 
1 (5%) 

(50)
4 (8%) 

Endocrine System 

Necrosis 
Hyperplasia 
Hemorrhage 
Cytomegaly 

Adrenal cortex 

Bilateral, hyperplasia 
Hyperplasia 

Adrenal medulla 

Parathyroid gland 
Hyperplasia 

Islets, pancreatic 

Pituitary gland 
Hyperplasia 

Pars intermedia, hyperplasia 
Pars distalis,  hyperplasia 
Hemorrhage 

C-cell, hyperplasia 
Ultimobranchial cyst 

Cyst 

Thyroid gland 

(50)
8 (16%) 

1 (2%) 
(47)

3 (6%) 

4 (8%) 

(50) 

12 (24%) 

(21)
5 (24%) 

1 (5%) 

1 (5%) 

(19)
3 (16%) 

6 (15%) 

2 (11%) 

1 (3%) 
(19) 

3 (16%) 

(19)
2 (11%) 

(20) 

1 (5%) 
4 (20%) 

(33) 

(19) 

(19) 

4 (12%) 
1 (3%) 
5 (15%) 

(19) 

1 (5%) 

(50)
7 (14%) 

3 (6%) 
1 (2%) 

(50) 

3 (6%) 
4 (8%) 

(50) 

(45) 

(50) 

3 (6%) 

2 (4%) 

2 (4%) 

1 (2%) 

(50) 

11 (22%) 
1 (2%) 

None 
General Body System 
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TABLEB4 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Inhalation Study 
of Hexachlorocyclopentadiene (continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

s&dy (continued) 
Genital System 

Hyperplasia 

Clitoral gland 
Cyst 

(27)
3 (11%) 
6(22%) 

(50) 

1 (2%) 
1 (2%) 

Inflammation, suppurative 1 (4%) 3 (6%) 

Cyst 
ovary 

Uterus 
Infarct 1 (2%) 

5 (21%) 
(49) 

(24) 

(50) 

(49)
1 (2%) 

Inflammation, suppurative 1 (2%) 
Cervix, muscularis, hyperplasia 2 (4%) 
Endometrium, hyperplasia 1 (5%) 3 (6%) 3 (6%) 

Hematopoietic System 
Bone marrow (50) (17) (19) (50)

Hyperplasia, reticulum cell 1 (5%) 
Myelofibrosis 2(12%) 

Lymph node (2) (1) (3)
Renal, hyperplasia, lymphoid 1 (50%) 
Renal, pigmentation 1 (50%) 1 (33%) 

Lymph node, bronchial (42) (17) (16) (48)
Hemorrhage 1 (6%) 

Lymph node, mandibular (48) (17) (18) (49)
Hyperplasia, lymphoid 2 (4%) 1 (6%) 1 (2%) 
Inflammation, chronic 1 (2%) 2 (11%) 

Lymph node, mesenteric (50) (17) (18) (49)
Hemorrhage 1 (2%) 1 (6%) 

Lymph node, mediastinal (47) (17) (17) (44)
Hemorrhage 1 (2%) 1 (6%) 
Pigmentation 1 (6%) 2 (5%) 

Spleen (50) (21) (26) (50)
Ectopic tissue 1 (5%) 2 (8%) 1 (2%) 
Fibrosis 4 (8%) 3 (14%) 5 (19%) 
Hyperplasia, reticulum cell 4(8%) 1 (4%) 
Necrosis 1 (2%) 2 (8%) 
Pigmentation, hemosiderin 1 (2%) 

Thymus (47) (17) (16) (45) 
Cyst 1 (6%) 

Integumentary System 
Mammary gland (50) (33) (28) ( 5 0 )

Inflammation, suppurative 1 (2%) 
Skin (50) (17) (19) (50)

Abscess 1 (2%) 
Ulcer 1 (6%) 1 (2%) 

Musculoskeletal System 
None 



151 Lesions in Female Rats 

TABLEB4 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Inhalation Study 
of Hexachlorocyclopentadiene(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

2-Year Study (continued) 
Nervous System 
Brain 

Compression 
(50)

11 (22%) 
(18)

6 (33%) 
(19)

4 (21%) 
(50) 

16 (32%) 
Hemorrhage 3 (6%) 2(11%) 8 (42%) 6(12%) 

Necrosis 
Hydrocephalus 4 (8%) 1 (6%) 3 (16%) 

1 (5%) 
10 (20%) 

Respiratory System 
Larynx

Foreign body 
(50) 

1 (2%) 
(50) 

1 (2%) 
Infhmmation, chronic 4 (8%) 1 (2%) 4 (8%) 
Inflammation, suppurative 3(6%) 2 (4%) 
Metaplasia, squamous 9 (18%) 20 (40%) 15(31%) 

Congestion 
Lung (50)  (50)  (49) 

1 (2%) 
Foreign body 1 (2%) 
Granuloma 3 (6%) 1 (2%) 
Alveolar epithelium, hyperplasia 3 (6%) 3 (6%) 2 (4%) 9 (18%) 
Alveolus, hemorrhage 9 (18%) 8(16%) 12 (24%) 13 (26%) 
Alveolus, infiltration cellular, mul t i foca l ,  

histiocyte 3 (6%) 5 (10%) 8 (16%) 10 (20%) 

Artely, mineralization 
Alveolus, inflammation, suppurative 1 (2%) 

1 (2%) 
3 (6%) 

Bronchiole, pigmentation 25 (50%) 42 (86%) 50  (100%) 

Pleura, fibrosis 
Peribronchiolar, pigmentation 3 (6%) 1 (2%) 4 (8%) 

2(4%) 
27 (54%) 
1 (2%) 

Hemorrhage 
Foreign body 

Nose (50) 

3 (6%) 
3 (6%) 

(50) 

1 (2%) 
1 (2%) 

(49) 

6(12%) 
4 (8%) 

(50) 

1 (2%) 
6 (12%) 

Nasolacrimal duct, hemorrhage 
Pigmentation 
Inflammation, suppurative 5 (10%) 

2 (4%) 
34 (68%) 

5 (10%) 
47 (96%) 

1 (2%) 

2 (4%) 
48 (96%) 
10 (20%) 

Nasolacrimal duct, inflammation, 

Respiratoly epithelium, hyperplasia 
suppurative 2 (4%) 

4 (8%) 
10 (20%) 
6(12%) 

9(18%) 
2 (4%) 

3 (6%) 
10 (20%) 

Respiratory epithelium, metaplasia, 
squamous 

Trachea 
Inflammation, chronic 

1 (2%) 
(50)  

1 (2%) 
(49) 

1 (2%) 

2 (4%) 
(50 )  

Inflammation, suppurative 1 (2%) 
Pigmentation 1 (2%) 

Special Senses System 
Eye

Cataract 
Anterior chamber, inflammation, 

(4)
2 (50%) 

(1)
1 (100%) 

(5)
2 (40%) 

(4)
4 (100%) 

Inflammation, suppurative 

Cornea,inflammation 
Harderian gland 

suppurative 

1 (100%) 

1 (25%) 
1 (25%) 

(1) (1) 
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TABLEB4 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Inhalation Study 
of Hexachlorocyclopentadiene (continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

~~ ~ 

2-YeW study (continued) 
Urinary System 
Kidney 

Mineralization 
(50)

12 (24%) 
(50)

13 (26%) 
(49)

11 (22%) 
(50) 

14 (28%) 
Nephropathy, chronic 47(94%) 49(98%) 47(96%) 50 (100%) 
Cortex, renal tubule, cytoplasmic 

alteration 1 (2%) 
Pelvis, transitional  epithelium, 

hyperplasia 1 (2%) 
Urinary bladder 

Transitional epithelium, hyperplasia 1 (2%) 
(50) (17) (19) (49)

1 (2%) 

-~ 

a Number o f  animals examined microscopically at  site and number of animals with lesion 
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TABLEC1 
Summary of the Incidence of Neoplasms in Male  Mice in the 2-Year  Inhalation Studyof Hexachlorocyclopentadiienea 

Disposition Summary 
Animals initially in study 
Z I M o ? d l  interbn evolicohon 
Early deaths 

Accidental deaths 
Moribund 
Natural deaths 

Survivors 
Terminal sacrifice 

Animals examined microscopically 

IS-Month Interim Evaluation 
Alimentary System 
Liver 

Hepatocellular carcinoma 
Hepatocellular adenoma 

Cardiovascular System 
None 

Endocrine System 
Islets, pancreatic 

Adenoma 

General Body System 
None 

Genital System 
None 

Hematopoietic System 
None 

Integumentary System 
None 

Musculoskeletal System 
None 

Nervous System 
None 

0 PPm 0.01 ppm 

60 60 
10 10 

1 2 
8 6 
6 9 

35 33 

60 60 

(10) 

3 (30%) 
2 (20%) 

0.05 ppm 

60 

10 

3 
5 

42 

60 


0.2 ppm 

60 

10 

9 
7 


34 


60 
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TABLEC l  
Summary of the Incidence of Neoplasms in Male  Mice in the 2-Year  Inhalation Studyof Hexachlorocyclopentadiene 
(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

15-Month Interim E~aluation(continued) 
Respiratory System 
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar adenoma, multiple 
Alveolarbronchiolar carcinoma 

Special Senses System 
None 

Urinary System 
Urinary bladder 

Systemic Lesions 
Multiple organsb 

Lymphoma malignant histiocytic 

2-Year Study 
Alimentary System 
Intestine small, duodenum 
Intestine small, jejunum 

Adenocarcinoma 
Intestine small, ileum 
Liver 

Hemangiosarcoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma, multiple 
Hepatocellular carcinoma, two 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Hepatocellular adenoma, two 

Mesentery 
Pancreas 
Stomach, forestomach 

Squamous cell  papilloma 
Stomach, glandular 

Cardiovascular System 
Heart 

(10) 	 (10) (10) (10)
1 (10%) 1 (10%) 

1 (10%) 
1 (10%) 1 (10%) 

(49) 
(50)

1 (2%) 
(50) 
(50)

2 (4%) 
7(14%) 10(27%) 	 9(18%) 

1 (2%) 
1 (2%) 

19 (38%) 13 (41%) 19 (51%) 10 (20%) 
1 (3%) 

Endocrine System 
Adrenal cortex (49)
Adrenal medulla (49)

Pheochromocytoma NOS 
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TABLEC1 
Summary of the Incidence of Neoplasms in Male  Mice in  the 2-YearInhalation Studyof IIexachlorocycIopentadiene 
(continued) 

%Year Study (continued) 
Endocrine System (continued) 
Pituitary gland 

Carcinoma 
Thyroid gland 

Follicular cell, adenoma 

General Body System 
None 

Genital System 
Epididymis 

Fibrosarcoma 
Testes 

Interstitial cel l ,  adenoma 

Hematopoietic System 
Lymph node 
Lymph node,  bronchial 
Lymph node,  mandibular 
Lymph node, mesenteric 
Lymph node,  mediastinal 
Spleen 
Thymus 

Integumentary System 
Skin 

Fibrosarcoma 
Hemangiosarcoma 
Papilloma 

Musculoskeletal System 
None 

Nervous System 
None 

Respiratory System 
Lung 

Alveolarbronchiolar adenoma 
Alveolar/bronchiolar adenoma, multiple 
Alveolarbronchiolar carcinoma 
Hemangiosarcoma, metastatic, liver 
Hepatocellular carcinoma,  livermetastatic, 

0 PPm 

(49)
1(2%) 

(48)
1 (2%) 

(50) 

(50) 

(49)
11 (22%) 

3 (6%) 

0.01 ppm 

(16) 

(19) 

(50)
7 (14%) 
3 (6%) 
2 (4%) 
1 (2%) 
1 (2%) 

0.05 ppm 

(10)

1 (10%) 
1 (10%) 

(50)
8 (16%) 
2 (4%) 
4 (8%) 

0.2 ppm 

(50) 

1 (2%) 

(50)
12 (24%) 
3 (6%) 
1 (2%) 

3 (6%) 
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TABLEC1 
Summary of the Incidence of Neoplasms in Male Mice in the 2-Year Inhalation Study of Hexachlorocyclopentadiene 
(continued) 

2-Year Shdy (continued) 
Special Senses System 
Harderian gland 

Adenoma 

Adenoma, two 


Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

Neoplasm Summary 
Total animalswith primacy neoplasms' 

15-Month interim evaluation 
2-Year study 

Total primary neoplasms 
15-Month interim evaluation 
2-Year study 

Total animals with benign neoplasms 
15-Month interim evaluation 
2-Year study 

Total benign neoplasms 
15-Month interim evaluation 
2-Year study 

Total animals with malignant neoplasms 
15-Month interim evaluation 
2-Year study 

Total malignant neoplasms 
15-Month interim evaluation 
2-Year study 

Total animalswith metastatic neoplasms 
ZYear study 

Total metastatic neoplasms 
2-Year study 

Total animals with uncertain neoplasms 
benign or malignant 

2-Year study 
Total uncertain neoplasms 

2-Year study 

0 PPm 0.01 ppm 0.05 ppm 

~~~~ 

0.2 ppm 

(7)
7 (100%) 

(4)
3 (75%) 

(7)
5 (71%) 

(2)
2 (100%) 

2 (29%) 

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

2 (4%) 5 (10%) 4 (8%) 2 (4%) 

7 3 4 3 
35 32 39 33 

7 3 4 3 
49 44 64 54 

5 2 3 2 
29 23 31 25 

5 2 3 2 
38 29 43 33 

2 1 1 1 
11 14 19 17 

2 1 1 1 
11 15 21 20 

3 2 3 

3 2 3 

1 

1 

a 	 Number of animals examined microscopically a t  site and number of animals w i t h  lesion 
Number of animals with any tissue examined microscopically

' 	Primary neoplasms:allneoplasmsexceptmetastaticneoplasms 
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TABLEC2 

Individual Animal Tumor Pathology of Male Mice in the 2-YearInhalation Study of Hexachlorocyclopentadienc:: 

0 PPm 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 

Gallbladder 

Intestine large,  colon 

Intestine large,  rectum 

Intestine large,  cecum 

Intestine small, duodenum 

Intestine small, jejunum 


Adenocarcinoma 

Intestine small,  ileum 

Liver 


Hepatocellular carcinoma 
Hepatocellular adenoma 


Mesentery 

Pancreas 

Salivary glands 

Stomach, forestomach 

Stomach, glandular 


Cardiovascular System 
Heart 

Endocrine System 
Adrenal cortex 

Adrenal medulla 

Islets, pancreatic 

Parathyroid gland 

Pituitary gland 


Carcinoma 

Thyroid gland 


Follicular cell, adenoma 


General Body System 
None 

Genital System 
Epididymis 

Penis 

Preputial gland 

Prostate 

Seminal vesicle 

Testes 


+: Tissue examined microscopically 
A: Autolysis precludes examination 

0 2 4 5 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  

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

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


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

1 1 1 1 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0  

l o 5 6 3 5 7 6 1 1 9 3 4 4 6 2 2 3 3 4 4 5 5 5 7  

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


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

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

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

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

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

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

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


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


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

x x x x 

x x  X x x x  x x 
+ + + 

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

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

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

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


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


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

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

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

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


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


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

+ +  + + 

+ + + + +  + + 
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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


M Missing tissue X Lesion present 
I: Insufficient tissue Blank Not  examined 
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TABLEC2 

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large, colon 
Intestine large, rectum 
Intestine large, cecum 
Intestine small, duodenum 
Intestine small, jejunum 

Adenocarcinoma 
Intestine small, ileum 
Liver 

Hepatocellular carcinoma 
Hepatocellular adenoma 

MesenteIy 
Pancreas 
Salivary glands 
Stomach, forestomach 
Stomach, glandular 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal cortex 
Adrenal medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Carcinoma 
Thyroid gland 

Follicular cell, adenoma 

General Body System 
None 

Genital System 
Epididymis 

Penis 

Preputial gland 

Prostate 

Seminal vesicle 

Testes 


7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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  

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  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Total 
7 7 8 8 9 9 9 0 0 1 2 2 2 2 3 3 4 4 4 6 6 7 7 8 8  Tissues/ 
4 5 3 4 1 2 3 1 3 5 1 3 4 5 2 3 1 3 5 2 3 4 5 1 2  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + + + + + M + + + + + + + + + + + + + + +  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X X X 7 

x x  X x x x  X x x x x  19 


+ 4 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

+ + + M + + + + + + + + + + + + + + + + + + + + +  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

+ + + + + M + + + M + + M M M + + + M M M + M M +  31 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 


X 1 

+ + + + + + + + + + + + M + + + + + + + + + + + +  48 


X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

4 


+ + 9 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
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TABLEC2 

Individual Animal Tumor Pathology of Male Mice in  the 2-YearInhalation Study of Hexnchlorocyclopentadiene: 

0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 

Skin 


Musculoskeletal System 
Bone 

Skeletal muscle 


~ ~~~ ~ 

Nervous System 
Brain 

Peripheral nerve 

Spinal cord 


Respiratory System 
Larynx
Lung 

Alveolarbronchiolar adenoma 
Hepatocellular carcinoma, metastatic, 
liver 

NOS2 
Trachea 

Special Senses System 
Eye

Harderian gland 


Adenoma 


Urinary System 
Kidney 

Urethra 

Urinary bladder 


Systemic Lesions 
Multiple organs 


Lymphomamalignantmixed 


0 2 4 5 6 6 6 6 6 6 6 6 6 1 1 1 1 1 7 7 1 1 1 1 1  

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

1 4 4 4 1 6 1 3 8 9 1 2 9 1 1 3 3 3 3 3 3 3 3 3 3  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

1 1 1 1 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0  

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

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


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

+ 

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

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

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

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

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

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


M M M M M M M 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 
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TABLEC2 

Individual Animal Tumor Pathologyof Male Mice in the 2-Year Inhalation  Study of Hexachlorocyclopentadiene: 

0 ppm (continued) 

Number of Days on  Study 

Carcass ID  Number 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 

Skin 


Musculoskeletal System 
Bone 

Skeletal muscle 


Nervous System 
Brain 

Peripheral newe 

Spinal cord 


Respiratory System 
Larynx
Lung 

Alveolarbronchiolar adenoma 
Hepatocellular carcinoma, metastatic, 
liver 


Nose 

Trachea 


Special Senses System 
Eye

Harderian gland 


Adenoma 


Urinary System 
Kidney 

Urethra 

Urinary bladder 


Systemic Lesions 
Multiple organs 

Lymphoma malignant mixed 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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  

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  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Total 
7 7 8 8 9 9 9 0 0 1 2 2 2 2 3 3 4 4 4 6 6 7 7 8 8  Tissues/ 
4 5 3 4 1 2 3 1 3 5 1 3 4 5 2 3 1 3 5 2 3 4 5 1 2  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 

+ + + M + + + + + + + + + + + + M + + + M + + + +  41 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

+ + + + + + + + + + + + + M + + + + + + M + + + +  46 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + + + + + + + + + M + + + + + + + + + + +  47 


M M M M M M + M M M M M M M M M M + M M M M M M M  4 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

2 


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . .  + + +  49 

X x x  x X 11 


X X 3 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ 2 

+ +  + + 7 

x x  X X 7 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

2 
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TABLE C2 

Individual Animal Tumor Pathology of Male Mice in  the 2-Year Inhalation Studyof Hexachlorocyclopentadiene: 

0.01 ppm 

Number of Days on  Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large,  colon 
Intestine large,  rectum 
Intestine large,  cecum 
Intestine small,  duodenum 
Intestine small, jejunum 
Intestine small,  ileum 
Liver 

Hemangiosarcoma 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 

Mesentery 

Pancreas 

Salivary glands 

Stomach, forestomach 


Squamous c e l l  papilloma 
Stomach, glandular 
Tooth 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal cortex 

Adrenal medulla 

Islets, pancreatic 

Parathyroid gland 

Pituitary gland 

Thyroid gland 


General Body System 
None 

Genital System 
Epididymis 

Penis 

Preputial gland 

Prostate 

Seminal vesicle 

Testes 


Interstitial cell, adenoma 

3 4 4 4 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7  

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

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


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

3 4 3 4 3 3 4 3 3 3 4 3 4 3 3 3 3 3 3 3 3 3 3 3 3  

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

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


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

X 

X x x x  X 


X X x x  x 

+ + 

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

X 

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

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

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

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

+ + +  
+ + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + +  
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TABLE C2 

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation  Study of Hexachlorocyclopentadiene: 

0.01 ppm (continued) 

Number of Days on  Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large, colon 
Intestine large, rectum 
Intestine large, cecum 
Intestine small, duodenum 
Intestine small, jejunum 
Intestine small, ileum 
Liver 

Hemangiosarcoma 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 

Mesentery 
Pancreas 
Salivary glands 
Stomach, forestomach 

Squamous cell papilloma 
Stomach, glandular 
Tooth 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal cortex 

Adrenal medulla 

Islets, pancreatic 

Parathyroid gland 

Pituitary gland 

Thyroid gland 


General Body System 
None 

Genital System 
Epididymis 
Penis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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  

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  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4  Total 
3 3 4 4 5 5 5 5 6 6 7 1 7 8 8 9 9 0 0 0 0 1 1 1 2  Tissues1 
3 5 1 2 1 2 4 5 1 2 1 2 5 2 3 1 2 2 3 4 5 1 2 3 5  Tumors 

17 

17 

17 

17 

17 

17 


+ 	 18 

19 


+ +  + + + + + +  + + + 32 

1 


X X 7 

x x  x X x x  X X 13 


X 1 

+ + + 5 


+ 18 

17 


+ + +  19 

1 


16 

+ + 2 


17 


17 

17 

17 

12 

16 


+ + 19 


17 

3 


+ + 5 

17 


+ 	 18 

+ 18 

X 1 
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TABLEC2 

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of Hexachlorocyclopentadiene:: 

0.01 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 

Skin 


Musculoskeletal System 
Bone 

Skeletal muscle 


Nervous System 
Brain 

Peripheral nerve 

Spinal cord 


Respiratory System 
Larynx
Lung 

Alveolarlbronchiolar adenoma 
Alveolarbronchiolar adenoma, 
multiple 

Alveolarbronchiolar carcinoma 
Hemangiosarcoma, metastatic, liver 
Hepatocellular carcinoma, metastatic, 
liver 


NOS? 

Trachea 


Special Senses System 
Harderian gland 


Adenoma 


Urinary System 
Kidney 

Urinary bladder 


Systemic Lesions 
Multiple organs 

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

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

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

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

+ 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 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
Lymphoma malignant mixed X x x  X X 
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TABLEC2 

Individual Animal Tumor Pathology of Male Mice in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0.01 ppm (continued) 

Number of Days on  Study 

Carcass ID Number 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 

Skin 


Musculoskeletal System 
Bone 

Skeletal muscle 


Nervous System 
Brain 

Peripheral nerve 

Spinal cord 


Respiratory System 
Larynx
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar adenoma, 

multiple 
Alveolarbronchiolar carcinoma 
Hemangiosarcoma, metastatic, liver 
Hepatocellular carcinoma, metastatic, 
liver 


Nose 

Trachea 


Special Senses System 
Harderian gland 


Adenoma 


Urinary System 
Kidney 

Urinary bladder 


Systemic Lesions 
Multiple organs 

Lymphoma malignant mixed 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
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  
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  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4  Total 
3 3 4 4 5 5 5 5 6 6 7 7 7 8 8 9 9 0 0 0 0 1 1 1 2  Tissues/ 
3 5 1 2 1 2 4 5 1 2 1 2 5 2 3 1 2 2 3 4 5 1 2 3 5  Tumors 

17 
+ 	 5 

17 
13 

+ +  21 

+ 

+ + + + + + + + + + + + + + + + + +.  .  + + +. .  

X X X X 


X 

X 


+ + + + + + + + + + + + + + + + + + .  .  t + t . .  

+ + + + + + + + + + + + + + + + + +. .+ + +  

+ + + 
X X 


16 
18 
16 

3 
18 

16 
1 

17 
1 
1 

17 
+ 	 50 

7 

3 
2 
1 

1 
+ 	 50 
+ 	 50 

4 
3 

+ 
+ 

+ + +  
18 
22 

. . . . . . . . . . . . . . . . . . . . . . . . .  
5 

50 



166 Hexachlorocyclopantadiene,NTP'TR 437 

TABLEC2 

Individual Animal Tumor Pathologyof Male Mice in the  2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0.05 ppm 

Number of Days on Study 

Carcass ID  Number 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large,  colon 
Intestine large,  rectum 
Intestine large, cecum 
Intestine small,  duodenum 
Intestine small,  jejunum 
Intestine small,  ileum 
Liver 

Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, two 

Mesentery 
Pancreas 
Salivary glands 
Stomach, forestomach 

Squamous cell papilloma 
Stomach, glandular 
Tooth 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal cortex 

Adrenal medulla 

Islets, pancreatic 

Parathyroid gland 

Pituitary gland 

Thyroid gland 


Follicular cell, adenoma 

General Body System 
None 

Genital System 
Epididymis 

Fibrosarcoma 

Penis 

Preputial gland 

Prostate 

Seminal vesicle 

Testes 


Interstitial ce l l ,  adenoma 

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

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

+ + + + + + + +  
+ + M + + + + +  
+ + + + + + + +  
+ + + + + + + +  
+ + + + + + + +  
+ + + + + + + +  
+ + + + + + + +  
+ + + + + + + + I  

+ + + + + + + + + +  + + +  + + + + + + +  
x x  x x x x  


x x X x x  X x x  X 

X 


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

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

+ + + + + + + +  

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

+ + + + + , + + + 
+ + + + + + + +  + + 

X X 


+ + + + + + + +  
X 


+ 
+ + + 

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

X 




167 Lesions in Male Mice 

TABLEC2 

Individual Animal Tumor Pathology of Male Mice in the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0.05 ppm (continued) 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
Number of Days on Study 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  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
Carcass ID Number 	 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  Total 

9 9 9 0 0 1 1 1 1 1 2 2 2 2 2 3 3 4 4 5 5 5 6 6 6  Tissues/ 
3 4 5 2 4 1 2 3 4 5 1 2 3 4 5 1 2 1 5 1 2 4 3 4 5  Tumors 

Alimentary System 
Esophagus 8 
Gallbladder 7 
Intestine large, colon 8 
Intestine large,  rectum 8 
Intestine large,  cecum 8 
Intestine small,  duodenum 8 
Intestine small,  jejunum + 9 
Intestine small,  ileum + 9 
Liver + + + + + + + +  + + + + +  37+ +  	 + +  

Hepatocellular carcinoma x x x x 10 
Hepatocellular adenoma x x  x x x x  x X x x  19 
Hepatocellular adenoma, two X 2 

Mesentery + 2 
Pancreas 8 
Salivary glands 7 
Stomach, forestomach + + 12 

Squamous cell  papilloma X 1 
Stomach, glandular 8 
Tooth + 1 

Cardiovascular System 
Hart  	 8 

Endocrine System 
Adrenal cortex 8 
Adrenal medulla 8 
Islets, pancreatic 8 
Parathyroid gland 6 
Pituitary gland 8 
Thyroid gland + + 12 

Follicular cell, adenoma X 3 

General Body System 
None 

Genital System 
Epididymis 8 

Fibrosarcoma 1 
Penis 1 
Preputial gland + 4 
Prostate 8 
Seminal vesicle 9 
Testes 9 

Interstitial cell,  adenoma 1 
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Number of Days on  Study 

Carcass ID  Number 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 
Skin 


Fibrosarcoma 

Hemangiosarcoma 


Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Larynx
Lung 

Alveolaribronchiolar adenoma 
Alveolaribronchiolar adenoma, 
multiple 

Alveolaribronchiolar carcinoma 
Nose 
Trachea 

Special Senses System 
Harderian gland 


Adenoma 

Adenoma, two 


Urinary System 
Kidney 

Urinary bladder 


Systemic Lesions 
Multiple organs 

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

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

+ + + + + + + +  
+ + 

+ + M + 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 

+ + + + + + + +  
+ + + + + + + +  i - + + +  

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

Lymphoma malignant mixed X x x  
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TABLEC2 

Individual Animal Tumor Pathology of Male Mice in  the 2-Year Inhalation Studyof Hexachlorocyclopentadiene: 

0.05 ppm (continued) 

Number of Days on Study 

Carcass ID  Number 

Hematopoietic System 
Bone marrow 
Lymph node 
Lymph node,  bronchial 
Lymph node, mandibular 
Lymph node,  mesenteric 
Lymph node, mediastinal 
Spleen 
Thymus 

Integumentary System 
Mammary gland 
Skin 


Fibrosarcoma 

Hemangiosarcoma 


Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Larynx
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar adenoma, 

multiple 
Alveolarbronchiolar carcinoma 

Nose 
Trachea 

Special Senses System 
Harderian gland 


Adenoma 

Adenoma, two 


Urinary System 
Kidney 

Urinary bladder 


Systemic Lesions 
Multiple organs 

Lymphoma malignant mixed 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
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  
1 1 1 1 1 1 1 7 1 7 1 1 1 1 1 7 1 1 7 1 7 1 1 1 1  

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

Tumors 
Tissues/ 
Total 

+ 

+ 
+ 

+ + +  
+ 

7 
13 
8 

13 
3 
6 
3 
8 

X 
+ + 

X 

+ 
1 
1 

10 

+ 9 

8 

. . . . . . . . . . . . . . . . . . . . . . . . .  
x x x X X 8 

50 
8 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
x x x x  

50 
50 
4 
2 

+ 
X 

+ 
X 

+ 

X 2 
5 
I 

+ 
+ 

+ +  
+ +  

+ 
f 16 

12 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 4 

50 
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TABLEC2 

Individual Animal Tumor Pathology of Male Mice in the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0.2 ppm 

Number of Days on Study 

CarcassIDNumber 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large,  colon 
Intestine large,  rectum 
Intestine large,  cecum 
Intestine small,  duodenum 
Intestine small, jejunum 

Adenocarcinoma 
Intestine small,  ileum 
Liver 

Hemangiosarcoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma,  multiple 
Hepatocellular carcinoma, two 
Hepatocellular adenoma 
Hepatocellular adenoma, two 

Mesentery 
Pancreas 
Salivary glands 
Stomach, forestomach 

Squamous c e l l  papilloma 
Stomach, glandular 
Tooth 

Cardiovascular System 
H a r t  

Endocrine System 
Adrenal cortex 
Adrenal medulla 

Pheochromocytoma NOS 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

Follicular cell, adenoma 

Genital System 
Epididymis 

Penis 

Preputial gland 

Prostate 

Seminal vesicle 

T e s t e s  


Interstitial cell, adenoma 


3 4 4 4 5 5 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

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

8 8 8 9 8 8 8 9 8 8 9 8 8 8 8 8 7 7 7 7 8 8 8 8 8  

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

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


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


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


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

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

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

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

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


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

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


X X 
X x x x x x  X 

X 
X 

X X x x x x 
X 

+ 
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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


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


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


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


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

X 

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

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

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

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


A 


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

+ + +  

+ +  + + 
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLEC2 

Individual Animal Tumor Pathologyof Male Mice in  the 2-YearInhalation Studyof Hexachlorocyclopentadiene: 

0.2 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large,  colon 
Intestine large,  rectum 
Intestine large,  cecum 
Intestine small,  duodenum 
Intestine small,  jejunum 

Adenocarcinoma 
Intestine small,  ileum 
Liver 

Hemangiosarcoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma, multiple 
Hepatocellular carcinoma, two 
Hepatocellular adenoma 
Hepatocellular adenoma, two 

Mesentery 
Pancreas 
Salivary glands 
Stomach, forestomach 

Squamous cell papilloma 
Stomach, glandular 
Tooth 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal cortex 
Adrenal medulla 

Pheochromocytoma NOS 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

Follicular cell, adenoma 

General Body System 
None 

Genital System 
Epididymis 

Penis 

Preputial gland 

Prostate 

Seminal vesicle 

Testes 


1 1 1 1 1 1 1 1 7 7 7 1 1 7 7 7 7 1 1 7 7 1 1 1 1  

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  

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  
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9  Total 
2 2 2 3 3 4 4 5 5 5 6 6 6 6 1 7 1 1 1 8 8 9 9 9 0  Tissues/ 
1 2 3 2 3 1 2 1 3 4 1 2 3 5 1 2 3 4 5 1 3 2 4 5 1  Tumors 
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TABLEC2 

Individual Animal Tumor Pathologyof Male Mice in  the 2-Year Inhalation Studyof Hexachlorocyclopentadiene: 

0.2 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 

Skin 


Papilloma 


Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Larynx

Lung 

Alveolarbronchiolar adenoma 
Alveolar/bronchiolar adenoma, 
multiple 

Alveolar/bronchiolar carcinoma 
Hepatocellular carcinoma, metastatic, 
liver 


Nose 

Trachea 


Special Senses System 
Eye

Harderian gland 


Adenoma 


Urinary System 
Kidney 

Urinary bladder 


Systemic Lesions 
Multiple organs 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

3 4 4 4 5 5 5 5 6 6 6 6 1 1 7 7 1 1 1 7 1 1 1 1 1  

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

3 5 0 1 4 2 2 5 1 2 4 3 1 5 1 6 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  

8 8 8 9 8 8 8 9 8 8 9 8 8 8 8 8 1 1 1 1 8 8 8 8 8  

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

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


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

+ +  

, 

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

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

+ + + + + + + + + + + + + M + + + + + + + + + + +  
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TABLEC2 

Individual Animal Tumor Pathologyof Male Mice in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0.2 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 

Skin 


Papilloma 


Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Larynx
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar adenoma, 
multiple 

Alveolar/bronchiolar carcinoma 
Hepatocellular carcinoma, metastatic, 
liver 


Nose 

Trachea 


Special Senses System 
Eye

Harderian gland 


Adenoma 


Urinary System 
Kidney 

Urinary bladder 


Systemic Lesions 
Multiple organs 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

7 7 7 7 7 7 7 7 7 7 1 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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  

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  
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9  Total 
2 2 2 3 3 4 4 5 5 5 6 6 6 6 7 7 7 7 7 8 8 9 9 9 0  Tissuesf 
1 2 3 2 3 1 2 1 3 4 1 2 3 5 1 2 3 4 5 1 3 2 4 5 1  Tumors 
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TABLEC3 
Statistical Analysis of Primary Neoplasms in Male  Mice in the &Year Inhalation Study of Hexachlorocyclopentadiene 

Harderian Gland Adenoma 
Overall ratea 
Adjusted rateb 
Terminal rate' 
First incidence (days) 
Life table testd 
Logistic regression testd 
Cochran-Armita e testd8Fisher exact test 

Liver: Hepatocellular Adenoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table  test 
Logistic regression test 
Cochran-Armitage t e s t  
Fisher exact test 

Liver: Hepatocellular Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table t e s t  
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

Lung: Alveolar/bronchiolar  Adenoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table  test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

-

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

7/50 (14%) 3/50 (6%) 7/50 (14%) 2/50 (4%) 
19.0% 9.1% 16.7% 5.6% 

627 
6/35 (17%) 

731 0
3/33 (9%) 

731 0
7/42 (17%) 1/34 (3%) 

715 
P=0.130N P-0.183N P=O.478N P=O.O9ON 
P=0.130N P=0.168N P=0.531N P=0.086N 
P=0.126N 

P=0.159N P=0.613N P=0.080N 

19/50 (38%) 14/32 (44%)e 21/37 (57%)e 10/50 (20%) 
49.5% 27.0% 

626 
16/35 (46%) 

460 
8/34 (24%) 

P=0.049N 
P=0.042N 

P=0.038N 

7/50 (14%) 7/32 (22%)e 10137 (27%)e 11/50 (22%) 
17.6% 25.6% 

648 
3/35 (9%) 3/34 (9%) 

393 
P=O.228 
P=O.217 

P=O.218 

24/50 (48%) 21/32 28/37 (76%)e 19/50 (38%) 
56.9% 43.6% 
17/35 (49%) low (29%) 
626 393 

P=O.UlN 
P=0.211N 

P=0.210N 

11/49 (22%) 10/50 (20%) 10/50 (20%) 15/50 (30%) 
31.3% 29.2% 23.1% 37.5% 
10/34 (29%) 9/33 (27%) 9/42 (21%) 10/34 (29%) 
689 689 618 393 
P=O.119 P=0,528N P=0.301N P=O.253 
P-0.125 P=0.499N P =0.367N P=O.261 
PEO.138 

P=0.479N P=0.479N P=O.266 
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TABLEC3 
Statistical Analysis of Primary Neoplasms in Male  Mice in the 2-Year Inhalation  Study of Hexachlorocyclopentadiene 
(continued) 

0.01 ppm 0.05 ppm 0.2 ppm 

Lung: Alveolar/bronchiolar  Carcinoma 
Overall rate 0/49 (0%) 2/50 (4%) 4/50 (8%) 1/50 (2%) 
Adjusted rate 0.0% 6.1% 9.5% 2.9% 

Life table  test 
First incidence (days) 
Terminal rate o p (0%)-

P=0.585N P=O.232 

2/33 (6%) 
731 Q 

4/42 (10%) 

P=O.O93 
731 (9 731 Q

1/34 (3%) 

P=O.500 
Logistic regression test P=0.585N P=O.uo P=O.O93 P=O.500 
Cochran-Armitage test P=O.572N 
Fisher exact test P=O.253 P=O.o61 P=O.505 

Lung: Alveolar/bronchiolar Adenoma or Carcinoma 

Adjusted rate 
Overall rate 

31.3% 
11/49 (22%) 

32.1% 
11/50 (22%) 

32.4% 
14/50 (28%) 

40.1% 
16/50 (32%) 

Terminal rate l O n S  (29%) lO/33 (30%) 13/42 (31%) 11/34 (32%) 
First incidence (days) 689 689 618 393 
Life table test P=O.118 P=O.569 P=O.549 P=O.190 
Logistic regression test P=O.122 P=OS98N P=O.473 P=O.195 
Cochran-Armitage test P=O.140 
Fisher exact test P=0.574N P=O.343 P=O.200 

ThyroidGland (Follicular Cell):  Adenoma 
Overall rate 1/48(2%) O / l 9  (O%)e 3/12 (25%)e 2/50 (4%) 
Adjusted rate 2.9% 5.9% 

Life table test 
First incidence (days) 
Terminal rate 1/34 (3%) 

731 (T) 
P=O.500 

2B4 (6%) 
731 (T) 

Logistic regression test P=O.500 
Cochran-Armitage test 
Fisher exact test P=O.515 

All Organs:MalignantLymphoma(Histiocytic,Lymphocytic, or Mixed) 
Overall rate 2/50 (4%) 5/50 (10%) 4/50 (8%) 5/50 (10%) 
Adjusted rate 4.9% 13.2% 8.6% 12.6% 
Terminal rate OB5 (0%) 2/33 (6%) 1/42 (2%) 2nS (6%) 
First incidence (days) 627 617 607 435 
Life table test P=O.321 P=O.207 P=O.406 P=O.214 
Logistic regression test P=O.331 P=O.216 P=O.302 P = O . 2 0 9  
Cochran-Armitage test P=O.330 
Fisher exact test P=O.218 P=O.339 P=O.218 

All Organs: Benign Neoplasms 
Overall rate 29/50 (58%) 23/50 (46%) 31/50 (62%) 25/50 (50%) 
Adjusted rate 72.2% 63.4% 67.2% 60.5% 
Terminal rate 24/35 (69%) 20133 (61%) 27/42 (64%) 18/34 (53%) 
First incidence (days) 626 443 529 393 
Life table test P=0.451N P=0.228N P=0.347N P=0.334N 
Logistic regression test P=0.426N P=0.181N P=O.583 P=0.295N 
Cochran-Armitage test P=0.385N 
Fisher exact test P=0.158N P=O.419 P=O.W4N 
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TABLEC3 
Statistical Analysis of Primary Neoplasms in Male Mice in the  2-Year Inhalation Study of Hexachlorocyclopentndiene 
(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

All Organs: Malignant Neoplasms 
Overall rate 11/50 (22%) 14/50 (28%) 19/50 (38%) 17/50 (34%) 
Adjusted rate 26.6% 33.0% 39.4% 37.9% 
Terminal rate 5/35 (14%) 6/33 (18%) 13/42 (31%) 7 M  (21%) 
First incidence (days) 627 443 607 393 
Life table test P=O.194 P =0.3O3 P=O.177 P=O.153 
Logistic regression test P=O.214 P=O.292 P =0.066 P=O.131 
Cochran-Annitage test P=O.194 
Fisher exact test P=O.322 P=O.O63 P=O.133 

All Organs:Benign or Malignant Neoplasms 
Overall rate 35/50 (70%) 32/50 (64%) 39/50 (78%) 33/50 (66%) 
Adjusted rate 79.5% 75.8% 78.0% 71.4% 
Terminal rate 26/35 (74%) 23/33 (70%) 31/42 (74%) 21/34 (62%) 
First incidence (days) 626 443 529 393 
Life table test P=0.520N P =0.476N P=0.425N P=0.491N 
Logistic regression test P=0.447N P=0.369N P =0.396 P=0.415N 
Cochran-Armitage test P=0.432N 
Fisher exact test P=0.335N P=O.247 P=0.415N 

(“)Terminal sacrifice 
a 	 Number of neoplasm-bearing animals/number o f  animals examined. Denominator is number of animals examined microscopically for bone marrow, 

brain, epididymis, gallbladder, heart, kidney, larynx, liver, lung, nose, pancreas, parathyroid gland, pituitary gland, preputial gland, prostategland, 
salivary gland, spleen, testes, thyroid gland, and urinary bladder; for other tissues, denominatoris number of animals necropsied. 
Kaplan-Meier estimated neoplasm incidence at  the end o f  the study after adjustment  for intercurrent mortality 
Observed incidence at terminal kill 
Beneath the control incidence are the P values associated w i t h  the trend test. Beneath the exposure group incidence are the P values corresponding 
to pairwise  comparisons between the controls and that exposure group. The life table test regards neoplasms in animals dying prior to terminal kill 
as being (directly or indirectly)  the cause of death. The logistic regression test regards these lesions as nonfatal. The Cochran-Armitage and Fisher 
exact tests compare directly the overall incidence rates. For all tests, a negative trend or a lower incidence i n  an exposure group is indicaced by N. 

e 	 Tissue was examined microscopically only when it was observed to be abnormal a t  necropsy; thus statistical comparisons with the controls are not 
appropriate. 
Not  applicable; no neoplasms in animal group 
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TABLEC4 
Historical Incidence of Alveolar/bronchiolar Neoplasms in Untreated Male B6C3F, Micea 

Incidence in Controls 
Study Adenoma AdenomaCarcinoma 

Historical Incidence at Battelle Pacific  Northwest Laboratories 

1,3-Butadiene 18/50 5/50 
A l l y l  glycidyl ether 7/50 0/50 
2-Chloroacetophenone 1/50 6/50 
Epinephrine hydrochloride 11/50 5/50 
Ethyl chloride 3/50 2/50 
o-Chlorobenzalmalononitrile 7/49 7/49 

Overall Historical Incidence 

Total loa624 (16.3%) 45/624 (7.2%) 

Standard deviation 7.8% 5.5% 

Range 6%-36% 0%-16% 


a Dataas of  20 August 1992. 

or Carcinoma 

21/50 
1/50 

11/50 
15/50 
5/50 

14/49 

139/624 (22.3%) 
9.4% 

10%-42% 
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TABLEC5 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year Inhalation Study 
of Hexachlorocyclopentadienea 

Disposition Summary 
Animals initially in study 
I S M .  interim e w h d u n  
Early deaths 

Accidental deaths 
Moribund 
Natural deaths 

SuMvors 
Terminal sacrifice 

Animals examined microscopically 

IS-Month Interim Evaluation 
Alimentary System 
Liver 

Cytoplasmic alteration 
Inflammation, subacute 

Stomach, forestomach 
Hyperkeratosis 

Cardiovascular System 
None 

Endocrine System 
None 

General Body System 
None 

Genital System 
Epididymis 

Inflammation, chronic 
Testes 

Atrophy 

Hematopoietic System 
Lymph node,  mesenteric 

Hemorrhage 

Integumentary System 
Skin 

Alopecia 

Musculoskeletal System 
None 

0 PPm 

60 

10 


1 
8 
6 

35 


60 


(10) 

1 (10%) 

(10) 

0.01 ppm 

60 

10 


2 
6 
9 

33 

60 


(10) 

(10) 

(1)

1 (100%) 


0.05 ppm 

60 

10 

3 
5 

42 

60 


0.2 ppm 

60 

10 


9 
1 

34 


60 
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TABLEC5 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2 - Y a r  Inhalation Study 
of Hexachlorocyclopentadiene(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

15-Month Interim Evaluatwn (continued) 
Nervous System 
Brain (10)

Mineralization 3 (30%) 

Respiratory System 
Lung 

Hemorrhage 
Inflammation, subacute 1 (10%) 
Alveolar epithelium, hyperplasia 1 (10%) 
Artexy, inflammation, subacute 
Mucosa, pigmentation 10 (100%) 

Nose (10)
Inflammation, suppurative 10 (100%) 
Mucosa, pigmentation 10 (100%) 

Trachea (10)
Mucosa, pigmentation 10 (100%) 

Special Senses System 
None 

Urinary System 
Kidney 

Inflammation, suppurative 
Nephropathy, chronic 

Urinary bladder 
Dilatation 

2-Year Study 
Alimentary System 
Intestine small, duodenum (8) (49)

Congestion 1 (2%) 

Hyperplasia 1 (2%)

Inflammation, suppurative 

Peyer’s patch,  hyperplasia, lymphoid 1 (2%)


Intestine small, jejunum 

Congestion 

Inflammation, chronic 

Epithelium, hyperplasia 

Peyer’s patch,  hyperplasia, lymphoid 


Intestine small, ileum 

Congestion 

Peyer’s patch, hyperplasia, lymphoid 
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TABLEC5 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year Inhalation Study 
of Hexachlorocyclopentdiene (continued) 

&Year Study (continued) 
Alimentary System (continued) 
Liver 

Angiectasis 

Basophilic focus 

Cyst

Cytoplasmic alteration 
Fatty change 
Fibrosis 
Focal cellular change 
Hematopoietic cell proliferation 
Hyperplasia, nodular 
Infarct 
Inflammation, chronic 
Inflammation, necrotizing 
Inflammation, subacute 
Inflammation, suppurative 
Mineralization 
Necrosis, acute 

Mesentely 
Congestion 
Inflammation, suppurative 
Necrosis 
Fat, hemorrhage 
Fat, necrosis 

Pancreas 
Inflammation, subacute 
Duct, cyst 

Stomach, forestomach 
Cyst
Hyperkeratosis 
Hyperplasia 

Stomach, glandular 
Mineralization 
Necrosis 

Tooth 
Developmental malformation 
Inflammation, suppurative 

Cardiovascular System 
Heart 

Inflammation, subacute 
Arteriole, mineralization 
Atrium, thrombosis 

Endocrine System 
Adrenal cortex 

Hyperplasia 
Thyroid gland 

Follicular ce l l ,  hyperplasia 

0 PPm 

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

1 (2%) 

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

1 (2%) 
(4) 

1 (25%) 
1 (25%) 
1 (25%) 

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

( 5 0 )  

(50)

1 (2%) 
3 (6%) 

0.01 ppm 

1 (3%) 

1 (3%) 
1 (3%) 

1 (3%) 
1 (3%) 

1 (3%) 

1 (3%) 
(5)


1 (20%) 
1 (20%) 
1 (20%) 

2 (40%) 
(18) 


1 (6%) 
(19) 

2 (11%) 

(16) 

1 (6%) 
(2)

2 (100%) 
1 (50%) 

0.05 ppm 

(37)
1 (3%) 

1 (3%) 
1 (3%) 

1 (3%) 
1 (3%) 
2 (5%) 

(2)
1 (50%) 

1 (50%) 
(8) 


(1)

1 (100%) 

0.2 ppm 

(50) 


2 (4%) 

1 (2%) 

1 (50%) 

2 (4%) 

(50) 

2 (4%) 

(2)
2 (100%) 

(50) 


1 (2%) 
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TABLEC5 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year Inhalation Study 
of Hexachlorocyclopentadiene(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

2-YeUr study (continued) 
General Body System 
None 

Genital System 
Epididymis 

Inflammation, granulomatous 
(50 )

1 (2%) 
Serosa, inflammation, suppurative 

Concretion 
Penis 

1 (6%) 
(3)

2 (67%) 
(3)

1(33%) 
Hemorrhage, acute 1 (33%) 
Inflammation, suppurative 2 (50%) 1 (33%) 1 (100%) 2 (67%) 

Inflammation, granulomatous 
Preputial gland 

1 (11%)
(9) (5) (4) (4) 

Duct, dilatation 
Inflammation, suppurative 

Inflammation, suppurative 
Prostate 

2 (22%) 
5 (56%) 

(50)
1 (2%) 

3 (60%) 
1 (20%) 

(17)
1 (6%) 

3 (75%) 
1(25%) 

(8) 

Dilatation 
Seminal vesicle (50)

1(2%) 
(18)

1 (6%) 
(9)

1 (11%) 
Hemorrhage 1 (2%) 

Atrophy 
Testes (50) (18) (9) 

Hematopoietic System 
Bone marrow 

Hyperplasia 
Lymph node 

Congestion 
Deep cervical, hematopoietic c e l l  

Iliac, hyperplasia, lymphoid 
proliferation 

1(33%) 
1 (50%) 

Renal, hyperplasia, lymphoid 
Inguinal, hyperplasia, lymphoid 

Hematopoietic c e l l  proliferation 
Lymph node, mandibular 

1 (20%) 

(13) 
2 (67%) 

(3) (43)
1 (2%) 

Hyperplasia, lymphoid 
Hyperplasia 

Inflammation, suppurative 
Hyperplasia, lymphoid 
Hemorrhage 
Hematopoietic cell proliferation 
Congestion 

Lymph node, mesenteric 

Hyperplasia, lymphoid 
Hematopoietic cell proliferation 

Spleen 

(48)
1 (2%) 

2 (4%) 
4 (8%) 

(50 )
2 (4%) 

1 (5%) 

(18)
1 (6%) 

(13)
3(23%) 
1 (8%) 

3(23%) 
1 (8%) 

(13) 

3(23%) 
3(23%) 

5 (12%) 
1(2%) 

(49)
3 (6%) 

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

(50)
3 (6%) 



182 Hexachlorocyclopentadiene, NTP TR 437 

TABLEC5 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the2-Year Inhalation Study 
of Hexachlorocyclopentadiene (continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

ZYem Study (continued) 
Integumentary System 
Skin (50) (18) (10) (50)

Alopecia 2 (4%) 1 (6%) 
Edema 1 (2%) 
Hyperkeratosis 1 (10%) 
Inflammation, necrotizing 1(6%)
Inflammation, suppurative 4 (8%) 2 (11%) 2 (20%) 
Prepuce, inflammation, suppurative 1 (2%) 1 (10%) 

Musculoskeletal System 
Bone (50) (16)

Arthrosis 

Nervous System 
Brain (50 )  (17) (8) (50)

Compression 1 (2%) 

Inflammation, subacute 1 (2%) 

Inflammation, suppurative 1 (2%) 

Mineralization 13 (26%) 1 (13%) 10 (20%) 

Cerebellum, infarct 1 (6%) 


Spinal cord (1) (1)
Hemorrhage, acute 1 (100%) 

Respiratory System 
Lung (49) (50) (50) (50)

Congestion 3 (6%) 1 (2%) 2 (4%) 
Hemorrhage, multifocal 1 (2%) 
Infiltration cellular, lymphocyte 1 (2%) 
Infiltration cellular, histiocyte 1 (2%) 1 (2%) 
Inflammation, subacute 1 (2%) 1 (2%) 2 (4%) 
Inflammation, suppurative 4 (8%) 
Metaplasia, osseous 1 (2%) 
Alveolar epithelium, hyperplasia 1 (2%) 3 (6%) 5 (10%) 
Alveolar epithelium, inflammation, 

subacute 1 (2%) 
Arteriole, inflammation, suppurative 1 (2%)
Bronchiole, hyperplasia 1 (2%) 1 (2%) 
Mucosa, pigmentation 2 (4%) 42 (84%) 45 (90%) 
Pleura, inflammation, suppurative 1 (2%) 

Nose (50) (50) (50)  (50)
Hemorrhage, acute 1(2%) 
Inflammation, suppurative 1 (2%) 36 (72%) 
Mucosa, pigmentation 45 (90%) 50  (100%) 44 (88%) 

Trachea (50) (50) (50 )  (50)
Inflammation, suppurative 2 (4%)
Mucosa, pigmentation 29 (58%) 48(96%) 48(96%) 
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TABLEC5 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the2-YearInhalation Study 
of Hexachlorocyclopentadiene(continued) 

0.05 ppm 

(12) 


2 (17%) 


4 (33%) 

(16) 


10 (63%) 


0.2 ppm 

(50) 

3 (6%) 


1 (2%) 

2 (4%) 


1 (2%) 

4 (8%) 
1 (2%) 


2 (4%) 

1 (2%) 


(50) 

4 (8%) 

2-Year Study (cnntinued) 
Special Senses System 
None 

Urinary System 
Kidney 

Casts 
Cyst

Dilatation 

Hydronephrosis 

Hypertrophy

Inflammation, chronic 

Inflammation, subacute 
Inflammation, suppurative 
Metaplasia, osseous 
Mineralization 
Nephropathy, chronic 
Polycystic kidney 
Pelvis, dilatation 
Renal tubule, degeneration 

Urethra 
Concretion 

Urinary bladder 
Concretion 
Dilatation 

0 PPm 

(50)
1 (2%) 
1 (2%)
3 (6%) 
1 (2%) 
1 (2%) 
1 (2%) 
4 (8%)
2 (4%) 

1 (2%)
1 (2%)
6 (12%) 

(1)

1 (100%) 


(50 )  

6 (12%) 


0.01 ppm 

(22) 


2 (9%) 


1 (5%) 


4 (18%) 
2 (9%) 

(18)

1 (6%) 

5 (28%) 

Number of animals examined microscopically atsite and number of animals with lesion 
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187 Lesions in  Female Mice 

TABLED l  
Summary of the Incidence of Neoplasms in Female Mice in the 2-Year Inhalation Study of Hexachlorocyclopentsdienea 

~~ ~ ~ ~ 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

Early deaths 
ISM& incsrin CwlLoLion 
Animals initially in study 
Disposition Summary 

Natural deaths 
Moribund 
Accidental deaths 

Terminal sacrifice 
S U M V O I S  

10 
60 

10 
8 
1 

31 

10 
60 

8 
10 

32 

10 
60 

8 
11 
1 

30 

10 
60 

13 
15 
1 

21 

Animals examined microscopically 60 60 60 60 

15-Month Interim Evaluation 

Liver 
Alimentary System 

Hepatocellular adenoma 

None 
Cardiovascular System 

None 
Endocrine System 

None 
General BodySystem 

None 
Genital System 

None 
Hematopoietic System 

None 
Integumentary System 

None 
Musculoskeletal System 

NervousSystem 
None 



188 Hexachlorocyclopentadiene,NTP'TR 437 

TABLE D l  
Summary of the Incidence of Neoplasms in Female Mice in the 2-Year Inhalation Study of Hexachlorocyclopenkldiene 
(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

15-Month Interim Evaluation (continued) 
Respiratory System 
Lung 

Alveolar/bronchiolar adenoma 

Special Senses System 
Harderian gland 

Adenoma 

Urinary System 
None 

2-Year Study 
Alimentary System 
Intestine large, colon 
Intestine large, cecum 
Intestine small, duodenum 
Intestine small, jejunum 

Adenocarcinoma 
Fibrosarcoma, metastatic, skin 

Intestine small, ileum 
Liver 

Fibrosarcoma, metastatic, skin 
Hemangiosarcoma 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, two 
Histiocytic sarcoma 

Mesentery 
Fibrosarcoma, metastatic, skin 
Hemangiosarcoma 
Histiocytic sarcmma 

Pancreas 
Fibrosarcoma, metastatic, skin 

Salivaly glands 
Stomach, forestomach 

Fibrosarcoma, metastatic, skin 
Squamous cell papilloma 

Stomach, glandular 
Fibrosarcoma, metastatic, skin 
Histiocytic sarcoma 

Tongue 
Squamous cell papilloma 

Cardiovascular System 
Heart 

Hemangiosarcoma 

(10) (10) 

(49) 
(49) 

(1)
1 (100%) 

4 (8%) 4 (8%) 1 (2%) 
5 (10%) 6 (12%) 5 (10%) 

1 (2%) 
1 (2%) 

(7) 

1 (14%) 
(49) 

(49) 
(49) 

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

(49) 



189 Lesions in Female  Mice 

TABLED l  
Summary of the Incidence of Neoplasms in  Female Mice in the 2-Year Inhalation Study of Hexachlorocyclopenhdiene 
(continued) 

2-YeW study (continued) 
Endocrine System 
Adrenal cortex 

Carcinoma 
Hepatocellular carcinoma, metastatic, liver 

Adrenal medulla 
Hepatocellular carcinoma, metastatic, liver 

Islets, pancreatic 
Carcinoma 

Pituitary gland 
Adenoma 
Carcinoma 

Thyroid gland 
Follicular cel l ,  adenoma 

General Body System 
Tissue NOS 

Sarcoma, metastatic, skin 

Genital System 
ovary

Adenoma 
Cystadenoma 
Granulosa cell  tumor benign 
Hemangioma 
Histiocytic sarcoma 
Teratoma NOS 

Uterus 
Adenocarcinoma 
Adenoma 
Hemangioma 
Hemangioma, mild 
Histiocytic sarcoma 
Endometrium, polyp, moderate 
Endometrium, polyp stromal, moderate 

Hematopoietic System 
Bone marrow 

Hemangiosarcoma 
Lymphnode 
Lymph node, bronchial 
Lymph node, mandibular 
Lymph node, mesenteric 

Histiocytic sarcoma 

Lymph node, mediastinal 


Histiocytic Sarcoma 

Spleen 


Hemangiosarcoma 

Histiocytic Sarcoma 


Thymus 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

(49)
1 (2%) 

1 (2%) 
(49) 

1 (2%)
(50) 

(49) 
1 (2%)

(50) 

(49)
8 (16%) 

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

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

(50) 

(1)
1 (100%) 

( 5 0 )  (50)
2 (4%) 

(50) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%)
(50 )  (49) 

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

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

1 (2%) 
1 (2%) 

(49) 
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TABLED l  
Summary of the Incidence of Neoplasms in Female Mice in the 2-Year Inhalation Study of Hexachlorocyclopenlndiene 
(continued) 

ZYear Study (continued) 
Integumentary System 
Mammaty gland 


Adenocarcinoma 

Skin 

Fibrosarcoma 
Myxosarcoma 
Subcutaneous tissue, osteosarcoma, 

metastatic, bone 
Subcutaneous tissue, sarcoma 

Musculoskeletal System 
Bone 


Osteosarcoma 

Skeletal muscle 


Fibrosarcoma, metastatic, skin 


Nervous System 
Brain 


Meninges, fibrosarcoma 


Respiratory System 
Lung 

Alveolarbronchiolar adenoma 
Ahalarbronchiolar carcinoma 
Alveolar/bronchiolar carcinoma, multiple 
Fibrosarcoma, metastatic,  skin 
Hemangiosarcoma, metastatic, liver 
Hepatocellular carcinoma, metastatic, liver 

sarcoma	Histiocytic 
Osteosarcoma, metastatic, bone 

Nose 
Mucosa, squamous cell carcinoma 

Special Senses System 
Harderian gland 


Adenocarcinoma 

Adenoma 

Adenoma, two 


Urinary System 
Kidney 

Urinary bladder 


0 PPm 

(48)

1 (2%) 

(49)
1 (2%) 

(49) 

(49) 

(48)

4 (8%) 
3 (6%) 

1 (2%) 
3 (6%) 

(49) 

(7)
1 (14%) 
4(57%) 

0.01 ppm 

(47) 

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

1 (2%) 

(50 )
3 

1 


(6) 

5 (83%) 

1 (17%) 


0.05 ppm 

(44) 

(49) 

1 (2%) 

(4) 

4 (100%) 

0.2 ppm 

(43) 

(49)
1 (2%) 

(1) 


1 (1001%) 
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TABLED l  
Summary of the Incidence of Neoplasms in Female  Mice in  the 2-Year Inhalation Studyof Hexachlorocyclopenhdiene 
(continued) 

0 PPm 0.01 ppm 

2-Year Study (continued) 
Systemic Lesions 
Multiple organsb (50 )  (50 )

Histiocytic Sarcoma 4 (8%) 1 (2%)
Lymphoma malignant histiocytic 2 (4%)
Lymphoma malignant lymphocytic 1 (2%) 
Lymphoma malignant mixed 12 (24%) 9 (18%) 

Neoplasm Summary 
Total animals with primary neoplasmsC 

15-Month interim evaluation 1 

2-Year study 34 37 


Total primary neoplasms 

15-Month interim evaluation 1 

2-Year study 55 56 


Total animals with benign neoplasms 

15-Month interim evaluation 1 

2-Year study 23 22 


Total benign neoplasms 

15-Month interim evaluation 1 

2-Year study 21 21 


Total animals with malignant neoplasms 

2-Year study 21 22 


Total malignant neoplasms 

2-Year study 28 28 


Total animals with metastatic neoplasms 

2-Year study 1 4 


Total metastatic neoplasms 

2-Year study 1 13 


Total animals with uncertain  neoplasms 

benign or malignant 


2-Year study 1 

Total uncertain neoplasms 


2-Year study 1 


a 	 Number of animals examined microscopically at  site and numberof animals with lesion 
Number of  animals with any tissue examined microscopically 
Primary neoplasms: all neoplasms except metastatic neoplasms 

0.05 ppm 

(50) 

5 (10%) 

1 

33 


1 

45 


1 

24 


1 

32 


11 


13 


1 


2 


0.2 ppm 

( 5 0 )  

1 (2%) 
8 (16%) 

2 

20 


3 

29 


2 

13 


3 

15 


12 


14 




192 Hexachlorocyclopentadiene,NTI? TR 437 

TABLED2 

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0 PPm 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large,  colon 
Intestine large,  rectum 
Intestine large,  cecum 
Intestine small, duodenum 
Intestine small, jejunum 
Intestine small,  ileum 
Liver 

Hepatocellular carcinoma 
Hepatocellular adenoma 
Histiocytic sarcoma 

Mesentery 
Histiocytic sarcoma 

Pancreas 
Salivary glands 
Stomach, forestomach 
Stomach, glandular 

Histiocytic sarcoma 
Tongue 

Squamous cell papilloma 
Tooth 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal cortex 


Carcinoma 

Adrenal medulla 

Islets, pancreatic 

Parathyroid gland 

Pituitary gland 


Adenoma 

Thyroid gland 


Follicular cell, adenoma 


General Body System 
None 

+: Tissue examined microscopically 
A: Autolysis precludes examination 

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

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

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

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

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

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

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

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

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

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

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


x x  
X X 

X 
+ + + + 
X 

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


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


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


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

X 

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


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


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


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

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

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


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


X 

M Missing tissue X Lesion present 
I: Insufficient t i ssue  Blank: Not examined 
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TABLED2 

Individual Animal Tumor Pathologyof Female Mice in the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large, colon 
Intestine large, rectum 
Intestine large, cecum 
Intestine small, duodenum 
Intestine small, jejunum 
Intestine small, ileum 
Liver 

Hepatocellular carcinoma 
Hepatocellular adenoma 
Histiocytic sarcoma 

Mesentery 
Histiocytic sarcoma 

Pancreas 
Salivaty glands 
Stomach, forestomach 
Stomach, glandular 

Histiocytic sarcoma 
Tongue 

Squamous cell papilloma 
Tooth 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal cortex 

Carcinoma 

Adrenal medulla 

Islets, pancreatic 

Parathyroid gland 

Pituitary gland 


Adenoma 
Thyroid gland 

Follicular cell, adenoma 

General Body System 
None 

7 7 7 7 7 1 7 7 7 7 7 1 7 7 7 7 7 7 7 7 7 7 7 7 7  

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  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  


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  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3  Total 
1 1 1 3 3 3 4 4 4 4 5 5 5 6 7 7 7 7 8 8 8 9 0 0 0  Tissues/ 
2 3 5 1 3 4 1 3 4 5 2 3 5 4 1 2 3 5 2 4 5 4 1 2 4  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

x x  4 


X x x  5 

1 


+ + + 7 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 


+ 1 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

M M M + M + + M M + + M + + + + + M + + + + M + +  34 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 


X X X 8 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 


1 
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TABLED2 

Individual Animal Tumor Pathologyof Female Mice in the 2-Year  Inhalation Studyof Hexachlorocyclopentadiene: 

0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Genital System 
ovary


Adenoma 

Granulosa cell tumor benign 

Histiocytic sarcoma 


Uterus 

Adenoma 

Hemangioma 

Histiocytic sarcoma 


Hematopoietic System 
Blood 

Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 


Histiocytic sarcoma 

Lymph node, mediastinal 


Histiocytic sarcoma 

Spleen 


Histiocytic sarcoma 

Thymus 

Integumentary System 
Mammary gland 


Adenocarcinoma 

Skin 


Fibrosarcoma 


Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Larynx
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar carcinoma 
Hepatocellular carcinoma, metastatic, 
liver 


Histiocytic sarcoma 

Nose 
Trachea 

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

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

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

X 


X 

X X 


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


X 

x x  X 


+ 
. . . . . . . . . . . . . . . . . . . . . . . .  


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

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

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


X 

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


X 

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


X 

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


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

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

X 


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


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


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

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

X 
X X 

X 
X x  x  

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


. . . . . . . . . . . . . . . . . . . . . . . .  
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TABLED2 

Individual Animal Tumor Pathologyof Female Mice in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Genital System 
ovary


Adenoma 

Granulosa c e l l  tumor benign 

Histiocytic sarcoma 


Uterus 

Adenoma 

Hemangioma 

Histiocytic sarcoma 


Hematopoietic System 
Blood 

Bone marrow 

Lymphnode 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 


Histiocytic sarcoma 

Lymph node, mediastinal 


Histiocytic Sarcoma 

Spleen 


Histiocytic Sarcoma 

Thymus 


Integumentary System 
Mammary gland 


Adenocarcinoma 

Skin 


Fibrosarcoma 


Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Larynx
Lung 

Alveolarlbronchiolar adenoma 
Alveolarlbronchiolar carcinoma 
Hepatocellular carcinoma, metastatic, 
liver 

Histiocytic sarcoma 

Nose 

Trachea 


7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  


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  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3  Total 
1 1 1 3 3 3 4 4 4 4 5 5 5 6 7 ’ 7 7 7 8 8 8 9 0 0 0  Tissues/ 
2 3 5 1 3 4 1 3 4 5 2 3 5 4 1 2 3 5 2 4 5 4 1 2 4  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 


1 


2 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 


X 1 

1 

3 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 


+ + + 7 

+ + M + + + + + + + + + + + + + + + + + + + + + +  47 

+ + + + + + + + + + + + + + + + M M + + + + + M +  42 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 


1 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

~ ~ ~ ~ ~ ~ ~ ~ ~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 

X X X 4 


X 3 


1 

3 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 
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TABLED2 

Individual Animal Tumor Pathologyof Female Mice in the 2-Year Inhalation Study of Hexachlorocyclopentdiene: 

0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Eye
Harderian gland 

Adenocarcinoma 
Adenoma 

Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Histiocytic sarcoma 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

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

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

+ + +  
X 

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

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

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

x x  x x 

X 
X X x x x  
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TABLED2 

Individual Animal Tumor Pathologyof Female Mice in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Eye
Harderian gland 

Adenocarcinoma 
Adenoma 

Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Histiocytic sarcoma 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

1 7 1 1 7 1 1 1 1 1 7 7 7 1 1 7 1 1 7 1 1 1 1 7 1  
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  
1 1 1 1 1 1 1 7 7 7 1 1 7 7 7 7 7 7 1 7 7 7 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  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3  Total 
1 1 1 3 3 3 4 4 4 4 5 5 5 6 7 7 7 1 8 8 8 9 0 0 0  Tissues/ 
2 3 5 1 3 4 1 3 4 5 2 3 5 4 1 2 3 5 2 4 5 4 1 2 4  Tumots 

+ 1 
+ + + + I 

1 
x x X X 4 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
4 
1 

X X X x x x x 12 
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TABLE0 2  
Individual Animal Tumor Pathology of Female Mice in the  2-Year Inhalation Study of Hexachlorocyclopentadiene: 
0.01 ppm 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large,  colon 
Intestine large,  rectum 
Intestine large,  cecum 
Intestine small, duodenum 
Intestine small,  jejunum 

Fibrosarcoma, metastatic, skin 
Intestine small,  ileum 
Liver 

Fibrosarcoma, metastatic,  skin 
Hemangiosarcoma 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Histiocytic sarcoma 

Mesentery 
Fibrosarcoma, metastatic, skin 
Hemangiosarcoma 

Pancreas 
Fibrosarcoma, metastatic, skin 

Salivary glands 
Stomach, forestomach 

Fibrosarcoma, metastatic, skin 
Stomach, glandular 

Fibrosarcoma, metastatic, skin 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal cortex 

Hepatocellular carcinoma, metastatic, 
liver 

Adrenal medulla 
Hepatocellular carcinoma, metastatic, 

liver 
Islets, pancreatic 

Carcinoma 
Parathyroid gland 
Pituitary gland 

Adenoma 
Carcinoma 

Thyroid gland 
Follicular cell, adenoma 

3 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 7 1 7 7 7 7 7 7  

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

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


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  

4 4 5 4 4 4 4 4 5 5 5 4 4 4 4 4 5 5 4 4 4 4 4 4 4  

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

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


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


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

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

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

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

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

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


X 

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

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


X 

X 


x x  
X 


X 

+ +  + 

X 

X 

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

X 


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


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

X 


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

X 

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


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


X 

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


X 

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


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

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


A 

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLED2 

Individual Animal Tumor Pathology of Female Mice in the %Year Inhalation  Study of Hexachlorocyclopentadiene: 

0.01 ppm (continued) 

Number o€Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 

Gallbladder 

Intestine large, colon 

Intestine large, rectum 

Intestine large, cecum 

Intestine small, duodenum 

Intestine small, jejunum 


Fibrosarcoma, metastatic, skin 
Intestine small, ileum 
Liver 

Fibrosarcoma, metastatic, skin 
Hemangiosarcoma 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Histiocytic Sarcoma 

Mesentery 
Fibrosarcoma, metastatic, skin 
Hemangiosarcoma 

Pancreas 
Fibrosarcoma, metastatic, skin 

Salivary glands 
Stomach, forestomach 

Fibrosarcoma, metastatic, skin 
Stomach, glandular 

Fibrosarcoma, metastatic, skin 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal cortex 

Hepatocellular carcinoma, metastatic, 
liver 

Adrenal medulla 
Hepatocellular carcinoma, metastatic, 
liver 

Islets, pancreatic 
Carcinoma 


Parathyroid gland 

Pituitary gland 


Adenoma 

Carcinoma 


Thyroid gland 

Follicular cell, adenoma 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  


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  
4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  Total 
5 6 6 7 7 7 8 9 9 0 0 1 1 1 1 2 2 2 2 3 3 3 3 4 4  Tissues/ 
1 1 4 3 4 5 5 3 5 1 5 1 2 3 4 1 3 4 5 1 3 4 5 2 5  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 

1
,.L 


x x xx xx x  X X 10 

1 


+ 	 4 

1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50  

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50  


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50  


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X 1 

M + + + + M + + M + M + M + M + + + + M M + M + +  22 

+ + + + + + + + + + + + + + M + + + + + + + + + +  49 


x x 	 3 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 1 




200 Hexachlorocyclopentadiene,NTP TR 437 

TABLED2 

Individual Animal Tumor Pathology of Female Mice in the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0.01 ppm (continued) 

Number of Days on Study 

Carcass ID  Number 

General Body System 
Tissue NOS 

Sarcoma, metastatic, skin 

Genital System 
maly

Cystadenoma 
Hemangioma 
Teratoma NOS 

Uterus 
Adenocarcinoma 
Hemangioma 
Histiocytic Sarcoma 
Endometrium, polyp, moderate 

Hematopoietic System 
Blood 

Bone marrow 


Hemangiosarcoma 
Lymph node 
Lymph node,  bronchial 
Lymph node,  mandibular 
Lymph node, mesenteric 
Lymph node,  mediastinal 
Spleen 

Hemangiosarcoma 

Thymus 


Integumentary System 
Mammary gland 
Skin 

Fibrosarcoma 
Myxosarcoma 
Subcutaneous tissue, sarcoma 

Musculoskeletal System 
Bone 
Skeletal muscle 

Fibrosarcoma, metastatic, skin 

Nervous System 
Brain 

Meninges, fibrosarcoma 
Peripheral nerve 

3 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7  

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

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


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  

4 4 5 4 4 4 4 4 5 5 5 4 4 4 4 4 5 5 4 4 4 4 4 4 4  

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

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


+ 
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TABLED2 

Individual Animal Tumor Pathologyof Female Mice in the 2-Year  Inhalation Studyof Hexachlorocyclopentadiene: 

0.01 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

General Body System 
Tissue NOS 

Sarcoma, metastatic, skin 

Genital System 
ovary

Cystadenoma 
Hemangioma 
Teratoma NOS 

Uterus 
Adenocarcinoma 
Hemangioma 
Histiocytic sarcoma 
Endometrium, polyp ,  moderate 

Hematopoietic System 
Blood 

Bone marrow 


Hemangiosarcoma 
Lymph node 
Lymph node, bronchial 
Lymph node, mandibular 
Lymph node, mesenteric 
Lymph node, mediastinal 
Spleen 

Hemangiosarcoma 

Thymus 


Integumentary System 
Mammary gland 
Skin 

Fibrosarcoma 
Myxosarcoma 
Subcutaneous tissue, sarcoma 

Musculoskeletal System 
Bone 
Skeletal muscle 

Fibrosarcoma, metastatic, skin 

Nervous System 
Brain 

Meninges, fibrosarcoma 
Peripheral nelve 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7 1 1 1 7 1 1 1 1 7  

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  

7 7 1 1 7 1 1 1 7 1 1 1 1 1 1 1 1 1 1 1 7 1 7 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  
4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  Total 
5 6 6 7 7 7 8 9 9 0 0 1 1 1 1 2 2 2 2 3 3 3 3 4 4  Tissues/ 
1 1 4 3 4 5 5 3 5 1 5 1 2 3 4 1 3 4 5 1 3 4 5 2 5  Tumors 
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TABLED2 

Individual Animal Tumor Pathologyof Female Mice in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0.01 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Respiratory System 
Larynx
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar carcinoma 
Fibrosarcoma, metastatic, skin 
Hemangiosarcoma, metastatic, liver 
Hepatocellular carcinoma, metastatic, 

liver 
Nose 
Mucosa, squamous ce l l  carcinoma 

Trachea 

Special Senses System 
Eye
Harderian gland 

Adenoma 
Adenoma, two 

Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Histiocytic sarcoma 
Lymphoma malignant histiocytic 
Lymphoma malignant mixed 

-

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

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  
4 4 5 4 4 4 4 4 5 5 5 4 4 4 4 4 5 5 4 4 4 4 4 4 4  
3 6 3 9 7 8 7 8 4 0 2 5 9 6 9 8 4 0 3 3 4 4 4 4 4  
5 3 2 1 1 1 2 2 1 4 2 3 4 5 2 3 3 2 2 3 1 2 3 4 5  
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TABLED2 

Individual Animal Tumor Pathologyof Female Mice in the 2-YearInhalation Study of Hexachlorocyclopentadiene: 

0.01 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Respiratory System 
Larynx

Lung 

Ahreolar/bronchiolar adenoma 
Ahreolar/bronchiolar carcinoma 
Fibrosarcoma, metastatic, skin 
Hemangiosarcoma, metastatic, liver 
Hepatocellular carcinoma, metastatic, 

liver 
NoSe 

Mucosa, squamous cell  carcinoma 
Trachea 

Special Senses System 
Eye
Harderian gland 

Adenoma 
Adenoma, two 

Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Histiocytic sarcoma 
Lymphoma malignant histiocytic 
Lymphoma malignant mixed 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
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  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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  
4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  Total 
5 6 6 7 7 7 8 9 9 0 0 1 1 1 1 2 2 2 2 3 3 3 3 4 4  Tissues/ 
1 1 4 3 4 5 5 3 5 1 5 1 2 3 4 1 3 4 5 1 3 4 5 2 5  Tumors 
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x x 3 
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TABLED2 

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of Hexachlorocyclopentadiere: 

0.05 ppm 

0 4 5 5 5 5 5 6 6 6 6 6 6 6 6 6 1 1 1 7 1 1 1 1 1  
Number of Days on Study 1 1 5 5 1 1 9 0 2 3 4 5 6 1 7 8 0 1 1 3 3 3 3 3 3  

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

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  
Carcass ID Number 	 1 1 1 1 6 1 1 1 6 1 1 1 1 1 1 6 6 1 1 1 6 6 6 6 6  

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

Alimentary System 
Esophagus . . . . . . . . . . . . . . . . . . . . . . . . .  
Gallbladder . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large,  colon . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large,  rectum . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large,  cecum . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine small,  duodenum . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine small,  jejunum . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine small,  ileum . . . . . . . . . . . . . . . . . . . . . . . . .  
Liver . . . . . . . . . . . . . . . . . . . . . . . . .  

Hepatocellular carcinoma x x  X 
Hepatocellular adenoma X X 
Hepatocellular adenoma, two 

Mesentely + + + 
Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  
Salivaly glands . . . . . . . . . . . . . . . . . . . . . . . . .  
Stomach, forestomach . . . . . . . . . . . . . . . . . . . . . . . . .  

Squamous cell  papilloma 
Stomach, glandular . . . . . . . . . . . . . . . . . . . . . . . . .  

Cardiovascular System 
HeaI-t 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Endocrine System 
Adrenal cortex . . . . . . . . . . . . . . . . . . . . . . . . .  
Adrenal medulla . . . . . . . . . . . . . . . . . . . . . . . . .  
Islets, pancreatic + + + +  . . . . . . . . . . . . . . . . . . . .  
Parathyroid gland M + M M M + + + M + M + M + + M M M + + + M M + M  
Pituitaly gland + + + + + + + + + + + + M + + + + M + + + + + + +  

Adenoma X X 
Carcinoma X 

Thyroid gland . . . . . . . . . . . . . . . . . . . . . . . . .  
Follicular cell, adenoma X X X 

~ ~ ~ ~ ~ ~ ~~ ~ ~ 

General Body System 
None 

Genital System 
h a l y  . . . . . . . . . . . . . . . . . . . . . . . . .  


Adenoma X 

Uterus M + + + + + + + + + + + + + + + + + + + + + + + +  


Adenoma X X 

Hemangioma, mild 

Endometrium, polyp stromal, moderate 
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TABLED2 

Individual Animal Tumor Pathologyof Female Mice in the 2-Year  Inhalation Studyof Hexachlorocyclopentadiene: 

0.05 ppm (continued) 

Number of Days on  Study 

Carcass ID Number 

Alimentary System 
Esophagus 

Gallbladder 

Intestine large,  colon 

Intestine large,  rectum 

Intestine large,  cecum 

Intestine small,  duodenum 

Intestine small, jejunum 

Intestine small,  ileum 

Liver 


Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, two 

Mesentery 

Pancreas 

Salivary glands 

Stomach, forestomach 


Squamous cell papilloma 

Stomach, glandular 


Cardiovascular System 
Heart 

Endocrine System 
Adrenal cortex 

Adrenal medulla 

Islets, pancreatic 

Parathyroid gland 

Pituitaly gland 


Adenoma 

Carcinoma 


Thyroid gland 

Follicular c e l l ,  adenoma 


General Body System 
None 

Genital System 
ovary

Adenoma 
Uterus 

Adenoma 
Hemangioma, mild 
Endometrium, polyp stromal, moderate 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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  

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  


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 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  Total 
8 9 0 0 0 1 1 1 2 2 2 4 4 4 4 5 5 6 6 6 7 7 7 8 8  Tissues/ 
3 1 2 4 5 1 3 4 1 2 5 1 3 4 5 2 5 1 3 4 1 3 4 2 3  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
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X X X 5 
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X X X 6 
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TABLED2 

Individual Animal Tumor Pathology of Female Mice in the  2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0.05 ppm (continued) 

Number ot Days on Study 

Carcass ID  Number 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 
Skin 

Subcutaneous tissue, osteosarcoma, 
metastatic, bone 

Musculoskeletal System 
Bone 


Osteosarcoma 

Skeletal muscle 


Nervous System 
Brain 

Peripheral newe 

Spinal cord 


Respiratory System 
Larynx
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar carcinoma 
Alveolarbronchiolar carcinoma, 

multiple 
Osteosarcoma, metastatic, bone 

Nose 
Trachea 

Special Senses System 
Eye

Harderian gland 


Adenoma 


Urinary System 
Kidney 

Urinary bladder 


Systemic Lesions 
Multiple organs 

Lymphoma malignant mixed 

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

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

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

+ + + +  

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


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

+ + + + + + + + + + + + + + + + + + + + + + + M +  
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+ + + + + + + + A A + + + + + + + + + + + + + + +  

+ 
+ + + 
X X X 


. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLED2 

Individual Animal Tumor Pathologyof Female Mice in the 2-Year  Inhalation Studyof Hexachlorocyclopentadiene: 

0.05 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 
Skin 

Subcutaneous tissue, osteosarcoma, 
metastatic, bone 

Musculoskeletal System 
Bone 


Osteosarcoma 

Skeletal muscle 


Nervous System 
Brain 

Peripheral nerve 

Spinal cord 


Respiratory System 
Latynx
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar carcinoma 
Alveolar/bronchiolar carcinoma, 

multiple 
Osteosarcoma, metastatic, bone 

NOW 

Trachea 

Special Senses System 
Eye
Harderian gland 


Adenoma 


Urinary System 
Kidney 

Urinary bladder 


Systemic Lesions 
Multiple organs 

Lymphoma malignant mixed 

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  

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  

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  


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 1 1 1 1 1 7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~  Total 
8 9 0 0 0 1 1 1 2 2 2 4 4 4 4 5 5 6 6 6 1 1 1 8 8  Tissues/ 
3 1 2 4 5 1 3 4 1 2 5 1 3 4 5 2 5 1 3 4 1 3 4 2 3  Tumors 
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TABLED2 

Individual Animal Tumor Pathologyof Female Mice in the  2-Year Inhalation Study of Hexachlorocyc1opentadic:ne: 

0.2 ppm 

Number of Days on  Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large,  colon 
Intestine large, rectum 
Intestine large, cecum 
Intestine small, duodenum 
Intestine small, jejunum 

Adenocarcinoma 
Intestine small,  ileum 
Liver 

Hepatocellular carcinoma 
Hepatocellular adenoma 

Mesentery 
Pancreas 
Salivary glands 
Stomach, forestomach 

Squamous cell  papilloma 
Stomach, glandular 

Cardiovascular System 
Heart 

Hemangiosarcoma 

Endocrine System 
Adrenal cortex 
Adrenal medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Adenoma 
Thyroid gland 

General Body System 
None 

Genital System 
Clitoral gland 
ovary
Uterus 

0 4 4 4 4 4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6  

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

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


1 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0  

0 9 9 0 9 9 9 9 9 9 9 0 0 9 9 9 9 9 9 9 9 9 9 9 9  

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

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


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


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


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


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


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


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


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

X 


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


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


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


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

. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLE D2 

Individual Animal Tumor Pathology of Female Mice in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0.2 ppm (continued) 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large,  colon 
Intestine large,  rectum 
Intestine large,  cecum 
Intestine small, duodenum 
Intestine small, jejunum 

Adenocarcinoma 
Intestine small,  ileum 
Liver 

Hepatocellular carcinoma 
Hepatocellular adenoma 

Mesentery 
Pancreas 
Salivary glands 
Stomach, forestomach 

Squamous cell papilloma 
Stomach, glandular 

Cardiovascular System 
Heart 

Hemangiosarcoma 

Endocrine System 
Adrenal cortex 
Adrenal medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Adenoma 

Thyroid gland 


General Body System 
None 

Genital System 
Clitoral gland 
fiary
Uterus 

6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

9 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

6 4 0 0 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  


0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1  
9 9 9 0 9 9 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0  Total 
3 8 7 2 1 2 3 4 4 5 6 6 7 9 9 9 9 0 0 0 0 1 1 1 2  Tissues/ 
5 4 5 1 5 1 4 3 4 5 2 4 4 1 2 3 5 2 3 4 5 1 4 5 2  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
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x x  X X 5 
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M + + + + + + + + M + + M + + M + + M + M + + + +  28 
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x x x  3 
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. . . . . . . . . . . . . . . . . . . . . . . . .  50 




210 Hexachlorocyclopentadiene, NTP TR 437 

TABLED2 

Individual Animal Tumor Pathology of Female Mice in the 2-Year  Inhalation Studyof Hexachlorocyclopentadiene: 

0.2 ppm (continued) 

Number of Days on Study 

Carcass ID  Number 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node,  bronchial 

Lymph node,  mandibular 

Lymph node, mesenteric 

Lymph node,  mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 

Skin 


Fibrosarcoma 


Musculoskeletal System 
Bone 

Skeletal muscle 


~ i l - v o u sSystem 
Brain 

Peripheral newe 

Spinal cord 


Respiratory System 
Larynx
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar carcinoma 

Nose 

Trachea 


~ ~~ 

Special Senses System 
Harderian gland 


Adenoma 


Urinary System 
Kidney 

Urinary bladder 


Systemic Lesions 
Multiple organs 

Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

0 4 4 4 4 4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6  

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

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


1 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0  

0 9 9 0 9 9 9 9 9 9 9 0 0 9 9 9 9 9 9 9 9 9 9 9 9  

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

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


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

+ + +  

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


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


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


X
x x  X 




211 Lesions in Female Mice 

TABLED2 

Individual Animal Tumor Pathologyof Female Mice in the 2-Year Inhalation Study of Hexachlorocyclopentadiene: 

0.2 ppm (continued) 

Number of Days on Study 

Carcass ID  Number 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node, bronchial 

Lymph node, mandibular 

Lymph node, mesenteric 

Lymph node, mediastinal 

Spleen 

Thymus 


Integumentary System 
Mammary gland 

Skin 


Fibrosarcoma 


Musculoskeletal System 
Bone 

Skeletal muscle 


Nervous System 
Brain 

Peripheral netve 

Spinal cord 


Respiratory System 
Larynx
Lung 

Alveolar/bronchiolar adenoma 
Alveolarbronchiolar carcinoma 

Nose 
Trachea 

Special Senses System 
Harderian gland 


Adenoma 


Urinary System 
Kidney 

Urinary bladder 


Systemic Lesions 
Multiple organs 

Lymphoma malignant lymphocytic 

6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

9 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

6 4 0 0 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  


0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1  
9 9 9 0 9 9 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0  Total 
3 8 1 2 1 2 3 4 4 5 6 6 7 9 9 9 9 0 0 0 0 1 1 1 2  Tissues/ 
5 4 5 1 5 1 4 3 4 5 2 4 4 1 2 3 5 2 3 4 5 1 4 5 2  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + 5 
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TABLED3 
Statistical Analysis of Primary Neoplasms in Female Micein the 2-Year Inhalation Study of Hexachlorocyclopenhdiene 

HarderianGland:Adenoma 
Overall ratea 
Adjusted rateb 
Terminal rate' 
First incidence (days) 
Life table testd 
Logistic regression testd 
Cochran-Annita e testd fFisher exact test 

HarderianGland:Adenoma or Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

Liver: Hepatocellular Adenoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Annitage test  
Fisher exact test 

Liver: Hepatocellular Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitagetest 
Fisher exact test 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

0 PPm 

4/50 (8%) 
12.9% 
4/31 (13%) 
736 (T)
P=0.164N 
P=O.lNN 
P=0.070N 

5/50 (10%) 
15.5% 
4/31 (13%) 
693 
P=0.126N 
P=0.095N 
P=0.050N 

5/49 (10%) 
15.0% 
4/31 (13%) 
629 
P=O.575 
P=0.499N 
P=0.269N 

4/49 (8%) 
11.2% 
2/31 (6%) 
634 
P =0.326N 
P=0.251N 
P=0.194N 

9/49 (18%) 
25.4% 
6/31 (19%) 
629 
P=0.408N 
P=0.252N 
P=0.118N 

0.01 ppm 

6/50 (12%) 
18.8% 
6/32 (19%) 
736 (T)
P=O.387 
P=O.387 

P =0.370 

6/50 (12%) 
18.8% 
6/32 (19%) 
736 0 
P=O.520 
P=O.521 

P=O.500 

lob0  (20%) 
31.3% 
10/32 (31%) 
736 (T)
P=O.139 
P=O.137 

P=O.140 

2/50 (4%) 
5.4% 
on2  (0%) 
668 
P =0.328N 
P=0.329N 

P=0.329N 

12/50 (24%) 
35.0% 
1OB2 (31%) 
668 
P=O.342 
P=O.335 

P=O.331 

0.05 ppm 

4/50 (8%) 
12.1% 

(7%) 
660 
P=O.631 
P-0.634N 

P=0.643N 

4/50 (8%) 
12.1% 
2/30 (7%) 
660 
P=0.510N 
P=0.486N 

P=0.500N 

7/50 (14%) 
22.5% 
6/30 (20%) 
718 
P=O.362 
P=O.392 

P=O.394 

4/50 (8%) 
10.8% 

1/30 (3%) 
625 
P =0.633N 
P=0.633N 

P=0.631N 

lob0  (20%) 
29.3% 
7/30 (23%) 
625 
P=O.488 
P=O.522 

P=O.Su) 

0.2 ppm 

1/50 (2%) 
4.8% 
1/21 (5%) 
736 (T>
P=0.311N 
P=0.311N 

P-0.181N 

1/50 (2%) 
4.8% 
1/21 (5%) 
736 0 
P=0.205N 
P=0.169N 

P=O.l02N 

5/50 (10%) 
19.9% 
2/21 (10%) 
673 
P=O.409 
P=O.496 

P=0.617N 

1/50 (2%) 
4.8% 
1/21(5%) 
736 ( T )
P =0.300N 
P=0.214N 

P=0.175N 

6/50 (12%) 
24.1% 
3/21 (14%) 
673 
P=0.560N 
P=0.423N 

P-0.274N 
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TABLED3 
Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year Inhalation Studyo f  Hexachlorocyclopentadiene 
(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

Lung: Alveolar/bronchiolar  Adenoma 
Overall rate 4/48 (8%) 3/50 (6%) 3/50 (6%) 4/49 (8%) 
Adjusted rate 12.9% 9.4% 10.0% 14.6% 
Terminal rate 4/31 (13%) 3/32 (9%) 3 m  (10%) lf21(5%) 

Life table  test 
First incidence (days) 

P=O.280 
736 ( T )  

P=0.482N 
736 ( T )  736 ( T )

P=0.518N P50.452 
621 

Logistic regression test P=0.362 P=0.482N P=O.518N P=O.556 
Cochran-Armitage test P=O.506 
Fisher exact test P =0.477N P=0.477N P=0.631N 

Lung: Alveolarfironchiolar Carcinoma 
Overall rate 3/48 (6%) 1/50 (2%) 2/50 (4%) 1/49 (2%) 
Adjusted rate 8.3% 3.1% 5.6% 4.8% 
Terminal rate 1/31 (3%) 1/32 (3%) 1/30 (3%) 1/21 (5%) 

Life table  test 
First incidence (days) 

P=0.503N 
620 736 (T )

P=0.305N P=0.504N 
604 

P=0.436N 
736 

Logistic regression test P=0.401N P=0.289N P=0.481N P=0.338N 
Cochran-Armitage test P =0.368N 
Fisher exact test P=0.293N P=0.480N P=0.301N 

Lung: Alveolarfironchiolar Adenoma or Carcinoma 
Overall rate 7/48 (15%) 4/50 (8%) 5/50 (10%) 5/49 (10%) 
Adjusted rate 20.5% 12.5% 15.3% 18.9% 
Terminal rate 5/31 (16%) 4/32 (13%) 4/30 (13%) 2/21 (10%) 

Life table  test 
First incidence (days) 

P=O.402 
620 

P=0.249N 
736 (T) 

P=0.396N 
604 

P=O.617 
621 

Logistic regression test P=O.538 P=0.236N P=0.351N P=0.477N 
Cochran-Armitage test P=0.501N 
Fisher exact test P=0.239N P=0.351N P=0.365N 

PituitaryGland (Pars Distalis): Adenoma 
Overall rate 8/49 (16%) 3/49 (6%) 5/48 (10%) 3/50 (6%) 
Adjusted rate 22.0% 8.8% 15.6% 14.3% 
Terminal rate 4/31 (13%) 2/31 (6%) 4/30 (13%) 3/21(14%) 

Life table  test 
First incidence (days) 

P=0.399N 
589 

P=0.107N 
646 

P=0.293N 
654 

P=O.242N 
736 ( r )  

Logistic regression test P=0.277N P=0.098N P=0.287N P=0.152N 
Cochran-Armitage test P=0.189N 
Fisher exact test P=O.lOON P=0.290N P=0.094N 

Pituitary Gland (Pars Distalis): Adenoma or Carcinoma 
Overall rate 8/49 (16%) 4/49 (8%) 6/48 (13%) 3/50 (6%) 
Adjusted rate 22.0% 10.8% 17.5% 14.3% 
Terminal rate 4/31(13%) 2/31 (6%) 4/30 (13%) 3/21 (14%) 

Life table test 
First incidence (days) 

P=0.337N 
589 

P=0.186N 
576 

P=O.4OlN 
592 

P=0.242N 
736 ( T )  

Logistic regression test P=0.194N P=0.177N P =0.402N P=O.l52N 
Cochran-Armitage test P=O.l47N 
Fisher exact test P=0.178N P=0.403N P=0.094N 
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TABLED3 
Statistical Analysis of Primary Neoplasms in Female  Mice in  the 2-Year  Inhalation Studyo f  Hexachlorocyclopenridiene 
(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

ThyroidGland (Follicular Cell): Adenoma 

Overall rate 1/49 (2%) 1/50 (2%) 6/50 (12%) 0/50 (0%) 

Adjusted rate 2.6% 3.1% 18.2% 0.0% 

Terminal rate on1 (0%) 1/32 (3%) 4/30 (13%) o n 1  (0%)


-eFirst incidence (days) 657 736 ( T )  660 
Life table test P=0.409N P=0.754N P=O.061 P =0.554N 
Logistic regression test P =0.339N P=0.757N P-0.062 P=0.493N 
Cochran-hitage test P=0.268N 
Fisher exact test P-0.747N P50.059 P=0.495N 

All Organs:Hemangioma or Hemangiosarcoma 
Overall rate 1/50 (2%) 4/50 (8%) 1/50 (2%) 1/50 (2%) 
Adjusted rate 2.3% 9.9% 3.3% 3.8% 
Terminal rate 0131 (0%) 1/32 (3%) 1/30(3%) on1 (0%) 
First incidence (days) 598 503 736 m 695 
Life table test P=0.434N P=O.193 P=O.757 P=0.720 
Logistic regression test P=0.311N P~O.142 P=O.761 P =0.760N 
Cochran-Armitage test P=O,333N 
Fisher exact test P=O.181 P=0.753N P-0.753N 

All Organs: Histiocytic Sarcoma 

Overall rate 4/50 (8%) 1/50 (2%) O b 0  (0%) 0/50 (0%) 

Adjusted rate 9.6% 2.9% 0.0% 0.0% 


First incidence (days) 
Terminal rate 

396 
on1 (0%) 

688 
OB2 (0%) o m  (0%) 

-
o n 1  (0%) 
-

Life table test P=0.105N P=0.184N P=0.065N P-0.083N 
Logistic regression test P=0.063N P=0.239N P=0.065N P-0.045N 

Fisher exact test 
Cochran-Armitage test P=0.088N 

P=0.181N P=0.059N P=0.059N 

All Organs: Malignant Lymphoma (Histiocytic, Lymphocytic, or Mixed) 
Overall rate 13/50 (26%) 10/50 (20%) 5/50 (10%) 9/50 (18%) 
Adjusted rate 33.8% 26.0% 13.7% 29.2% 

First incidence (days) 
Terminal rate 

520 
7/31 (23%) 

577 
5/32 (16%) 

625 
2/30(7%) 

400 
3nl (14%) 

Life table test P=O.483 P=0.313N P=0.045N P=0.503N 
Logistic regression test P=0.355N P=0.307N P=0.033N P=O.ZON 
Cochran-Armitage test P=0.341N 
Fisher exact test P=0.318N P=0.033N P=O.W5N 

All Organs: Malignant Lymphoma or Histiocytic Sarcoma 
Overall rate 15/50 (30%) 11/50 (22%) 5/50 (10%) 9/50 (18%) 

Life table test 
First incidence (days) 
Terminal rate 
Adjusted rate 

P=0.493N 
396 
7/31 (23%) 
36.5% 

P=0.252N 
577 
5/32 (16%) 
28.2% 

w30 (7%) 
13.7% 

P=0.019N 
625 

P=0.337N 
400 
3n1 (14%) 
29.2% 

Logistic regression test P=0.191N P=0.264N P=0.013N P=0.109N 
Cochran-Armitage test P=0.210N 
Fisher exact test P =0.247N P=O.OllN P=0.121N 
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TABLED3 
Statistical Analysis of Primary Neoplasms in Female  Mice in the 2-Year Inhalation Study of Hexachlorocyclopentadiene 
(continued) 

All Organs:Benign Neoplasms 
Overall rate 23/50 (46%) 22/50 (44%) 24/50 (48%) 13/50 (26%) 
Adjusted rate 58.4% 62.4% 66.4% 47.1% 
Terminal rate 15/31 (48%) 19/32 (59%) 18/30(60%) 7/21 (33%) 
First incidence (days) 589 633 654 621 
Life table test P=0.270N P=0.455N P=O.469 P=0.275N 
Logistic regression test P=0.093N P=0.448N P=O.547 P=0.087N 
Cochran-Annitage test P=0.013N 
Fisher exact test P=0.500N P=O.500 P=0.030N 

All Organs:Malignant Neoplasms 
Overall rate 21/50 (42%) 22/50 (44%) 11/50 (22%) 12/50 (24%) 
Adjusted rate 47.8% 48.7% 27.4% 39.5% 
Terminal rate 9/31 (29%) 9/32 (28%) 4/30 (13%) 5/21 (24%) 
First incidence (days) 3% 503 411 400 
Life table test P=0.219N P=O.533 P=0.048N P=0.256N 
Logistic regression test P=0.007N P=O.583 P=0.019N P=0.045N 
Cochran-Armitage test P=0.025N 
Fisher exact test P=O.500 P=0.026N P=0.044N 

All Organs:Benign or Malignant Neoplasms 
Overall rate 34/50 (68%) 37/50 (74%) 33/50 (66%) 20/50 (40%) 
Adjusted rate 73.5% 80.3% 78.2% 61.0% 
Terminal rate 19/31 (61%) 23/32 (72%) 21i30 (70%) 9/21 (43%) 
Fi rs t  incidence (days) 396 340 411 400 
Life table test P=0.137N P=O.434 P=0.522N P=0.208N 
Logistic regression test Pc0.001N P=O.347 P=0.475N P=0.008N 
Cochran-Annitage test P<0.001N 
Fisher exact test P=O.330 P=0.500N P =0.004N 

(T)Terminal sacrifice 
a 	 Number of  neoplasm-bearing animals/number of  animals examined. Denominator is number of animals examined microscopically for bone marrow, 

brain, clitoral gland, gallbladder, heart, kidney, larynx, liver,lung, nose, ovary, pancreas, parathyroid gland, pituitary gland, salivary gland, spleen, 
thyroid gland, and urinary bladder; for other tissues,  denominator is number of  animals necropsied. 
Kaplan-Meier estimated neoplasm incidence at  the endof  the study after  adjustmentfor intercurrent mortality 
Observed incidence at terminal ki l l  
Beneath the control incidence are the P values associated with the trend test. Beneath the exposure group incidence are the P values corresponding 
to paitwise  comparisons between the controls and that exposure group. The life table test regards neoplasms in animals dying prior to terminal kill 
as being (directly or indirectly) the cause of death. The  logistic regression tes t  regards these lesions as nonfatal. The Cochran-Armitage and Fisher 
exact tests compare directly the overall incidence rates. For all tests, a negative trend or a lower incidence in an exposure group is indicated by N. 

e 	 Notapplicable;noneoplasmsinanimalgroup 
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TABLED4 
Historical Incidence of Thyroid Gland (Follicular Cell) Neoplasms in Untreated Female B6C3F, Micea 

Incidence in Controls 
Study Adenoma CarcinomaAdenoma or Carcinoma 

Historical Incidence at Battelle Pacific  Northwest Laboratories 

1,3-Butadiene 1/50 0/50 1/50 
Allyl glycidyl ether 2/50 0/50 2/50 
2-Chloroacetophenone 0/49 0/49 0/49 
Epinephrine hydrochloride 3/49 OM9 3/49 
Ethyl chloride 0/48 0148 0148 
o-Chlorobenzalmalononitrile 2/49 0149 2149 

Overall Historical Incidence 

Total 15/602 (2.5%) 21602 (0.3%) 17/602 (2.8%) 
Standard deviation 2.3% 0.8% 2.3% 
Range 0%-6% 0%-2% 0%-6% 

a Data as of  20 August 1992 
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TABLED5 
Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Inhalation Study 
of Hexachlorocyclopentadienea 

Disposition Summary 
Animals initially in study 
1 5 ”  inraim evoholian 
Early deaths 

Accidental deaths 
Moribund 
Natural deaths 

Suwivors 
Terminal sacrifice 

Animals examined microscopically 

15-Month Interim Evaluation 
Alimentary System 
Liver 

Congestion 
Infiltration cellular, lymphocyte 
Inflammation, subacute 

Mesentery 
Fat, necrosis 

Cardiovascular System 
None 

Endocrine System 
None 

General Body System 
None 

Genital System 
Ovary 


Cyst

Uterus 


Endometrium, hyperplasia 


Hematopoietic System 
Lymph node,  mandibular 


Hyperplasia, lymphoid 

Spleen 


Hyperplasia, lymphoid 


Integumentary System 
Skin 


Alopecia 


0 PPm 

60 

10 


1 

8 

10 


31 


60 


(10) 


1 (10%) 

1 (10%) 


0.01 ppm 

60 

10 


10 
8 

32 


60 


(10) 


2 (20%) 


0.05 ppm 

60 

10 


1 

11 

8 


30 


60 


(10) 


1 (10%) 


0.2 ppm 

60 

10 

1 

15 

13 


21 


60 


(10)

1 (10%) 


4 (40%) 
(1)

1 (100%) 


(1)
1 (100%) 
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TABLED5 

Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Inhalation Study 
of Hexachlorocyclopentadiene (continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

15-Month Interim Evaluation (continued) 
Musculoskeletal System 
None 

Nervous System 
Brain (10) (10)

Mineralization 3 (30%) 3 (30%) 

Respiratory System 
Lung 
Mucosa, pigmentation 

NOW 
Inflammation, suppurative 
Mucosa, pigmentation 

Trachea 
Inflammation, suppurative 
Mucosa,pigmentation 

Special Senses System 
Eye (1)

Cornea, edema 1 (100%) 

Urinary System 
Kidney (10)

Congestion 
Cyst 1 (10%) 
Infiltration cellular, lymphocyte 1 (10%) 

2-Year Study 
Alimentary System 
Gallbladder (48)

Serosa, inflammation, subacute 
Intestine large, colon (49)

Inflammation, suppurative 
Arteriole, inflammation, subacute 

Intestine small, jejunum (49)
Inflammation, suppurative 
Peyer’s patch, hyperplasia, lymphoid 

Intestine small, ileum (49)
Peyer’s patch, hyperplasia, lymphoid 1 (2%) 
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TABLED5 

Summary of the Incidence of Nonneoplastic Lesions in  Female Mice in the 2-Year Inhalation Study 
of Hexachlorocyclopentdiene (continued) 

2-Year Study (continued) 
Alimentary System (continued) 
Liver 

Angiectasis 
Bacterium 
Cytoplasmic alteration 
Cytoplasmic alteration, foca l  
Focal cellular change 
Hematopoietic c e l l  proliferation 
Hyperplasia, nodular 
Infiltration cellular, lymphocyte 
Inflammation, chronic 
Inflammation, necrotizing 
Inflammation, subacute 
Inflammation, suppurative 
Mineralization 
Necrosis, acute 
Pigmentation 
Centrilobular, necrosis 
Serosa, inflammation, suppurative 

Mesentery 
Inflammation, suppurative 
Fat, necrosis 

Pancreas 
Amyloid deposition 
Inflammation, subacute 
Inflammation, suppurative 
Acinar c e l l ,  hypoplasia 

Stomach, forestomach 
Hyperkeratosis 
Hyperplasia, squamous 
Serosa, fibrosis 
Serosa, inflammation, suppurative 

Stomach, glandular 
Hemorrhage 
Hyperplasia 
Mineralization 
Necrosis 

Cardiovascular System 
Heart 

Arteriole, inflammation, subacute 
Atrium, thrombosis 

0 PPm 0.01 ppm 

(49)
2 (4%) 

1 (2%) 

1 (2%) 


4 (8%) 
1 (2%) 

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

(7)

1 (14%) 

4 (57%) 


(49) 

(49)
3 (6%) 

(49) 

0.05 ppm 

(50) 

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

1 (2%) 

1 (2%) 

(6)
1 (17%) 

5 (83%) 


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

(50 )  

1 (2%) 

(50)
1 (2%) 


2 (4%) 
2 (4%) 

0.2 ppm 

2 (4%) 
1 (2%)
6 (12%) 

4 (8%) 

1 (2%) 
(2) 

2 (100%) 
(50) 

3 (6%) 
1 (2%) 

(50)
5 (10%) 
3 (6%) 
1 (2%) 

(50) 

2 (4%) 
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TABLED5 
Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Inhalation Study 
of Hexachlorocyclopentdiene (continued) 

Endocrine System 
Adrenal cortex 

Amyloid deposition 
Hyperplasia 
Mineralization 

Adrenal medulla 
Amyloid deposition 

Pituitary gland 
Congestion 
Cyst
Hyperplasia 
HYpeflroPhY
Inflammation, suppurative 

Thyroid gland 
Cyst
Inflammation, subacute 

Follicular cell, hyperplasia 


General Body System 
None 

Genital System 
Ovary

Angiectasis 
erst 
Hemorrhage 

Inflammation, subacute 

Inflammation, suppurative 

Mineralization 

Pigmentation 

Granulosa cell,hyperplasia 


Uterus 
Angiectasis 
Hemorrhage 
Inflammation, suppurative 
Endometrium, hyperplasia 

Hematopoietic System 
Bone marrow 

Hyperplasia, neutrophil 
Lymph node 

Iliac, hyperplasia, lymphoid 
Renal, congestion 
Renal, hyperplasia, lymphoid 
Renal, inflammation, suppurative 

Lymph node, bronchial 
Hemorrhage 
Hyperplasia, lymphoid 
Hyperplasia, plasma ce l l  
Inflammation, suppurative 

0 PPm 

(49) 

1 (2%) 

(49) 

(49)
1 (2%) 

4 (8%) 

(49)
1 (2%) 
1 (2%) 
9 (18%) 

(49) 

6 (12%) 

1(2%) 

1 (2%) 

(49) 

1 (2%) 

1 (2%) 


10 (20%) 


(47) 
1(2%)
2 (4%) 

0.01 ppm 

5 (10%) 

14 (28%) 

(50) 
1 (2%) 

16 (32%) 
1 (2%) 

3 (6%) 

1 (2%) 
(50) 

1 (2%) 

7 (14%) 

1 (13%) 
1 (13%) 

(50) 

2 (4%) 

1 (2%) 

0.05 ppm 

7 (15%) 

16(32%) 

(50) 

11 (22%) 

6(12%) 

(49)
1 (2%) 
2 (4%) 
2 (4%) 
5 (10%) 

0.2 ppm 

1 (2%) 
(49)

1 (2%) 
(50) 

1 (2%) 
3(6%) 

1 (2%) 
(50) 

14 (28%) 

(50) 

9 (18%) 

1 (2%) 
17 (34%) 


1 (2%) 

1 (2%) 
4 (8%) 
4 (8%) 
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TABLED5 
Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the%Year Inhalation Study 
of Hexachlorocyclopentadiene(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

Lymph node,  mandibular 
Hematopoietic System (continued) 
2-Year Study (continued) 

Lymph node, mesenteric 
Hyperplasia, mast cell 
Hyperplasia, lymphoid 

Thrombosis 
Inflammation, suppurative 
Hyperplasia, lymphoid 
Congestion 

Pigmentation 
Inflammation, suppurative 
Hyperplasia, plasma cell 
Hyperplasia, lymphoid 

Lymph node,  mediastinal 

Capsule, inflammation, subacute 
Inflammation, suppurative 
Hyperplasia, lymphoid 
Hemorrhage 
Hematopoieticcell proliferation 
Developmental malformation 

Spleen 

(42)
2 (5%) 

(49) 

6 (12%) 

(49) 

(49) 

3 (6%) 

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

1 (2%) 

1 (2%) 
1 (2%) 

(50) 

6 (12%) 

4(8%) 

(47) 

(48) 

5 (10%) 

(48) 

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

7(14%) 

6 (12%) 

1 (2%) 
2 (4%) 

(50) 
4 (8%) 

3 (6%) 

(50) 

17 (34%) 

1 (2%) 
1 (2%) 

Skin 

Mammary gland 
Integumentary System 

Duct, dilatation 

Subcutaneous tissue, mineralization 
Inflammation, suppurative 
Hemorrhage, acute 
Alopecia 

(49) 

(48) 

1 (2%) 

2 (4%) 
(49) 

(47) 

1 (2%) 

1 (2%) 

(49) 

(44) 

1 (2%) 

2 (4%) 

1 (2%) 
(49) 

(43) 

Bone 
Musculoskeletal System 

Fracture 
Fibrous osteodystrophy 
Developmental malformation 

(49) 

1 (2%) 

(50) (50) 

1 (2%) 

1 (2%) 
(50)

1 (2%) 

Brain 
NervousSystem 

Mineralization 
Inflammation, suppurative 
Compression 
Bacterium 

(49) 

9 (18%) 

(50) 

8 (16%) 

(50) 

1 (2%) 

4 (8%) 

(50) 

1 (2%) 

1 (2%) 

4(8%) 
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TABLED5 
Summary of the Incidence of Nonneoplastic Lesions in Female  Mice in the 2-Year Inhalation Study 
of Hexachlorocyclopentadiene(continued) 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

2-YeW study (continued) 
Respiratory System 
Lung 

Bacterium 
(48) 

Congestion 2(4%) 1 (2%) 
Hyperplasia, macrophage 1 (2%) 
Infiltration cellular, lymphocyte 1 (2%) 4 (8%) 3 (6%) 1 (2%) 
Infiltration cellular, histiocyte 1 (2%) 
Inflammation, subacute 1 (2%) 1 (2%) 2(4%) 
Inflammation, suppurative 1 (2%) 2 (4%) 
Alveolar epithelium, hyperplasia 1 (2%) 2(4%) 1 (2%) 2(4%) 
Mucosa, pigmentation 27(54%) 44 (90%) 
Pleura, inflammation, suppurative 2(4%) 

Inflammation, subacute 
Nose (49) (50)

1 (2%) 
( 9  

Inflammation, suppurative 4 (8%) 3(6%) 40(83%) 
Mucosa, pigmentation 40 (80%) 48(96%) 41 (85%) 

Inflammation, suppurative 
Trachea (49) (50) (48) (47)

1 (2%) 
Mucosa, pigmentation 6 (12%) 43 (90%) 42(89%) 

Special Senses System 
Eye (1) (1) (1)

Atrophy 1 (100%) 
Cornea, hyperplasia 1 (100%) 
Cornea, inflammation, suppurative 1 (100%) 

Harderian gland (7) (6) (4) (1) 
Cyst 1 (14%) 
Inflammation, suppurative 1 (14%) 1 (100%) 

Urinary System 
Kidney (49) (50) (50)

Amyloid deposition 1 (2%) 1 (2%) 
Bacterium 1 (2%) 
casts 2(4%) 2(4%) 1 (2%) 1 (2%) 
Infiltration cellular, lymphocyte 1 (2%) 1 (2%) 1 (2%) 
Inflammation, chronic 1 (2%)
Inflammation, subacute 1 (2%) 1 (2%) 2 (4%) 2 (4%) 
Metaplasia, osseous 1 (2%) 1 (2%) 
Mineralization 1 (2%) 
Nephropathy, chronic 1 (2%) 1 (2%) 2 (4%) 
Pelvis, dilatation 2(4%) 
Renal tubule, degeneration, hyaline 2(4%) 

Urinary bladder (50)
Infiltration cellular, lymphocyte 1 (2%) 

a Number of  animals examined microscopically at site and  number o f  animals wi th  lesion 
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TABLEEl 
Summary of the Incidence of Neoplasms in Male Mice in the Stop-Exposure Evaluation 
of Hexachlorocyclopentadienea 

Disposition Summary 
Animals initially in study 
27-wackintaime v a h d o n c  
3 4 W d i n t a i m ~ d  
43-Wd intaimCvalLorione 
ZS-bfa~~h
intaimevahdon 

Early deaths 

Accidental deaths 
Moribund 
Natural deaths 

sulvivors 
Terminal sacrifice 

Animals examined microscopically 

43-Week Interim Evaluation 
Alimentary System 
Liver 

Hepatocellular adenoma 

Respiratory System 
Lung 

Ahreolarlbronchiolar adenoma 

15-Month Interim Evaluation 
Alimentary System 
Liver 

Hepatocellular carcinoma 
Hepatocellular adenoma 

Cardiovascular System 
None 

Endocrine System 
Islets, pancreatic 

Adenoma 

General Body System 
None 

Genital System 
None 

0 PPm 

90b 

10 

10 

10 

10 


1 
8 
6 

35 


90 

(10)
1 (10%) 

(10)
1 (10%) 

(10)

2 (20%) 
3 (30%) 

0.2 ppm 

60 


10 


9 
7 


34 


60 


(10) 

1 (10%) 

0.2 ppm 
(33weeks) 

80 


10 

10 

10 


1 
7 

7 


35 

80 


0.2 ppm 
(66 weeks) 

50 

1 
6 
10 


33 

5 0  

0.5 ppm 
(26 weeks) 

90 

10 

10 

10 

10 

5 
4 

41 

90 


0.5 ppm 
(42 weekg) 

70 

10 

10 

10 

7 


33 

70 
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TABLEE l  
Summary of the Incidence of Neoplasms in Male Mice in the Stop-Exposure Evaluation 
of Hexachlorocyclopentadiene (continued) 

0 PPm 0.2 ppm 

15-Month InterimEvaluation (continued) 
Hematopoietic System 
None 

Integumentary System 
None 

Musculoskeletal System 
None 

Nervous System 
None 

Respiratory System 
Lung (10) ' (10)

Alveolar/bronchiolar adenoma 1 (10%) 
Alveolar/bronchiolar adenoma, multiple 1 (10%) 
Alveolar/bronchiolar carcinoma 1(10%) 

Special Senses System 
None 

Urinary System 
Urinary bladder 

Systemic Lesions 
Multiple organsf 

2-Year Study 
Alimentary System 
Intestine small, duodenum (49)
Intestine small, jejunum (50 )

Adenocarcinoma 1 (2%) 
Intestine small, ileum (50)
Liver (50)

Hemangiosarcoma 2 (4%) 
Hepatocellular carcinoma 9 (18%) 
Hepatocellular carcinoma, multiple 1 (2%)
Hepatocellular carcinoma, two 1 (2%)
Hepatocellular adenoma 19 (38%) 10 (20%) 
Hepatocellular adenoma, two 1 (2%) 

Mesentery (4) (2) 

0.2 ppm 0.2 ppm 0.5 ppm 0.5 ppm 
(33 weeks) (66 weeks) (26 weeks) (42 weeks) 

(8) (9)
2 (22%) 

(10) 

1 (10%) 

(1) 

1 (100%) 
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of Hexachlorocyclopentadiene(continued) 
Summary of the Incidence of Neoplasms in Male  Mice in the  Stop-Exposure Evaluation 
TABLEE l  

0 PPm 0.2 ppm 0.2 ppm 
(33 weeks)(66weeks) 

0.2 ppm 0.5 ppm 
(26 weeks) 

0.5 pprn 
(42 weeks) 

Stomach, forestomach 
Alimentag System  (continued) 
2-Year Study (continued) 

Squamous c e l l  papilloma 
(50) (50)

1 (2%) 

! 

Heart 
Cardiovascular System 

Adrenal medulla 
Adrenal cortex 
Endocrine System 

Pheochromocytoma NOS 

Thyroid gland 
Carcinoma 

Pituitary gland 

Follicular ce l l .  adenoma 

None 
General Body System 

Testes 
Epididymis 
Genital System 

Interstitial ce l l ,  adenoma 

(50) 
(50) 

(50) 
(50)
1 (2%) 

Bone marrow 
Hematopoietic System 

Lymph node, bronchial 
Lymph node 

Mast c e l l  tumor NOS 

Lymph node, mediastinal 
Lymph node, mesenteric 
Lymph node, mandibular 

metastatic, lung 

metastatic, lung 

Alveolarbronchiolar carcinoma, 

Alveolarbronchiolar carcinoma, 

Thymus 
Spleen 
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TABLEEl  
Summary of the Incidence of Neoplasms in Male  Mice in the  Stop-Exposure Evaluation 
of Hexachlorocyclopentadiene(continued) 

ppm0.2ppm0.2ppm0.2 0.5 ppm 0.5 ppm 
(33 weeks)(66 (26 (42 

0 PPm 
weeks) weeks)weeks) 

S f U d y  (continued) 
Musculoskeletal System 
None 

Nervous System 
None 

Respiratory System 
Larynx (50) (50) (49)

Lung (49) (50) (49) (50) (50) 


(20%)10(18%) (29%) Alveolarlbronchiolar adenoma 11 (22%) 1 2 (24%) 14 9 
Alveolar/bronchiolar adenoma, 

multiple 3 (6%) 1 (2%) 1 (2%) 
Alveolar/bronchiolar carcinoma 1 (2%) 4 (8%) 1 (2%) 5 (10%) 6 (12%) 
Alveolarlbronchiolar carcinoma, 

multiple 1 (2%) 

Hepatocellular carcinoma, metastatic, 


liver 

Nose (49)
Trachea (49) 

Special Senses System 
Harderian gland (4)(7) (2) (4) (3)

7 (100%) 2 (100%) 4 (100%) 3 (100%) 
(3)

Adenoma (100%) 4 1
 (33%) 
Carcinoma 1 (33%) 

Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
(50)

2 (4%) 
Lymphoma malignant lymphocytic 1 (2%) 

Lymphoma malignant mixed 2 (4%) 2 (4%) 3 (6%) 1 (2%) 


NeoplasmSummary 
Total animals with primary neoplasmsg 

43-Week interim evaluation 2 1 1 
15-Month interim evaluation 7 2 1 
2-Year study 35 33 20 24 1 8  15 

Total primary neoplasms 
43-Week interim evaluation 2 1 1 
15-Month interim evaluation 7 2 1 
2-Year study 49 54 22 26 22 1 8  

Multiple organs (50)(50) (50) (50) (50)
1 (2%) 1 (2%) 1 (2%)Lymphoma malignant histiocytic 
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TABLEE l  
Summary of the Incidence of Neoplasms in Male  Mice in the Stop-Exposure  Evaluation 
of Hexnchlorocyclopentdiene (continued) 

0 PPm 0.2 ppm 0.2 ppm 0.2 ppm 0.5 ppm 0.5 ppm 
(33 weeks) (66 weeks) (26 weeks) (42 weeks:) 

Neoplasm Summary (continued) 
Total animals with benign neoplasms 

43-Week interim evaluation 2 1 1 
15-Month interim evaluation 5 2 
2-Year study 29 25 14 18 13 11 

Total benign neoplasms 
43-Week interim evaluation 2 1 1 
15-Month interim evaluation 5 2 
2-Year study 38 33 15 20 15 11 

Total animals with malignant neoplasms 
15-Month interim evaluation 2 1 
2-Year study 11 17 6 6 6 7 

Total malignant neoplasms 
15-Month interim evaluation 2 1 
2-Year study 11 20 7 7 

Total animals with metastatic neoplasms 
2-Year study 3 3 1 

Total metastatic neoplasms 
2-Year study 3 3 2 

Total animals with uncertain neoplasms 
benign or malignant 

2-Year study 
Total uncertain neoplasms 

2-Year study 

a Number of animals examined microscopically at  site and  number of animals with lesion 
Includes 60controls f r o m  the core study 
No neoplasms were observedat  any site in any animal a t  the 27-week interim evaluation. 
No neoplasms were observed a t  any site i n  any animal at  the 34-week interim evaluation. 

e No neoplasms were observed at any other site in any an imal  a t  the 43-week interim evaluation. 
Number of animals with any tissue examined microscopically 

g Primaryneoplasms:allneoplasmsexceptmetastaticneoplasms 
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TABLEE2a 
Statistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Evaluation 
of Hexachlorocyclopentadiene: 0 ppm versus 0.2 ppm for 33, 66, or 104 Weeks 

0 PPm 0.2 ppm 0.2 ppm 0.2 ppm 
(33 weeks) (66 weeks) (104 weeks) 

HarderianGland:Adenoma 
Overall ratea 7/50 (14%) 4/50 (8%) 3/50 (6%) 2/50 (4%) 
Adjusted rateb 19.0% 11.O% 8.5% 5.6% 
Terminal rate' 6/35 (17%) 3/35 (9%) 2/33 (6%) 1/34 (3%) 
First incidence (days) 627 696 654 715 
Life table testd P=0.051N P=0.263N P=0.187N P=0.090N 
Logistic regression testd P =O.W8N P=0.260N P=0.178N P =0.086N 
Cochran-Armita e testd P=0.043N0Fisher exact test P=0.262N P=0.159N P=0.080N 

Lung: Alveolar/bronchiolar Adenoma 
Overall rate 11/49 (22%) 9/50 (18%) 15/49 (31%) 15/50 (30%) 
Adjusted rate 31.3% 23.1% 43.8% 37.5% 
Terminal rate 10/34 (29%) 6/35 (17%) 14/33 (42%) 10134 (29%) 
First incidence (days) 689 626 622 393 
Life table  test P=O.103 P=0.379N P=O.207 P=O.253 
Logistic regression test P=O.104 P=0.376N P=O.191 P=O.261 
Cochran-Armitage test P=O.119 
Fisher exact test P=0.382N P=O.246 P=O.266 

Lung: Alveolar/bronchiolar  Carcinoma 
Overall rate 0/49 (0%) 4/50 (8%) 2/49 (4%) 1/50 (2%) 
Adjusted rate 0.0% 10.5% 5.8% 2.9% 
Terminal rate 0/34(0%) 3/35 (9%) 1/33(3%) 1/34 (3%) 
First incidence (days) 542 704 730 (9-e 

Life table  test P=O.519 P=O.o68 P=O.230 P=O.500 
Logistic regression test P=O.529 P=O.O65 P=O.229 P=O.500 
Cochran-Armitage test P=O.533 
Fisher exact test P=O.o61 P=O.247 P=O.505 

Lung: Alveolar/bronchiolar Adenoma or Carcinoma 
Overall rate 11/49 (22%) 13/50 (26%) 17/49 (35%) 16/50 (32%) 
Adjusted rate 31.3% 32.5% 48.3% 40.1% 
Terminal rate 10/34 (29%) 9/35 (26%) 15/33 (45%) 11/34 (32%) 
First incidence (days) 689 542 622 393 
Life table  test P=O.103 P=O.436 P=O.104 P=O.190 
Logistic regression test P=O.104 P=O.439 P=O.O91 P=O.195 
Cochran-Armitage test P=O.119 
Fisher exact test P=0.430 P=O.132 P=O.200 

All Organs:MalignantLymphoma(Histiocytic,Lymphocytic, or Mixed) 
Overall rate 2/50 (4%) 1/50 (2%) 4/50 (8%) 5/50 (10%)
Adjusted rate 4.9% 2.9% 9.6% 12.6% 
Terminal rate O B 5  (0%) 1/35 (3%) O B 3  (0%) 2/34 (6%)
First incidence (days) 627 730 (9 526 435 
Life table test P=O.O73 P=0.503N P=O.312 P=O.214 
Logistic regression test P=O.O71 P=0.500N P=O.371 P=O.209 
Cochran-Armitage test P =0.074 
Fisher exact test P=0.500N P=O.339 P=O.218 
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of Hexachlorocyclopentadiene: 0 ppm versus 0.2 ppm for 33, 66, or 104 Weeks (continued) 
Statistical Analysis of Primary Neoplasms in Male  Mice in the Stop-Exposure Evaluation 
TABLEE2a 

0 PPm 0.2 ppm 
(33 weeks) 

0.2 ppm 
(66 weeks) 

0.2 ppm 
(104 weeks) 

Overall rate 
All Organs:Benign Neoplasms 

29/50 (58%) 14/50 (28%) 18/50 (36%) 25/50 (50%) 
Adjusted rate 72.2% 35.4% 51.0% 60.5% 
Terminal rate 24/35 (69%) 10/35 (29%) 16/33 (48%) 18/34 (53%) 
First incidence (days) 626 626 622 393 
Life table test P=0.442N P=0.003N P=0.040N P=0.334N 
Logistic regression test P=0.426N P=0.002N P=0.034N P=0.295N 
Cochran-Armitage test P =0.367N 
Fisher exact test P=O.O02N P P=O.274N=0.022N 

All Organs: Malignant Neoplasms 
Overall rate 	 11/50 (22%) 6/50 (12%) 6/50 (12%) 17/50 (34%)
Adjusted rate 26.6% 15.3% 14.9% 37.9% 
Terminal rate 5/35 (14%) 4/35 (11%) 1/33 (3%) 7/34 (21%) 
First incidence (days) 627 542 526 393 
Life table test P=O.O79 P=0.16lN P=0.201N P=O.153 
Logistic regression test P=O.O74 P=0.141N P=0.138N P=O.132 
Cochran-Armitage test P=O.O73 
Fisher exact test P=0.143N P=0.143N P=O.133 

All Organs:Benign or Malignant Neoplasms 
Overall rate 35/50 (70%) 20/50 (40%) 24/50 (48%) 33/50 (66%)
Adjusted rate 79.5% 48.2% 59.5% 71.4% 
Terminal rate 26/35 (74%) 14/35 (40%) 17/33 (52%) 21/34 (62%) 
First incidence (days) 626 542 526 393 
Life table test P=O.488 P=0.007N P=0.076N P=0.491N 
Logistic regression test P=O.505 P =0.002N P=0.030N P=0.415N 
Cochran-Armitage test P=0.523N 
Fisher exact test P =0.002N P=0.021N P=0.415N 

OTerminal sacrifice 
a 	 Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscopically for l ayx ,  lung, 

nose, and trachea; for other tissues,  denominator is number of animals necropsied. 
Kaplan-Meier estimated neoplasm incidence at  the end of the study after adjustment  for intercurrent mortality 
Observed incidence at terminal kill 
Beneath the control incidence are the P values associated with the trend test. Beneath the exposure group incidence are the P values comsponding 
to pairwise  comparisons between the controls and that exposure group. The life table test regards neoplasms in animals dying prior  to terminal kill 
as being (directly or indirectly) the cause of death. The logistic regression test regards these lesions as nonfatal. The Cochran-Armitage and fisher 
exact tests compare directly the overall incidence rates. For all  tests, a negative trend or  a lower  incidence in an exposure group is indicated by N. 

e 	 N o t  applicable; no neoplasms in animal group 
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TABLEE2b 
Statistical Analysis of Primary Neoplasms in Male  Mice in the Stop-Exposure  Evaluation 
of Hexachlorocyclopentadiene: 0 ppm versus 0.5 ppm for 26 or 42 Weeks 

0 PPm 0.5 ppm 0.5 ppm 
(26 weeks) (42 weeks) 

HarderianGland:Adenoma 
Overall ratea 7/50 (14%) 4/50 (8%) 1/50 (2%) 
Adjusted rateb 19.0% 9.8% 3.0% 
Terminal rate' 6/35 (17%) 4/41(10%) 1/33 (3%) 
First incidence (days) 627 729 (T) 729 (T )
Life table testd P=0.024N P=0.185N Ps0.041N 
Logistic regression testd P=0.032N P=0.222N P=0.048N 
Cochran-Annita e testd P=O.O25NIFisher exact test P=0.262N P=0.030N 

HarderianGland:Adenoma or Carcinoma 
Overall rate 7/50 (14%) 4/50 (8%) 2/50 (4%) 
Adjusted rate 19.0% 9.8% 6.1% 
Terminal rate 6/35 (1 7%) 4/41(10%) 2433 (6%) 
First incidence (days) 627 729 (T> 729 (T>
Life table test P=0.058N P=0.185N P=0.099N 
Logistic regression test P=0.073N P=O.222N P=0.115N 
Cochran-Armitage test P =0.058N 
Fisher exact test P=0.262N P=0.080N 

Lung: Alveolar/bronchiolar  Adenoma 
Overall rate 11/49 (22%) 10/50 (20%) 10/50 (20%) 
Adjusted rate 31.3% 24.4% 29.2% 
Terminal rate lot34 (29%) 10/41 (24%) 9/33 (27%) 
First incidence (days) 689 647729 ( T )
Life table test P=0.453N P=O.312N P-0.540N 
Logistic regression test P=0.516N P=0.333N P=O.5% 
Cochran-Armitage test P=0.433N 
Fisher exact test P=0.479N P=0.479N 

Lung: Alveolar/bronchiolar  Carcinoma 
Overall rate 0/49 (0%) 5/50 (10%) 6/50 (12%) 
Adjusted rate 0.0% 11.9% 16.7% 
Terminal rate O B 4  (0%) 4/41 (10%) 4/33 (12%) 

eFirst incidence (days) - 725 395 
Life table test P=O.O13 P=O.O53 P=O.O15 
Logistic regression test P=O.O12 P=O.O50 P-0.016 
Cochran-Armitage test P=O.O16 
Fisher exact test P=O.O30 P=O.O14 

Lung: Alveolar/bronchiolar  Adenoma or Carcinoma 

Overall rate 11/49 (22%) 14/50 (28%) 14/50 (28%)

Adjusted rate 31.3% 33.3% 38.5% 

Terminal rate 10/34 (29%) 13/41 (32%) 11/33 (33%)

First incidence (days) 689 725 395 
Life table test P=O.263 P=O.529 P=O.275 
Logistic regression test P=O.190 P=O.505 P=O.215 
Cochran-Armitage test P=O.298 
Fisher exact test P=O.343 P=O.343 
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TABLEE2b 

Statistical Analysis of Primary Neoplasms in Male  Mice in the  Stop-Exposure Evaluation 
of Hexachlorocyclopentadiene: 0 ppm versus 0.5 ppm for 26 or 42 Weeks (continued) 

0 PPm 0.5 ppm 0.5 ppm 
(26 weeks) (42 weeks) 

All Organs:Benign Neoplasms 
Overall rate 29/50 (58%) 13/50 (26%) 11/50 (22%) 
Adjusted rate 72.2% 31.7% 32.2% 
Terminal rate 24/35 (69%) 13/41(32%) 10/33 (30%) 
First incidence (days) 626 729 (T> 647 
Life table test P<0.001N P<0.001N P<0.001N 
Logistic regression test P<0.001N P<0.001N P=0.001N 
Cochran-Armitage test Pc0.001N 
Fisher exact test P=0.001N P<0.001N 

AllOrgans: Malignant Neoplasms 
Overall rate 11/50 (22%) 6/50 (12%) 7/50 (14%) 
Adjusted rate 26.6% 13.8% 19.6% 
Terminal rate 5/35 (14%) 4/41(10%) 5/33 (15%) 
First incidence (days) 627 612 395 
Life table test P=0.183N P=0.100N P=0.2%N 
Logistic regression test P=0.179N P=0.130N P=0.279N 
Cochran-Armitage test P=0.149N 
Fisher exact t e s t  P=0.143N P=0.218N 

AllOrgans: Benign or Malignant Neoplasms 
Overall rate 35/50 (70%) 18/50 (36%) 15/50 (30%) 
Adjusted rate 79.5% 41.8% 41.3% 
Terminal rate 26/35 (74%) 16/41(39%) 12/33 (36%) 
First incidence (days) 626 612 395 
Life table test P<0.001N P<0.001N P<0.001N 
Logistic regression test P<0.001N P<0.001N P<0.001N 
Cochran-Armitage test P<0.001N 
Fisher exact test P<0.001N P<0.001N 

(T)Terminal sacrifice 
a 	 Number of neoplasm-bearing animaldnumber of animals examined. Denominator is number of animals examined microscopically for larynx, lung, 

nose, and trachea; for other tissues,  denominator is numbero f  animals necropsied. 
Kaplan-Meier estimated neoplasm incidencea t  the end of the study after adjustment  for intercurrent  mortality 
Observed incidence at terminal kill 
Beneath the control incidence are  the P values associated with the trend test. Beneath the exposure group incidence are the P values corresponding 
to paitwise  comparisons between the controls and that exposure group. The life table test regards neoplasms in animals dying prior  to tenminal kill 
as being (directly or indirectly) the cause of death. The  logistic regression test regards t h e s e  lesions as  nonfatal. The Cochran-Armitage and Fisher 
exact tests compare directly the overall incidence rates. For all  tests, a negative  trend or a lower incidence in a n  exposure group is indicated by N. 

e 	 Not  applicable;noneoplasms i n  animal group 
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TABLEE2c 
Statistical Analysisof Primary Neoplasms in Male Mice in the Stop-Exposure Evaluation 
of Hexachlorocyclopentadiene: 66-Week 0.2 ppm Group versus 26-Week 0.5 ppm Group 

HarderianGland:Adenoma 
OveraII ratea 
Adjusted rateb 
Terminal rate' 
First incidence (days) 
Life table testd 

dLogistic regression test 
Fisher exact testd 

Lung: Alveolar/bronchiolar  Adenoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test  
Fisher exact test 

Lung: Alveolar/bronchiolar  Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Fisher exact test 

Lung: Alveolar/bronchiolar Adenoma or Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Fisher exact test 

All Organs:MalignantLymphoma(Histiocytic,Lymphocytic, 
Overall rate 

Adjusted rate 

Terminal rate 

First incidence (days) 

Life table test 

Logistic regression test 

Fisher exact test 


0.2 ppm 
(66  weeks) 

3/50 (6%) 
8.5% 
2/33 (6%) 
654 

15/49 (31%) 
43.8% 
14/33 (42%) 
622 

2/49 (4%) 
5.8% 
1/33(3%) 
704 

17/49 (35%) 
48.3% 
15/33 (45%) 
622 

or Mixed) 
4/50 (8%) 
9.6% 
0/33 (0%) 
526 

0.5 ppm 
(26 weeks) 

4/50 (8%) 

9.8% 

4/41 (10%) 

729 ( T ) 

P=O.613 

P=O.559 

P=O.500 


lO/SO (20%) 
24.4% 
10/41 (24%) 
729 

P=0.055N 

P=0.065N 

P=0.163N 


5/50  (10%) 
11.9% 
4/41 (10%) 
725 
P=O.314 
P=O.213 
P=O.226 

14/50 (28%) 
33.3% 
13/41 (32%) 
725 
P=0.122N 
P=O.l77N 
P=0.308N 

2/50 (4%) 
4.6% 
1/41 (2%) 
612 
P=0.285N 
P-0.533N 
P=0.339N 
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TABLEE2c 
Statistical Analysis of Primary Neoplasms in Male  Mice in the  Stop-Exposure Evaluation 
of Hexachlorocyclopentadiene: &-Week 0.2 ppm Group versus 26-Week 0.5 ppm Group (continued) 

AllOrgans: Benign Neoplasms 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Fisher exact test 

All Organs: Malignant Neoplasms 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Fisher exact test 

AllOrgans: Benign or Malignant Neoplasms 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Fisher exact test 

QTerminal sacrifice 

-

0.2 ppm 0.5 ppm 
(66 weeks) (26 weeks) 

18/50 (36%) 14/50 (28%) 
51.0% 34.1% 
16i33 (48%) 14/41(34%) 
622 729 (T) 

P=0.077N 
P=0.102N 
P=0.260N 

6/50 (1 2%) 6/50 (12%) 
14.9% 13.8% 
1/33 (3%) 4/41(10%) 
526 612 

P=0.496N 
P=O.461 
P=0.620N 

24/50 (48%) 19/50 (38%) 
59.5% 44.1% 
17/33 (52%) 17/41(41%) 
526 612 

P=0.057N 
P=0.141N 
P=0.210N 

a 	 Number of neoplasm-bearing animals/number o f  animals examined. Denominator is number o f  animals examined microscopically for lavm:, lung, 
nose, and trachea; for other tissues,  denominator is numbero f  animals necropsied. 
Kaplan-Meier estimated neoplasm incidence at  the end of the  study after adjustment  for intercurrent mortality 
Observed incidence at  terminal ki l l  
Beneath the =-week exposure group incidence are  the P values corresponding to pairwise  comparisonwith the 66-week exposure group. The life 
table analysis regards neoplasms i n  animals dying prior to terminal kill as being (directly or indirectly)  the cause of  death. The logistic regression 
test regards these lesions as nonfatal. The Fisher exact test compares directly the overall incidence rates. For all  tests, a lower incidence irt an 
exposure group is indicated by N. 
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TABLEE2d 

Shtistical Analysis of Primary Neoplasms in Male Mice in the Stop-Exposure Evaluation 
of Hexachlorocyclopentadiene: 104-Week0.2 ppm Groupversus42-Week 0.5 ppm Group 

Lung: Alveolar/bronchiolar  Adenoma 
Overall ratea 
Adjusted rateb 
Terminal rate' 
First incidence (days) 
Life table testd 

dLogistic regression test 
Fisher exact testd 

Lung: Alveolarfironchiolar Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Fisher exact test 

Lung: Alveolar/bronchiolar  Adenoma or Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Fisher exact test 

All Organs: Malignant Lymphoma  (Histiocytic, Lymphocytic, 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Fisher exact test 

All Organs:Benign Neoplasms 
Overall rate 

Adjusted rate 

Terminal rate 

First incidence (days) 

Life table test 

Logistic regression test 

Fisher exact test 


0.2 ppm 
(104 weeks) 

15/50 (30%) 
37.5% 
10/34(29%) 
393 

1/50 (2%) 
2.9% 
1/34 (3%) 
729 (9 

16/50 (32%) 
40.1% 
11/34 (32%) 
393 

or Mixed) 
4/50 (8%) 
9.8% 
1/34 (3%) 
435 

25/50 (50%) 
62.2% 
18/34 (53%) 
393 

0.5 ppm 
(42 weeks) 

10/50 (20%) 
29.2% 

9/33 (27%) 

647 

P=0.226N 

P=0.336N 

P=0.178N 


6/50 (12%) 

16.7% 

4t33 (12%) 

395 

P=O.O51 

P=O.O28 

P=O.O56 


14/50 (28%) 
38.5% 
11B3(33%) 
395 
P=0.487N 
P=O.500 
P=0.414N 

Ol50 (0%) 
0.0% 
0133 (0%) 

e-
P=0.080N 
P=0.143N 
P=0.059N 

12/50 (24%) 
34.2% 

10/33 (30%) 
647 
P=0.007N 
P=0.016N 
P=0.002N 
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TABLEE2d 
Statistical Analysis of Primary Neoplasms in Male  Mice in the Stop-Exposure  Evaluation 
of Hexachlorocyclopentadiene: 104-Week 0.2 ppmGroup 

All Organs: Malignant Neoplasms 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Fisher exact test 

All Organs: Benign or Malignant Neoplasms 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Fisher exact test 

(T)Terminal sacrifice 

versus 42-Week 0.5 ppm Group (continued) 

0.2 ppm 0.5 ppm 
(104 weeks) (42 weeks) 

17/50 (34%) 	 8/50 (16%) 
37.9% 	 22.5% 
7/34(21%) 	 6/33 (18%) 
393 	 395 

P=0.071N 
P=0.162N 
P=0.032N 

34/50 (68%) 17/50 (34%) 
72.0% 45.8% 
21/34 (62%) 13/33 (39%) 
393 395 

P=0.007N 
P=0.016N 
P<0.001N 

a 	 Number o f  neoplasm-bearing animals/number of animals examined. Denominator is number of animals  examined microscopically for larynr, lung, 
nose, and trachea; for other tissues,  denominator is number of animals necropsied. 
Kaplan-Meier estimated neoplasm incidenceat  the end of the study after adjustment for intercurrent mortality 
Observed incidence at terminal kill 
Beneath the 42-week exposure group incidence are  the P values corresponding to pailwise comparison w i t h  the 104-week exposure group. The life 
table analysis regards neoplasms i n  animals dying prior to terminal ki l l  as being (directly or indirectly) the cause o f  death. The logistic regression 
test regards these lesions as nonfatal. The Fisher exact test compares directly the overall incidence rates. For a l l  tests, a lower  incidence i n  an 
exposure group is indicated by N. 

e 	 Notapplicable;noneoplasms in a n i m a l  group 
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TABLEE3 

Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the Stop-Exposure Evaluation 
of Hexachlorocyclopentadienea 

0 PPm 0.2 ppm 0.2 ppm 0.2 ppm 0.5 ppm 0.5 ppm 
(33 weeks) (66weeks) (26 weeks) (42 weeks) 

Disposition Summary 

27-weckacvohaiiar 
Animals initially in study 

10 
60 80 50 

10 
90 70 

43-weckbu&n cvohaiiar 
36Weckbyaimewlrcnaion 

10 
10 

10 
10 

10 
10 

10 
IS-Month iryaim cvohaiiar 10 10 10 10 10 
Early deaths 

Accidenfal deaths 1 1 1 
Moribund 8 9 7 6 5 10 
Natural deaths 6 7 7 10 4 7 

Survivors 
Terminal sacrifice 35 34 35 33 41 33 

Animals examined microscopically 90 60 80 50 90 70 

27-Week Interim Evaluation 
Alimentary System 
None 

Cardiovascular System 
None 

Endocrine System 
None 

General Body System 
None 

Genital System 
None 

Hematopoietic System 
None 

Integumentary System 
None 

Musculoskeletal System 
None 
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TABLEE3 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the Stop-Exposure Evaluation 
of Hexachlorocyclopentadiene(continued) 

0 PPm 0.2 ppm 0.2 ppm 0.2 ppm 0.5 ppm 0.5 ppm 
(33 weeks) (66 weeks) (26 weeks) (42 weeks) 

27-Week Interim Evaludwn (continued) 
Nervous System 
None 

Respiratory System 
Lung (10)

Inflammation, subacute 1 (10%) 
Mucosa, pigmentation 9 (90%) 

Nose (10)
Inflammation, suppurative 10 (100%) 
Mucosa, pigmentation 3 (30%) 

Trachea (10)
Inflammation, suppurative 1 (10%) 
Mucosa, pigmentation 10 (100%) 

Special Senses System 
None 

Urinary System 
Kidney (1)

Renal tubule, cytoplasmic alteration 1(100%) 

34-WeekInterim Evaluation 
Alimentary System 
Liver (10)

Congestion 
Stomach, forestomach (10)

Congestion 
Stomach, glandular (9)


Congestion 


Cardiovascular System 
None 

Endocrine System 
None 

General Body System 
None 
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TABLEE3 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the Stop-Exposure Evaluation 
of Hexachlorocyclopentadiene(continued) 

0 PPm 0.2 ppm 0.2 ppm 0.2 ppm 0.5 ppm 0.5 ppm 
(33weeks) (66weeks) (26weeks) (42weeks) 

34-Week Interim EvalWwn (continued) 
Genital System 
Testes (10)

Atrophy 1 (10%) 

Hematopoietic System 
Lymph node, mandibular (6)

Congestion 1 (17%) 
Lymph node, mesenteric (10)

Hyperplasia, lymphoid 

Integumentary System 
None 

Musculoskeletal System 
None 

Nervous System 
Brain 

Mineralization 

Respiratory System 
Lung (10) (10)

Mucosa, pigmentation 10 (100%) 
Nose (10) (10)


Inflammation, suppurative 7 (70%) 
Mucosa, pigmentation 10 (100%)

Trachea (10) (10)

Mucosa, pigmentation 10 (100%) 


Special Senses System 
None 

Urinary System 
Kidney (10)


Inflammation, subacute 

43-Week Interim Evaluation 
Alimentary System 
Liver (10)


Cytoplasmic alteration 

Inflammation, subacute 1 (10%) 
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TABLEE3 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the Stop-Exposure Evaluation 
of Hexachlorocyclopentadiene (continued) 

0 PPm 0.2ppm0.2 ppm 0.2ppm 0.5 ppm 0.5 ppm 
(33 weeks) (66 weeks) (26weeks)(42weeks) 

43-wee-k IIZtf?&z Evduation (continued) 
Alimentary System (continued) 
Stomach, glandular 

Inflammation, subacute 
(10) 

Cardiovascular System 
None 

Endocrine System 
Adrenal cortex 

Hyperplasia 

General Body System 
None 

Genital System 
Testes 

Atrophy 

Hematopoietic System 
Lymph node,  bronchial (7)

Hyperplasia, lymphoid 1 (14%) 

Integumentary System 
None 

Musculoskeletal System 
None 

Nervous System 
Brain 

Mineralization 

Respiratory System 
Lung (10) (10) (10) (10)

Congestion 1 (10%) 3 (30%) 
Inflammation, subacute 1 (10%) 1 (lo%:l 
Inflammation, suppurative 5 (~O%:I 
Mucosa, pigmentation 10 (100%) 9 (90%) 8 (80%) 
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TABLEE3 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the Stop-Exposure Evaluation 
of Hexachlorocyclopentadiene(continued) 

0 PPm 0.2 ppm 0.2 ppm 0.2 ppm 0.5 ppm 0.5 ppm 
(33 weeks) (66 weeks) (26 weeks) (42 weeks) 

43-Week Interim Evaluation (continued) 

Respiratory System (continued) 

NO%? (10)


Inflammation, suppurative 

Mucosa, pigmentation 


Trachea (10)
Inflammation, suppurative 
Mucosa, pigmentation 10 (100%) 

Special Senses System 
None 

Urinary System 
Kidney (10)

Inflammation, subacute 1 (10%) 
Renal tubule, cytoplasmic alteration 

Urinary bladder (10)
Concretion 1 (10%) 
Dilatation 1 (10%) 

15-Month Interim Evaluation 
Alimentary System 
Liver (10) (10)

Cytoplasmic alteration 2 (20%) 
Inflammation, subacute 1 (10%) 1 (10%) 

Stomach, forestomach (10) (10)

Hyperkeratosis 2 (20%) 


Cardiovascular System 
None 

Endocrine System 
None 

General Body System 
None 

Genital System 
Epididymis (10) (10)


Inflammation, chronic 1 (10%) 

Testes 
 (10) (10)


Atrophy 1 (10%) 



242 Mexachlorocyclopentadiene,NTP TR 437 

TABLEE3 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the Stop-Exposure Evaluation 
of Hexachlorocyclopentadiene(continued) 

0 PPm 0.2 ppm 0.2 ppm 
(33weeks) 

0.2 ppm 
(66weeks)(2

0.5 ppm 
6weeks)(42weeks:, 

0.5 ppm 

None 
Hematopoietic System 
15-Month Interim Evaluation (continued) 

Integumentary System 
None 

Musculoskeletal System 
None 

Nervous System 
Brain 

Mineralization 

Respiratory System 
Larynx (10)

Inflammation, subacute 
Lung (9)

Inflammation, subacute 1 (11%) 
Inflammation, suppurative 1 (11%) 
Alveolar epithelium, hyperplasia 1 (11%) 
Mucosa, pigmentation 9 (100%) 

Nose (10)
Inflammation, suppurative 
Mucosa, pigmentation 10 (100%) 

Trachea (8)
Inflammation, subacute 
Mucosa, pigmentation 10 (100%) 8 (100%) 

Special Senses System 
None 

Urinary System 
Kidney (10) (10)

Inflammation, suppurative 1 (10%) 
Nephropathy, chronic 1 (10%) 

Urinary bladder 
Dilatation

(10) (10)

1 (10%) 
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TABLEE3 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice inthe Stop-Exposure Evaluation 
of Hexachlorocyclopentadiene(continued) 

2-Year Study 
Alimentary System 
Intestine small, duodenum 

Congestion 
Hyperplasia 
Inflammation, suppurative 
Peyer’s patch, hyperplasia, lymphoid 

Intestine small, jejunum 
Congestion 
Inflammation, chronic 
Peyer’s patch, hyperplasia, lymphoid 

Intestine small, ileum 
Congestion 
Peyer’s patch, hyperplasia, lymphoid 

Liver 
Basophilic focus 
Cyst

Cytoplasmic alteration 

Fatty change 

Focal cellular change 

Hyperplasia, nodular 

Infarct 

Inflammation, chronic 

Inflammation, necrotizing 

Inflammation, subacute 

Inflammation, suppurative 

Mineralization 

Necrosis, acute 


Mesentely 
Necrosis 
Fat, hemorrhage 
Fat, necrosis 

Pancreas 
Inflammation, subacute 
Duct, cyst 

Stomach, forestomach 
Hyperkeratosis 

Stomach, glandular 
Mineralization 
Necrosis 

Tooth 
Developmental malformation 

0 PPm 0.2 ppm 0.2 ppm 0.2 ppm 0.5 ppm 0.5 ppm 
(33weeks) (66weeks) (26 weeks)(42weeks) 

(50) (49)
1 (270) 

1 (2%) 
1 (270) 

1 (2%) 
(50) 

1 (2%)
(50) 

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

(50) (50)
1 (2%) 

1 (2%) 

1 (2%)
(50) (50) 

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

2 (4%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 2 (4%) 
(4)
1 (25%) 

(4
1 (50%) 

1 (25%) 
1 (25%) 1 (50%) 

1 (2%) 
1 (2%)

(49)  (50) 

(50 )  (50 )
2 (4%) 

( 5 0 )  
1 (2%) 

( 5 0 )
2 (4%) 

3 (6%) 
(2)

2 (100%) 
(1) (1)

1 1(100%)(100%)
(1) (3)

3 (100%) 
Inflammation, suppurative 1 (100%) 

Cardiovascular System 

Atrium, thrombosis 
Arteriole, mineralization 

Heart (50 )  

1 (2%) 

(50 )
1 (2%) 
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of Hexachlorocyclopentadiene (continued) 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the Stop-Exposure Evaluation 
TABLEE3 

0 PPm 0.2 ppm 0.2 ppm 
(33 weeks) 

0.2 ppm 
(66weeks) 

0.5 ppm 
(26 weeks) 

0.5 ppm 
(42 weeks) 

Adrenal cortex 
Endocrine System 
&Year Study (continued) 

Hyperplasia 
(49) (50)

1 (2%) 
Thyroid gland (47) (45)(50 )(48)(49) (40) 

Crystals 1 (2%) 
Cyst

Follicular cell, hyperplasia 


General Body System 
None 

Genital System 
Epididymis 

Inflammation, granulomatous 
Penis 

Concretion 
Inflammation, suppurative 

Preputial gland 
Inflammation, granulomatous 
Inflammation, suppurative 
Duct, dilatation 

Prostate 
Inflammation, suppurative 

Seminal vesicle 
Dilatation 
Hemorrhage 

Testes 
Atrophy 

Hematopoietic System 
Bone marrow 

Hyperplasia 
Lymph node 

Deep cerv ica l ,  hematopoietic cell 
proliferation 

Lymph node, bronchial 
Hyperplasia, lymphoid 

Lymph node, mandibular 
Hematopoietic cell  proliferation 
Hyperplasia 
Hyperplasia, lymphoid 

Lymph node, mesenteric 
Congestion 
Hematopoietic cell proliferation 
Hemorrhage 
Hyperplasia, lymphoid 

4 (8%) 

(50)
1 (2%) 

(4) 


2 (50%) 
(9)


1 (11%) 
2 (22%) 
5 (56%) 

(50) 
1 (2%) 

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

(50 )  

(48)
1 (2%) 

2 (4%) 
4 (8%) 

2 (4%) 
5 (10%) 2 (4%) 4 (9%) 7 (14%) 15 (38%) 

(50)
1 (2%) 

(3)

1 (33%) 

2 (67%) 


(4) 


3 (75%) 
(50) 

1 (50%) 
(50) 	 (49)

1 (2%) 6 (1246) 
(43)


1 (2%) 
1 (2%) 
5 (12%) 

(49)

3 (6%) 
1 (2%) 

2 (4%) 

7 (14%) 
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TABLEE3 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the Stop-Exposure Evaluation 
of Hexachlorocyclopentadiene(continued) 

0 PPm 0.2 ppm 0.2 ppm 0.2 ppm 0.5 ppm 0.5 ppm 
(33weeks) (66  weeks) (26 weeks) (42 weeks) 

2-Yew Study (continued) 

Hematopoietic System(continued) 

Lymph node, mediastinal (46)


Hyperplasia, lymphoid 
Spleen (50 )  (50)

Hematopoietic cell proliferation 2 (4%) 3 (6%) 
Thymus (47) 

cys t  

Integumentary System 
(48)
(48) 
Skin (50)  (50 )

2 (4%)
(46)
 (36)

2 (6%)Alopecia 
Edema 1 (2%) 
Inflammation, 4 (8%)suppurative 

Prepuce, suppurative
inflammation, 1 (2%) 

Musculoskeletal System 
None 

Nervous System 
Brain (50)

1 (2%) 

Inflammation, subacute 1 (2%) 

Inflammation, suppurative 1 (2%) 

Mineralization 13 (26%) 10 (20%) 


Respiratory System 
Larynx (50) (50)

Inflammation, subacute 3 (6%) 
Lung (50 )  (49) (50) (50)

Bronchiectasis 2 (4%) 
Congestion 1 (2%) 2 (4%) 1 (2%) 1 (2%) 
Hemorrhage 1 (2%) 
Hyperplasia, macrophage 2 (4%) 
Infiltration cellular, histiocyte 1 (2%) 1 (2%)
Inflammation, subacute 1 (2%) 2 (4%) 2 (4%) 2 (4%) 2 (4%) 3 (6%) 
Inflammation, suppurative 4 (8%) 16 (32%)
Mineralization 1 (2%)
Pigmentation 1 (2%)

Alveolar epithelium, hyperplasia 5 (10%) 4 (8%) 2 (4%) 4 (8%) 5 (10%) 

Arteriole, bacterium 1 (2%)

Bronchiole, hyperplasia 1 (2%) 1 (2%) 

Interstitium, inflammation 1 (2%) 

Mucosa, pigmentation 45 (90%) 46 (92%) 45 (92%) 48 (96%) 33 (66%)

Pleura, inflammation, suppurative 1 (2%) 


(50) 
Compression 
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TABLEE3 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the Stop-Exposure Evaluation 
of Hexachlorocyclopentadiene(continued) 

0.2 ppm 0.2 pprn 0.2 pprn 0.5 ppm 0.5 ppm 
(33 weeks) (66weeks) (26 weeks) (42 weeks) 

&Year Study (continued) 

Respiratory System (continued) 

NO% (50 )  (50 )  (50 )  (49) (50 )  (50) 


Hemorrhage, acute 1 (2%) 

Inflammation, subacute 1 (2%) 1 (2%)

Inflammation, suppurative 36 (72%) 2 (4%) 17 (35%) 7(14%) 24 (48%)

Mucosa, pigmentation 44 (88%) 50  (100%) 46(94%) 35 (70%) (58%)
29 

(50) Trachea (49) (50) (50) (49) 

482748 (98%)(98%) 

(50)
Inflammation, subacute 5 (10%) 

Inflammation, suppurative 2 (4%) 8 (16%) 

Mucosa, pigmentation 48 (96%) 50 (100%) (54%) 

Special Senses System 
None 

Urinary System 
Kidney 

casts 
Qst

Dilatation 

Hydronephrosis 

Hypertrophy
Inflammation, chronic 
Inflammation, subacute 
Inflammation, suppurative 
Metaplasia, osseous 
Mineralization 
Nephropathy, chronic 
Polycystic kidney 
Pelvis, dilatation 
Renal tubule, degeneration 

Urethra 
Concretion 

Urinary bladder 
Dilatation 

(50 )
1 (2%) 
1 (2%) 
3 (6%)
1 (2%) 
1(2%) 
1 (2%) 
4 (8%) 
2(4%) 

1(2%) 
1 (2%) 
6 (12%) 

(1)
1 (100%) 

(50 )
6 (12%) 

(50 )  

3 (6%) 

1 (2%) 
2 (4%) 

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

2(4%) 
1 (2%) 

(50)
4 (8%) 

a Number of  animals examined microscopically at site and number of animals with lesion 
Includes 60 controls from the core study 
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GENETIC TOXICOLOGY 

SALMUNELLATYPHIMURUM MUTAGENICITYTESTPROTOCOL 
Testing was performed  as reported by Haworth et al. (1983). Hexachlorocyclopentadiene was sent  to the 
laboratory as a coded  aliquot from Radian Corporation (Austin, TX). It was incubated  with the 
Salmonella typhimurium tester  strains TA98, TA100, TA1535, and TA1537 either  in buffer o r  S9 mix 
(metabolic activation enzymes and cofactors from Aroclor 1254-induced male Sprague-Dawley rat o r  Syrian 
hamster liver) for 20 minutes at 37" C. Top  agar supplemented with I-histidine and  d-biotin was added, 
and the contents o f  the tubes were mixed and  poured onto the surfaces o f  minimal glucose agar plates. 
Histidine-independent mutant colonies arising on these  plates were counted following incubation  for 
2 days at 37" C. 

Each trial consisted of triplicate plates o f  concurrent positive and negative controls  and o f  at least five 
doses o f  hexachlorocyclopentadiene. High dose was limited to 100pglplate. All trials  were repeated. 

In this assay, a  positive response is defined as  a reproducible, dose-related increase in histidine-
independent (revertant) colonies in any one  straidactivation combination. An equivocal response is 
defined as an increase  in revertants that is not  dose-related, not reproducible, or is o f  insufficient 
magnitude t o  support a determination of  mutagenicity. A negative response is obtained when no increase 
in revertant colonies is observed following chemical treatment.  There is no minimum  percentage or  fold 
increase required for a chemical to be judged positive or weakly positive. 

CHINESEHAMSTER OVARY PROTOCOLSCELL CYTOGENETICS 
Testing was performed  as reported by Galloway ef aI. (1987). Hexachlorocyclopentadiene was sent  to thc 
laboratory as a coded aliquot by Radian Corporation. It was tested in cultured  Chinese hamster ovary 
(CHO) cells for  induction of  sister chromatid exchanges (SCEs) and  chromosomal aberrations (Abs), both 
in the presence and absence o f  Aroclor 1254-induced male  Sprague-Dawley rat liver S9 and cofactor mix. 
Cultures were handled under gold lights to prevent photolysis o f  bromodeoxyuridine-substitutedDNA. 
Each test consisted o f  concurrent solvent and positive controls  and o f  at least three doses o f  
hexachlorocyclopentadiene. A single flask per  dose was used. 

Sister Chromatid Erchange Test: In the SCE test without S9, CHO cells were  incubated for 26  hours withi 
hexachlorocyclopentadienein McCoy's 5 A  medium supplemented with fetal  bovine serum, I-glutamine, and 
antibiotics. Bromodeoxyuridine (BrdU) was added  2 hours after culture initiation. After 24 hours,  the 
medium containing hexachlorocyclopentadiene was removed and  replaced with fresh  medium plus BrdU 
and Colcemid, and incubation was continued  for 2 hours. Cells were then harvested by mitotic shake-off, 
fued, and stained with Hoechst 33258 and Giemsa. In the  SCE test with S9, cells were  incubated with 
hexachlorocyclopentadiene,serum-free medium, and S9 for 2 hours. The medium was then removed and 
replaced with medium containing serum and BrdU and no hexachlorocyclopentadiene, and incubation 
proceeded for an  additional 26  hours, with Colcemid present  for the final 2  hours. Harvesting and staining 
were the same  as for cells treated  without S9. All slides were  scored blind and  those from a single test 
were read by the  same person. Fifty second-division metaphase cells were  scored for frequency of 
SCEs/cell from  each dose level; high dose was limited to 5 pg/mL. 

Statistical analyses were  conducted on  the slopes o f  the dose-response curves and  the individual dose 
points (Galloway et al.,  1987). A n  SCE frequency 20%  above the  concurrent solvent  control value was 
chosen as a statistically conservative positive response. The probability o f  this level o f  difference occurring 
by chance at  one dose  point is less than 0.01; the probability for  such a chance occurrence at two dose 
points is  Iess than 0.001. A n  increase o f  20% or greater at any single  dose was considered weak evidence 
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o f  activity; increases at two o r  more doses resulted in a  determination that the trial was positive. A 
statistically significant trend (PcO.05) in the absence o f  any responses  reaching 20% above background led 
to a call o f  equivocal. 

ChromosomalAberrations Test: In the Abs test  without S9, cells were  incubated in McCoy’s 5A medium 
with hexachlorocyclopentadiene for 10 hours; Colcemid was added and incubation  continued for 2 hours. 
The cells were then harvested by mitotic shake-off, fixed, and  stained with Giemsa. For the Abs test with 
S9, cells were treated with hexachlorocyclopentadiene and S9 for 2 hours, after which the  treatment 
medium was removed and  the cells were  incubated for 11 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. The 
harvest time  for the Abs test was based on the cell cycle information  obtained in the SCE test: no cell 
cycle delay was anticipated.  High dose was limited by toxicity. 

Cells were  selected for scoring on the basis o f  good morphology and  completeness o f  karyotype 
(21 -c 2 chromosomes). All slides were  scored blind and  those from a single test were read by the same 
person. Where possible, 200 first-division metaphase cells were  scored per dose level. Classes of  
aberrations included simple (breaks and terminal deletions), complex (rearrangements and translocations), 
and other (pulverized cells, despiralized chromosomes,  and cells containing 10 o r  more aberrations). 

Chromosomal aberration data are presented  as percentage o f  cells with aberrations. To arrive at a 
statistical call for a trial, analyses were conducted on both the dose response curve and individual dose 
points. For a single trial, a statistically significant (P10.05)  difference for one  dose point and a significant 
trend (P50.015) are considered weak evidence for  a positive response; significant differences for two or 
more doses  indicate the trial is positive. A positive trend  test in the absence of a  statistically significant 
increase at any one dose  resulted in an equivocal call (Galloway et al., 1987). Ultimately, the trial calls 
were based on a  consideration o f  the statistical analyses as well as  the biological information available to 
the reviewers. 

DROSOPHILAMELANOGASTER TESTPROTOCOL 
The assays for  induction o f  sex-linked recessive lethal (SLRL) mutations were performed with adult flies as 
described by Zimmering et al. (1985). Hexachlorocyclopentadiene was supplied as a coded aliquot  from 
Radian Corporation. It was assayed in the SLRL test by feeding for 3 days to  adult Canton-S wild-type 
males no  more than 24 hours old at  the beginning o f  treatment. Because no positive response was 
obtained, hexachlorocyclopentadiene was retested by injection into  adult males. 

To administer a chemical by injection,  a glass Pasteur  pipette is drawn out in  a flame to a microfine 
filament, and the  tip is broken off to allow delivery of the test  solution. Injection is performed either 
manually, by attaching  a rubber bulb to the other end o f  the pipette and forcing through sufficient solution 
(0.2 to 0.3 pL) to slightly distend the  abdomen o f  the fly, o r  by attaching the  pipette to a  microinjector 

that automatically delivers a  calibrated volume. Flies are anesthetized with ether  and immobilized on a 

strip o f  tape. Injection into the thorax, under the wing, is performed with the aid o f  a dissecting 

microscope. 


Toxicity tests  were performed to  set concentrations of hexachlorocyclopentadiene at a level that would 
induce 30% mortality after 72 hours of feeding or 24 hours  after injection, while keeping induced sterility 
at an acceptable level. For the SLRL test, oral exposure was achieved by allowing Canton-S males to feed 
for 72 hours on a  solution o f  hexachlorocyclopentadiene in 5% sucrose. In the injection  experiments, 
24- t o  72-hour-old Canton-S males were  treated with a  solution of  hexachlorocyclopentadiene dissolved in 
saline and allowed t o  recover for 24 hours. In the  adult exposures, treated males were  mated to  three 
Basc females for 3 days and given fresh females at 2-day intervals to produce three matings o f  3, 2, and 
2 days (in each case, sample  sperm from successive matings were  treated at successively earlier  postmeiotic 



250 IIexochlorocyclopentadiene, NTP TR 437 


F, daughters from the same parental male  were kept together to identify clusters. (A cluster  occurs when 
a number o f  mutants from a given male  results from a  single spontaneous premeiotic mutation event anld 
is identified  when the number o f  mutants from that  male exceeds the  number predicted by a  Poisson 
distribution.) If a  cluster was identified, a11 data  from the male  in question were discarded. Presumptivc: 
lethal mutations were identified as vials containing fewer than 5% o f  the expected number o f  wild-type 
males after 17 days; these  were retested to confirm the response. 

SLRL data were analyzed by simultaneous comparison with the  concurrent and historical  controls, using a 
normal approximation to the binomial test (Margolin et al., 1983). A test result is considered positive if 
the P value is less than 0.01 and the mutation frequency in the tested group is greater than 0.10%, or  if 
the P value is less than 0.05 and the frequency in the treatment  group is greater than 0.15%. A test is 
considered to be inconclusive if (a) the P value is between 0.05 and 0.01 but  the frequency  in the 
treatment group is between 0.10% and 0.15% or (b) the  P value is between 0.10 and 0.05 but the 
frequency in the treatment  groups is greater than 0.10%. A test is considered negative if the  P value is 
greater than 0.10 or  if the frequency in  the treatment group is less than 0.10%. 

MOUSEPERIPHERAL BLOOD TEST PROTOCOL MICRONUCLEUS 
A detailed discussion o f  this assay is presented in MacGregor et al. (1990). Peripheral  blood samples were 
obtained from male and female B6C3Fl mice at  the end o f  the 13-week inhalation toxicity study. Smears 
were immediately prepared and fKed in  absolute methanol. They were later stained with a chromatin-
specific fluorescent dye mixture o f  Hoechst 33258/pyronin Y (MacGregor et aL., 1983), and coded. Slidles 
were scanned to  determine the frequency o f  micronuclei in 2,OOO polychromatic  erythrocytes (PCB)  and 
10,OOO normochromatic  erythrocytes (NCEs) in 10 animals per dose group. The criteria o f  Schmid (1976) 
were used to define  micronuclei, with the additional  requirement that the micronuclei exhibit the 
characteristic fluorescent emissions o f  DNA (blue with 360 nm and  orange with 510  nm UV illumination); 
the minimum  size limit was approximately  one-twentieth the  diameter o f  the NCE cell. In addition, the 
percentage o f  P C B  among  the total erythrocyte  population was determined. 

Log transformation o f  the NCE data, and testing  for normality by the Shapiro-Wilk  test, and  for 
heterogeneity o f  variance by Cochran’s test,  were performed before statistical analyses. The frequency of 
micronucleated cells among  NCEs was analyzed by analysis o f  variance using the SAS GLM procedure. 
The NCE data for each dose groupwere compared with the  concurrent solvent  control using Student’s. 
t-test. The frequency o f  micronucleated cells among P C B  was analyzed by the Cochran-Armitage tren.d 
test, and individual dose  groups were  compared to  the concurrent  solvent control by Kastenbaum- 
Bowman’s binomial  test. The percentage o f  PCEs among total erythrocytes was analyzed by an analysis o f  
variance on ranks (classed by sex), and individual dose  groups were compared with the concurrent  solvent 
control using a  t-test on ranks. 

RESULTS 
Hexachlorocyclopentadiene (0.03 to 100pdplate) was not  mutagenic in S. ryphinzun’um strains TA98, 
TA100, TA1535, or TA1537 when tested by a preincubation protocol, with and  without Aroclor 
1254-induced male Sprague-Dawley rat  or Syrian hamster liver S9  (Table Fl; Haworth et al., 1983). I13 
cytogenic assays with  cultured CHO cells, hexachlorocyclopentadiene induced both SCEs and Abs with and 
without S9 (Tables F2 and F3; Galloway el al., 1987). Although no cell cycle delay was evident  in either o f  
these CHO cell studies, toxicity was a problem in the Abs  test where fewer than the  desired number crf 
200 cells per dose level were available for  scoring at the highest doses tested, with and  without S9. In.the 
SCE test, no clear  dose-response relationship was evident. 

In vivo, no genetic effects were observed. No induction o f  sex-linked recessive lethal  mutations was noted 
in germ cells o f  male D.nzelanogaster treated with hexachlorocyclopentadieneby feeding o r  injection 
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(Table F4;Zimmering et aL, 1985; Mason et aL, 1992). No increase in the frequency of micronucleated 
erythrocytes was  observed i n  peripheral blood samples obtained from male and female B6C3Fl mice 
exposed to hexachlorocyclopentadiene by inhalation for 13 weeks (Table F5). 
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TABLEF1 
Mutagenicity of Hexachlorocyclopentadiene in Sulmoneua typhimuriuma 

Strain Dose 
(IcfdPlaW 

TAlOO 
0.00 

0.03 

0.10 

0.30 

1.oo 

3.30 

10.00 

33.30 

100.00 


Trial summary 
Positive control' 

TA1535 

0.00 

0.03 

0.10 

0.30 

1.oo 

3.30 

10.00 

33.30 

100.00 


Trial summary 
Positive control 

TA1537 

0.00 

0.03 

0.10 

0.30 

1.00 

3.30 

10.00 

33.30 

100.00 


Trial summary 
Positive control 

-s9 

79 f 6.4 

102 f 7.5 

94 f 2.6 

98 f 2.6 

108 f11.5 

96 f 5.2 


Negative 
404 f 11.8 


15 f 0.3 
12 +. 0.3 
18 2 3.2 
17 2 2.3 
19 2 3.2 
17 f 1.2 

Negative 
312 f 4.4 


6 +- 0.3 
5 f 0.7 
5 f 0.3 
6 f 1.8 
4 f 0.3 
6 f 0.9 

Negative 
152 & 13.7 

Revertants/plateb 

+IO% hamster S9 

154 f.13.1 


143 f 9.6 

138 f 14.5 

118 f 12.0 

121 2 2.3 

112 2 12.8 


Negative 
908 5 11.0 

11 f 0.9 


15 f 3.0 

10 f 2.1 

15 f 1.0 

15 f 1.7 

9 f 1.9 


Negative 
360 2 4.5 

12 f 1.5 


16 f 1.9 
14 f 1.2 
12 f 1.8 
15 2 0.7 
11 f 1.7 

Negative 
397 f.12.0 

+lo% rat S9 

114 zk 4.2 

113 f 5.5 
121 f13.0 
108 f 7.1 
119 f 5.3 
124 2 4.0 

Negative 
305 2 7.0 

13 & 3.1 

10 f 2.1 
10 2 3.1 
13 f 2.6 
10 f 2.1 
6 2 0.9 

Negative 
228 f 3.8 


10 f 1.2 


9 f 2.3 
9 f 2.0 
13 f 0.6 
12 f 2.1 
7 5 3.5 

Negative 
154 -c 5.1 
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TABLEF l  

Mutagenicity of Hexachlorocyclopentadiene in SalmoneUa typhimurium (continued) 


Revertants/plate 

Strain Dose -s9 +IO% hamster S9 +lo%rat S9 
Crcg/plate) 

TA98 
0.00 17 f 2.6 32 f 1.0 	 22 2 2.1 
0.03 17 f 1.5 
0.10 13 f 0.7 
0.30 14 f 2.1 
1.00 16 rt 1.9 28 rt 1.2 	 19 2 2.9 
3.30 14  f 1.8 30 rt 4.9 	 25 2 4.9 

10.00 	 27 r 1.5 24 * 3.7 
33.30 	 37 f 6.4 32 f 3.5 

100.00 	 32 f 3.7 26 -t 4.3 

Trial summary Negative Negative Negative 
Positive control 675 2 61.2 426 k 10.5 115 rt 8.2 

a 	 Study performed a t  SRI, International. The detailed protocol and these data are presented in Haworth a a/. (1983). 
Revertants are presented  as mean f standard error from three plates. A l l  trials were repeated. Because the data are published 
elsewhere, only one trial per experimental condition is presented here. 
2-Aminoanthracene was used on all  strains in the presence o f  S9. In the absence o f  metabolic activation, 4-nitro-o-
phenylenediamine was tested on TA98, sodium azide was tested on TAlOO and TA1535, and 9-aminoacridine was tested on 
TA1537. 
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TABLEF2 
Induction of Sister Chromatid  Exchanges in Chinese Hamster Ovary Cells by Hexachlorocyclopentadienea-

Compound &mL 
Dose 

Cells 
Total 

somes 
Chromo-

No. of 

SCEssome 
No. of Chromo-

scw 

CellBrdUin 
SC&/ Hrs Chromosome 

Relative SCEs/ 

( W b  

-s9 

Summary:Weaklypositive 
Trial 1 

Dimethylsulfoxide 369 0.35 507.4 1,02826.0 

Mitomycin-C O.OOO5 50 1,022 519 0.50 10.4 26.0 41.48 
0.0050 10 206 263 1.27 26.3 26.0 255.68 

Hexachlorocyclopentadiene 0.016 50 1,030 405 0.39 8.1 26.0 9.54 
0.050 50 1,037 413 0.39 8.3 26.0 10.95 
0.160 50 1,024 469 0.45 9.4 26.0 27.60. 
0.500 50 1,025 432 0.42 8.6 26.0 17.42 

P=O.oolC 

Trial 2 
Summary:Positive 

Dimethylsulfoxide 50 1,046 383 0.36 7.7 26.0 

Mitomycin-C O.OOO8 50 1,047 501 0.47 10.0 26.0 30.69 
0.0050 10 210 317 1.50 31.7 26.0 312.27 

Hexachlorocyclopentadiene 0.05 50 1,039 514 0.49 10.3 26.0 35.11" 
0.10 
0.16 

50 
50 

1,041 
1,041 

468 
436 

0.44 
0.41 

9.4 
8.7 

26.0 
26.0 

22.78" 
14.38 

0.50 50 1,046 538 0.51 10.8 26.0 40.47" 

P<0.001 
+s9 

Trial 1 
Summary: WeaklyPositive 

40850  

Cyclophosphamide 0.15 50 1,039 509 0.48 10.2 26.0 25.36 
0.60 10 206 191 0.92 19.1 26.0 137.25 

Hexachlorocyclopentadiene 0.16 50 1,041 379 0.36 7.6 26.0 -6.84 
0.50 50 1,032 439 0.42 8.8 26.0 8.8.'; 
1.60 50 1,036 511 0.49 10.2 26.0 26.2h. 
5.00 50 1,045 44 1 0.42 8.8 26.0 7.98 

P = O . o o l  

* Positive (P<O.Ol)
a Study performed a t  Environmental Health Research and Testing, Inc. SCE = sister chromatid  exchange; 


BrdU = bromodeoxyuridine. A detailed description of the protocol is  presented by  Galloway ef al. (1987). 

SCFdchromosome o f  culture exposed to hexachlorocyclopentadienerelative to  those o f  culture exposed t o  solvent 


e Significance of relative SCEs/chromosome tested by the linear regression trend test vs. l o g  o f  the dose 

Dimethylsulfoxide 0.39 8.2 1,044 26.0 
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TABLEF3 
Induction of Chromosomal Aberrations in  Chinese Hamster Ovary Cells by €IexachlorocycIopentadienea 

-s9 
Dose Total No. of Ab4 

W m L )  Cells Abs CellsCell 

Trial 1 - Harvest time: 12.0 hours 
Summary:WeaklyPositive 

Dimethylsulfoxide 
200 1 0.01 

Mitomycin-C 

0.125 200 48 0.24 
0.250 50 16 0.32 

Hexachlorocyclopentadiene 


Percent 

with Abs 

0.5 

21.5 
28.0 

+s9 
Dose Total No. of Abs/ Percent 

(BdmL) Cells A b  CellsCell 
with Abs 

Trial 1 - Harvest time: 13.0 hours 
Summary:WeaklyPositive 

Dimethylsulfoxide 
200 1 0.01 0.5 

Cyclophosphamide 

5.O 200 29 0.15 14.0 
7.5 50 18 0.36 32.0 

Hexachlorocyclopentadiene 


0.5 200 2 0.01 1.0 1.6 200 
3.0 200 

1 0.04 4.0 
1.o 200 3 0.02 1.5 1 0.01 1.o 
1.6 200 10 5.02 
3.0 19b 0 0.00 0.0 10.0 1 d  43 0.32 21.3. 

P = O . O l l C  	 P<O.ool 

Trial 2 - Harvest time 13.0 hours 
Summary: Positive 

Dimethylsulfoxide 
200 0 0.00 0.0 

Cyclophosphamide 

5.O 2og 34 0.17 15.5 
7.5 50 27 1.54 50.0 

Hexachlorocyclopentadiene 


3.0 200 4 0.02 2.0 
5.0 200 6 0.03 3.0' 
7.5 200 28 0.14 9.5' 

. Positive (PsO.05) 
a 	 Study performed at Environmental  HealthResearch and Testing,Inc. Abs = aberrations. A detailed presentationof the protocol 

is presented in Gallowayer uf. (1987). 
Due to severe chemical-induced toxicity, fewerthan  200 cells could be scored for aberrations. 
Significance of percent cells wi th  aberrations tested by the linear regression trend testvs. log of the dose 

0.05 200 0.03 3.04.0 
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TABLEF4 
Induction of Sex-Linked Recessive Lethal Mutations in Drosophila melamgaster 
by HexachIorocycIopentadienea 


Incidence of Incidence of 
Route of Doseths No. of Lethnls/No. of X ChromosomesDes 	 TestedSterility 
fiposum (PPW (94 ( W  Mating 1 Mating 2 Mating 3 Totalb 

Study 1 

Feeding 10 5OB98 3 28-56 u868 4/2,622(0.15Rl) 
0 on21 l/299 0d27 "7 (0.12%) 

014271Feeding 13 46 111,108 111,314 w2,849 (0.07%)) 
1n,790316,0610 	 1/2,1% 1/2,075 ( 0 . 0 5 ~ 2 )  

Injection 
0 

900 14 29 
3D.211 
u2,002 

011,892 
311,559 111,471 

411,087 
615,032 (0.12%) 
715,190 (0.13%) 

Study 2 

Feeding 16 1 
2/3,373 
0/2,614 

3n,24g 
2/2,855 

Injection 212,2573 
0/2,327 0/2,346 

Injection 13 11 o m 2  W 4 1  
1/1,052 011,044 

a 	 Studies performed at the University o f  Wisconsin, Madison,WI.  A detailed description of the  protocol and the data from study 2 
are presented in Zimmering et al. (1985). The data from study 1are presented in Mason et al. (1992). Results were not significant 
at  the 5% level (Margolin et a L ,  1983). 
Combined total number  of lethal mutationslnumber of X chromosomes tested for three mating  trials 

2 3D,145 
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TASLEF5 
Frequency of Micronuclei in Mouse Peripheral Blood Erythrocytes Following Inhalation Treatment 
with Hexachlorocyclopentadienefor 13 Weeksa 

Dose Micronucleated Cells/1,000 Cells PCE 
(PPm) PCE NCE cwb 

Male 

0.00 2.12 f 0.73 1.70 f 0.11 1.57 f 0.16 
0.01 1.71 2 0.41 1.88 f 0.14 1.33 k 0.23 
0.05 2.28 f 0.73 2.07 f 0.30 1.84 f 0.28 
0.20 2.02 2 0.51 1.73 f 0.14 1.18 f 0.18 

Trend test' P=O.467 P =OB48 
ANOVAd P=O.146 

Female 

0.00 	 1.55 f 0.39 1.20 f 0.09 2.10 2 0.21 
0.01 	 1.96 f 0.60 1.44 f 0.35 1.49 f 0.24 
0.05 	 1.36 f 0.30 1.09 2 0.04 1.91 f 0.23 
0.20 	 0.87 k 0.23 1.09 k 0.10 1.81 f 0.28 

Trend test P=O.968 P=O.312 
ANOVA P=O.191 

a 	 PCE = polychromatic erythrocyte, NCE = normochromatic erythrocyte. Ten animals per dose group; 2,OOO PCEs scored/animal, 
10,OOO NCEs scored/animal;data presented as mean f standard error of the  mean. A detailed  presentation of the protocol is 
presented in MacGregor et al. (1990). 
Percent PC& among total erythrocyte population

' 	Exposed groups do not  differ from the control by Student's t-test (NCE data) or by Kastenbaum-Bowman's  binomial test (PCE 
data). 
Exposed groups do not differ from the control by t-test on ranks. 
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TA~LE 
G1 
Organ Weights and Organ-Weight-to-Body-Weight Ratiosfor Rats in the 13-Week Inhalation Study 
of Hexachlorocyclopentadienea 

Male 

n 


Necropsy body wt 

Adrenal Gland 
Absolute 
Relative 

Brain 
Absolute 
Relative 

Heart 
Absolute 
Relative 

R. Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

Lungs 
Absolute 
Relative 

R. Testis 
Absolute 
Relative 

Thymus 
Absolute 
Relative 

0 PPm 

10 

344 f 5 


0.042 f 0.002 

0.12 f 0.00 


1.943 f 0.030 

5.65 f0.09 


0.860f 0.016 

2.50f0.05 


1.107 f 0.013 

3.22 f0.03 


11.808 f 0.269 

34.26 f 0.35 


1.597 f 0.051 

4.64 f 0.15 


1.430 f 0.024 

4.15 f 0.05 


0.363k 0.027 
1.05 f 0.08 


0.04 ppm 

10 


330 f 8 


0.041 f 0.005b 

0.13f O.Olb 


1.905 f 0.021 

5.80 f0.14 


0.825 2 0.023 
2.50 f 0.02 


1.043 f 0.024 

3.17 f 0.04 


11.214 f 0.360 

33.94 f 0.40 


1.515 f 0.054 

4.59 '. 0.13 

1.416 2 0.026 
4.30 +. 0.07 

0.368 f 0,023 
1.12 * 0.06 

0.15 ppm 

10 

329 f 9 


0.038 f 0.003 
0.12 f 0.01 


1.925 f 0.015 

5.88 f 0.14 


0.821 f 0.021 

2.50f 0.02 


1.036 +. 0.030 
3.15 +- 0.02 

11.326 2 0.309 
34.422 0.39 

1.561 2 0.044 

4.77 k 0.18 

1.414 f 0.022 

4.31 & 0.08 

0.3032 0.024 

0.92 2 0.07 


0.4 ppm 

10 

319 f 7; 


0.045 f 0.003 

0.14 f 0.01 


1.896 f 0.025 

5.95 f0.07 


0.841 f 0.016 

2.64 f 0.03.. 


1.066 f 0.028 
3.34 f0.04' 


11.233 f 0.236 
35.20 f 0.40 


1.759 f 0.044; 

5.52 f 0.13*; 


1.419 f 0.022 

4.46 f 0.09** 


0.320f 0.020 

1.01 f0.07 
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TABLEG l  
Organ Weights  and Organ-Weight-to-Body-Weight Ratios for Rats in  the 13-Week Inhalation Study 
of Hexachlorocyclopentadiene (continued) 

0 PPm 0.04 ppm 0.15 ppm 0.4 ppm 

Female 

n 10 10 10 10 

Necropsy body wt 195 2 6 191 f 4 198 f 3 190 f 3 

Adrenal Gland 
Absolute 0.046 f 0.002 0.049 f 0.002 0.046 f 0.003 0.047 f 0.001 
Relative 0.24 f 0.01 0.26 f 0.01 0.23 f 0.01 0.25 -c 0.01 

Brain 
Absolute 1.786 f 0.022 1.770 ? 0.022 1.778 2 0.016 1.762 f 0.026 
Relative 9.24 2 0.29 9.28 f 0.15 9.01 f 0.14 9.31 f 0.15 

Heart 
Absolute 0.558 2 0.011 0.552 f 0.018 0.566 2 0.009 0.556 f 0.010 
Relative 2.87 f 0.05 2.88 f 0.06 2.86 f 0.04 2.94 f 0.03 

R. Kidney 
Absolute 0.675 f 0.017 0.660 f 0.011 0.672 f 0.011 0.665 f 0.011 
Relative 3.47 2 0.07 3.46 f 0.05 3.40 2 0.03 3.51 2 0.04 

Liver 
Absolute 6.553 f 0.224 5.991 f 0.182 6.555 2 0.142 6.184 f 0.131 
Relative 33.62 f 0.51 31.33 f 0.63* 33.14 f 0.48 32.64 f 0.57 

Lungs 
Absolute 1.138 f 0.073 1.107 2 0.031 1.123 f 0.028 1.198 f 0.019 
Relative 5.85 f 0.35 5.80 f 0.15 5.68 k 0.14 6.33 f 0.13 

Thymus 
Absolute 0.298 f 0.007 0.246 f 0.015' 0.251 k 0.016 0.329 f 0.018 
Relative 1.54 f 0.06 1.29 f 0.08* 1.27 k 0.08' 1.73 f 0.07 

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

* Significantly different (PSO.05) from the control group by Williams' or Dunnett's test 
*' Ps0.01 
a Organ weights  and body weights are given  in grams; organ-weight-to-body-weight ratios are given as m g  organ weight/g  body weight 

(mean f standard error). N o  data were  collected for 1and 2 ppm males and  females due to 100% mortality. 
n=9 
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TABLE6 2  
Organ Weights andOrgan-Weight-to-Body-WeightRatios for Rats at the 15-Month Interim Evaluation 
in the 2-Year Inhalation Study of Hexachlorocyclopentadienea 

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

Male 

n 	 10 10 10 10 

Necropsy body wt 485 f6 481 f 7 462f8 481 2 6 

Brain 
Absolute 2.028 f 0.009 2.039 f 0.021 1.988 f 0.018 2.012 f 0.011 
Relative 4.18 f0.05 4.24 f 0.06 4.31 f0.08 4.19 f 0.05 

R. Kidney 
Absolute 1.433 f0.043 1.576 f 0.052 1.482 f 0.041 1.522 k 0.027 
Relative 2.95 f0.08 3.27 f 0.09. 3.21 f0.09 3.17 f0.07 

Liver 
Absolute 15.525 f 0.316 15.733 f 0.445 14.720 f 0.286 15.577 f 0.243 
Relative 31.99 f 0.55 32.65 f 0.64 31.89 f 0.59 32.42 f0.42 

Lungs 
Absolute 1.775 f 0.039 1.686 f 0.037 1.609 f0.032.. 1.653 f0.032.. 
Relative 3.66f0.09 3.50 f 0.05 3.48 f 0.05 3.44 * 0.07. 

Female 

n 	 10 10 10 10 

Necropsy bodywt 310 f 10 324 f 9 324 f8 312 f 6 

Brain 
Absolute 1.823 f 0.019 1.834 f 0.015 1.830 f 0.010 1.830 f 0.016 
Relative 5.94 f 0.21 5.69 f0.14 5.68 f 0.14 5.88 f0.08 

R. Kidney 
Absolute 0.960 f 0.035 0.990f 0.022 0.943 f 0.030 1.013 f 0.027 
Relative 3.10 f 0.08 3.06 f 0.04 2.91 f 0.06 3.25 f 0.08 

Liver 
Absolute 9.595 f 0.314 9.379 f0.270 9.102 f 0.228 9.710 2 0.294 
Relative 30.97 f 0.37 28.94 f 0.20.. 28.12 f0.29.. 31.13 f0.72 

Lungs 
Absolute 1.128 f 0.033 1.249 f 0.033. 1.201 & 0.024 1.222 f0.035 
Relative 3.65 f 0.06 3.87 f 0.10 3.72 f 0.06 3.92 f0.09 

l Significantly different (PSO.05)from the control group by Williams’ or Dunnett’s test 
*. PSO.01 
a 	 Organ weights and body weights are given i n  grams; organ-weight-to-body-weight ratios are given as mg organ weight/g body weight 

(mean k standard error). 
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TABLE6 3  
Organ Weights and Organ-Weight-to-Bodyweight Ratiosfor Mice in the 13-Week Inhalation Study 
o€Hexachlorocyclopentadienea 

0 PPm 

Male 

n 10 

Necropsy body wt 31.4 f 0.5 

Adrenal Gland 
Absolute 0.002 f 0.000b 
Relative 0.07 f O.Olb 

Brain 
Absolute 0.459 f 0.004 
Relative 14.66 f 0.26 

Heart 
Absolute 0.141 f 0.005 

Relative 4.50 f 0.15 


R. Kidney 
Absolute 0.247 f 0.006 
Relative . 7.88 f 0.20 

Liver 
Absolute 1.518 f 0.036 
Relative 48.43 f 0.93 

Lungs 
Absolute 0.211 f 0.006 
Relative 6.75 & 0.20 

R. Testis 
Absolute 0.118 f 0.002b 
Relative 3.80 f 0.08b 

Thymus 
Absolute 0.049 f 0.004 
Relative 1.56 f 0.10 

0.04 ppm 

5 

31.1 f 0.8 

0.003 f 0.000'' 
0.10 f 0.01.' 

0.465 f 0.004 
14.78 f 0.44 

0.143 f 0.007 
4.47 f 0.20 

0.262 f 0.010 
8.67 f 0.34 

1.545 f 0.032 
49.08 2 0.74 

0.223 f 0.010 
6.89 f 0.21 

0.130 f 0.009 
4.20 f 0.38 

0.054 f 0.003 
1.62 f 0.11 

0.15 ppm 

10 

29.3 f OS'*  

0.003 f 0.000. 
0.10 f 0.01. 

0.455 f 0.005 
15.57 f 0.25* 

0.145 f O.ooSb 
4.92 f 0.22b 

0.252 f 0.008 
8.61 f 0.25 

1.488 f 0.034 
50.84 f 1.27 

0.211 f 0.006 
7.21 f 0.21 

0.113 f 0.003 
3.85 f 0.10 

0.044 f 0.003 
1.49 f 0.12 

0.4 ppm 

5 

29.1 f 0.5. 

0.003 & 0.000 
0.10 f 0.02. 

0.446 f 0.005 
15.35 f 0.25 

0.144 f 0.009 
4.% f 0.26 

0.246 f 0.016 
8.43 f 0.47 

1.544 f 0.035 
53.07 f 0.43' 

0.227 -c 0.005 
7.83 f 0.25'' 

0.117 f 0.003 
4.02 f 0.04 

0.047 f 0.005 
1.61 f 0.15 
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TABLE6 3  
Organ Weights and Organ-Weight-to-Body-Weight RatiosFor Mice in  the 13-Week Inhalation Study 
of Hexachlorocyclopentadiene (continued) -

0 PPm 0.04 ppm 0.15 ppm 0.4 ppm 

Female 

8n 	 4 9 9 

Necropsy body wt 25.3 f 1.3 25.0 f 0.8 24.3 f 0.3 23.5 f 0.5 

Adrenal Gland 
Absolute 0.007 f O.OO0 0.007 f O.OO0 0.008f o.OO0 0.007 f O.OO0 
Relative 0.29 f 0.02 0.30 f 0.02 0.31 f 0.02 0.29 k 0.01 

Brain 
Absolute 0.477 f 0.007 0.485 f 0.013 0.469 f 0.005 0.459 f 0.007 
Relative 19.03 f 0.88 19.47 f 0.59 19.33 & 0.25 19.62 f 0.55 

Hart  
Absolute 0.118 f 0.005 0.139 & 0.014 0.119 f 0.003 0.114 f 0.004 
Relative 4.66 f 0.12 5.49 f 0.36 4.92 f 0.13 4.87 f 0.10 

R. Kidney 
Absolute 0.201 f 0.011 0.185 f 0.007 0.170 f 0.005* 0.179 f 0.007* 
Relative 7.99 & 0.47 7.38 f 0.18 6.99 f 0.20’ 7.62 f 0.19 

Liver 
Absolute 1.345 f 0.067 1.301 f 0.045 1.304 f 0.043 1.258 f 0.047 
Relative 53.39 f 2.08 52.01 f 0.79 53.66 f 1.45 53.51 f 1.12 

Lungs 
Absolute 0.204 f 0.004 0.200 f 0.008 0.207 f 0.014 0.208 f 0.006 
Relative 8.17 f 0.59 8.08 f 0.47 8.52 f 0.56 8.90 f 0.36 

Thymus 
Absolute 0.082 f 0.033 0.049 f 0.003 0.048 f 0.002 0.046 f 0.004 
Relative 3.19 f 1.23 1.98 f 0.11 1.98 f 0.07 1.96 f 0.18 

l Significantly different (PsO.05) from the control group by Williams’or  Dunnett’s test  
* *  PSO.01 
a 	 Organ weights and body weights are given i n  grams; organ-weight-to-body-weight ratios are given as mg organ weight/g body wei8:ht 

(mean f standard error). No data were collected for 1 and 2 ppm males and females due to 100% mortality. 
n = 9  
n=4 
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TABLE6 4  
Organ Weights and Organ-Weight-to-Body-Weight Ratios for Male Mice 
at the 27-Week  Stop-Exposure Evaluation of€Iexachlorocyclopentadienea 

n 

Necropsy body wt 

Brain 
Absolute 
Relative 

R. Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

Lungs 
Absolute 
Relative 

0 PPm 0.5 ppm 
(26weeks) 

10 10 

34.7 f 1.2 32.4 f 0.8 

0.465 f 0.003 0.445 0.007. 
13.53 f 0.43 13.80 2 0.33 

0.336 2 0.012 0.3092 0.011 
9.70 f 0.23 9.52 rf: 0.16 

1.592 f 0.049 1.542 f 0.046 
46.01 f 0.83 47.57 f 0.39 

0.262 f 0.016 0.273 f 0.011 
7.55 f 0.41 8.47 +- 0.38 

l Significantly different (PSO.05) from the control group by Williams' or Dunnett's test 
a Organ weights and body weights are given in grams; organ-weight-to-body-weight ratiosare given as mg organ weight/g body weight 

(mean f standard error). 

TABLEG5 
Organ Weights  and Organ-Weight-to-Body-Weight Ratios for Male Mice 
at the 34-Week  Stop-Exposure Evaluation ofI-Iexachlorocyclopentadienea 

n 

Necropsy body wt 

Brain 
Absolute 
Relative 

R. Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

Lungs 
Absolute 
Relative 

0 PPm 0.2 ppm 0.5 ppm 
(33 weeks) (26 weeks) 

10 10 10 

41.0 f 1.5 39.3 f 1.1 35.2 f 0.7** 

0.468f 0.004 0.464 2 0.006 0.456 f 0.006 
11.53 2 0.34 11.88 f 0.34 13.00 f 0.22.. 

0.363 f 0.010 0.351 f 0.008 0.322 f 0.008" 
8.90 f 0.20 8.95 f 0.17 9.16 f 0.13 

43.82 f 0.55 
1.792 f 0.056 

45.02 * 0.70 
1.767 2 0.047 

47.18 f 0.70.' 
1.659 f 0.042 

0.333 f 0.011 0.312 f 0.007 0.274 f 0.007.. 
8.16 f 0.21 7.96 f 0.14 7.80 f 0.19 

* *  Significantly different (PSO.01) from the control group by Williams' or  Dunnett's test  
a Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given  as mg organ weight/g body weight 

(mean f standard error). 
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TABLE6 6  
Organ Weights and Organ-Weight-to-Body-WeightRatios for Male Mice 
at the 43-Week Stop-Exposure Evaluation of €Iexachlorocyclopentdienea 

n 

Necropsy body wt 

Brain 
Absolute 
Relative 

R. Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

Lungs 
Absolute 
Relative 

0 PPm 0.2 ppm 0.5 ppm 
(33 weeks) (26 weeks) 

10 10 10 

42.4 f 0.7 45.3 f 1.6 36.6f 1.3. 

0.476 f 0.005 0.476 f 0.003 0.458 f 0.006. 
11.25 f 0.17 10.61 f 0.35 12.65 f 0.43 

0.402f 0.010 0.387 f 0.010 0.340 f 0.010.. 
9.49 f 0.20 8.57f 0.14. 9.40 f 0.42 

1.800 f 0.036 1.904 f 0.084 1.658 f 0.039 
42.54 f 1.00 41.90 f 0.50 45.60 f 1.14 

0.248 f 0.010 0.246 f 0.010 0 . m  f 0.006 
5.87 f 0.27 5.45 f 0.19 5.70 f 0.26 

l Significantly different(PsO.05)from the control group byWilliams’ or Dunnett’s test 
P40.01 

.. ’ , 

, 1. , -
0.5 ppm 


(42 weeks) 


-
10 


30.8 f 1.6.. 


0.453 f 0.005.. 
15.12 f 0.90.. 


0.318 f 0.016.. 

10.36 f 0.21 


1.514 f 0.080.. 

49.27 f 1.00.. 


0.357 f 0.061 

12.91 f 3.14.. 


I .  . 

a Organ weights and body weights are given i n  grams; organ-weight-to-body-weight ratios are given asmg organ weight/g , M yweight 
(mean f standard error). 
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TABLEG7 
Organ Weights and Organ-Weight-to-Body-Weight Ratiosfor Male Mice 
at the  15-Month Stop-Exposure Evaluationof Hexachlorocyclopentadienea 

0 PPm 0.2 ppm 0.5 ppm 0.5 ppm 
(33 weeks) (26 weeks) (42 weeks) 

n 	 10 10 10 10 

Necropsybody~ 42.5 f 1.3 44.7 f 1.5 40.1 f 1.2 38.8 f 2.3 

Brain 
Absolute 0.463 f 0.002 0.471 f 0.007 0.472 f 0.003 0.462 f 0.005 
Relative 10.99 f 0.36 10.67 f 0.43 11.88 f 0.42 12.34 f 0.82 

R. Kidney 
Absolute 0.358 2 0.011 0.359 f 0.009 0.375 * 0.018 0.331 f 0.012 
Relative 8.46 f 0.24 8.13 k 0.39 9.36 f 0.34 8.68 f 0.31 

Liver 
Absolute 2.054 f 0.084b 1.888 f 0.064 1.684 f 0.058. 1.668 f 0.120.. 
Relative 49.08 f 3.03b 42.49 f 1.33’ 42.02 f 0.72. 43.03 f 1.66 

Lungs 
Absolute 0.229 f 0.009 0.216 f 0.006 0.243 f 0.005 0.235 f 0.009 
Relative 5.42 f 0.23 4.87 f 0.15 6.12 f 0.24 6.27 f 0.48 

. Significantly different (Ps0,OS) f rom the control group by Williams’ or Dunnett’s test 

.* 	 Ps0.01 
Organ weights and body weightsare. given in grams; organ-weight-to-body-weight ratios are given as mg organ  weight/g body weight 
(mean f standard error). 
n=9 
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TABLEG8 
Organ Weights and Organ-Weight-to-Body-Weight Ratios for  Mice 
at the 15-Month Interim Evaluation in the 2-Year Inhalation Study of €Iexachlorocyclopenhdienea 

Male 

n 

Necropsy body wt 

Brain 
Absolute 
Relative 

R. Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

Lungs 
Absolute 
Relative 

Female 

n 

Necropsy body wt 

Brain 
Absolute 
Relative 

R. Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

Lungs 
Absolute 
Relative 

' 

~ ~~ 

0 PPm 

10 

42.5 f 1.3 

0.463 f. 0.002 
10.99 f 0.36 

0.358 f. 0.011 
8.46 f 0.24 

2.054 f 0.084b 
49.08 f 3.03b 

0.229 f 0.009 
5.42 2 0.23 

10 

45.1 tt 1.5 

0,492 k 0.005 
10.99 k 0.33 

0.259 k 0.013 
5.78 f 0.34 

1.933 f 0.087 
42.86 f 1.48 

0.223 f 0.010 
4.98 f 0.25 

0.01 ppm 

~ ~~~ 

0.05 ppm 

10 10 

40.7 f 1.4 42.7 f 1.4 

0.465 f 0.005 0.468 f 0.005 
11.51 f 0.33 11.04 f 0.33 

0.358 f 0.007 0.365 f 0.010 
8.85 f 0.23 8.59 f 0.27 

1.774 f 0.101 1.907 f. 0.082 
43.59 f 2.11 44.95 f 2.40 

0.267 f 0.045 0.211 f 0.004 
6.74 f 1.28 4.98 f 0.17 

10 10 

39.4 f 1.5' 41.0 f 1.7' 

0.494 f 0.005 0.490 f 0.004 
12.69 f 0.43. 12.15 f 0.52' 

0.244 f 0.005 0.247 f 0.008 
6.25 f 0.18 6.07 f 0.18 

1.682 f 0.044' 1.792 k 0.040' 
42.96 f 0.95 44.20 f 1.47 

0.230 f 0.016 0.221 f 0.005 
5.93 f 0.49 5.46 f 0.21 

Significantly different (PSO.05) from the control group by Williams' or  Dunnett's test 
* *  Ps0.01 

-

0.2 ppm 

10 

40.8 f 1.7 

0.457 f 0.005 
11.36 f 0.43 

0.359 f 0.015 
8.85 f 0.27 

1.739 f 0.055. 
42.87 f 0.71 

0.224 f 0.003 
5.59 f 0.27 

10 

37.9 f 1.6.. 

0.480 f 0.006 
12.86 f 0.55.. 

0.228 f 0.007, 
6.08 f 0.23 

1.601 f 0.031.' 
42.71 f 1.40 

0.224 f 0.003 
5.99 f 0.22' 

a 	 Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given  as mg organ weight/g body weight 
(mean f standard error). 
n=9 



269 

APPENDIX H 
HEMATOLOGY, CLINICAL CHEMISTRY, AND 

URINALYSIS RESULTS 

TABLE H1 Hematology and Clinical  Chemistry Data €or Rats 
in the 13-Week Inhalation  Study of Hexachlorocyclopentadiene ................... 270 

TABLE H2 Hematology, Clinical  Chemistry, and Urinalysis Data €orRats 
in the Special 13-Week Inhalation  Study of Hexachlorocyclopentadiene ............. 272 

TABLEH3 Urinalysis Data €or Rats at the 15-Month Interim  Evaluation 
in the 2-Year Inhalation  Study of Hexachlorocyclopentadiene .................... 278 

TABLE H4 Hematology and Clinical  Chemistry Data €or Mice 
in the 13-Week Inhalation  Study of Hexachlorocyclopentadiene ................... 279 

TABLEH5 Hematology, Clinical  Chemistry, and Urinalysis  Data €or Mice 
in the Special 13-Week Inhalation  Study of IIexachlorocyclopentadiene ............. 281 

TABLE H6  Urinalysis Data €or Mice at  the 15-Month  Interim Evaluation 
in the 2-Year Inhalation  Study of Hexnchlorocyclopentadiene .................... 287 



270 ' IIexachlororyclopentdiene, NTP 'TR437 

TABLEH1 
Hematology and Clinical Chemistry Data for Rats in the 13-Week Inhalation Study 
of Hexachlorocyclopentadienea 

0 PPm 0.04 ppm 0.15 ppm 

Male 

11 10 10 10 

Hematology 

Packed cell volume (%) 40.4 2 0.6 41.0 f 0.5 40.2 f 0.3 
Hemoglobin (g/dL) 15.4 f 0.3 15.9 f 0.3 15.3 f 0.1 
Erythrocytes (106/bL) 8.40 f 0.13 8.60 & 0.10 8.35 f 0.06 
Mean cell volume (E) 48.6 f 0.2 48.1 f 0.1 48.4 f 0.2 
Mean cell hemoglobin (pg) 18.4 f 0.1 18.3 f 0.1 18.4 f 0.1 
Mean cell hemoglobin concentration 
("L) 38.2 f 0.2 38.3 2 0.2 38.3 f 0.2 

Reticulocytes (106/bL) 0.1 f 0.0 0.1 f 0.0 0.2 2 0.0 
Leukocytes (l#/bL) 3.79 f 0.11 3.29 f 0.17 3.72 f 0.29 
Segmented neutrophils (103/bL) 1.12 & 0.15 0.95 f 0.08 1.17 f 0.18 
Lymphocytes (103/bL) 2.55 f 0.12 2.27 f 0.16 2.47 f 0.17 
Monocytes (l#/pL) 0.07 f 0.01 0.03 f 0.01.. 0.03 f O.O1.'b 
Eosinophils (103/bL) 0.04 f 0.01 0.04 f 0.01 0.03 f 0.01 

Clinical Chemistry 

Urea nitrogen (mg/dL) 23.7 & 0.8 19.7 f 0.5" 20.6 f 0.7 
Creatinine (rng/dL) 0.96 f 0.02 0.86 f 0.02. 0.88 f 0.03 
Glucose (mg/dL) 18Of8 195 f 6 196 f 3 
Albumin (g/dL) 4.2 f 0.0 4.1 f 0.1 4.0 f 0.0' 
Alanine aminotransferase(IU/L) 54 f 4 39 f 2.. 41 f 2.. 
Aspartate aminotransferase(IU/L) 111 f 4b 84 2 3.. 88 f 2.. 
Lactate dehydrogenase (IU/L) 941 f 136 711 f 68 717 f 36 

Female 

n 10 10 10 

Hematology 

Packed cell volume (%) 41.5 f 0.3 40.8 f 0.5 39.4 f o s *  
Hemoglobin (g/dL) 15.9 * 0.2 15.6 f 0.2 14.9 f 0.2. 
Erythrocytes (106/bL) 8.11 f 0.09 8.01 f 0.08 7.51 f 0.17. 
Mean cell volume (fL) 51.5 & 0.2 51.2 f 0.2 52.9 f 0.9 
Mean cell hemoglobin (pg) 19.7 f 0.1 19.5 f 0.1 20.0 f 0.2 
Mean cell hemoglobin concentration 

(g/dL) 38.4 f 0.2 38.4 f 0.2 37.9 f 0.2 
Reticulocytes (106/bL) 0.1 * 0.0 0.1 f 0.0 0.1 f 0.ob 
Leukocytes (103/bL) 3.52 f 0.24 3.20 A 0.18 3.47 f 0.26 
Segmented neutrophils (103/bL) 0.87 f 0.09 0.73 f 0.05 0.70 f O M b  
Lymphocytes (103/bL) 2.58 f 0.19 2.42 f 0.16 2.54 f 0.19 
Monocytes (103/bL) 0.04 f 0.01 0.04 f 0.00 0.03 f 0.01 
Eosinophils (103/bL) 0.03 & 0.01 0.02 f 0.01 0.03 f 0.01 

0.4 ppm 

-

10 

42.4 f 0.5. 
16.3 f 0.2.. 
8.80 f 0.08.' 
48.8 f 0.2 
18.6 f 0.1. 

38.5 f 0.1 
0.1 f 0.0 

3.59 f 0.25 
0.94 f 0.08 
2.51 & 0.19 
0.08 f 0.02 
0.05 f 0.01 

22.6 f 0.4 
0.89 f 0.02 
184 f 7 
4.1 f 0.1 

46 f 2 

92 f 3'. 


670 f 70 

10 

40.9 f 0.6 
15.6 k 0.3 
7.82 f 0.11. 
52.7 f 0.2.. 
20.0 f 0.1 

38.2 f 0.2 
0.1 f 0.0 

3.20 k 0.19 
0.69 f 0.10 
2.44 f 0.15 
0.02 f 0.01 
0.04 f 0.01 
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TABLEH 1  

Hematology and Clinical Chemistry Data for Rats in the 13-Week Inhalation Study 
of Hexachlorocyclopentadiene (continued) 

0 PPm 0.04 ppm 0.15 ppm 0.4 ppm 

Female (continued) 

n 10 10 10 10 

Clinical Chemistry 

0.7 
Creatinine (mg/dL) 0.87 f 0.03 0.90 f 0.04 0.89 f 0.03 0.87 f 0.05 
Glucose (mg/dL) 179 f 5 177 f 7 183 f 5 190 f 10 
Albumin (g/dL) 4.5 f 0.1 4.4 f 0.1 4.3 * 0.0 4.3 f 0.1 
Alanine aminotransferase (IU/L) 42 f 4 46 f 4 45 * 7 3 8 & 3  
Aspartate aminotransferase (IUL) 91 f 4 95 f 5 94 f 11 85 f 2 
Lactate dehydrogenase(IUL) 738 f 116 737 679 f 84 

Urea nitrogen (mg/dL) 20.5 f 0.9 19.7 f 0.5 18.9 19.4 f 0.7 

632 f 49 56 


l Significantly different (P10.05)from the  control group by Dunn’s or Shirley’s test 
* *  PSO.01 

Mean f standard error. No data were  collected for 1 and 2 ppm males and females due t o  100% mortality. 
n=9 
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TABLEH2 
Hematology, Clinical Chemistry, and Urinalysis Data for Rats in the Special 13-Week Inhalation Study 
of Hexachlorocyclopentadienea 

Male 

Hematology 

n 

Packed cell  volume (%) 

Week 13 


Hemoglobin (g/dL) 

Week 13 


Erythrocytes (106/pL) 

Week 13 


Mean c e l l  volume (fL) 

Week 13 


Mean cell hemoglobin (pg) 

Week 13 


Mean c e l l  hemoglobin concentration (g/dL)
1 


4 


41.3 f 0.9 

15.8 f 0.4 

8.68 f 0.20 

48.3 f 0.3 

18.2 f 0.2 

38.0 f 0.3 

0.2 f 0.1 

4.58 f 0.44 

1.23 f 0.11 

3.20 f 0.39 

0.08 f 0.04 

0.07 f 0.01 

5 


19.0 f 1.2 
19.0 f 0.9 
18.8 f 0.9 
19.6 f 0.9 

0.62 k 0.05 
0.73 f 0.04 
0.80 f 0.04 
0.86 f 0.04 

180 f 5 

218 f 26 

226 2 3 

198 f 12 


5 


42.5 f 1.2 

16.1 f 0.5 

8.78 f 0.24 

49.2 f 0.2* 

18.4 f 0.1 

37.9 f 0.2 

0.1 f 0.0 

4.16 f 0.41 

1.02 f 0.15 

3.04 f 0.36 

0.05 f 0.02 

0.05 f 0.01 

5 


17.4 f 1.0 
19.6 f 1.5 
24.6 f 1.9 
19.6 f 0.8 

0.69 2 0.02 
0.73 2 0.01 
0.86 f 0.04 
0.91 f 0.10 

200 f 7 

201 f 7 

232 f 7 

255 f 46 


5 


32.8 f 7.8 
98.5 f 28.5'' 

d-
-

0.98 2 0.15*b 
0.72 f 0.06' 

-
-

176 f 55 

52 f 19' 


-
-

4 


42.2 f 0.9 

16.3 f 0.4 

8.91 f 0.17 

48.0 f 0.4 

18.3 f 0.1 

Week 13 

Reticulocytes (106/bL) 


Week 13 

Leukocytes (103/bL) 


Week 13 

Segmented neutrophils (103/pL) 


Week 13 

Lymphocytes (103/bL) 


Week 13 

Monocytes (103/pL) 


Week 13 

Eosinophils (103/bL) 


Week 13 


Clinical Chemistry 

n 

Urea nitrogen (mg/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Creatinine (mg/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Glucose (mg/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


38.6 f 0.1 

0.2 f 0.0 

4.35 f 0.31 

1.08 f 0.19 

3.16 f 0.34 

0.04 f 0.02 

0.07 f 0.03 

5 


17.8 f 0.9 
17.0 f l.Zb 
21.0 f 1.2 
18.8 f 0.7 

0.54 f 0.07 
0.80 '' 0.06b 
0.79 f 0.04 
0.84 f 0.03 

186 f 6 

191 f 7b 

228 f 9 

186 f 7 
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TABLEH2 
Hematology, Clinical Chemistry, and Urinalysis Data for Rats in the Special  13-Week Inhalation Study 
of Hexachlorocyclopentadiene (continued) 

0 PPm 

Male (continued) 


Clinical Chemistry  (continued) 


n 5 

Week 13 
Day 46 
Day 16 
Day 4 

Albumin (g/dL) 

4.7 f 0.1 
4.4 f 0.1 
4.0 f O.Ob 
3.7 f 0.2 

Alanine aminotransferase(IUL) 

Week 13 
Day 46 
Day 16 
Day 4 

44 f 2 
3 6 k 4  

37 f 3 
33 f 3b 

Aspartate aminotransferase ( IUL)  

Week 13 
Day 46 
Day 16 
Day 4 

122 f 5 
94 f 7 

93 f 10 
80 f 2b 

Lactate dehydrogenase (IU/L) 

Week 13 
Day 46 
Day 16 
Day 4 

871 f 122 
765 f 83b 
737 f 202 

1,275 f 182 

Urinalysis 

n 5 

Osmolality (mOsmAg) 
Day 4 1,569 f 191 
Day 16 1,697 f 159 
Day 46 1,821 f 75 
Week 13 1,227 f 65 

Creatinine (mg/dL) 
Day 4 56.74 f 6.44 
Day 16 74.54 f 8.06 
Day 46 98.56 f 4.27 
Week 13 104.26 2 8.65 

Creatinine (mg/l00 g/16 hr) 
Day 4 3.14 f 0.27 
Day 16 2.66 f 0.25 
Day 46 2.47 f 0.11 
Week 13 3.39 f 1.12 

0.04 ppm 

5 

4.0 f 0.1 
4.0 f 0.2 
4.6 f 0.1 
4.4 f 0.1 

3 8 f 5  
35 f 2 
31 f 1 
41 f 3 

100 f 16 
85 -c 5 
83 f 5 

109 f 9 

972 f 361 
706 f 166 
773 k 114 

1,110 f 89 

5 

1,614 f 193 
1,637 f 158 
1,458 f 167 

959 f 90 

57.48 & 8.41 
71.00 f 10.02 
83.90 f 3.28' 
99.62 f 9.11 

3.04 f 0.20 
2.36 f 0.13 
2.17 f 0.24 
1.92 f 0.20 

0.4 ppm 

5 

3.9 f 0.1 
4.0 f 0.1 
4.6 f 0.2 
4.5 2 0.2 

33 f 3 
31 k 1 
39 f 2 
39 -c 3 

96 f 8 
85 f 2 
94 f 4 
98 f 10' 

625 f 109 
757 f 68 
753 f 127 
579 f 81'' 

5 

1,538 f 180 
1,814 f 52 
1,771 f 89 
1,425 f 37 

60.58 -c 7.20 
70.84 f 3.67 
85.26 f 3.36' 

110.58 f 7.79 

1.77 f 0.35' 
2.73 f 0.20 
2.57 f 0.12 
2.26 f 0.37 

2 PPm 

5 

4.0 f 0.1 
3.3 f 0.2c 

-
-

485 f 301b 
290 f l 8 6 C  

-
-

711 f 444'b 
304 f 151'C 

-
-

2,246 f 1,095b 
832 f 82' 

-
-

5 

1,972 k 126 
2,716e 

-
-

61.34 rt 9.02 
75.90e 

-
-

0.88 f 0.13'' 
0.29e 

-
-
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TABLEH2 
Hematology, Clinical Chemistry, and Urinalysis Datafor Rats in the Special 13-WeekInhalation Study 
of Hexachlorocyclopentadiene (continued) 

Male (continued) 

Urinalysis (continued) 

n 

Gluca~e (mg/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Glucose (mg/lOO g/l6 hr) 

Day 4 

Day 16 

Day 46 

Week 13 


Protein (mg/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Protein (mg/lOO g/l6 hr) 

Day 4 

Day 16 

Day 46 

Week 13 


Volume ( m u 6  hr) 

Day 4 

Day 16 

Day 46 

Week 13 


Female 

Hematology 

n 

Packed cell  volume (%) 

Week 13 


Hemoglobin (g/dL) 

Week 13 


Erythrocytes (106/rL) 

Week 13 


Mean c e l l  volume (fL) 

Week 13 


Mean ce l l  hemoglobin (pg) 

Week 13 


0 PPm 

5 


4 0 2 5  

72 f qb 

6 4 f 4  

2 3 & 4  


2.2 f 0.3 
2.5 f 0.2b 
1.6 f 0.1 
0.6 f 0.2 

48 f 10 

145 f 8 

163 f 11 

129 f 10 


3 2 1  

5 2 1  

4 f 0  

4 f 2  


7.9 f 1.4 
7.0 f 0.9 
6.8 f 0.5 
8.0 f 1.5 

5 


37.3 f 1.4 

14.1 f 0.6 

7.35 f 0.32 

51.2 f 0.2 

19.3 f 0.1 

0.04 ppm 

5 


4 O f 6  

46 f 11 

59 f 5 

18 f 3 


2.1 f 0.2 
1.5 f 0.2. 
1.5 f 0.1 
0.3 f 0.1 

40 f 9 

118 f 36 

145 f 8 

110 f 20 


2 f O  

4 f 1  

4 2 0  

2 f O  


7.1 f 1.4 
6.3 f 0.6 
7.2 f 0.8 
6.5 f 1.0 

5 


41.1 f 1.0 

15.6 f 0.4 

8.08 f 0.20 

51.0 f 0.0 

19.3 f 0.1 

0.4 ppm 

5 


48f9 

53 f 4 

55 +: 7 

37 f 4 


1.2 f 0.2. 
1.8 f 0.2* 
1.6 f 0.1 
1.0 f 0.3 

34 f 13 

135 f Sb 

188224 

224 f 46 


1 f 0. 
4 f 1  
6 f 0  
4 f 0  

4.0 f 1.4 
5.7 f 0.5 
7.8 f 0.8 
6.4 f 1.3 

5 


41.9 f 0.7.. 

15.8 f 0.3. 

8.16 f 0.17. 

52.2 f 0.4. 

19.4 f 0.1 

2 PPm 
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TABLEH2 
Hematology, Clinical Chemistry, and Urinalysis Data for Rats in the Special 13-WeekInhalation Study 
of Hexachlorocyclopentadiene (continued) 

. .  

0 PPm 0.04 ppm 0.4 ppm 2 PPm 

Female (continued) 

Hematology (continued) 

n 5 5 5 

Mean cell  hemoglobin concentration (g/dL) 
Week 13 

Reticulocytes (106/pL) 
Week 13 

Leukocytes (l$/pL) 
Week 13 

Segmented neutrophils (103/pL) 
Week 13 

Lymphocytes (103/pL) 
Week 13 

Monocytes (103/pL) 
Week 13 

Eosinophils (103/pL) 
Week 13 

Clinical Chemistry 

n 

Urea nitrogen (mg/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Creatinine (mg/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Glucose (mg/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Albumin (g/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Alanine aminotransferase (IU/L) 
Day 4 
Day 16 
Day 46 
Week 13 

38.0f 0.2 

0.15 f 0.02 

2.54 f 0.24 

0.63 f 0.07 

1.87 f 0.21 

0.02 f0.01 

0.01 f 0.00b 

5 

21.6 f 1.2 
14.2 f 1.2 
20.0 f 2.2b 
19.4 f 0.8 

0.69 f 0.04 
0.70 f 0.04 
0.88 f 0.07b 
0.79 f 0.03b 

194 f 12 
174 f 5 
213 f 14b 
240 f 20 

4.1 f 0.1 
3.9 f 0.1 
4.7 f 0.2b 
4.5 f 0.1 

35 f 2 
2 6 f 2  
28 f lb 
47 f 8 

37.9 f 0.2 

0.14 f 0.01 

3.14 f 0.22 

0.75 f 0.07 

2.30 f 0.26 

0.04 f0.01 

0.04 f 0.01 

5 

17.8 f 1.1 
17.8 f 1.2 
19.2 f 1.0 
25.4 f 5.8 

0.64 f 0.02 
0.66 f 0.01 
0.77 f 0.02 
0.89 f 0.18b 

182 f 8 
184 f 7 
234 f 14 
,212 * 8 

3.7 f 0.1. 
3.9 f 0.1 
4.5 * 0.1 
4.7 f 0.1 

3 4 f 4  
z + 2  
3 4 f 2  
44 f 4 

37.7 f 0.1 

0.09 -c 0.02. 

3.38 f 0.45 

0.63 f 0.15 

2.68 f 0.33 

0.03 f 0.01 

0.03 f 0.01 

5 

16.0 * 0.9'. 
18.4 f 0.5. 
24.0 f 4.4 
22.6 2 1.4 

0.74 f 0.04 
0.73 f 0.02 
0.76 f 0.04b 
0.70 f 0.03f 

191 f 8 

195 f 8. 

242 f 11 

220 f 17 


3.8 k 0.0 
4.2 f 0.1 
4.4 f 0.1 
4.5 f 0.1 

27 f 2 
2 5 f 1  
33 f 1. 
3 8 f 3  
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TABLEH2 
Hematoiogy, Clinical Chemistry, and Urinalysis Data for Rats in the Special 13-WeekInhalation Study 
of Hexachlorocyclopentadiene (continued) 

Female (continued) 

Clinical Chemistry (continued) 

n 

Aspartate aminotransferase ( IUL)  

Day 4 

Day 16 

Day 46 

Week 13 


Lactate dehydrogenase ( IUL)  

Day 4 

Day 16 

Day 46 

Week13 

Urinalysis 

n 


Osmolality (mOsm/kg) 

Day 4 

Day 16 

Day 46 

Week 13 


Creatinine (mg/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Creatinine (mg/lOO g/l6 hr) 

Day 4 

Day 16 

Day 46 

Week 13 


Glucose (mg/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Glucose (mg/l00 g/l6 hr) 

Day 4 

Day 16 

Day 46 

Week 13 


5 


8 6 2 5  


8 6 2 7  

90 f 3b 


107 f 15 


563 f 111 

925 f 194 


1,009 f 148b 

858 f 187 


5 


1,796 f 102 

1,261 f 64 

2,089 f 148b 

1,516 f 163 


54.94 f 3.72 
52.20 f 2.57 

108.35 f 5.20b 
71.02 f 7.45 

3.37 f 0.29 
3.09 2 0.15 
2.45 It 0.14b 
3.04 f 0.17 

2 6 f 5  

2 5 2 3  

55 f 7b 

2 6 f 4  


1.5 * 0.1 
1.4 f 0.1 
1.2 f O.lb  
1.1 f 0.2 

5 


91 f 6 

79 f 4 

9 0 * 5  

100 f 13 


798 f 102 

767 f 142 

785 f 205 

629 f 101 


5 


1,780 * 168 

1,816 f 195 

1,450 f 158*b 

1,582 f 205 


57.90 f 5.83 
62.76 f 7.23 
67.40 f 10.OOab 
76.26 f 11.57 

2.96 f 0.36 
2.31 f 0.21. 
2.26 f 0.46b 
2.47 f 0.27 

35 f 3 

37 f 5 

48 f 17b 

3 0 2 8  


1.8 2 0.2 
1.4 f 0.2 
1.5 f O.Sb 
0.9 f 0.1 

5 


9 9 f 6  

76 f 2 

94 f 7 

89 f 6 


884 f 82 

469 f 52. 

807 f 119 

584 f 128 


5 


1,557 f 90 

1,966 f 148.b 
1,533 f 175. 
1,552 f 154 


58.18 f 2.26 
78.45 f 7.6Sb 
67.38 f 5.49. 
72.36 f 7.98 

2.09 f 0.33. 
2.47 f 0.18*b 
2.69 f 0.34 
2.41 f 0.27 

3 8 f 6  
47 f 5.b 
30 f 3. 
2 8 f 4  

1.3 f 0.1 
1.5 f O.lb 
1.2 f 0.2 
0.9 f 0.2 

3 


825 f 168 

-
-
-

3 


69.23 f 18.34 
-
-
-

5.8 f 5.2 
-
-
-
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TABLEH2 
Hematology, Clinical Chemistry, and Urinalysis Data  for Rats in the Special  13-Week Inhalation Study 
of Hexachlorocyclopentadiene(continued) 

0 PPm 0.04 ppm 0.4 ppm 2 PPm 

Female (continued) 

Urinalysis (continued) 

n 5 5 5 3 

Protein (mg/dL) 
Day 4 15 f 3 17 f 3 33 f 16 20 
Day 16 6 f lb 22 f 9' 13  f 3' -
Day 46 19 f Sb 33 f 7f 23f3 -
Week 13 13f gb 22 f 10 27 f 7 -

Protein (mg/lOO g/l6 hr) 
Day 4 1 f O  1 2 0  1 2 0  0 
Day 16 I f 0  I f 0  0 f of -
Day 46 0 f ob 3 f 2.b 1 f O  -
Week 13 1 f ob 1 f O  1 f O  -

Volume ( m u 6  hr) 
Day 4 6.6 f 1.0 6.0 f 1.1 3.6 f 0.7 0.8 f 0.2.' 
Day 16 8.1 f 0.8 5.2 f 0.6. 4.3 f 0.7'. -

-Day 46 3.5 f 0.3b 6.2 f 2.1b 6.6 f 1.2 
Week 13 9.1 f 1.6 6.9 f 1.0 6.5 f 1.4 -

* Significantly different (PSO.05) from the  control group by Dunn's or  Shirley's test 
* *  PSO.01 
a Mean f standard error. No hematology data  were collected for 2 ppm males and females. 

n=4 
n = 2  
No data collected due t o  1008mortality in 2 ppm males after week 2 and 2 ppm females after week 1. 

e No standard error was calculated due t o  high mortality. 
n=3  
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TABLEH3 
Urinalysis Data for Rats at the 15-Month  Interim Evaluation in the 2-Year Inhalation Study 
of Hexachlorocyclopentndiene' -

0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

-
Male 

n 10 10 10 10 

Urinalysis 

Specific gravity 
Volume (mU16 hr) 8.8 f 1.0 

1.029 f 0.002 
6.5 f 0.7 

1.037 f 0.003. 
6.4 f 0.5 

1.036 f 0.002. 
6.6 f 0.7 

1.037 f 0.003. 

Female 

n 10 10 10 9 

Urinalysis 

Specific gravity 
Volume ( m u 6  hr) 7.9 f 0.8 

1.022 f 0.002 
6.8 f 0.5 

1.025 f 0.001 
5.9 f 0.5 

1.029 f 0.002. 
5.5 f 0.6. 

1.029 2 0.003. 

l Significantly different (PsO.05) from the control group by Dunn's or Shirley's test ' Mean f standard error 
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TABLEH4 
Hematology and Clinical Chemistry Data for Mice in the 13-WeekInhalation Study 
of Hexachlorocyclopentadienea 

Male 

Hematology 

n 

Packed c e l l  volume (%) 
Hemoglobin (g/dL) 

Etythrocytes (106/bL) 

Mean cell volume (a)

Mean cell hemoglobin (pg) 

Mean c e l l  hemoglobin concentration 


(g/dL)

Reticulocytes (106/bL) 

Leukocytes (103/fiL) 

Segmented neutrophils(103/@L) 
Lymphocytes (103/bL)
Monocytes (l$/&L) 
Eosinophils (103/pL) 

Clinical Chemistry 

n 

Ureanitrogen(mg/dL) 

Creatinine
(mg/dL) 

Glucose
(mg/dL) 
Albumin (g/dL) 
Alanine aminotransferase(IU/L) 
Aspartateaminotransferase (IU/L) 

Female 

Hematology 

n 

Packed cell volume (%) 

Hemoglobin (g/dL) 

Erythrocytes (106/@L) 

Mean c e l l  volume (a)

Mean c e l l  hemoglobin (pg) 

Mean cell hemoglobin concentration 


("L)
Reticulocytes (106/bL) 
Leukocytes (103/bL) 
Segmented neutrophils (103/bL) 
Lymphocytes (103/bL) 
Monocytes (103/pL) 
Eosinophils (103/bL) 

0 PPm 

10 

39.2 f 0.7 
15.2 f 0.3 
8.68 f 0.17 
45.7 f 0.2 
17.6 f 0.1 

38.7 f 0.2 
0.2 f 0.0 

3.89 f 0.42 
0.56 f 0.09 
3.24 f 0.35 
0.02 f 0.01 
0.06 f 0.02 

9 

29.2 f 1.7 
0.67 5 0.05' 
168 f 9 
3.5 f 0.1 
93 f 2 9  

119 2 19' 

4 

41.2 2 0.8 
15.6 2 0.1 
8.820.13 
47.3 * 0.5 
17.7 2 0.2 

37.9 f 0.6 
0.1 f 0.0 

3.65 f 0.47 
1.05 f 0.19 
2.59 f 0.28 
0.01 f 0.01 
0.01 f 0.01 

0.04 ppm 

8 

40.8 f 0.8 
15.5 f 0.3 
8.93 f 0.18 
46.4 f 0.2 
17.4 f 0.1 

38.0 f 0.2, 
0.2 f 0.0 

3.99 f 0.59 
0.77 f 0.25 
3.16 f 0.39 
0.02 f 0.01 
0.04 f 0.01 

7 

30.3 f 1.3' 
0.74 2 0.06 
18Of5 
3.6 f 0.1 

138 f 33 

113 f 11 


9 

41.8 f 0.9 
15.8 f 0.3 
9.04 f 0.18 
46.9 f 0.2 
17.6 f 0.1 

37.8 f 0.2 
0.2 f 0.0 

5.73 f 0.26'' 
0.97 f 0.07 
4.65 f 0.29,' 
0.05 f 0.02 
0.06 f 0.01 

0.15 ppm 

10 

40.2 f 0.6 
15.6 f 0.2 
8.89 f 0.12 
45.8 f 0.3 
17.6 f 0.1 

38.7 f 0.2 
0.2 f 0.0 

4.48 f 0.39 
0.70 f 0.09b 
3.39 f 0.29 
0.05 f 0.01 
0.05 f 0.01 

10 

30.8 f 1.5 
0.69 f 0.04 
169 f 8 
3.6 f 0.1 
70 f loe 

148 f 49' 

9 

41.2 f 0.7 
15.7 f 0.2 
8.95 -c 0.12 
46.3 f 0.3 
17.6 f 0.1 

38.2 f 0.2 
0.2 f 0.0 

4.93 2 0.33 
0.75 f 0.18 
4.11 f 0.30 
0.03 f 0.01 
0.04 f 0.01 

0.4 ppm 

5 

40.7 f 0.4 
15.7 f 0.2 
8.94 f 0.09 
46.2 f 0.2 
17.6 f 0.1 

38.6 f 0.0 
0.2 f 0.0 

3.80 f 0.17 
0.67 f 0.12 
3.01 f 0.09 
0.01 f 0.01 
0.11 f 0.02 

4 

29.6 f 1.7d 
0.46 f 0.09 
161 f 18 
3.8 f 0.2 
145 f 40 
194 f 73 

8 

39.6 f 0.5 
15.5 f 0.2 
8.76 f 0.11 
45.8 f 0.4, 
17.8 f 0.1 

39.3 f 0.2 
0.2 f 0.0 

4.44 f 0.38 
0.84 f 0.11 
3.49 f 0.34 
0.04 f 0.01 
0.05 f 0.02 
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TABLEH4 
Hematology and Clinical ChemistryData for Mi& in  the 13-Week Inhalation  Study ' ' 

of Hexachlorocyclopentadiene(continued) 

Female (continued) 

Clinical Chemistry 

n 4 7 9 7 

nitrogenUrea19.8 f 0.6 17.9 f O.Sb 18.7 f 0.8(mg/dL) 19.8 f 1.0' 
Creatinine(mg/dL) 2 0.06 0.70 * 0.04 0.59 f 0.06'0.58 0.74 f O M b  
Glucose156(mg/dL) f 14 153 f 8 150 2 9 1 3 4 2 2  
Albumin3.7(g/dL) 0.1 24.0 f 0.1. 3.8 2 0.1 3.6 f 0.0 

120 * 21fAlanine ( I U L )aminotransferase 27 297149 29 f148 f 29 
Aspartate (1U/L) 160 6 218 f 5@ . 217 f 31 273 f 39aminotransferase 

l Significantly different (PSO.05) from the  control groupby D u d s  or Shirley's test
** P<O.O1 
a Mean 2 standard error. N o  data were collected for 1and 2 ppm  males and females due t o  lW%~mortality. 

n=9 
n=8 
n=5 

e n=7 
n=4 


g n=6 
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TABLEH5 
Hematology, Clinical Chemistry, and Urinalysis Data for Mice in the  Special 13-Week Inhalation Study 
of Hexachlorocyclopentadiene" 

~--- -
~. 

0 PPm 

Male 

Hematology 

n 5 

Packed cell volume (%) 
Week 13 42.0 f 1.7 

Hemoglobin (g/dL) 
Week 13 15.8 f 0.6 

Erythrocytes (106/pL) 

Mean cell  volume (a)
Week 13 

Week 13 

46.0 f 0.6 

9.21 f:0.42 

Mean cell hemoglobin (pg) 
Week 13 17.2 f0.2 

Mean cell hemoglobin concentration (g/dL) 
Week 13 37.5 f: 0.3 

Reticulocytes (106/pL) 
Week 13 0.1 f 0.0 

Leukocytes (l#/pL) 
Week 13 6.82 f 0.65 

Segmented neutrophils(103/pL) 
Week 13 1.54 f 0.37 

Lymphocytes (103/pL) 
Week 13 5.14 f 0.38 

Monocytes (l#/fiL) 
Week 13 0.08 f 0.03 

Eosinophils (103/pL) 
Week 13 0.05 f 0.02 

Clinical Chemistry 

n 5 

Urea nitrogen (mg/dL) 
Day 4 18.6 f 0.8 
Day 16 24.4 2 1.3 
Day 46 30.4 -C 2.3 
Week 13 28.2 f 2.2 

Creatinine (mg/dL) 
Day 4 0.42 f 0.07 
Day 16 0.53 f 0.06 
Day 46 0.66 -C 0.07 
Week 13 0.34 f 0.10 

Glucose (mg/dL) 
Day 4 143 f 14 
Day 16 133 f 13 
Day 46 160 f 2 
Week 13 146 It 10 

0.04 ppm 

5 

43.2 f 0.9 

16.4 f:0.2 

9.44 f 0.13 

46.4 f: 0.4 

17.5 f 0.1 

38.1 f 0.5 

0.1 f 0.0 

6.12 2 0.74 

0.66 * 0.03b 

5.13 & 0.72 

0.08 * 0.04 

0.05 * 0.01 

5 

17.4 f:0.4 
22.0 -c 2.3 
25.8 f 1.8 
29.8 It 2.4b 

0.43 f 0.01 
0.47 f 0.07 
0.69 f 0.09 
0.31 f O.lOb 

169 f 9 
137 f: 6 
177 f 10 
138 f 14b 

0.4 ppm 

4 

41.3 f 0.7 

16.0 f 0.2 

9.25 f 0.15 

44.5 f 0.3 

17.3 f 0.1 

38.8 f: 0.1. 

0.1 f 0.0 

7.93 f 0.77 

1.61 f 0.28 

6.08 f 0.74 

0.06 f 0.03 

0.18 -C 0.04. 

5 

22.6 2 0.5' 
21.2 f:1.0 
28.6 f 2.0 
26.2 f:0.9 

0.36 f 0.05 
0.40 f 0.05 
0.81 2 0.07b 
0.30 f 0.12 

131 2 3 

1 2 3 2 8  

152 f 8 

111 2 3. 


2 PPm 
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, . . . 

TABLE€15 
,Hematology, Clinical Chemistry, and .Urinalysis Datafor Mice in the Special 13-Week Inhalation Study 
of Hexachlorocyclopentadiene(continued) 

Male (continued) 

Clinical Chemistry (continued) 

. n  

Albumin (g/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Alanine aminotransferase ( IUL)  

Day 4 

Day 16 

Day 46 

Week 13 


Aspartate aminotransferase ( I U L )  

Day 4 

Day 16 

Day 46 

Week 13 


Lactate dehydrogenase ( I U L )  

Day 4 

Day 16 

Day 46 


Urinalysis 

n 

Osmolality (mOsmkg) 

Day 4 

Day 16 

Day 46 

Week 1 3  


Creatinine (mg/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Creatinine (mgn00 gn6 hr) 

Day 4 

Day 16 

Day 46 

Week 13 


0 PPm 

5 


3.2 f 0.2 
3.4 f 0.1 
3.4 f 0.1 
3.4 f 0.1c 

2 3 2 5  


50 f llb 

72 f 9 


441 f 52 


91 f 25 

79 f 20 

75 f 8 


468 f 84 


404 i: 21b 

661 f 226
989 

6% f 107
427 


5 


2,528 f 293b 

2,276 f 270b 

2,880 f 97 

3,142 f 338 


53.15 f 3.&jb 
53.00 f 4.47b 
52.38 f 1.74 
69.10 f 8.00 

2.07 f O M b  
2.52 f 0.53b2.79 
2.38 f 0.60 
1.80 f 0.52 

0.04 ppm 

5 


3.1 f 0.1 
3.2 f 0.1 
3.3 -c 0.1 
3.5 f 0.ob 

114 f46. 

225 f 95 

33 * 4. 


338 f 92b 


75 f 15 

99 f 19 

63 f 9 

288 f 135b 

472 f 141 

-t 223 

f 79 


5 


2,203 f 118 

1,752 f 276 

2,953 f 163 

3,205 -c 101 


47.30 f 2.39 
. 40.50 f 5.70 
52.72 f 3.39 
67.84 f 2.26 

1.34 f O.15b 
f 0.23 

2.12 f 0.49 
2.85 f 0.44 

, . 

0.4 ppm 

5 


3.1 f 0.1 
3.4 f 0.2 
3.6 f 0.0 
3.4 f 0.1 

89 f 31' 
116 f 59 

38 f 3. 


267 f 88 


99 f 21 

103 f 16 

67 f 5 

190 i: 47' 


745 i: 116 

998 f 253 

410 -+ 55 


5 


2,517 f 95 

2,748 f 142 

3,065 f 168 

3,047 2 387 


49.88 f 1.04 
62.24 +- 1.72 
54.98 2 2.85 
64.86 f 6.26 

3.97 f 0.52 
2.98 * 0.41 
2.74 f 0.11 
2.46 2 0.23 

2 PPm 
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TABLEHS 
Hematology, Clinical Chemistry, and Urinalysis Data for Mice in the Special 13-Week Inhalation Study 
of Hexachlorocyclopentsdiene(continued) 

Male (continued) 

Urinalysis (continued) 

n 5 5 5 

Glucose (mgldL) 

Day 16 
Day 4 160 f 49b 

107 f 40b 47 f 8 
1 6 9 f 4 0  

50 2 4 
44 f 3.b 

Week 13 
Day 46 

54 f 3b 
4 6 f 5  

66 f 12 
74 f 25 

95 2 31 
89 2 15. 

Glucose ( m u 0 0  g/l6 hr) 

Day 46 
Day 16 
Day 4 

2 f O  

6 f 2b 
5 f zb 

3 2 1  
3 f l  

10 f 4 

4 2 1. 
2 2 0  
4 + 1  

Week 13 2 f 0  3 f O  3 * 1  

Protein (mg/dL) 

Day 16 
Day 4 

143 f 30b 
295 f 42' 

148 f 19 
151 f 41.' 

148 f 37 
115 f 31. 

Week 13 
Day 46 

159 f 30b 
200 f 54 

159 2 31 
250 f 70 

114 f 21 
103 f 18 

Protein (mg/lOO gIl6 hr) 
Day 4 13 f 2' 1'f7 8 f 1  
Day 16 
Day 46 
Week 13 

Volume (mM6 hr) 
Day 4 
Day 16 
Day 46 
WBek 13 

Female 

Hematology 

n 

Packed cell volume (%) 
Week 13 

Hemoglobin (gldL) 
Week 13 

Eqhrocytes  (106/pL) 
Week 13 

Mean cell  volume (L) 
Week 13 

Mean cell hemoglobin (pg) 
Week 13 

6 f  Ib 

7 2 1  

5 f lb 


0.9 & 0.2b 
1.1 f 0.2b 
1.3 f 0.3 
0.9 f 0.3 

2 

42.6 f 0.4 

15.5 2 0.3 

8.93 f 0.13 

48.5 f 0.5 

17.5 f 0.1 

10 f 1 
10 f 3 
6 f 1  

0.6 +. O.lb 
1.8 f 0.2 
1.2 f 0.3 
1.5 f 0.2 

5 

42.2 f 1.2 

16.0 f 0.5 

9.04 f 0.24 

47.2 f 0.2 

17.8 f 0.1 

7f1 
5f1 
5 f 1  

1.8 f 0.3 
1.1 f 0.2 
1.4 f 0.1 
1.2 f 0.1 

5 

41.6 f 0.6 

15.9 f 0.1 

9.02 f 0.08 

46.6 f 0.2. 

17.7 f 0.1 
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TABLEH5 
Hematology, Clinical Chemistry, and' Urinalysis Data for Mice in the 'Special  13-Week Inhalation Study , 

of Hexachlorocyclopentsldiene (continued) 

0 PPm 

Female (continued) 

Hematology (continued) 

n 2 


Mean c e l l  hemoglobin concentration (g/dL) 

Week 13 


Reticulocytes (106/pL) 

Week 13 


Leukocytes (103/gL) 

Week 13 


Segmented neutrophils(103/pL) 

Week 13 


Lymphocytes (103/pL) 

Week 13 


Monocytes (lO'/pL) 

Week 13 


Eosinophils (103/pL) 

Week 13 


Clinical Chemistry 

n 

Urea nitrogen (mg/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Creatinine (mg/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Glucose (mg/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Albumin (g/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Alanine aminotransferase( I U L )  

Day 4 

Day 16 

Day 46 

Week 13 


0.04 ppm 

5 


37.9 f 0.1' 

0.1 f 0.0 

5.82 f 0.80 

0.93 f 0.14 

4.79 -+. 0.65 

0.03 f 0.01 

0.04 f 0.02 

5 


16.6 & 1.3 
21.0 f 1.5 
20.8 2 1.8 
25.6 f 2.8 

0.50 -c 0.03'b 
0.39 -c 0.04 
0.60 -c 0.07' 
0.28 f 0.09 

143 f 3 

129 f 5' 

148 f 10 

111 2 6 


3.2 f 0.0 
3.2 f 0.0 
3.5 f 0.1 
3.5 2 0.ob 

79 2 25 

45 f 7 

35 f 10 


241 f 76 


0.4 ppm 

5 


38.3 f 0.4. 

0.1 f 0.0 

6.64 f 0.60 

1.22 f 0.21 

5.32 f 0.55 

0.06 f 0.03 

0.04 f 0.02 

5 

. . 

24.6 f 2.1.'31.0d 
19.6 f 1.1 
23.0 f 1.8 
24.2 f 1.5 

0.37 f 0.00' 
0.35 f 0.08 
0.66 f 0.05 
0.31 f 0.06 

118 f 5 

143 f 7'. 

136 -t 5 

114 f 6 


3.3 f 0.2 
3.2 f 0.1 
3.6 f O.Ob 
3.6 f 0.0 

63 f 20 

51 f 15 

3 8 f 8  


217 f 87 


2 PPm 
. . -

1 


-e 

-
-

36.6 f 0.5 

0.1 f 0.1 

6.55 f 0.65 

1.81 f 0.31 

4.53 f 0.34 

0.13 f 0.01 

0.08 f 0.01 

5 


16.2 f 1.2 
18.6 2 0.8 
21.5 f 2.1b 
23.6 f 2.2 

0.32 f 0.06 
0.39 f 0.02 
0.54 2 0.07b 
0.38 f 0.14 

107 f 23 

114 f 2 

133 f gb 

107 f 6 


3.3 f 0.1 
3.3 * 0.1 
3.5 f O . l b  
3.5 2 0.1 

102 f 36 

37 f l o b  

43 f 7b 


249 f 99 
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TABLEH5 
Hematology, Ciinical Chemistry, and Urinalysis Data for Mice in the Special 13-WeekInhalation Study 
of Hexachlorocyclopentndiene (continued) 

Female (continued) 

Clinical Chemistry (continued) 

n 

Aspartate aminotransferase (IUL) 
Day 4 
Day 16 
Day 46 
Week 13 

Lactate dehydrogenase (IUL) 
Day 4 
Day 16 
Day 46 

Urinalysis 

n 

Osmolality (mOsm/kg) 

Day 4 

Day 16 

Day 46 

Week 13 


Creatinine (mg/dL) 

Day 4 

Day 16 

Day 46 

Week 13 


Creatinine (ms/zOO @6 hr) 
Day 4 
Day 16 
Day 46 
Week 13 

Glucose (mgldL) 
Day 4 

Day 16 

Day 46 

Week 13 


Glucose (mg/lOO s/z6 hr) 
Day 4 
Day 16 
Day 46 
Week 13 

~~ 

0 PPm 

5 

121 f 35 
90 f 13 

160 f 57b 
271 f 35 

802 f 202 
613 f 176 
604 f 151b 

5 

2,897 f 309 
2,442 f 274 
2,844 f B O b  
2,2% f 394 

49.84 f 4.73 
55.22 f 5.72 
57.23 f 4.09b 
57.36 2 7.63 

4.28 f 0.28 
3.90 It 0.26 
3.15 2 0.10' 
3.89 2 0.57 

170 f 60 
116 
80 * * 31 

78 2 30 

10 f 5 
8 2 2  
5 f 1c 
5 2 2  

0.04 ppm 

5 

85 f 3b 
99 * 15 

116 f 24 
327 * 99 

517 f 42b 
602 f 115 
458 f 96 

5 

2,125 f 322 
2,798 It 184b 
2,426 f 264 
2,791 f 186 

41.78 f 5.40 
61.93 f 4.56b 
46.44 f 4.32 
65.28 2 2.56 

2.67 f 0.62 
3.29 f 0.61b 
2.62 f 0.34 
3.34 +. 0.27 

290 98 
194 f 63b 
120 f 39 
98 f 31 

16 f 3 
6 * lb 
7 f 3  
5 f 2  


0.4 ppm 

5 

94 f 11 

95 f 20 

8 6 2 2 3  


263 f 58 


768 f 158 
609 f 97 
404 f 57 

5 

3,308 f 360 
2,868 f 180 
2,860 f 151 
2,439 f 243 

58.43 f 5.2Sb 
59.12 It 3.53 
51.38 f 2.64 
53.68 2 5.81 

2.32 f 0.4Pb 
3.43 * 0.36 
3.23 * 0.47 
4.32 * 0.51 

121 * 36b 
87 * 16 
55 f 5 
47 f 9 

5 f. l b  
5 2 1  
3 f 0  
4 2 1  

2 PPm 

1 
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, . 

TABLEHS 
Hematology, Clinical Chemistry, and Urinalysis Data for Mice in the Special  13-Week Inhalation Study 
of Hexachlorocyclopentadiene (continued) 

0 PPm 0.04 ppm 0.4 ppm 2 PPm 
. , 

Female (continued) 

Urinalysis (continued) 

n 5 5 5 

Protein (mg/dL) 

Day 46 
Day 16 
Day 4 

74 f 17b 
86 f 16 
85 f 13 76 f lSb 

104 * 19b 
90f 16 45 f 3 

83 f 24 
I3  f 1? 

Week 13 56 f 13 7'f98 46 f 8 

Protein ( m a 0 0  g/l6 hr) 
Day 4 
Day 16 
Day 46 
Week 13 

Volume (mM6 hr) 
Day 4 
Day 16 
Day 46 
Week 13 

7 f 1  6 f Zb 3 -c O'C 

6 2 0  5 f lb 4 f 1  
5 f 1c 5 f 1  3 f 0  
4 2 1  5 2 0  4 2 1  

1.6 f 0.2 1.2 f 0.2 0.6 f 0.2* 
1.5 f 0.2 1.1 f 0.2b 1.2 f 0.2 
1.5 f 0.2b 1.6 f 0.4 1.5 f 0.2 
1.9 f 0.4 1.5 f 0.1 2.4 f 0.5 

l Significantly different (PSO.05) from the control group by Dunn's or Shirley's  test 
** P40.01 
a Mean f standard error. No data were collected for 2 ppm males due t o  100% mortality; n o  hematology or urinalysis data were 

collected for 2 pprn females. 
b n=4 

n=3 
No standard error was  calculated due to high mortality  in this group. 

e No data collected due  to 100% mortality in 2 ppm females after week 1. 
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TABLEH6 
Urinalysis Data for Mice at the  15-Month Interim Evaluationin the 2-Year Inhalation Study 
of Hexachlorocyclopentndienea 

n 

Urinalysis 

Volume (mu16hr) 
Specific gravity 

Female 

n 


Urinalysis 

Volume (mu16 hr) 

Specific gravity 


0 PPm 0.01 ppm 0.05 ppm 0.2 ppm 

7 10 8 10 

1.0 f 0.2 0.9 f 0.2 0.9 f 0.1 0.7 f 0.1 
1.033 f 0.001 1.035 f 0.002 1.045 f 0.004. 1.045 2 0.004. 

10 10 10 10 

1.6 zk 0.1 1.3 f 0.1 1.5 2 0.2 0.9 zk O.l..b 
1.026 f 0.001 1.025 f 0.002 1.029 2 0.001 1.030f 0.004 

. Significantly different (PsO.05) from the  control group by Shirley’s test ..PdO.01 
a Mean f standard error 
b n = 9  
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CHEMICAL CHARACTERIZATION, ANALYSIS, AND 

GENERATION OF CHAMBER CONCENTRATIONS 

PROCUREMENT AND CHARACTERIZATION OF HEXACHLOROCYCLOPENTADIENE 
Hexachlorocyclopentadiene was obtained  from Velsicol Chemical  Corporation (Chicago, IL) in one  lot 
(lot 2291-l), which was used throughout the 13-week and 2-year studies.  Identity, purity, and stability 
analyses were  conducted by the analytical chemistry laboratory, Midwest Research  Institute (Kansas City, 
MO), and confirmed by the  study laboratory. Reports on the analyses performed in support o f  the 
hexachlorocyclopentadienestudies are  on file at the National Institute o f  Environmental Health Sciences. 

The chemical, a viscous, pale yellow liquid, was identified  as hexachlorocyclopentadiene by infrared, 
ultraviolethisible, and nuclear magnetic resonance spectroscopy (Figures I1 and 12). All spectra were 
consistent with those expected for the  structure and with the  literature spectra of hexachlorocyclo-
pentadiene (Sadder Standard Spectra). 

The purity was determined by elemental analysis, free acid titration, thin-layer chromatography (TLC), and 
gas chromatography. Free acid titration was performed  in deionized water with 0.05N sodium hydroxide as 
the titrant  and with a  phenolphthalein indicator solution. TLC was performed  with two systems: A) silica 
gel 60, F254 plates (0.25 mm layer) with a  solvent o f  100%hexanes and B) silanized silica gel 60, F-2541 
plates (0.25 mm layer) with a  solvent o f  methanolsaturated aqueous sodium  chloride (80:20). Visual-
ization was achieved with ultraviolet light (254 nm)  and a spray reagent (N,N-dimethyl-p-phenylene-
diammonium dichloride in sodium alkoxide). Gas chromatography was performed using a chromatograph 
equipped with a flame ionization detector and a nitrogen carrier gas at 70 mL/minute with two systems: 
A) 10% Carbowax 20M-TPA on 80/100 mesh Chromosorb  W(AW), with an oven temperature  program o f  
60" C for 5 minutes then 60" to 200" C at 10" C per minute, using 100%hexachlorocyclopentadiene anti 
solutions o f  lo%, LO%, or  0.5% hexachlorocyclopentadiene in hexanes; and B) 20% SP-2100/0.1% 
Carbowax 1500 on 100/120 mesh Supelcoport, with an oven temperature o f  50" C for 5 minutes, then 50" 
to 250" C at 10" C per minute. 

Elemental analyses o f  carbon and chlorine agreed with the  theoretical values for hexachlorocyclopenta-, 
diene. Back-titrating aqueous extracts of  hexachlorocyclopentadienewith sodium hydroxide gave an acid 
content expressed as hydrochloric acid o f  224 f 16(s) ppm. One trace  impurity was observed  in TLC 
system A  and one trace and two slight trace  impurities were observed in TLC system B. Both gas 
chromatography systems gave two impurity peaks with areas  greater than 0.1% relative to  the major peak. 
In system A, the impurity peak areas were 0.64% and 1.3% relative t o  the major peak;  impurity peak areas 
in system B were 0.14% and 0.28% relative to  the major  peak, Results o f  these analyses indicated an 
overall purity o f  approximately 98% for the bulk chemical. 

The largest impurity  peak observed using gas chromatography system A was identified by the analytical 
chemistry laboratory  as hexachloro-1,3-butadieneusing a gas chromatograph/mass  spectrometer; a J&FV 
fused silica, DB-5 stationary phase column; helium carrier gas at a flow rate o f  1mWminute; and  an oven 
temperature program o f  30" C  for 2 minutes, then 30" to 300" C  at 10" C per minute. Quantitation of'the 
impurity was performed using an  authentic standard with gas chromatography system A with an oven 
temperature program o f  50" C for 1 minute, then 50" t o  245" C at 10" C per minute. Its concentration was 
determined to be 0.44%. The study laboratory determined the concentration o f  the known impurity, 
hexachloro-3-cyclopentadiene-1-one(hex-ketone), in the bulk chemical. Gas  chromatography was 
performed with a system consisting o f  an electron  capture detector and a SILAR 5CP column. The carrier 
gas was argon/methane (90/10) and the oven  temperature was 200" C. The concentration o f  hex-ketone 
was found to be 1.46%. 
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Bulk chemical stability  studies were conducted using gas chromatography system B  but with an isothermal 
oven temperature o f  200" C, and with 2-methoxynaphthalene  as an  internal standard.  Hexachloro-
cyclopentadiene was determined to be stable as a bulk chemical when stored  in sealed containers with a 
nitrogen headspace and protected from light for  as long as 2 weeks at  temperatures up to 60" C. The 
study laboratory stored the bulk chemical at room  temperature in the original shipping containers. 

During the 13-week and 2-year studies, the study laboratory  monitored the stability o f  the bulk chemical 
using gas chromatography  and free acid titration. The gas chromatography system consisted of  a packed 
column o f  3% SP-2100 on 100/120 mesh Supelcoport  and an isothermal oven temperature o f  135" C with 
an internal standard solutiono f  n-dodecane. No degradation o f  the bulk chemical  occurred during the 
13-week and 2-year studies. 

GENERATION OF CHAMBER CONCENTRATIONS AND MONITORING 
Vapor Generation System. Liquid hexachlorocyclopentadiene was contained  in a flask under  a nitrogen gas 
headspace. Liquid was pumped  from the reservoir to  a vaporizer that consisted o f  a stainless steel cylinder 
heated to  approximately 100" C (13-week studies) or 81" C (2-year studies)  and covered with a glass fiber 
wick (Figure I3a). Vapor was generated by drawing filtered, fresh air  across the vaporizer  and into  the 
vapor distribution manifold where the vapor was drawn through  impulse-principle air amplifiers, diluted to 
the appropriate concentrations, and distributed to  the individual exposure  chambers (Figure I3b). A 
Gardner Type "CN" condensation  nuclei detector was used prior to study start to ensure that the system 
produced a hexachlorocyclopentadiene vapor and not  an aerosol. The study  laboratory designed the 
inhalation exposure chamber (Hazleton 2000, Lab Products, Inc., Aberdeen, MD) (Figure 14) so that 
uniform vapor concentrations could be maintained  throughout the chamber  when the catch pans are in 
place. The total active mixing volume o f  each chamber was 1.7 m3. A diagram o f  the exposure suite is 
shown in Figure 15. 

Vapor Concenfrution Monitoring. A single on-line gas chromatograph  equipped with an electron  capture 
detector was used t o  monitor chamber concentrations. The system was a 3% OV-225  coating on a 
100/120 mesh Gas  Chrom Q column and an  argon/methane (9O:lO) carrier gas at  a flow rate o f  
30 mL/minute. The column was maintained isothermally at 125" C. The monitor was coupled with the 
inhalation chambers using an  automated, multiplexed, 8-port (13-week studies) or 12-port (2-year studies) 
sampling valve. Each  chamber was sampled every 37 minutes (13-week studies) or 40 minutes (2-year 
studies). Calibration was confirmed and  corrected by periodic analysis of  grab samples from the chambers, 
which were  obtained using bubblers filled with isooctane.  Samples were drawn through  the bubblers using 
a vacuum pump  at a constant flow rate  ensured by a  calibrated critical orifice. Bubbler  contents were 
analyzed using an off-line gas chromatograph  maintained under similar conditions, which was calibrated 
using gravimetrically prepared  standards o f  hexachlorocyclopentadiene. Drift o f  the on-line gas chromato- 
graph was monitored using an  on-line standardof  tetrachlorobenzene. 

Chamber Concentration Characterization. Buildup and decay rates  for chamber concentrations were 
determined with and  without animals present in the chambers. The time to  achieve 90% o f  target 
concentration after the start o f  vapor generation (Tw)without animals was  25 minutes  for the 13-week 
studies. Twin empty chambers was determined t o  be 15 minutes  in the 2-year studies. The  time for the 
chamber concentration to decay to  10% of the target  concentration after vapor generation was terminated 
(TI,,) ranged from 11 t o  19 minutes. Additional tests with animals  present were conducted during the first 
2 weeks o f  the 2-year study  and a Twof  20 minutes was adopted. 

Uniformity o f  vapor concentration in the inhalation exposure chambers was evaluated  prior to  the start of  
the 13-week studies,  once during the 13-week studies, prior  to the start o f  the 2-year studies,  and every 
90 days during  the 2-year studies.  Vapor concentration was determined using the  on-line gas 
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chromatograph with the  multiport sample valve disabled to allow continuous  monitoring from a single 
line. Chamber  atmosphere uniformity was maintained  throughout the 13-week and 2-year studies. 

In order  to determine the persistence of hexachlorocyclopentadiene in the  chamber following exposure, th.e 
concentration was monitored overnight. During the 13-week studies,  chamber concentrations dropped to 
10% in approximately 30 minutes. The 1%level was reached in  30 to 40 minutes  in the 0.04 and 
0.15 ppm chambers but was not reached  until 8 hours in the  2 ppm  chamber. To determine the amount o f  
hexachlorocyclopentadieneretained in the animal  pelts and released during nonexposure periods, the pelt 
o f  a moribund  animal was removed and  cut in half after necropsy. One o f  the halves was immediately 
extracted with isooctane. The other half  was placed under a  fume hood t o  simulate normal overnight 10s:~ 
of  hexachlorocyclopentadiene from the pelt and was extracted  in the morning. The difference  in the 
amount o f  hexachlorocyclopentadieneretained in the pelt between the two extractions was approximately 
61 pg. It was concluded that the hexachlorocyclopentadiene retained by animal pelts contributed t o  the 
overnight persistence o f  hexachlorocyclopentadiene in the chambers.  During the  2-year studies,  after 
129 minutes in the 0.2 ppm  rat chamber, 4.3% of  the initial  concentration o f  hexachlorocyclopentadiene 
vapor was still  present. Concentration in the 0.5 ppm mouse chamber was below 1%of  the target  value in 
less than 3 hours. A trace o f  hexachlorocyclopentadiene was detectable in each  chamber the following 
morning. 

Hexachforocyclopenfradiene Degradation. Studies o f  hexachlorocyclopentadiene degradation in the chambers 
were conducted during the 13-week and 2-year studies. Isooctane bubblers were used t o  collect samples 
that were compared with a reference  sample o f  bulk hexachlorocyclopentadiene using a gas chromatograph 
equipped with an electron  capture detector. No significant degradation o f  the bulk chemical was observed 
during the 13-week or  2-year studies. A second degradation study was conducted  during the 13-week 
studies to determine the quantity of  the impurity,  hex-ketone present in the chamber. A 5-hour bubbler 
sample was taken  from the 0.5 ppm chamber for comparison with a reference  standard provided by the 
analytical chemistry laboratory. The amount o f  hex-ketone collected in the exposure chamber (0.77%) was 
approximately half that in the bulk chemical (1.46%). 

Summaries o f  the chamber concentrations for the 13-week and 2-year studies are in  Tables I1 and 12. 
Table I3 shows the distribution of  mean monthly concentrations  in the 2-year studies. The monthly  mean 
exposure concentrations for the 2-year study  chambers, including the  stop-exposure chamber, are presented 
in Figures  I6 through 112. 
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FIGUREI1 
Infrared Absorption Spectrum of IIexachlorocyclopentadiene 
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FIGUREI4 
Ilexachlorocyclo~nfedieneInhalation Exposure Chamber 
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TABLEI1 
Summary of Chamber Concentrations in the 13-Week Inhalation Studies 
of Hexschlorocyclopentndiene 

Target Concentration 
(PPm) 

Rat Chambers 

0.04 

0.2 

0.4 

1 

2 


Mouse Chambers 

0.04 

0.2 

0.4 

1 

2 


a Mean & standarddeviation 

Total Number of Readings 

559 

565 

571 

216 

130 


547 

554 

561 

169 

83 


Average Concentrationa 
(PPW 

0.039 f 0.006 
0.146 f 0.017 

0.385 2 0.044 
0.941 2 0.104 
2.065 f 0.285 


0.039 f 0.006 
0.146 f 0.017 

0.389 2 0.041 
0.949f 0.110 

2.142 2 0.295 
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TABLE12 
Summary of Chamber Concentrations in  the 2-Year Inhalation Studies 
of IIexachlorocyclopentadiene 

Target Concentration 
(PPm) 

Rat Chambers 

0.01 
0.05 
0.2 

Mouse Chambers 

0.01 
0.05 
0.2 
0.5 

' Mean f standard deviation 

TABLEI3 

Total Number of Readings 

3,877 
4,137 
4.118 

4,166 
4,148 
4,131 
1,618 

Average Concentration' 
(PP@ 

0.01 -c 0.00 
0.05 & 0.00 
0.20 * 0.01 

0.01 f 0.00 
0.05 f 0.00 
0.20 f 0.01 
0.50 f 0.04 

Distribution of Mean Monthly Concentrations in the 2-Year Inhalation Studies 
of Hexachlorocyclopentadiene 

Range of Concentration 

(percent of target) 


Rat Chambers 

90-95 
95-100 
100-105 

105-110 


Mouse Chambers 

90-95 
95-100 

100-105 
105-110 

-

Number of Months Mean  Within Ranee 
0.01 ppm 0.05 ppm 

1 0 
6 7 

17 17 
0 0 

0 0 
6 2 

19 23 
0 0 

0.2 ppm 0.5 ppm 

0 
17 
7 
0 

0 
23 
2 
0 

0 
9 
2 
0 
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FIGUREI7 
Monthly Mean Concentration and Standard Deviation in the 0.05 ppm 
Hexachlorocyclopentadiene Rat Exposure Chamber for the %Year  Study 
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AND CONTAMINANT LEVELS 
INGREDIENTS, NUTRIENT COMPOSITION, 

APPENDIX J 

IN NIH-07 RAT AND MOUSE RATION 
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TABLEJl 
Ingredients of NIH-07 Rat and Mouse Rationa 

Ingredientsb 

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) 

a NCI, 1976; NIH, 1978 

Percent by Weight 

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 

Ingredients were ground to pass  through a U.S. Standard Screen No. 16 before being  mixed. 

TABLE52 
Vitamins and Minerals in NIH-07 Rat and Mouse Rationa 

Vitamins 
A 

D3 
K3 

d-a-Tompheryl acetate 

Choline 

Folic acid 

Niacin 

d-Pantothenic acid 

Riboflavin 

Thiamine 

B 1 2 

Pyndoxine 

Biotin 


Minerals 
Iron 
Manganese 

Zinc 

Copper

Iodine 

Cobalt 


a Per ton (2,OOO Ib) of finished product 

5,500,000 I U  
4,600,Ooo I U  

2.8 g 
20,Ooo IU 

560.0 g 
2.2 g 

30.0 g 
18.0 g 
3.4 g 
10.0g 

4,Ooo i 4  
1.7 g 

140.0 mg 

120.0 g 
60.0 g 
16.0 g 
4.0 g 
1.4 g 
0.4 g 

Source 

Stabilized vitamin A palmitate or  acetate 
D-activated animal sterol 
Menadione 

Choline chloride 

d-Calcium pantothenate 

Thiamine mononitrate 

Pyndoxine hydrochloride 
d-Biotin 

I ron  sulfate 
Manganous oxide 
Zinc oxide 
Copper sulfate 
Calcium iodate 
Cobalt carbonate 
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TABLE53 

Nutrient Composition of NIII-0'7 Rat and Mouse Ration 

Nutrient 

Protein (% by weight) 

Crude fat (% by weight) 

Crude fiber (% by weight) 

Ash (% by weight) 


Amino Acids (% of total diet) 
Arginine 
Cystine 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Tyrosine 
Valine 

Essential Fatty  Acids (% of total diet) 
Linoleic 
Linolenic 

Vitamins 
Vitamin A (IU/kg) 
Vitamin D (IU/kg) 
a-Tocopherol (ppm) 
Thiamine (ppm) 
Riboflavin (ppm) 
Niacin (ppm) 
Pantothenic acid (ppm) 
Pyridoxine (ppm) 
Folic acid (ppm) 
Biotin (ppm) 
Vitamin B,, (ppb) 
Choline (ppm) 

Minerals 
Calcium (%) 

Phosphorus (%) 

Potassium (%) 

Chloride (%) 

Sodium (70) 

Magnesium (%) 

Sulfur (%) 

Imn (PPm)
Manganese (ppm) 
Zinc (ppm) 

Copper (PPm)

Iodine (ppm) 

Chromium (ppm) 
Cobalt (ppm) 

Mean f Standard 

Deviation 


22.33 rt 0.49 
5.52 f 0.24 
3.35 f 0.29 
6.54 f 0.30 

1.287 f 0.084 
0.306 f 0.075 
1.160 f 0.050 
0.580 2 0.024 
0.917 k 0.034 
1.972 2 0.052 
1.273 & 0.051 
0.437 k 0.115 
0.994 f 0.125 
0.896 f 0.055 
0.223 k 0.160 
0.677 f 0.105 
1.089 f 0,057 

2.389 f 0.233 
0.277 rf: 0.036 

7,6222,563 
4,450 2 1,382 
36.92 rt 9.32 
20.14 f 2.62 
7.92 f 0.93 

100.95 rt 25.92 
30.30 f 3.60 
9.25 2 2.62 
2.51 2 0.64 

0.267 rt 0.049 
40.14 rt 20.04 

3,608 2 314 


1.17 f 0.11 
0.93 f 0.03 

0.887 f 0.067 
0.526 f 0.092 
0.315 & 0.344 
0.168 f 0.008 
0.274 f 0.063 
356.2 f 90.0 
92.24 f 5.35 
58.14 2 9.91 
11.50 rt 2.40 
3.70 f 1.14 
1.71 -t 0.45 

0.797 f 0.23 

Number of Samples 

17 

17 

17 

17 


10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 


9 

9 


17 

4 

9 


17 

10 

9 


10 

10 

10 

10 

10 

9 


17 

17 

8 

8 


10 

10 

10 

10 

10 

10 

10 

10 

9 

6 


Range 

21.70 - 23.60 
4.90 - 6.00 
2.70 -
6.13 -

1.100-
0.181 -
1.060 -
0.531 -
0.867 -
1.850 -
1.200 -
0.306-
0.665 -
0.824 -
0.107 -
0.564 -
0.962 -

1.830-
0.210 -

4,700 -
3,OOO -
22.5 -
15.0 -
6.10 -
65.0 -
23.0 -
5.60 -
1.80 -
0.19 -
10.6 -

2,400 -

1.00 -
0.87 -

0.772 -
0.380 -
0.258 -
0.151 -
0.208 -
255.0 -
81.70 -
46.10 -
8.090 -
1.52 -
0.85 -

0.490 -

4.00 
7.06 

1.390 
0.400 
1.220 
0.608 

0.965 
2.040 
1.370 
0.699 
1.110 
0.985 
0.671 
0.794 
1.170 

2.570 
0.320 

13,000 
6,300 
48.9 
26.0 
9.00 
150.0 
34.6 
14.0 
3.70 
0.35 
65.0 
3,430 

1.40 
1.00 
0.971 
0.635 
0.370 
0.180 
0.420 
523.0 
99.40 
81.60 
15.39 
5.83 
2.09 
1.150 
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TABLE54 
Contaminant Levels in NIH-07 Rat and Mouse Ration 

Mean & Standard 
Deviationa Range Number of Samples 

Contaminants 
Arsenic (ppm) 0.57 f 0.33 0.14- 0.98 17 
Cadmium (ppm)b 0.10 f0.02 0.10- 0.20 17 
r-ead ( P P 4  0.37 f 0.26 0.05 - 0.96 17 
Mercury (PP4  17CO.05 

Selenium (ppm) 0.30 -c 0.05 0.30-0.48 17 

Aflatoxins (ppb) 4.0 17 

Nitrate nitrogen  (ppm)' 20.29 f 8.37 12.30 - 41.0 17 

Nitrite nitro en  (ppm)' 0.50 f 0.81 <0.10 - 2.60 17
%
BHA (PPW, 2.532 1.01 c2.00 - 5.00 17 

BHT (PPm) 1.29 f 0.85 <1.00-4.00 17 

Aerobic plate count (CFU/g)e 45,076f 72,968 3,400- 300,Ooo 17 

Coliform (MPN/g4 3.12 f0.33 C3.00- 4.00 17 

E. coli (MPN/g) 3.00 17 

Total nitrosoamines (ppb)g 9.02 f 4.07 3.90 - 12.00 17 

N-Nitrosodimethylamine (ppb)g 7.68 f 3.97 2.90 - 19.00 17 

N-Nitrosopyrrolidine (ppb)g 1.34 2 0.90 1.00-4.50 17 


Pesticides 
~ - B H C ~  co.01 17 
fl-BHC <0.02 17 
y-BHC <0.01 17 
6-BHC <0.01 17 
Heptachlor co.01 17 
Aldrin <0.01 17 
Heptachlor epoxide co.01 17 
DDE CO.01 17 
DDD <0.01 17 
DDT <0.01 17 
HCB CO.01 17 
Mirex <0.01 17 
Methoxychlor <0.05 17 
Dieldrin co.01 17 
Endrin co.01 17 
Telodrin <0.01 17 
Chlordane co.05 17 
Toxaphene <0.1 17 
Estimated PCBs co.2 17 
Ronnel CO.01 17 
Ethion co.02 17 
Trithion <0.05 17 
Diazinon <0.1 17 
Methyl parathion <0.02 17 
Ethyl parathion co.02 17 
Malathion 0.14 2 0.12 0.05 - 0.35 17 
Endosulfan I <0.01 17 
Endosulfan I1 <0.01 17 
Endosulfan sulfate <0.03 17 
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TABLE54 
Contaminant Levels in NIH-07 Rat and Mouse Ration (continued) 

a 	 For values less than the limit  of detection, the detection limit is given as the mean. 
The lot milled 30 June 1987 contained 0.20 ppm; all other lots wereless than or equal to the  detection limit. 
Sources of contamination:  alfalfa, grains, and fish meal 
Sources of contamination: soy oil and fish meal 

e' CFU = colony forming units 
MPN = most probable number; the lots milled 6 January 1986 and 4 February 1986 contained 4.0 MPN all  other lots  were l e s s  
than or equal to the detection limit. 

g All values were corrected for percent recovery. 
BHC is hexachlorocyclohexaneor benzene hexachloride 
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SENTINEL ANIMAL PROGRAM. 

METHODS 
Rodents used in  the Carcinogenesis  Program o f  the National Toxicology Program are produced in 

optimally clean facilities to  eliminate potential pathogens that may affect study results. The Sentinel 

Animal Program is part o f  the periodic  monitoring o f  animal health that occurs during the toxicologic 

evaluation o f  chemical compounds. Under this  program, the disease state o f  the rodents is monitored vla 

serology on sera from extra (sentinel)  animals in the study rooms. These animals and  the study  animals 

are all  subject to identical environmental conditions. The sentinel animals come from the same 

production source and weanling groups  as the animals used for the studies o f  chemical compounds. 


Rats 

For the 13-week study,  samples were obtained from five male  and five female  controls at terminal sacrifice. 

These samples were processed appropriately  and were submitted t o  Microbiological Associates, 

Incorporated (Bethesda, MD), for viral titer screening. The following tests  were performed: 


Method o f  Analvsis Time o f  Analvsis 
ELISA 

RCV/SDA (rat coronavirusl Study termination 

sialodacryoadenitis virus) 


Hemagglutination Inhibition 
H-1 (Toolan's H-1 virus) Study termination' 
KRV (Kilham  rat virus) Study termination' 
PVM (pneumonia virus of  mice) Study termination 
Sendai Study termination 

For the 2-year study, 15 male  and 15 female  rats were selected at  the time o f  randomization and allocation 
o f  the animals to  the various  study groups; 12 males and  12 females were  housed in the  control chamber 
and 3 males and 3 females were housed in the  0.01 ppm chamber.  Sera were obtained from two male  and 
two female control  sentinels at 6 months, five male and five female  control sentinels at  12 and 18months; 
and all 0.01 ppm sentinels at 6 months. Sera for the 24-month screening  were obtained from five 
0.05 ppm males and five 0.05 ppm females. Blood from each  collection was processed  appropriately, 
shipped to Microbiological Associates, Incorporated,  and screened for the following: 

Method o f  Analvsis Time o f  Analvsis 
ELISA 

Mycoplasnta arthritidis 6 and 24 months 

Mycoplasnla pulntonis 6 and 24 months 

PVM 6, 12, 18,  and 24 months 

RCV/SDA 6, 12, 18, and 24 months 

Sendai 6,  12, 18, and 24 months 


Hemagglutination Inhibition 
H-1 6, 12, 18,  and 24 months 
KRV 6,  12, 18,  and 24 months 
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Mice 
For the 13-week study,  samples were obtained from five male  and five female  controls at terminal sacrifice. 
These samples were processed appropriately  and were submitted to  Microbiological Associates, 
Incorporated, for viral titer screening. The following tests were performed: 

Method of  Analysis 
Complement Fixation 

LCM (lymphocytic choriomeningitis virus) 
virus adenomaMouse 

ELISA 
MHV (mouse hepatitis virus) 

Hemagglutination Inhibition 
Ectromelia virus 
GDVII (mouse encephalomyelitis virus) 
MVM (minute virus o f  mice) 
Polyoma virus 
PVM 
Reovirus 3 
Sendai 

Time o f  Analysis 

Study termination 

Study termination 

Study termination 
Study termination 
Study termination 
Study termination 
Study termination 
Study termination 
Study termination 

For the 2-year study, 15 male and 15 female mice were selected at the time o f  randomization and 
allocation o f  the animals to the various study groups and were housed in the control chamber. Sera were 
obtained from up to five male and five female  controls at 6, 12, and 18months on study. Eight of ten 
12-month sera were lost in a centrifuge accident, therefore, sera from five male  and five female controls 
were collected at the 15-month interim evaluation. Sera for the 24-month  screening were obtained from 
five 0.05 ppm males and five 0.05 ppm females. Blood from  each collection was processed appropriately, 
shipped t o  Microbiological Associates, Incorporated,  and screened for the following: 

Method o f  Analvsis 
Complement Fixation 

LCM 

ELISA 
Ectromelia virus 
GDVII 
LCM 
MHV 
Mouse adenoma virus 
MVM 
M.arthritidis 
M. pulntonis 
PVM 

Reovirus 3 

Sendai 


Hemagglutination Inhibition 
K (papovavirus) 
MVM 
Polyoma virus 
Reovirus 3 

Time o f  Analvsis 

6 months 

6, 12, 15, 18,and 24 months 
6, 12, 15, 18, and 24 months 
15,18, and 24 months 
6, 12, 15, 18, and 24 months 
6,12, 15, 18,24 months 
18and 24 months 
6 and 24 months 
6 and 24 months 
6, 12, 15, 18, and 24 months 
6,15, 18,  and 24 months 
6, 12, 15, 18, and 24 months 

6, 12, 15, 18, and 24 months 
6, 12, and 15 months 
6, 12, 15, 18, and 24 months 
12 months 
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Method o f  Analvsis Time of  Analvsis 
Immunofluorescence Assay 

EDJM (epizootic  diarrhea of infant mice) 6, 12, 15, 18, and 24 months 
GDVIJ 18months 
LCM 12 months 
MVM 18 months 
Reovirus 3 18 months 

All test results were negative. 
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336Penicillin VK 

337
Nitrofurazone 

338Erythromycin Stearate 

339
2-Amino-4-nitrophenol 

340IodinatedGlycerol 

341
Nitrofurantoin 

342
Dichlorvos 

343BenzylAlcohol 

344TetracyclineHydrochloride 

345
Roxarsone 

346
Chloroethane 

347 D-limonene 

348a-MethyldopaSesquihydrate 

349
Pentachlorophenol 

350 Tribromomethane 

351p-ChloroanilineHydrochloride 

352
N-Methylolacrylamide 

353
2,4-Dichlorophenol 

354
Dimethoxane 

355DiphenhydramineHydrochloride 

356
Furosemide 

357
Hydrochlorothiazide 

358Ochratoxin A 

359
8-Methoxypsoralen 

360 N,N-Dimelhylaniline 

361
Hexachloroethane 
3624-Vinyl-I-CyclollexeneDiepoxide 
363Bromoethane(EthylBromide) 
364 Rhodamine6G (C.I .  BasicRed 1) 
365 PentaerythritolTetranitrate 
366 f-lydroquinone 
367Phenylbutazone 

368 NalidixicAcid 

369Alpha-MethylbenzylAlcohol 

370
Benzofuran 

371
Toluene 
3723,3-DimethoxybenzidineDihydrochloride 
373SuccinicAnhydride 
374Glycidol 
375VinylToluene 
376AllylGlycidyl Ether 
377 o-Chlorobenz;rlmalononitrile 
378Benraldehyde 

379
2-Chloroace\ophenone 

380EpinephrineHydrochloride 

381 d-Calvone 

382
Furfural 

384 1,2,3-'l'Iichloropropane 


TR No. CHEMICAL 

385MethylBromide 
386 Tetranitromethane 
387AmphetamineSulfate 
388 EthyleneThiourea 
389SodiumAzide 
3903,3'-DimethylbenzidineDihydrochloride 
391Tris(2-chloroethyl)Phosphate 
392ChlorinatedWaterandChloraminated Water 
393 Sodium Fluoride 
394Acetaminophen 

395
Probenecid 

3%MonochloroaceticAcid 

397C.1.DirectBlue15 

398PolybrominatedBiphenyls 

399TitanoceneDichloride 

400
2,3-Dibromo-l-propanol 
4012,4-Diaminophenol 
402Furan 
403Resorcinol 
4045,S-Diphenylhydantoin 
405C.I.AcidRed114 
406y-Butyrolactone 

Dihydmhloride 

407 C.I. PigmentRed 3 
408MercuricChloride 
409Quercetin 
410Naphthalene 
411C.I.PigmentRed 23 
412 4,4-Diamino-2,2-stilbenedisulfonicAcid 
413EthyleneGlycol 
414 Pentachloroanis,le 
415Polysorbate 80 
416o-Nitroanisole 
417p-Nitrophenol 
418 p-Nitroaniline 
419HCYellow 4 
420 Triamterene 
421Talc 
422Coumarin 
423Dihydrocoumarin 
424o-Benzyl-p-chlorophenol 
425PromethazineHydrochloride 
427TurmericOleoresin 
428Manganese (11) SulfateMonohydrate 
431 BenzylAcetate 
432BariumChlorideDihydrate 
4341,3-Butadiene 

443
Oxazepam 

These NTP Technical Repons are available  for sale from the National Technical Information Service, U.S. Department of  Commc:rce, 
5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single copies of this Technical Report are available  without chaw: 
(and while supplies last) from the NTP Central Data Management, NIEHS,P.O. Box 12233, MD AO-01, Research Triangle Park, NC 
27709. 
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201 23,7,8-Tetrachlorodibenu>-p-dirurin(Demal) 
2% lJL-Dibmmo-3chloropropane 
207 wembena 
u)8 FD & C Yellow No.6 
209 2,3,7,8-Tetrachlorodibe~p"n (Gavage) 
2101,2-Dibromoethane 
211 CI. AcidOrange 10 
212 Di(2ethylhexyl)adipte 
213Butyl Benzyl Phthalate 
214Caprolactam 
215Bisphenol A 
21611-AminoundecanoicAcid 
217 Di(2-Ethylhexyl)phthalate 
219 '&6-Dichloro-p-phenylenediamine 
220C.I.AcidRed 14 
221 Locust Bean Gum 
222C.I.DisperseYellow 3 
223Eugenol 

224Tara Gum 

225 DgLCRedNo.9 

226 C.I. SolventYellow 14 

227 Gum Arabic 

228 VinylideneChloride 

229GuarGum 

230 Agar 

231 StannousChloride 

232Pentachloroethane 

2332-BipknylamineHydrochloride 

234 Allyl Isothiocyanate 

235
Zearalenone 

236 D-Mannitol 

237 1,1,1,2-Tetrachloroethane 

238 Ziram 

239 Bis(2chloro-1-Methylethy1)ether 

240PropylGallate 

2A2 DiallylPhthalate(Mice) 

243Trichlorethylene(Rats and Mice) 

244PolybrominatedBiphenylMixture 

245
Melamine 

246 ChrysotileAsbestos(Hamsters) 

247L-AscorbicAcid 

248 4,4'-MethylenedianilineDihydrcchloride 

249AmositeAsbestos(Hamsters) 

250BenzylAcetate 

251 2,4- & 2,6-TolueneDiisocyanate 

252GeranylAcetate 

253 Allyl  Isavalerate 

254 Dichloromethane(MethyleneChloride) 

255
1,2-Dichlorobenzene 

257DiglycidylResorcinolEther 

259EthylAcrylate 

261 Chlorobenzene 

263 1,2-Dichloropropne 

266 Monuron 

2671,2-PropyleneOxide 

269Telone I F  (1,3-Dichloropropene) 

271 HCBlue No.1 

272Propylene 


273Trichloroethylene (Four a t  Strains) 
274 Tris(2-ethyihexyl)phosphate 
2752-Chloroethanol 
276&Hydroxyquinoline 
277Tremolite 
2782,GXylidine 
279Amosite Asbest-
280 CrocidoliteAsbestos 
281 HC Red No. 3 
282Chlorodibromomethane 
284 Diallylphthalate(Rats) 
285 C.I. Bask Red 9 Monohydmchloride 
287 DimethylHydrogenPhosphite 
288 13-Butadiene 
289Benzene 
291Isophorone 
293HCBlue No. 2 
294ChlorinatedTrisodiumPhosphate 
295ChrysotileAsbestos (Rats) 
2%Tetrakis(hydroxymethy1)phosphoniumSulfate & 

Tetrakis(hydroxymethy1) phosphonium Chloride 
298Dimethyl Morpholinophosphoramidate 
299 G I .  DisperseBlue 1 
300 3-Chloro-2-methylpropene 

301 o-Phenylphenol 

3034-Vinylcyclohexene 

304 ChlorendicAcid 

305 Chlorinated Paraffins (G,
43%chlorine) 

306 Dichloromethane(MethyleneChloride) 

307EphedrineSulfate 

u)8 ChlorinatedPariffins (CQ,60% chlorine) 

309 DecabromodiphenylOxide 

310MarineDieselFuel and JP-5 Navy Fuel 

311Tetrachloroethylene(Inhalation) 

312 n-Butyl Chloride 

313 Mirex 

314MethylMethacrylate 

315OxytetracyclineHydrochloride 

316 1-Chloro-2-methylpropene 

317ChlorpheniramineMaleate 

318AmpicillinTrihydrate 

319
1,4-Dichlorobenzene 

320 Rotenone 

321
Bromodichloromethane 

322PhenylephrineHydrochloride 

323 DimethylMethylphosphonate 

324BoricAcid 

325 Pentachloronitrobemne 

326EthyleneOxide 

327Xylenes (Mied) 

328MethylCarbamate 

329
1,2-Epoxybutane 

3304-Hexyllresorcinol 

331Malonaldehyde,SodiumSalt 

3322-Mercaptobenzothiazole 

333 N-Phenyl-2-naphthylamine 

334
2-Amino-5-nitrophenol 

335C.I.AcidOrange 3 
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